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!' 1. TRAVELER'S NAMES:

Leo P. Duffy
Director
Office of Environmental Restoration
and Waste Management
U.S. Department of Energy

Donald H. Alexander
Program Manager
International Technology Exchange
U.S. Department of Energy

Ellen A. Livingston Behan
Environmental Regulatory Specialist
Office of Environmental Restoration .

and Waste Management
U.S. Department of Energy

Satyendra P. (John) Mathur
'

O Program Manager
J TRU Waste and WIPP R&D Programs, U.S.(.''' U.S. Department of Energy

Donald T. Oakley
Senior Advisor to the Department of Energy's Office of
Environmental Restoration and Waste Management
Los Alamos National Laboratory

W. Melinda Downing
Program Review Coordinator
Office of Environmental Restoration and
Waste Management
U.S. Department of Energy

William C. Schutte
Group Manager
Technical Integration
Idaho National Engineering Laboratory
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( ) 2. ITINERARY:
v

November 3 -Travel to Minneapolis
November 4 -Leave USA for Tokyo, Japan

,

November 5 Tokyo, DOE Tokyo Staff, Atomic Energy Bureau / Science and Technology
Agency, Embassy, JAERI and JGC Corporation.

November 6 -Mito, National Research Institute for Pollution and
November 7- Mito, Power Reactcr and Nucleat Fuel Development Corporation, Tokai

Works and Oarai Works.
November 8 -Mito, Japan Atomic Energy Research Institute
November 9 Takasaki, Takasaki Radiation Chemistry Research Establishment Tokyo, Power

Reactor and Nuclear Fuel Development Corporation
November 10-Kyoto, Kyoto University
November 13 Tajimi, Power Reactor and Nuclear Fuel Development

Corporation, Chubu Works.
November 14 Osaka, Ministry of International Trade and Industry / Agency for Industrial ~

Science and Technology.
November 15 Pepart Osaka, Japan for U.S.

3. TRIP COST: Estimateo cost per traveler of S4,378.00

r\
r i

V 4. ABSTRACT: The Department of Energy Of' :e of Environmental Restoration and Waste
Management (DOE /EM) participated in a series of fact finding meetings and facility tours in
Japan. Meetings with Power Reactor and Nuclear Fuel Development Corporation (PNC)
were conducted in accordance with the bilateral agreement between the United States
Department of Energy and Power Reactor and Nuclear Fuel Development Corporation (PNC)
In the opening session with Japan's Science and Technology Agency the EM delegation, led
by Mr. Leo P. Duffy, jointly underscored the continuing U.S. commitment that the
technologies to be discussed would be limited to peaceful uses in the areas of environmental
restoration and waste management. The delegation visited government, quasi government
and private organizations during the November 3-14,1990, fact finding mission including the
Science and Technology Agency (Tokyo), the Ministry of Trade and Industry (Tokyo, Mito,
Osaka), the Power reactor and Nuclear Fuel Development Corporation (Tokyo, Tokai, Oarai,
Chubu), the Japan Atomic Energy Research Institute (Tokai, Tokyo), Kyoto University, JGC
Corporation (Oarai), and Kobe Steel. The delegation concludes that expanded collaboration
in several technical areas described in this report appear to be of potential mutual benent.
Several areas of potential technical collaboration appear to have considerable merit in
addition to successful on going interactions related to vitrification, decommissioning, and
TRU. This repcrt provides meeting summaries and selected information on a wide range of
technologies by organization.

ID
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5. PURPOSE OF TRIP: This trip was one in a series of fact finding visits to Japan on
environmental restoration and waste management. The following four pre trip objectives
-were successfully met.

OBJECTIVE 1: IDENTIFY SPECIFIC TECIINOLOGIES OF MUTUAL INTEREST

The facility and site visits were designed to encourage useful dialogue for identifying:

1) transferrable technologies,

2) technologies under development, and

3) areas for cooperative technology development.

The delegation identified key technologies that have potential for the highest payoff for use in
: EM site characterization and restoration efforts. The delegation was provided with a
substantial amount of technical information through presentations and published materials-
with broad applicability to the EM mission. A number of technology breakthroughs with
potential for significant impact for EM site characterization and environmental restoration
were presented to the delegation,

d OBJECTIVE II: DETERMINE IF AN ANNEX TO THE CURRENT DOE-PNC
AGREEMENT IS REQUIRED

The current agreement appears to broadly cover DOE-EM/PNC exchanges. However, the
agreement may need to be modified if new initiatives are pursued with PNC. The agreement
will be revisited after joint workshops are conducted in early 1991 to determine ifjoint
technical collaboration with organizations other than PNC will be pursued. Collaboration
and possible agreements with JAERI, MITI and Kyoto University needs to be pursued since
they are developing technologies or conducting research in areas relevant to DOE-EM.

OBJECTIVE III: IDENTIFY TECHNICAL AREAS OR SPECIFIC TECHNOLOGIES
THAT SHOULD BE INCORPORATED IN " DOE-EM/PNC RECORD
OF MEETING"

DOE and PNC agreed that several workshops would be arranged over the coming months to
focus on areas of joint technical interest in preparation for the Bilateral Coordination Meeting
in the spring of 1991. DOE appointed Dr. Donald Alexander as the DOE-EM coordinator.
PNC appointed Mr. Takao Yagi as PNC-EM coordinator.

3
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The workshops will provide reports recommending areas of technical collaboration to the

O)(~ DOH EM/PNC Coordinating Committee in the Spring of 1991. The U.S. delegation
identified several technical areas for continued collaboration in the November 9th meeting
with PNC including decontamination and decommissioning, vitrification and TRU handling,
treatment and disposal.

Areas of particular interest to the delegation which will be considered for future collaboration
with PNC include:

1. the use of the plasma-arc saw for dismantling reactor vessels and related
contaminated structures;

2. smelting of slightly contaminated ferrous metals for recycling;

3. methods for removal of contaminated concrete;

4. methods for reusing slightly contaminated concrete;

5. methods of waste reduction and minimization;

6. partitioning and transmutation;

k.])
/' 7. robotics;

,

Areas of particular interest to the delegation which will be considered for future collaboration'

with MITI, JAERI and Kyoto University include:

1. methods for the removal of uranium from seawater;

2. applications of fiber-optics and lasers for in situ analysis of
groundwater;

3. methods for the removal of organics such as trichloroethylene;

4. simulation modeling of groundwater contaminant migration;

5. research on actinide chemistry;

6. methods of underground characterization;

7. inorganic microencapsulated adsorbents;

8. optical microsensors for gases; and,

f~%V 4 .
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p 9. gold metal oxide catalysts for sensor applications.

OBJECTIVE IV: INITIATE MECIIANISM FOR COLLABORATION WITil OTIIER
JAPANESE ORGANIZATIONS

Based on the findings of the delegation, as outlined in Objective III, mechanisms for
collaborating with MITI, JAERI, and 1:yoto University should be pursued. A bilateral
agreement between the USNRC and JAERI for exchanges in waste management currently
exists and could serve as a model for DOE /EM JAERI and DOE /EM MITI. Amending the
existing USNRC/JAERI agreement does not appear to be a viable option. Agreements with
MITI and JAERI would be initiated by developing a broad scope of work, seeking State
Department concurrence and then arranging meetings with MITI and JAERI representatives
in Washington to discuss the U.S. propasal. Upon general agreement between parties to
collaborate, formal agreements would be written, approval and signing of which would be
coordinated through the DOE Office of International Affairs, IE-12.

Collaboration with Japanese Universities should be pursued through the Ministry of
Education, Science and Culture or through laboratory to laboratory agreements.

One option being explored is to expand the existing DOE /JAERI Agreement on
Decommissioning Nuclear Facilities (term 7 2-87 to 7 2-92) to include environmental
restoration and waste management activitics,

m
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DETAILED TRIP REPORT

\
LNTRODUCTION:

As the next step in the development of a cooperative initiative between the U.S. and Japan
for technology development in the area of environmental restoration and waste management,
Im P. Duffy led a U.S. delegation to Japan on November 314,1990.

The trip was closely coordinated with and supported by th'e Power Reactor and Nuclear Fuel
Development Corporation (PNC). The PNC is a Japanese quasi governmental agency
responsible for developing fuel cycle technologies (including technologies related to reactor
design, uranium mining and enrichment, spent fuel reprocessing, and radioactive waste
disposal).

The Department of Energy (DOE) currently has an agreement (finalized in 1986) with the
PNC for the cooperative development of technology and techniques for radioactive waste
management. Objectives of the delegations trip to Japan focused on (1) identifying with the
PNC specific technologies either in existence or under development that are applicable to Eh!
efforts and that should be considered for exchange; (2) determining whether an annex to the
existing DOE PNC Agreement is required to support technology exchange and cooperative
development efforts; and (3) identifying (in cooperation with PNC) appropriate future

|
initiatives with other Japanese organizations having technologies that appear applicable to
DOE's clean up and waste management activities.

hicetings and on site visits during the trip focused on specific Japanese research and
.

development (R&D) initiatives of particular interest to the Office of Environmental
'

Restoration and Waste hianagement (Ehi), including robotics, plasma-arc saw, recycling of
slightly contaminetad metals and concrete, methods of waste reduction and minimization,
partitioning and transmutation, fiber optics, filtration, sensors, research on actinide
chemistry, inorganic micro-encapsulated adsorbents, gold metal oxide catalysts,
trichloroethylene extraction and uranium extraction from groundwater.-

GENERAL OBSERVATIONS:

The delegations general impressions of the activities and facilities reviewed during the trip
are as follows:

o_ technolony development initiatives were generally at the same level of development
for similar DOE initiatives:

o as is the case in many U.S. research facilities. many Japanese research facilities are
creatly under-utilized. Collaboration will reduce underutilization for both countries'

and eliminate costs of erecting new redundant facilities:
|

|

'
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A o the facilities were clean and well manaced:

('
-

o As is the case in the U.S.. the number of scientists that have specialized in
Environmental Restoration and Waste Management research is inrufficient to supoort
future government needs for technology development. Collaboration will helo
reduce the manoower shortage for both nations.

|The Japanese are developing foreign scientist enclaves at major research centers too
attract foreign oost doctoral candidates. This approach is being discussed with
Frank Parker. National Academy of Sciences. for oossible implementation in U.S.
Universities and at U.S. National laboratories.

o Collaborative efforts with PNC in decomissionine. TRU. waste reduction and i

minimization. and vitrincation continue to be mutally benencial.

o New initiatives with MITI. JAERI. and MESC should be oursued.

U.S. mixed waste management capabilities should be shared with resoonsibleo ,

Jaoanese organizations.

MONDAY, November 5
?
$

Abstract of Activitics for Novernber 5,1990i

The first day of the trip was devoted to meetings with the directors of Japan's Science and
Technology Agency (STA), the Japan Atomic Energy Research Institute (JAERI), and the
Power Reactor and Nuclear Fuel Development Corporation (PNC).

The organizations have the following responsibilities:

The STA formulates policies for nuclear research and development, and establisheso
and enforces technical and safety standards applicable to nuclear material
management and disposal,

The JAERI is a quasi governmental research organization responsible foro
implementing nationd nuclear energy programs,

The PNC is a quasi governmental research organization responsible for developingo
fuel cycle technologies (including technologies related to reactor design, uranium
ining and enrichment, spent fuel reprocessing, and radioactive waste disposal). The
Department of Energy (DOE) currently has an agreement (finalized in 1986) with

O 7
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p the PNC for the cooperation of technology development for radioactive waste
management.

Principal spokesmen for each organization during meetings with the U.S. delegation were
Mr. Hiroto Ishida, Deputy Director General for the STA's Atomic Energy Bureau; Mr.
Toyojira Fuketa, Vice President of JAERI; and Mr. Takao Ishiwatari, President of PNC.

During the meetings with these and other representatives of each organization, Mr. Duffy
discussed the following topics:

o Actions being taken by the DOE under the " Ten Point Plan" established by
Secretary of Energy James Watkins to improve the DOE's performance and -
accountability in protecting the environment and public health and safety,

o The development and implementation of DOE's program for environmental
restoration, waste management, and related research and development initiatives
under the " Environmental Restoration and Waste Management Five-Year Plan."-

o Objectives of the U.S. delegation's trip to Japan, with emphasis on:

1) identifying with the PNC specific technologies either in existence or under
| development that are applicable to efforts of the Ofnce of Environmental Restoration
| and Waste Management and that should be considered for exchange (specificp
! ( Japanese research and development initiatives of preliminary interest to the Office of
k Environmental Restoration and Waste Management were noted to include robotics,

fiber optics, partitioning and transmutation, filtration and sensors);

2) determiaing whether an annex to the existing DOE-PNC Agreement is required to
support technology exchange and cooperative development efforts; and

L 3) identifying (in cooperation with the PNC) appropriate future initiatives with other
Japanese organizations having technologies that appear applicable to DOE's cleanup
and waste-management activities.

The spokesmen for each organization expressed interest in working to identify areas of

! cooperative effort. However, they emphasized the need (under existing laws and treaties) to
! limit such cooperation to activities that are not directly related to U.S. nuclear defense
| activities.
|

Later that day, the STA responded to press inquiries on the DOE-EM visit. The STA
! reviewed the mission of the U.S. fact finding team, reviewed technologies of particular

| interest to the DOE, noted its intent to cooperate positively in the DOE's fact-finding mission
| and the identification of cooperative technology initiatives, described the potential

O
L.) a
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development of a government to government agreement by 1992, and emphasized the need to'

focus any such initiatives on the peaceful uses of nuclear energy.

hiceting at U.S. Embassy, Tokyo

Address:
EMBASSY OF THE UNITED STATES OF AMERICA

1-10-5 AKASAKA
MINATO-KU TOKYO 107

FROM THE U.S. A.
APO SAN FRANCISCO, CA 96503

PHONE: (03) 224 5066

(ADDRESS FOR MAIL FROM U.S.)
U.S. DEPARTMENT OF ENERGY
U.S. EMB ASSY - TOKYO

APO SAN FRANSISCO, CA 96503

Participants:

O(./
William T. Breer

Minister

Richard S. Kanter
Assistant Commercial Attache

Detailed Meeting Notes:

The Minister and his staff provided the delegation with an overview of local protocols,
information on the Ascension of the Emperor, and background information on the role of the
U.S. Embassy in international technology exchanges.

Meeting with US/ DOE Japan Staff, Tokyo

Address:

O
9 !
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O UNITED STATES DEPARTMENT OF ENERGY
ij AMERICAN EMBASSYx

10 5 AKASAKA 1-CHOME
MINATO-KU, TOKYO 107
PHONE (03) 224 5475

Participants:

Milton Eaton
Senior DOE Representative

Toshiaki Okubo
Senior Energy Affairs Specialist

Mayumi Kainuma
Energy Affairs Specialist

Detailed Meeting Notes:

The DOE Representative and Staff are responsible for all in country coordination of DOEN
,

( related activities. The staff can provide on site secretarial and other support services. The
logistics for the delegation including the arrangement of lodging, travel accomodations and
coordination of the itinerary and coordinating agenda topies with Japanese organizations prior
to the trip were all arranged by the DOE Embassy Staff. The delegation highly recommends
that all future EM exchanges with Japan be coordinated with the Senior DOE Representative.

Meeting with Science and Technology Agency, Tokyo

Address:
SCIENCE AND TECHNOLOGY AGENCY

ATOMIC ENERGY BUREAU
2-2-1 KASUMIGASEKI
CHlYODA KU, TOKYC
PHONE (03) 581-527

Role el STA in Nuclear Energy Development:

(D
10



/3 The AEB formulates policies for nuclear energy R&D and supervises activities at-

qj JAERI, PNC, the National Institute of Radiological Sciences, and the Institute of!

Physical and Chemical Research (RIKEN). AEB also provides administrative support to
the Atomic Energy Commission (AEC).

The Nuclear Safety Bureau (NSB) determines technological standards and enforces-

safety regulations concerning new types of nuclear reactors, research reactors, nuclear
fuel processing and reprocessing facilities, radioactive waste and transportation of
nuclear fuel substances. NSB also provides administrative support to the Nuclear Safety

Commission (NSC).

STA is also conducting the OhiEGA Project, exchanging information of advanced waste
treatment technology. The project involves two technological fields partitioning and
transmutation of TRU elements. A meeting of the OhiEGA Project was convened in Tokyo
during the first week of this visit.

Participants:
Hiroto Ishida

Deputy Director-General
Atomic Energy Bureau

O
id Yukio Sato

Director, Power Reactor Development Division
Atomic Energy Bureau

Tomoyuki hiurakami
Research and International Affairs Division

Atomic Energy Bureau

Yukihide Hayashi
Director, Research & International Affairs Division

Atomic Energy Bureau

Shizuo Hoshiba
Director, Nuclear Fuel Cycle Back End Office

Agenda:

*hiceting with hir. Ishisda, Deputy-Director General, Atomic Energy Bureau.

,-,
I
'x'
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Detailed Meeting Notes:

y) -
Mr. Ishida chaired the meeting with STA. The DOE delegation provided STA- with a copy
of the presentation by Mr. Duffy entitled "The Program of the United States Department of
Energy on Environmental Restoration and Waste Management" (See References). Mr. Duffy
underscored the Department's commitment to involve all affected parties in the restoration of
contaminated sites. He noted by way of example that Indian Nations, with lands affected by
environmental contamination resulting from DOE activities, are participants in the restoration
process.

Environmental restoration is being undertaken by many technologically advanced nations.
However, the resource requirements are staggering and the demands on scientific and ,
engineering personnel will increase substantially. Therefore, the U.S. delegation suggested
that the joint international sharing.of technologies should be pursued to reduce the overall
resource requirements and accelerate clean up.

Mr. Duffy assured STA that EM's role is limited to environmental restoration and waste
management. Once a facility is turned over to EM, EM has the responsibility for the
management of site clean up. Mr. Duffy also stated that Secretary Watkins created the EM
organization as an entity with clear separation from military activities.

STA responded very positively to continued technology exchanges with DOE EM. STAi

!, underscored that joint activities must be restricted to peaceful uses and that the waste
l \ generated by military activities which are recovered with jointly developed technologies must

not be used for military activities again.

-"Mr. Duffy underscored the U.S. commitment to peaceful uses. He stated that many of the
environmental problems being dealt with by EM were derived from non nuclear wastes such
as solvents, PCBs, and-heavy metals.

.

Meeting with Japan Atomic Energy Research Institute, Tokyo

Address:
JAPAN ATOMIC ENERGY RESEARCH INSTITUTE

FUKOKU SEIMEf BLDG.
2-2 2 UCHISAIWAI CHO

CHlYODA KU, TOKYO 100, JAPAN
PHONE 03 592 2101

12
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O Role of JAERI:

JAERI is a quasi governmental research organization which implements national long term
programs in nuclear energy, including joint projects and international cooperative effoits.

Research Activities:

R&D of nuclear energy, nuclear safety, high tem;x:rature gas-cooled reactm, nuclear-

fusion, radiation applications, nuclear powered ships, basic resealch, dec x ..nissioning
of nuclear reactors;

Design, construction and operation of reactors;-

Education and training of researchers and engineers in the field of nuclear energy; and-

Dissemination of information obtained through R&D activities.-

.

Participants:
Kazuo Sato

Executive Director

O T. Tsujino
'

? Deputy Director
Office of Planning

Masashi lizumi
Director, Office of Planning

Keisuke Kaieda
F,enict Staff, Office of Int'l Affairs

Hideki Omichi
Senior Staff, Office of Planning

Bibliography of Literature Received:

" Development of Technologies on Decommissioning of Nuclear Fuel Cycle
Technologies", Japan Atomic Energy Research Institute. 5 pages.

"JPDR Decommissioning Program", written by T. Hoshi from the 9th TAG Meeting on
October 8-12,1990 at the Japan Atomic Energy Institute.10 pages.

C|
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n "New JRR-3, Compiled by the Research Reactor Operation at the Tokal Research

(%) Establishment", Japan Atomic Energy Research Institute 6 pages.

" Progress Report on Safety Research of High Level Waste bianagement for the
Period April 1988 to biarch 1989", Edited by Haruto Nakamura and Susumu hiuraoka,
Department of Environmental Safety Research, Tokai Research Establishment, Japan
Atomic Energy Research Institute,2 pages.

" Reactor Decommissioning Technology Development and Actual Dismantling of JPDR,"
compiled by the Tokai Research Establishment, Japan Atomic Energy Research Institute.
9 pages.

" Safety Studies on Glass Waste Form", written by S. hiuraoka at Japan Atomic Energy
Research Institute 10 pages.

" Summary of WASTEF Facility", from Japan Atomic Energy Research Institute.
10 pages.

" Volatilization of Cesium from Nuclear Waste in a Canister", Hiroshi Kamizono,
Shizuo Kikkawa, Shingo Tashiro and Haruto Nakamura at Japan Atomic
Energy Research Institute. Department of Environmental Safety Research, 6 pages,

f3
Q Agenda:

*hiecting with Executive Vice President and Directors of JAERI.

Detailed hiecting Notes:

The DOE delegation provided JAERI with a copy of the presentation by hir. Duffy entitled
"The Program of the United States Department of Energy on Environmental Restoration and
Waste hianagement" (See References). hir Duffy stated that there are an enormous number
of sites in the United States that need to be restored. He emphasized the delegation's interest
in any technologies which may expedite the clean-up of these sites including sensors, fiber-
optics, remote measuring techniques for groundwater, robotics, biotechnology, filter
technology and waste forms.

hir Kazuo Sato stated that the JAERI representatives were favorably impressed with hir.
Duffy's presentation and looked forward to future co;;aboration with DOE-Eh! with the
caveat that all technology exchanged be used exclusively for peaceful uses. He stated that
JAERI would be very interested in reviewing any DOE Eh! proposals for collaboration.

14



Meeting with Power Reactor & Nuclear Fuel Development Corporation, Tokyoex

'''
Address:

POWER REACTOR & NUCLEAR FUEL DEVELOPMENT CORPORATION
0-13,1-CHOME, AKASAKA |

MINATO-KU, TOKYO,107 JAPAN

Role of PNC; )
!

Plays a central role in developing fuel cycle technologies, and fast breeder reactors, PNC l

has developed technologies for prospecting for uranium deposits, refinement and conversion,
centrifugal uranium enrichment, spent fuel reprocessing and radioactive waste disposal and is

,

preparing to cooperate with industry for demonstration and utilization of these technologies.

PNC operates the following facilities:

Tokai Works, Oarai Engineering Center, Fugen Nuclear Power Station (ATR prototype
reactor), Monju Construction Office (FBR prototype reactor), Tsuruga Office, Chubu Works,
and Ningyo Toge Works.

PNC has a plan to establish " Storage Engineering Center" in Horonobe, Hokkaido, to store
Q vitrified HLW and to study technology for geological disposal in deep underground

Q formations.

Participants:
Takao Ishiwatari

President

Yoshikazu Hashimoto
Executive Director

Masao Yamamoto
Deputy Senior Director

Saburo Kikuchi
Sec.retary to the President

Kiyoshi Kikuchi

| Ing. Galogue, Department des Ressources Nucleaires

|
| Tadashi Mano
| General Manager, Conditioning Research Program
i

Radioactive Waste Management Project

O><v 15
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- [D Takashi Yoshikawa
() hianager, Int'l Cooperation Office, Int'l Division

Reiko Nunome
Int'l Cooperation Office, Int'l Division

Akira Wadamoto
Engineer, Conditioning Research Prog.
Radioactive Waste hianagement Project

Bibliograohv of Literature Received:

"FBR Development in PNC for Commercialization", PNC,8 pages.

" Technical Draft for Comments RD&D Program on Low Level TRU Bearing Waste
hianagement Technologies", PNC,43 pages.

Agenda:

'hiecting with PNC President,

[mj Detailed hiecting Notes:
%_J

Dr. Takao Ishiwatari welcomed the delegation and stated that PNC was pleased with the long
standing exchange program with the Department of Energy. He stated that future technology
exchanges should be preceded by a statement of clear objectives, should be open to interested
parties; and he underscored the need to limit collaboration to areas of peaceful uses of
nuclear technology.

hir. Duffy stated that the U.S. delegation appreciated the sensitivities. He stated that DOE-
Eh! has nothing to do with weapons technologies. The technologies being developed by
DOE Ehi will have applications for the clean-up of contamination from industry, agriculture,
as well as nuclear activities.

The two delegations agreed to meet on Friday November 9,1990, to discuss the tours by the
U.S. delegation and to prepare the Record of hieeting.

mi

J
16

|

. ____- _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _



- . . - - - - . - . - . . . - . . . . - - _ - - - . - - . . . - .

TUESDAY, November 6

N. -

,

Abstract of Activities for November 6,1990:

- A tour of STA's National Research Institute for Pollution (MITI, Tsukuba Science City)
focused on the review of research on a water treatment system to promote biological
treatment of hazardous chemicals; decomposition of CFC's through use of a thermal plasma
reaction; measurements of organic pollutants in groundwater through fiber optics and the use
of laser enhanced ionization methods for detecting trace amounts of inorganic pollutants; and
remote sensing techniques using satellites for air pollution analysis. The laboratory appeared
to be greatly under utilized.

The delegation then traveled to Mito and visited the JGC Corporation's Oaral Center, where
the following technology developments were reviewed: uranium removal from waste liquids;
advanced cement solidification of hazardous wastes; on site stabilization processes using
fixing agents and cement or bentonite; automated waste container inspection system; and
incineration technologies for hazardous and radioactive waste.

Meeting with National Research Institute for Pollution & Resources (NRIPR):

'

Address:

O\
NADONAL RESEARCH INSTITUTE FOR POLLUTION & RESOURCES

ONOGAWA 16 3
TSUKUBA SCIENCE CITY
IBARAKI'305, JAPAN

Role of NRIPR:

.NRIPR is 1-of 16 research institutes of the Ministry of International Trade and Industry
(MITI); 9 are located within Ibaraki Prefecture and 7 are located elsewhere. The NRIPR has

_

9 departments conducting research in 4 overall areas: Resources, Industrial Safety, Energy,
and Environmental Protection. The R&D budget for FYjl990 was 1,899 Million' Yens
-(Approximately $32.1 Million.) The total staff consists of 319_peop!:, out of which 243 are
technical officials.

The departments and the research activities are described on P.5 of the NRIPR brochure. ;

(See_ Attachments) Major R&D activities of the NRIPR are: 1

1

Energy: Development of new fuels as alternatives to oil, including oil shale and --

geothermal resources development.
1Coal: Gasification and liquefaction, and clean energy production.-

Fuel: Production of high quality natural gas, gas generation from bioma's in sludges,-

and extraction of useful material from sea.

s
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As][ Combustion: Project on control of oxides of Sulfur and Nitrogen emissions,-

development of a system for high combustion efficiency, and heat pipes for cican
energy.
Resources: Materials processing, mining and geotechnology development.-

Materials: Extraction of rare earths, development of fine silicone particles, and de--

ashing and 6.sulfurization of wa!.
- Mining: Recovery of manganese and cobalt from sea bottom, and research on

geothermal technology
Industrial Safety: Safety in coal mines and other industries (prevention of fires and-

explosions)
Environmental Protection: environmental assessments, atmospheric environmental-

protection, and water pollution control. Examples of environmental assessments are:
impacts of housing projects, land reclamation, discharges of pollutants to land and sea,
including remote sensing of pollutants in land and sea. Examples of atmospheric R&D
are: Decrease / eliminate atmospheric discharges of pollutants from industries,
measurement and control of exhausts from automobiles, and prediction of pollutant
movements. Examples of water pollution control are: control of pollutants from
agriculture and industries, and wastewater treatment (biophysical and biological).

Participants:
O Akira Takata
b Director *

| Osayuki Yokoyama
Deputy Director

! Akira Miyazaki
*

'

Chief of Water Analysis l2boratory
Water Pollution Control Department

| Seiji Matsumoto

| Research Planning Office

| Yasumasa Yamashita
| Director, International Cooperation Office

Masanao Hirai
Director, Water Pollution Control Department

|

v)
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.

Shoolchi Taguchi

.

Interspheric Environments Lab.

Bibliograohv of Literature Received from NRIPR:

' Summary of National Research Institute for Pollution and Resources', NRIPR,44 pages,

'

Agenda:

Tour National Research Institute for Pollution and Resources (NRIPR)*

* Attended Presentations at NRIPR on following toples:

1) New Water Treatment System " Aqua Renaissance '90":
-Nitrogen Removal by an Activated Sludge Process with Cross Flow
Filtration - ;

-Evaluation Technique for Organic hiembrane hiaterials ,

2) Treatment of Industrial Types of Waste Containing Halogenated Organic Compounds

| - 3) Prediction of Groundwater Pollution
4

- hicasurement of Pollutants

( -hicasurements of Pollutants im Groundwater
~

3

4) Treatment and recovery of Biological Refractory Chemicals in
Wastewater with Supercritical Fluid. u

-;.

5) Biological Treatment of Hazardous Chemicals

! 6) Remote Sensing Technologies

7)' hiechanisms of Environmental Pollution
1

8) Blomass Energy-

9)- Waste Forms (Research on Solidification and Storage Techniques -

-

of.High-Level Nuclear Wastes) -

10) Research on High Performance Chemical Sensors -

11) Anti Pollution Technology
-Research on AutomationTechniques for hionitoring Pollution in
Lakes

|
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O Research on High-Performance Materials for Treatment of Hazardous() Waste
Research on Optical Micro-Sensors for Gases

Detailed Meeting Notes:

|
Following the formal presentations, the DOE delegation went through a tour of the R&D

Ifacilities. The following is a brief description of the projects.

NEW WATER TREATMENT SYSTEM " Aoua Ren2itsance '90"
By: Dr. Y. Urushigawa, Chief, Ecological Chemistry and Microbiology Laboratory, Water
Pollution Control Department.

The goals of the project are: energy recovery, and increasing treatment efficiency to allow
reuse of treated waste water. Thi3 project was initiated in 1985, as 6-year project, for
meeting energy and water needs of Japan. The project is co-sponscied by 4 government
organizations and about 20 industrial companies. The total budget of the project is about 12
Billion Yen (about $1 Billion 1990 dollars). The project elements are: selection of

'
microorganisms for activated waste treatment; development of efficient filter membrane
which is resistant to deterioration by sewage and microorganisms; bioreactor for
denitrification, and R&D for on production of oil from sewage sludge; development of a
membrane module for efficient separation of microorganisms and organic material; R&D on

v/ high efficiency bioreactor for methane productim; development of monitoring system; and
design and pilot plant operation by the end of 1990.

The DOE group saw the pilot plant which consists of a 20 cubic meter reactor for treating 7
different types of simulated wastes. The filter membrane had microorganisms which survived
on the nutrients in the sewage. The pilot plant has an H S control system, but did not have2

any need for CO controls. The pilot plant consists of a vertical tank into which wastewater2

is fed from the bottom. Fermentation of the solids occurs in the tank and methane gas is
collected from the top of the tank. Supernatant liquid is pumped off from the top of the tank;
the liquid goes through membrane filtration and settling, The effluent from this system is
ready for reuse.

CFC Decomposit5n By Thermal Plasma Reactor:
By: Dr, T. Wakabayashi, Senior Researcher, Organic Chemicals Laboratory, Fuel
Department

Management of organic chemical, CFC in particular, is a part of a Global Environmental
Program. The major effort of this program is to reduce environment emissic n that cause
acid rain and global warming. CFCs are attributed to ozone layer depletion and the
greenhouse effects.

> ' 20
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,

& The sources of CFC in Japan are: Production of CFCs which are used as solvents,

(). propellants, refrigerants, and in xmiconductor industries. The types of solutions are being
worked: Development of degradable CFC, restrict emissions of CFC to the atmosphere,
where possible reuse it, and " break up" CFC. CFCs used in the semiconductor industries
cannot be reused because of the impurities in it.

The tour focused on thermal degradation of CFC. The NRIPR has built a pilot plant Thermal |

Plasma Reactor to treat 30 liters per hour of CFC. The reactor is heated by induction -'

Dheating, developing maximum temperature of 10,000 C and up to 7,000 C in the reaction
zone. Brieny, the process is: CFC is evaporated and mixed with water vapor. The mixture is
thermally treated in the plasma reactor in the presence of Argon' gas. Off-gases, consisting of

,

hcl, HF, and water vapor, are treated in beds of KOH and CaO. Problems with the current~

system are: deposition of Carbon in the nozzles and ef6ciency of 70%. R&D is in progress
to solve the carbon deposition problem and to improse the efficiency. Estimated cost of the
process is 500 Yens (about $4) per kg of CFC treated. I

Remote Sensing Technloues for Air Pollution Analysis
By: Dr. S. Taguchi, Senior Researcher, Interspheric Environments l2boratory, i

Environmental Assessment Department

'NRIPR is currently working on the Interspherometric Monitoring for Greenhouse Gases .
(IMG) project to remotely measure concentrations of gases in the atmosphere, that are
associated with greenhouse effect. The gases under consideration are: water vapor, CO ,

2
,

oxygen, and chlorinated hydrocarbons. This project is sponsored by MITI, with participationy
of many other organizations, such as STA. Sensors will be attached to a satellite ADEOS,
which will be in synchronous orbit; the satellite is scheduled to be launched in February,
1996. Sensors are being developed by TOSHIBA. Gas concentrations will be measured as a
function of the difference between transmitted and renected lights.

Measurement of Pollutants in Groundwater
By: Dr. A. Miyazaki, Chief, Water Analysis Laboratory, Water Pollution Control
Department

The NRIPR is developing remote sensors for characterization of contaminated groundwater.
Rapid analytical methods will be used to monitor groundwater quality. The R&D consists of
two parts: development of remote optical fibers for measuring organic chemical
contaminants; and development of a laser ionization method for determining concentrations
ofinorganic pollutants. Sensors have been developed for measuring TCE in ppb range and
chloroform in 200 ppm range.

During the lunch with NRIPR, Dr Akira Takata, Director General, said that Mr. Yasumasa
Yamashita, Director, International Office will be the contact point.

21
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{} Leo Duffy gave his prentation on Eht's programs. Some of the points he diwussed are
briefly stated below:v

In the U.S., public hearings are held on power plant applications.-

In the environmental clean up and restoration of ecology programs, DOE has problems-

with heavy metals, contamination of groundwater from buried wastes.
We do not want to pass the problems to future generations.-

We are looking for cheaper and efficient extraction technoiogies to remove the-

contaminants.
Dr. Donald Alexander is developing a 3 D model for contaminant transport in-

groundwater.
We need to get more analytical capabilities to measure environmental releases in low-

contentratio15. These measurements are to be made for demonstrating regulatory
compliance and cre expensive.
The technologies DOE develops would be passed to industry. DOE would like to-

transfer some of these cleanup technologies to Eastern Europe.
DOE has problems with chlorinated compounds. Dr. Donald Oakley said that-

groundwater contamination by TCE is at all DOE sites The pump and treat method is
not suitable. DOE is drilling horizontal wells and L vaporizing the volatile organic
contaminants. Some U.S. sites are using stripping columns packed with activated
carbon; this method is very expensive, ine'ading the cost of treating carbon. The fiist
treatment system, utilizing horizontal dri'aing and vapor extraction, is being donc at

f Savannah River Site. This system was a'le to reduce concentrations to below detectable
\ limits (less than 2000 ppb) in 90 days. Y e are looking into screenine systems (biological

or otherwise) also.
We have looked into the use of ultra violet light and catalysts (Hydrogen peroxide) to-

break down hnardous chemicals, but the system is not very ef6cient and is costly.
The cheapest solution is in situ microorganisms with the appropriate nutrients,-

Briefly described RDDTE Plan.-

Q. hit. Duffy asked a question regarding materials exttnetion technology development, the
response was that no research on matetials extraction was being carried out because Oak
llidge has 500,000# of mercury in soil.

Q. hir. Duffy asked if there were any problems with heavy metals in sewage.
A. Except Tokyo, there are no problems.

i

(3
s i
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( Meeting with JGC Corporation:

(
Address:

JOC CORPORATION
ENGINEERS & CONSTRUCTORS

OARAI RESEARCH & DEVELOPMENT CENTER
NUCLEAR & ADVANCED TECHNOLOGY DIVISIOti

2205, NARITACHO OARAIMACHI, HIGASHilBARAKI GUN
IBARAKI PREFECTURE, 311 13 JAPAN

PHONE: 03 279 5441

Participants:
Takao Nakajima

Executive Vice President
General Manager

Hiroshi Kuribayashi
Director, Senior Depety General Manager

Yasuhiro Moriya
~'N Manager, Oaral Research & Development Center

[O
Norimitsu Koshiba

Section Manager, Sales, No.1 Sales Department

Hiroshi Yamashita
Manager, U.S. Marketing Dept.
U.S. Project Operations

Mamoru Shibuya
Oaral Research & Development Center

Takuro Yagi
Manager, No.1 Team

Technology Development Department

Stephen D. Goetsch
Market Development Coordinator

No.1 Team, Technology Development Dept.

| 23
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Bibliography of Literature Received:

' Advanced Waste Management Technologies *, JGC Corporation,100 pages.

Agenda:

1) Overview of Technologies to be Discussed.
RASEP/ Uranium Chelate Resin
Soil Stabilization

- Drum inspection
Advanced Cement Solidification
Others, included

'- H Separation by Column and Laser
Incineration
Induction Melting
Wet Oxidization
Radioactive Gas Monitoring Research

2) View Drum Inspection System in Operation.

3) View Induction Melting System.

4) View 'H Separation Column.

5) Transit to Cold Pilot Plant Building,

6) View Wet Oxidization Pilot Plant.

7) View liigh Temperature Incinerator,

8) Pass Through Cold Building Pointing Out 01er Pilot Platit Ins'allations.

Detailed Meeting Notes:

Dr. Kuribyashi opened the meeting and made the following remarks:

JGC is modifying or developing technologies for treatment of mixed waste, with specific
emphasis on mixed waste monitoring.
JGC has developed some technologies that could be applied to US through US companies.

-During the visit of the US delegation, there will be some discussion of the technologies and
a visit of the plant.

O
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Mr. Moriya briefly described the facilities included on the tour:

(~]]'
'. Cold Test Eatility. Radioisotone Test Buildings & Pilot Plant Test Building:

Initial waste management R&D, using non radioactive material, is conducted in the Cold Test
facility. This facility is equipped with chemical and physical analytical capabilities, as well as
electron microscope, plasma emission spectrochemical analyzers, etc.
The radioisotope test facility is used for radioactive waste treatment R&D, as well as for use

1

of radioisotopes for liquid wastes generated at the Center, and demonstration of compliance |
with environmental regulations. The Center is not permitted to discharge any liquid wastes

'

conaining radioisotopes (allowable radioactivity is less than 10''mC/ liter. JGC reuses all
waste water.

Hich Temocrature Demonation Plant:

High Temperature Demonstration Plant. This plant directly converts mixtures of combustible
and non-combustible radioactive wastes, including sludges, into stable granular form. This
system could be used for mixed waste processing also. Waste materialis shredded and fed .

into a cyclone furnace sludge incinerator / melter. High temperature, between 1400 C and
1500 C, is obtained by induction heating. The bottom ash and slag is removed in a molten
state and cooled to form granular material. Off gases are cooled and passed through ceramic
and HEPA filters, and then discharged to the atmosphere.

O
V Robotics

Robot that moves on the noors as well as climbs over obstacles on walls was viewed and
discussed.

Steve Goetsch made the following comments:

Soil Stabillration:

JGC submitted a proposal to INEL (August 1990) in response to PRDA for On Site
Stabilization Process (OSSP). The concept of the process is to stabilize by chemical and

! physical methods soils contaminated with heavy metals, mercury, uranium and TRU
i isotopes. The process uses a proprietary 0xing agent (non silicate compound + cementitious

agent) to render the contaminates insoluble. The insoluble reaction products will be adsorbed
into the soil. The advantages of this process are: low leach rates, and minor volume
increases. This process has application to Oak Ridge and Rocky Flats PlanL

Uranium Sticctive Chelate Resin Process:
|

| This process utilizes a uranium selective chelate resin (UR 3100) for removing uranium from
liquid wastes. This resin is highly selective for uranium, and the ion can be easily cluted

n
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from the resin by using NaHCO to give a concentrated solution of uranium bNKC k3

q been tested with a solution containing zinc, copper, and iron. The resin did n# Dj% 8,c
or copper, and absorbed very small quantities of iron. Solutions containing uranwm up to
71.1 ppm could be processed through this system. JGC proposed this systens for Weldon
Springs (did not receive any response; HydroPure got the contract); and has proposed the
system for the Portsmouth Plant. Jerry Westerbeck from l'tIDald will be going to Japan to
look at this system.

Advanced Cement Solidification Process:

The process consists of pretreatment and mixing with cement. This process has been used for
immobil!zation of spent resins, boric acid wastes and incinerator ny ash and bottom ash, in
the case of spent resins and boric acid waste, an additional step is introduced in the system -
solid Squid separation or waste concentration. For Incinerator wastes, pretreatment consists
of treatment with Ca(OH), and NaOH, while for spent resins, cement and water are used. In
case of boric acid wastes, pretreatment is provided by using calcium borate. The leachability
of the immobilized waste form is very low. Tests with wastes containing cadmium or
mercury showed that bentonite, instead of cement works better as an immobilization agent. |

This system has potential application to the mercury problems at Onk Ridgn |
|

Automrded Waste Container Manatcment Systenn |

p The system consists of the following steps: Visual inspection unit top, sides and bottom of
( waste drums are inspected by three ITV cameras; Surface Contamination and Dose Rate

Measurement Unit Smear samples are taken from four locations of the drums to determine
surface contamination density. At the same time surface dose rates are measured by sensors
built into the smear sampling unit; Radioactivity / Weight Measurement Unit Nondestructive
determination of radioactivity concentrations of each radionuclide in the drum are made by
spiral scanning Ge semi-conductor sensor, a piastic scintillator ( radioactivity concentration is
determined from total dose - plastic scintillator , g scaling factors, and nuclides), and
weights are determined by a simple machine; and Labeling Unit Identification labels with a
serial number and surface dose rates are automatically printed on the drums. TRU radioassay
and free liquid detection systems are available, but have not been incorporated in the system.
JGC submitted a proposal in response to INEL PRDA. This system could be potentially used
for analysis gas in head space of drums to be disposed of at .WIPP.

Incinerators:

Different types of incinerators at JGC were very brieny described: rotary kiln for hazardous
waste, radwaste, irradiated carcasses, and medical waste.

' 26
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WEDNESDAY, November 7

i

Abstract of Activities for November 7,1990s
i

A visit to the PNC's Tokal Works focused on R&D activities related to the (1) glass
vitrification of high level waste; (2) processing of transuranic waste through a process of
incineration, and acid digestion, with the production of metal ingots, ceramics and liquid
residues that are discharged into the sea; and (3) treatment of solid and liquid low-level waste
through incineration, compaction and filtration processes. Presentations were also provided |

~

on environmental monitoring programs at the Tokal Works, and, upon request, the facility's
. building that houses a high level was4 tank was toured.

Meeting with Power Reactor and Nuclear Fuel Development Corporation, Tokal Works:

Address:
TOKAI WORKS, PNC

MURAMATSU, TOKAl MURA
31911 IBARAKI KEN, JAPAN

Role of PNC:

Plays a central role in developing fuel cycle technologies and fast breeder reactor and ATR.
PNC has developed technologies for prospecting for uranium deposits, refinement and
conversion, centrifugal uranium enrichment, spent fuel reprocessing and radioactive waste
disposal and is preparing to cooperate with industry for demonstration and utilization of these
technologies.

Participants:

Tanchiko Yamanouchi
Director;

:

Y. Kishimoto
Director

Technology Development, Coordination Division

Yoshiro Asakura
- Director

Waste Plants Operation Division*

21-
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$
i

J

i

Takao Tsuboya
\ Director

Waste Technology Development Division )
!

Ken Ichi Matsumoto
i

Deputy Director"

Shin Ichiro Torata
Assistant Senior Engineer,

i Waste Tech Devel. Division .

1

Hiroyuki Umeki
Manager, Geological Isolation Technology Section

Waste Technology Development Division

Bibliography of Literature Reeelved:

I ' Budget Information from PNC, Tokai. PNC, Tokal,- 1 page.

" Nuclear Fuel Cycle, Tokai Reprocessing Plant", PNC- Tokal Worb,15 pages.

"Present Status of R&D Activities on HLLW and TRU Conditioning in Tokai Works", PNC
,

-Tokal Works,26 pages.s

"Some Aspects of Natural Analogue Studies for Assessment of ung Term
Durability of Engineerd Barrier Materials, CEC 4th Natural Analogue
Working Group Meeting", Prepared by Y. Yusa, G. Kamel and T. Arai, PNC,19
pages.

"Tokai Vitrification Facility", PNC, Tokai Works,3 pages.

"Pu Contaminated Waste Treatment Facility", PNC, Tokal Works. 3 pages.

Agenda:

1) Attended Presentations at PNC Tokal Works on following topics:
Present status of R&D Activities on HLLW and TRU Waste Conditioning in Tokai
Works. (T. Tsuboya/PNC)

_

- Present Status of Waste Treatment Facilities in Tokai Works (Y Asakura/PNC)
- Present Status of other activities on Nuclear Fuel cycle in Tokal Works

(Y. Kishimoto/PNC)

28
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# 2) Tour of Tokai Vitrification Facility (TVF).

3) Tour of Engineering Demonstration Facility 111 (EDF lii).

4) Tour of Engineering Testing Facility (ETF).

5) Tour of Chemical Processing Facility (CPF).

6) Tour of Plutonium Contaminated Waste Treatment Facility (PWTF) and Plutonium
Contaminated Waste Storage Facility (PWSF).

Detailed hiecting Notes:

Director Tanchiko Yamanouchi gave a general introduction and overview of Tokai

operations.

hit. Duffy thanked the Tokal Directors for inviting the DOE Eht delegation to the Tokal
plant.

T. Tsuboya presented information describing the status of the R&D activities c,a HLLW and
TRU waste. Information relating to the Organization of PNC including staff and budget is

(~ given on page 2 and 3 of the booklet for the Power Reactor and Nuclear Fuel Development
C rporation, PNC. The 1989 PNC budget is 2,3x10" yen or 1.8x10' dollars with a 1989\

.

staff of 2800. Activities discussed were uranium enrichment, reprocessing, plutonium fuel,
and waste management.

Uranium Enrichment:

Uranium Enrichment method consisted of gas centrifuge enrichment where UF6 gas
containing U 234 and U 238 is centrifuged. The gas centrifuge has shown to be more
efficient. Presently the Japan Nuclear FuelIndustries is constructing a plant that will have a
capacity of 1,500 tons SWU per year. For more information see page 9 of the PNC booklet.

}kprocessing Technology:

Reproecssing technology to recover uranium and plutonium from spent fuel are being
investigated at its Tokai Reprocessing Plant. This plant opened in 1977 and has reprocessed
392 tons of spent fuel, this includes 5.2 tons of h10X fuel from ATR Fugen. Note they had
initial problems with the acid recovery evaporator and dissolvers. The short term goal is to
operate the plant on a 90-ton per year basis to recover plutonium for FBR hionju, which is
scheduled to reach criticality in 1992. The flow diagram of the LWR Spent Fuel
Reprocessing is given on page 11,
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Plutoniem Fugl Production

v
The production of plutonium fuel for new reactors such as the ATR and FBR is produced by
combining the plutonium with uranium to form a mixed oxide (MOX) fuel. The MOX fuel
is produced by mixing the nit 7tes of plutonium and uranium and converting to the oxide by
using microwave heating to decompose the mixed uranium and plutonium nitrate to a mixed
uranium and plutonium oxioe. This system is automated and went into operation at the
Tokai Plutonium Conversion Development Facility with a daily co-conversion capacity of
10kg hiOX. PNC has fabricated more than 100 tons of hiOX fuel and more than 40,000
fuel rods have been successfully litudiated as of biarch 1989. At the Tokai Plutonium Fuel
Production Fullity they have the capacity of 5 tons of hiOX fuel per year and another line is
now under construction that will supply 40 tons of hiOX fuel per year. Flow diagram of the
process is on page 13.

Waste hianagement:

Waste hianagement activities are described on page 14 of the PNC booklet. Briefly, they
consist of research and development in vitrification using the liquid fed cerrimic melter;
processing of TRU waste by incineration, melting the ash with microwave, and melt metal
waste by electro slag remelting; and conducting extensive research and development related
to long term management of high level radioactive waste.

(Y HLLW and TRU:
'

T. Tsuboya indicated that he gave an extensive presentation to Larry Harmon and thus gave
a brief presentation of the R&D activities on HLLW and TRU. Title of the presentation is
Present Status of R&D activities on HLLW and TRU Waste conditioning in Tokai Works.
hiaterial presented was: R&D in the areas of Vitrification by LFChi and HLLW; Nuclide
separation from low level liquid waste and decomposition and nuclide separation from spent
solvent for TRU waste; Demonstration phases of Pu Contaminated Waste Treatment Facility,
Bituminization Demonstration Facility and Folvent Waste Treatment Facility.

Vitrincation:

In the area of Vitrification a flow diagram was included in the presentation; it is important to
note that this process includes glass fiber addition. The delei;ation noted during the tour of
the vitrification facility that the facility was nearly identical in design to the Savannah River
Refense Waste Processing Facility mWPF) but approximately 20-30% larger. The Tokai
vitrification facility is 1 to 2 years behind the DWPF plant. Interior stainless steel walls
were not finished in the same manner as the DWPF plant.

V(D
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CN LL Liquid Waste Treatment:

b -

In the area of Low Level Liquid Waste Treatment silver nitrate and sodium sulfite are added
to the low levelliquid waste. The silver precipitates the iodide ions present, the silver iodide

'

is removed via ultra filtration. Sodium hydroxide and ferric nitrate are then added to the
supernatant and plutonium, uranium and the fission products are precipitated and removed
via ultra filtration. Ion exchange is used to remove the cesium and strontium ions. Sodium
is removed by evaporation and the liquid is released to the sea. The Spent Solvent
Qddative Decomposition Process consists of oxidizing the solvent with hydrogen peroxide
in the presence of a copper (II) oxide catalyst producing carbon dioxide, water, and calcium
hydrogenphosphate. Lanthanum (UI)is then added to precipitate the plutonium phosphate.

Waste Treatment Facilities (PWTF and LWTF):

Y. Asakura, presented "Present Status of Waste Treatment Facilities in Tokai Works". This
presentation basically covered the Pu Contaminated Waste Treatment Facility (PWTF) and
the Low Level Waste Treatment Facility (LWTF). The PWTF uses conventional
incineration for metals, HEPA filters and cellulose. The ash is melted and converted to ,

ceramics and the metals are melted and converted to an ingot. The PVC chloroprene is
thredded, followed by cyclone incineration or acid digestion; the ash is melted and converted
to ceramics. A flow diagram is incla&d in the presentation. In the WTF for solids the
combustibles are incinerated by open incineration, the Cl containing materials are incinerated

(] by closed incineration, HCL is collected, the ash is melted and converted to ceramics. The'

'V non-combustibles are cut,alecontaminated and melted into ingots or pressure compacted.'

The low level liquid waste undergoes ultrafiltration, absorption, and is solidified. The flow
diagram for these processes is also included in Asakura's presentation.

Pu Monitorinc in Surface Waters:

Y. Kishimoto reviewed the Present Status of 0;her Activities on Nuclear Fuel Cycle in Tokai
Works. He identified the sampling and monitoring points off site, the sampling points for
surface water and sediment, and the analysis and measurement methods they are using,
included in his presentation was the concentration of Pu 239 and 240 in sea sediments off
shore of Tokal mura.

The Plant Tour from 10:00 to 12:00 consisted of the Tokai Vitrification Facility, the
Engineering Demonstration Facility Ill, the Engineering Test Facility and the Chemical
Processing Facility. From 1:30 to 2:30 pm the delegation was given a plant tour of the
PWTF (Pu-contaminated Waste Treatment Facility) by Y. Asakura,

i
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Meeting with PNC, Oaral Engineering Center:

s'

Address:
POWER REACTOR 4: NUCLEAR FUEL DEVELOPMENT CORPORATION

OARAI ENGINEERING CENTER
4002, NARITA,

OARAI, IBARAKI, JAPAN
PHONE: (0292)67 4141

|
Role of PNC:- |4

,

Plays a central role in developing fuel cycle technologies and fast breeder reactor and ATR,
PNC has developed technologies for prospecting for uranium deposits, refinement and
conversion, centrifugal uranium enrichment, spent fuel reprocessing and radioactive waste
disposal and is preparing to cooperate with industry for demonstration and utilization of these
technologies,

i Basically, the mission of OARAI is to conduct research and development of key technologies 1

associated with FBR and ATR power plants. This includes design studies for framing plant
'

systems with safety and economic competitiveness, research and development on base
technologie: and innovative technologies, research and development using experiences
obtained through construction and operation of Joyo, Monju, and Fugen, and research and,

development on fuel recycling (this intludes research in the area of transmutation.)
.

.

Participants:
Mitsuru Kamei

Deputy. Director
Technology Development Division,

Kyoichiro Suzuki
Deputy Director

Oaral Engineering Center

Hidehiko Miyao
General Manager

Waste Management Section

Hiroki Kanemaru
Manager, Administration Div.
PNC Oaral Engineering Center

L

!
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/^ Masao Shiotsuki
'

( Senior Research Engr., Waste Mgmt. Sec.
Oarai Engineering Center

Shigeyoshi Kawamura
Waste Management Section
Oaral Engineering Center

Masahiko Itoh
Research & Devel. Coordination Section

Technology Development Division

Ilikliography of Literature Received;

" Development of a Heat Resistant and Angle Beam Type Electro Magnetic Acoust6
Transducer', Compiled by K. Ara, H. Rindo, K. Nakamoto, T. Doi, K.

Morimoto, and T. Sakamoto, Oarai Engineering Center, PNC,5 pages.

* Development of Decommissioning Technologies for Nuclear Fuel Cycle Facility in Waste
Dismantling Facility", Oaral Engineering Center, PNC,18 pages.

() "Research and Development in Oarai Engineering Center", Oaral Engineering
Center, PNC,16 pages.

Agenda:

1) Arrive Oaral Engineering Center

2) Tour Waste Dismantling Facility (WDF).

Detailed Meeting Notes:

Waste Dismantling Facility:

H. Miyao at OARAI presented the activities of the Waste Dismantling Facility. The efforts ;

in decontamination included dry ice blasting (ice blasting), electo-polishing, and redox
processes. In the area of dismantling they were using plasma cutting, robotics, and laser
cutting. In the area of monitoring they were using radiation image display through remote
measurement,

''
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Decontamination and Decommissioning;

S. Kawamura, discussed the technologies that were needed to decontaminate and
decommission a facility. These needed technologies are in the areas of monitoring, radiation
control, decontamination, dismantling, remote handling, waste treatment, and system
engineering.

For the tour of the facility they distributed car phones to the DOE contingency. This was
er.tremely helpful for the people standing at the back of the group. Technologies viewed on
the tour consisted of ice blasting, electropolishing, the alpha facility, laser cutting,
monitoring, llot Isostatic Pressure (HIP), robotics, fiber optics, and electromagnetic acoustic
sensors.

TIIURSDAY, November 8

Abstrnet of Activilles for Nmember 8,1990:

A tour of JAERI Tokai Research Institute facilities included review of safety evaluations of
long term storage and disposal of high level wastes (with research focusing on confinement
ability and durability of materials), reactor decommissioning and actual dismantling activities,
the use of robotics, and heat / radiation resistant fiberscopes.

Slecting ulth JAERI, Tokni Stura

Address:
JAPAN ATOh11C ENERGY RESEARCH INSTITUTE

TOKAl RESEARCll ESTABLISilh1ENT
TOKAl hlVRA, IBARAKI-KEN

JAPAN
PilONE: 0292 82 5410

Role of JAERI:

JAERI is a semi governmental research organization which implements national long term
programs in nuclear energy, including joint projects and international cooperative efforts.

34
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1

Research Activities:

R&D of nuclear energy, nuclear safety, high temperature gas cooled reactors, nuclear-

fusion, radiation applications, nuclear powered ships, basic research, decommissioning of
nuclear reactors;

Design construction and operation of reactors;-

Education and training of researchers and engineers in the field of nuclear energy; and-

Dissemination of information obtained through R&D activities.-

Participants:
Kakuro Tomil
Director

Department of JPDR

Satoshi Yanagihara
Senior Engineer

Decommissioning Tech. Lab.

Tsutao 11oshi ..
General Manager'

Reactor Decommissioning Op. Div.

Eiji Shirai
Deputy Director, Department of Research

Reactor Operation

Yoshiki Wadachi
Deputy Director

Department of Env. Safety Research

Susumu Muraoka
IIcad, Engineered Barrier Materials Laboratory

Bibliography of Literature Received:

" Development of Technologies on Decommissioning of Nuclear Fuel Cycle
Technologies," Japan Atomic Energy Research Institute. 5 pages.

35
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/ 'JPDR Decommissioning Program', written by T. Hoshi from the 9th TAG Meeting on
October 812,1990 at the Japan Atomic Energy Institute.10 pages.

. '
r

'New JRR 3, Compiled by the Research Reactor Operation at the Tokal Research
Establishment", Japan Atomic Energy Research Institute. 6 pages.

;

' Progress Report on Safety Research of High I.cVel Waste Management for the Period April-
1988 to March 1989", Edited by Haruto Nakamura and Susumu Muraoka, Department
of Environmental Safety Research, Tokal Research Establishment, Japan Atomic
Energy Research Institute,74 pages.

' Reactor Decommissioning Technology Development and Actual Dismantling of JPDR,"
compiled by the Tokal Research Establishment, Japan Atomic Energy Research
Institute. 9 pages.

" Safety Studies on Glass Waste Form *, written by S. Muraoka at Japan Atomic Energy
Research Institute.10 pages.

' Summary of WASTEF Facility', from Japan Atomic Energy Research Institute.
10 pages.

' Volatilization of Cesium from Nuclear Waste in a Canister", Hiroshi Kamizono,
Shizuo Kikkawa, Shingo Tashiro and Haruto Nakamura. at Japan AtomicO Energy Research Institute. Department of Environmental Safety Research, 6 pa$ s.|

'

Agenda:

1) - Visit JAERI Tokal Research Facility.

'

2) Tour of JRR 3 (Japan Research Reactor No. 3).
.

3) Tour _of Japan Power Demonstration Reactor BWR TYPE (JPDR).
-R&D for decommissioning technology.

4) . Tour of Waste Safety Testing Facility (WASTEF).
-Glass solidification technology for high level radioactive wastes
management.

Detailed Meeting Notes:

Decomn issioning of JPDR:
r

The delegaijon was given a short overview of the JPDR decommissioning program which is
continuing i trough Jim Fiore and Bill Murphie (EM40). - Mr. Hoshi is responsible for

bG 36
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decommissioning of the JPDR. The program started in 1981. The first phase completed in
h 1986 involved technology development for cutting and disassembly and waste management.

Phase 11 invohing actual decommissioning started in 1986. Equipment suru. Ming the
reactor vessel was removed by 1989. Reactor internals were removed by 149 and the -

'

pressure vessel was projected for removalin 1990. Removal of the biological shield
concrete is projected by 1992 and site restoration should be completed in 1993. Mr. Duffy
asked where the materials were being stored. All materials are being stored on site at Tokal.

Concrete Disconh

Two thousand tons of concrete are proposed to be stored in shallow land burial sites. The
Japanese are exploring ways to reuse minimally contaminated concrete.

Dismantling:

All dismantling of the biological shield is remote. Dose levels for workers in the U.S. and
Japan is SRem in special cases. Plasma are cutting is conducted underwater to prevent
release of fumes. Shaped explosives are used to minimize air contamination. A central .

vacuum system is used to remove dust from cutting and blasting operations. The are cutter
system has been adopted from the U.S. The U.S. typically uses a vacuum system at the
cutter head in addition to the central vacuum s, stem with appropriate in line filters.

- Studies of Activated MetalE

Studies of steel are being conducted to determine the extent of corroslor, and to evaluate
" cracking"_ and embrittlement, particularly in weldment materials.

FRIDAY, November 9

Abstract of Activities for November 9,1990:

The delegation visited the JAERI Radiation Chemistry Research Establishment in Takasaki
where presentations focused on research initiatives related to the practical application of
nuclear energy (e.g., irradiation of food products to prevent spoilage). Of particular interest
were studies on uranium extraction from seawater. The development of a new accelerator
lab will depend heavily on the ability to attract foreign scientists committed to live with their
families at the site in a foreign scientist community development.

The delegation then traveled to Tokyo for a final meeting with PNC. A record of meeting
was signed, and the delegation agreed that Dr. Donald H. Alexander would be assigned the
lead for working with the Japanese to formalize cooperative R&D initiatives. The PNC close-
out discussion focused on R&D initiatives of particular interest to the U.S. including:

1
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Application of Japanese decontamination and decommissioning techniques.

( Waste vitrification.
Fiber-optics.
Extension of studies of uranium extraction from seawater to contaminated groundwater.

Robotics.
- Development of a ' profile system' for tracking developments in international waste-

management R&D initiatives.
Exchange of scientists and students.

Meeting with J AERI Takasaki Radiation Chemistry Research Establishment:

Address:
TAKASAKI RADIATION CHEMISTRY RESEARCH ESTABl.lSHMENT

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE
1233 WATANUKi MACHI, TAKAS AKI

GUNMA, 37012, JAPAN
PHONE: 0273-461211

Role of JAERI:

JAERI is a quasi governmental research organization which implements national long term
programs in nuclear energy, including joint projects and international cooperative efforts.

Research Activities:

R&D of nuclear energy, nuclear safety, high temperature gas-cooled reactors, nuclear-

fusion, radiation applications, nuclear powered ships, basic research, decommissioning of
nuclear reactors;

Design construction and operation of reactors;-

Education and training of researchers and engineers in the field of nuclear energy; and-

Dissemination of information obtained through R&D activities.-

Participants:
Sueo Machi

Director General

Waichiro Kawakami
Deputy Director

Department of Development



.-. . _ _ . _ _- . . - _ _ . - . . ____ _-

/7 Shoichi Sato

V Director, Department of Research,

Isao Ishigaki
General Manager j

Radiation Processing Devel. Laboratory 4

Department of Development (
|
1

Bibliography of Literature Received:

'Amidoxime Group Containing Adsorbents for Metal Ions Synthesized by Radiation Induced
Grafting", Written by J. Okamoto, T. Sugo, A. Katakai and H. Omichi, JAERI, l

Takasaki Radiation Chemistry Research Establishment,11 pages. !

'A New Type of Amidoxime Group Containing Adsorbent for the Recovery of Uranium
from Seawater *, Written by H. Omichi, A. Katakai, T. Sugo and J. Okamoto, JAERI,
Takasaki Radiation Chemistry Research Establishment. 6 pages.

Agenda:

1) Tour Takasaki Radiation Chemistry Research Establishment.
/_T
b Detailed Meeting Notes:

Activities at RCRE are centered upon the use of Co Go and electron beam irradiation
facilities; principal activities are the 1) synthesis and modification of polymers for industrial
and medical applications,2) environmental protection, and 3) development of materials for
nuclear / space applications.

Industrial Applications:

The most interesting recent development is the irradiation of a chelating membrane (5 micron
thickness), which has been used to absorb uranium from sea water (2 gr U/Kg in 20 days).
Uranium is desorbed from the membranes at -pH 2. Dr. Alexander suggested that the us
of polyethylene beads may be more ef0cient for certain applications. He noted that
polyethylene beads have bien used as tracers and have been pumped through groundwater
systems. We discussed the potential use of micron sized U adsorbent beads to remediate
uranium and heavy element contaminated ground water through vertical / horizontal wells.
Adsorbant micro-spheres are being developed at MITI, Osaka. Other industrial applications
included the development of new slow release drugs, vulcanization of latex (which leads to
less incineration residue and SO2 emissions), and curing of various coating materials.

O
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f Environmental Applications:

\v
RCRE has developed technologies for the treatment of Bue gases, municipal wastewater and
sewage sludge. The latter two applications, although effective, have also met resistance in
Japan. RCRE is evaluating electron beam irradiation of Due gases (SO' and NO') in the
presence of ammonia. The resulting ammonium nitrate / sulfate solids can then be removed
by an electrostatic precipitator.

NElcatl.Spxc Apslications:

Irradiation of materirds that are used for nuclear and space applications is performed at
RCRE. This includes wire, cable, and insulating materials.

Scientific Exchange:

EM programs should consider scientific exchange with JAERI Takasaki. STA offers
scholarships for studies at these facilities, Irradiation of chelating membranes for adsorption
of actinides, such as uranium or adsorption of organics such as trichloroethylene could be
critical to meeting EM objectives.

Meeting with PNC, Tokyo

C Address:
( POWER REACTOR & NUCLEAR FUEL DEVELOPMENT CORPORATION (PNC)

913,1 CHOME, AKASAKA
MINATO KU, TOKYO,107 JAPAN

Participants:
Takto Ishiwatari

President

Yoshikazu Hashimoto
Executive Director

Masao Yamamoto
Deputy Senior Director

Saburo Kikuchi
Secretary to the President

;

Kiyoshi Kikuchi
Ing, Geologue, Department des Ressources Nucleaires

. O|O 40
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[~ Tadashi biano
( General Manager

Conditioning Research Program
Radioactive Waste Management Project

Takashi Yoshikawa
Manager, International Cooperation Office

International Division

Reiko Nunome
International Cooperation Office

International Division

Akira Wadamoto
Engineer, Conditioning Research Program
Radioactive Waste Management Project

Diblipgraphy of Literature Received:

"FBR Development in PNC for Commercialization', PNC,8 pages.

" Technical Draft for Comments RD&D Program on Low Level TRU Bearing Waste
Management Technologies". PNC,43 pages.V)|

Agenda:

* Meeting with PNC President.

Detailed Meeting Notes:

DOE and PNC agreed that several workshops would be arrange <. over the coming months to
focus on areas of joint technical interest in preparation for the B lateral Coordination Meeting
in the spring of 1991. DOE appointed Dr. Donald Alexander as the DOE EM coordinator.
PNC appointed Mr. Takao Yagi as PNC-EM coordinator.

The workshops will provide reports recommending areas of technical collaboration to the
DOE EM/PNC Coordinating Committee in the Spring of 1991. The U.S. delegation
identified several technical areas for continued collaboration in the November 9th meeting
with PNC including decontamination and decommissioning, vitrification and TRU handling,
treatment and disposal.

Attas of particular interest to the delegation which will be considereo for future collaboration
with PNC include:

41
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1

1. the use of the plasma arc saw for dismantling reactor vessels and relatedO contaminated structures;

2. smelting of slightly contaminated ferrous metals for recycling;

3. methods for removal of contaminated concrete;

4. methods for reusing slightly contaminated concrete;

5. methods of waste reduction and minimization;

6. partitioning and transmutation;

7. robotics;

Areas of particular interest to the delegation which will be considered for future collaboration
with MITI, JAERI and Kyoto University include:

1. methods for the removal of uranium from seawater;

2. applications of fiber optics and iasers for in situ analysis of groundwater;

,

3. methods for the removal of organics such as trichloroethylene;

4. simulation modeling of groundwater contaminant migration;

5. research on actinide chemistry;

6. methods of underground characterization;

7. inorganic microencapsulated adsorbents;

8. optical microsensors for gases; and,

9 gold etal oxide catalysts for sensor applications.m

O 42 ,
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RECORD OF MEETING
BETWEEN

THE UNITED STATES DEPARTMENT OF ENERGY
AND

THE POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION
OF JAPAN

IN TVE RADICAC" RIVE WASTE MANAGEMENT
NOVEMBER 9, 1990

TOKYO

In accordance with the terms of the Agreement between the United
States (U.S.) Department of Energy (DOE) and the Power Reactor
and Nuclear ruel Development Corporation of Japan (PHC) in the
Area of Radjoactive Waste Management, representatives of the two
organizations met in Tokyo on November 9, 1990.

A technical delegation led by Mr. Leo Duf fy, Director, Of fice of
Environmental Rostoration and Waste Management (EM), Department .

of Energy (DOE), met with officers and staff of the Power Reactor
and Nuclear ruel Development Corporation of Japan (PNC), to
diucues potential areas of possible technology exchange during
1901. The wrap-up meeting was convened after participants
cor4pleted tours of PNC sites and facilities.

Mr. Ishiwa' ari, President, PNC velcomed Mr. Duf fy and the U.S.
delegation provided a brief overview of the status of PNC waste
management activities. He encouraged continued technology
exchanges.

Mr. Duffy thanked PNC for their hospitality and efforts in making
the arrangements to visit PNC sites and facilities. He provided
a brief overview of the status of the DOE-EM program and
underscored his continued desire to pursue exchanges of
technology.

DOE and PNC agreed that several workshops would be arranged over
the coming months to focus on areas of joint technical interest
in preparation for the Bilateral Coordination Meeting in the
spring of 1991. DOE appointed Dr. Donald Alexander as the DOE-EM
coordinator. PNC appointed Mr. Takao Yagi as PNC-EM coordinator.

Dr. Alexander and Mr. Yagi will meet in Washington, D.C. in
December 1990, to define workshops in common areas of interest.

fCL/hb ,, Y', U N

/Vnu/ edo [ -AA
,.- _ _ ,

Dr. Donald J.lexander, DOE Mr. Kiyoshi KIKUCHI, PNC

,
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SATURDAY, November 10
,

Abstract of Activltles for November 10, 1990:
;

A meeting was held with Professor Higashi of the Kyoto University, where the delegation
discussed actions taken by the DOE under the " Ten Point Plan" and the development and
implementation of the DOE's program for environmental restoration, waste management and1

related R&D under the 'Five Year Plan". Professor Higashi expressed great interest in the!

! status of the U.S. high level waste repository program and in the concept of a student
exchange. The University Staff expressed interest in pursuing opportunities for joint R&D

'

projects related to neptunium chemistry.4

1

i Meeting at Kyoto University:

Address:
' KYOTO UNIVERSITY
1 DEPARTMENT OF NUCLEAR ENGINEERING
'

YOSHIDA, S AKYO-KU
KYOTO 606, JAPAN
TEL 075 753 5831,

O>

V Participants:
'

Kunio Higashi
Professor

:

Hirotake Moriyama
Associate Professor

Kazukuni Shimoura
Associate Professor

Tetsuji Yamaguchi
Faculty of Engineering

M.1. Pratopo
Faculty of Engineering

Ichizou Kokaji
Chief of Reprocessing Section

,
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f

Q' Agenda:

1) Meeting with Professor Higashi, Kyoto University. ,

1

2) Discussed following topics:
- Yucca Mountain Pioject Overview
- High Level Repository Siting

Treatment of Slightly Contaminated Soils

Detailed Meeting Notes:

Site Characterization and RemediatiOD

Professor Higashi introduced faculty members and students. Mr. Duffy gave an overall
presentation on the EM program and emphasized technology needs. Mr. Duffy invited Dr.
Alexander to give a brief overview of performance assessment and site characterir.ation
activities at Yucca Mountain. Following the Yucca Mountain presentation, the participants
discussed the three issues raised by Dr. Higashi:

1) A brief explanation on the present status of Yucca Mountain Project (Conceptual
p Design of the repository, and related matters).
('

2) Permanent disposal of HLW.

3) Treatment of soils which are : lightly contaminated with metal oxides.

Neptunium Chemistry:

Dr. Alexander opened discussion on the Kyoto University research in neptunium chemistry.
Several new compounds which raise the solubility limit of neptunium in groundwater were
mentioned. This information could have a significant impact on transport calculations for
neptunium in groundwaters. Copies of recent publications are being acquired.

MONDAY, November 12, 1990
Ascension Day

O
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TUESDAY, November 13,1990

I Abstract of Activities for November 13, 1990:

The delegation visited the PNC Chubu Works where presentations were provided on R&D
activities conducted at the Tono Uranium Mine to support the development of geologic
disposal technologies. Activities reviewed included the perfonnance of enginected barriers

~

and corrosion testing; geochemical investigations of groundwater; and the development and
validation of migration models of radionuclides, PNC representatives noted strong public
opposition to the development of a geologic repository in the area,

Meeting with PNC, Chubu Works:

Address:
CHUBU WORKS ,

'

POWER REACTOR AND NUCLEAR FUEL
DEVELOPMENT CORPORATION

OFFICE 959 31, ,SONODO, JYORINJI
TOKISHI, GIFUKEN, J APAN

- PHONE: 0572 541271i

,

Role of PNC, Chubu Works:

PNC Chubu Works is developing technical capability to characterize sites for the permanent
disposal of CHLW.

Participants:'

Yoro Sugitsue
Director

Toshio Tomishige
Deputy Director

Toshihiro Seo
Geologist, Waste Isolation Research Section

O
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O Kozo Sugihara(V Research Engineer
Waste Isolation Research Section

Shougo Fujita
hianager, General Affairs Section

Bibliography of Literature Received:

" Field Tour Guide for Tono Mine Gallery (Tsukiyoshi Deposit)," PNC Chubu Works, 28
pages.

" Natural Analogue Study of Tono Sandstone Type Uranium Deposit in Japan,"
Written by C. Sato, Y. Ochial and S. Takeda. Waste Management and Raw
Materials Division, PNC Chubu Works,11 pages.

" Natural Analogue Study of Tono Sandstone Type Uranium Deposit in Japan,"
Written by T. Sco, Y. Ochiai, S. Takeda and N. Nakatsuka. PNC-Chubu
6pages,

.

5 Agenda:

1) Tour PNC Chubu Works.

2) Tono hiine Gallery
Stop 1- Engineered Barrier Materials Field Tests.
Stop 2,3- Hydrogeochemistry of Groundwater.
Stop 4 Geochemistry of Natural U Th Series Nuclides Uranium
Mineralization.
Stop 5. Mine-by Experiments of Excavation Responses.
Stop 6- Shaft Excavation Effect Project Site.

3) General Discussions re: Chubu Works Activities.

Detailed Meeting Notes:

The delegation was welcomed by Chubu Works Director Yozo Sugitsue and Deputy D;.a etor
Toshio Tomishige. We were told that Tono is a well known area for ceramics. The P!iC
office at Tono (Chubu Works) was established about 25 years ago with the discovery of
uranium. The deposits represent approximately 2/3 of the known Japanese reserves.

O)$x~ '
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C Exploration has since shifted overseas and has proven to be more economic, especially in
'- Canada, Australia, Africa and China. Since 1986 Chubu Works has been devoted to R&D.

Chubu Works has 5 sections: 1) administrative; 2) overseas exploration; 3) geologic
research; 4) Uranium deposit evaluation; and 5) physics and chemistry technology.

The ore at Tono is 135 meters deep with 75A meters of developed underground galleries.
The stratigraphy consists of sandstone, mudstone, and conglomerates over a granite
basement. The ore is covered by marine mudstones and clays.

PNC is conducting a variety of site characterization studies at Tono:

o natural analogue studies;

o isotopic disequilibria;

o excavation response / disturbance studies;

o corresion tests (glass and stainless steel)

o development of a hydrogeologic model; and

o fault studies.,

The fault at Tono is a reverse fault with a displacement of approximately 30 meters and with
.

an age of about 10 million years.

PNC has been conducting regional hydrogeologic studies at Shomasama where they maintain
an extensive core library with several 1000 meters of core.
Other important HLW site characterization studies are ongoing in Horonobe tuff.

Engineered Barrier Experiment:

Two stations in the underground facility are devoted to engineered barrier experiments. The
first involves the long term evaluation of bentonite backfill in a weathered granite block.
The principal approach is similar to the U.S. approach of vertical emplacement of the waste
packages in the floors of the drifts. However, since the Japanese site is expected to be
saturated, bentonite blocks would be emplaced around the container. The objective of the
first station is to examine the durability and behavior of the barriers under field conditions
and develop methods for monitoring and performance evaluadon. The second station is
designed to examine a range of barrier materials including glass, copper, bentonite, stainless
steel and bentonite blocks. Experiments include waste glass leaching (heating test), overpack

|Ot
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lmaterials corrosion test (heating test), and monitoring the migration of groundwater,

' contaminents,

Nuclide Migration Tests:

The nuclide migration test is designed to examine uranium migration (and uranium series
nuclides) along the Tsukiyoshi fault which has displaced the ore body by 30 meters.
Geologic, mineralogic, geochemical, migration and retardation studies are being pursued.
Groundwater chemistry tests indicate mixing of surface and deep waters through tritium
studies. Uranium phases include andersonite (Na2Ca(UOJ(CO )3'10H O and zippeite3 2

(K (UO ).(SO )3(OH)io H 0.*
4 2 4 2

Excavation Resoonse Tests:

SeveicJ drifts have been set aside for excavation response testing. Extensive cross hole
testing and radial in wall monitors are used to monitor excavation response. Measurements
to date indicate minimal response.

.

Exploratory Shaft Construction:

An exploratory shaf is being excavated to the testing horizon. A radial set of instrumentedt

boreholes are being used to monitor groundwater drawn down. Performance evaluations,
| /O similar to those at the Canndlan URL and planned at Yucca Mountahl are underway.

V'

WEDNESDAY, November 14

t

Abstrnet of Activilles for Nosember 14,1990:
,

|

| The delegation visited the Government Industrial Research Institute in Osaka. The visit
included a review of research on solidification and storage techniques (the research focusedt

'

on glass vitrification and appeared to have been discontinued); water treatment systems for
industrial waste using membrane materials and microorganisms; and pollution detection
technologies using high performance chemical sensors and optical microsensors for gases.

|

|

Meeting with hilTI/AIST:

Address:,

MITI/AIST
| GOVERNMENT INDUSTRIAL RESEARCH INSTITUTE, OSAKA
| MIDORIGAOKA 1, IKEDA, OSAKA

PHONE: (0727) 518351
|

v
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( Participints.
T. Komiyama

Director General-

Takako Takahashi

Masatake Haruta
Head of Catalysis Section. ,

!

Teruo Kodama
Director, Research Plannleg Office

a
' Makoto Kinoshita. 4

| Glass and Ceramic Materials Department |

;
'

Steven N. Crichton
! Visiting U.S. Scientist, Glass Science Section

Glass and Ceramic' Materials Department

Kunishige Higashi

( Senior Researcher

| /
- Tetsuhiko Kobayashi

Research Chemist

-Yoshiko Nakahara
Director, Material Chemistry Department

Bibliography of Literature Received;-

L "AIST Summary", AIST,35 pages.

" Aqua Renaissance '90 Project", National Research and Development Program, MITI,6
pages.

" Budget,_ Staff and Scale Information", MITI,7 pages.

" Fine.Structur.: of Nobel Gold Catalysts Prepared by Coprecipitation", Written by
M. Haruta,_ H. Kageyama, N. Kamijo, T. Kobayashi, and F. Delannay. GIRI Osaka,
10 pages.

:
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('~ "40th ISE Meeting Extended Abstracts", Volume 1, International Society of(]) Electrochemistry, 3 pages.

" Glass and Ceramics for the Future", Glass and Ceramic Material Deputment, GIRI-Osaka.
27 pages.

" Gold Catalysts Prepared by Coprecipitation for Low Temperature Oxidation of
Hydrogen and of Carbon Monoxide", Written by M. Haruta, N. Yamada,
T. Kobayashi, and S. Iijima. GIRI Osaka,9 pages.

" Gold Supporting Tin Oxide for Selective Co-Sensing", Written by T. Kobayashi, M. Haruta
and H. Sano, GIRI Osaka,4 pages.

" Methodology for Making R&D Programs of Chemical Sensors", Written by
M. Haruta, K. Hiiro, H. Tanigawa, H. Takenaka, S. Yoshikawa and H. Sano.
GIRI Osaka,28 pages.

"New Technology Japan", Vol.17, No. 2, May 1989,2 pages.

* Outline of Researches", Government Industrial Research Institute, AIST, MITI,
9 pages.

j@S " Preparation and Catalytic Properties of Gold Finely Dispersed on Beryllium Oxide",
\.j Written by M. Haruta, K. Saika, T. Kobatashi, S. Tsubota and Y. Nakahara. GIRI-

Osaka,4 pages,

t

" Preparation of Highly Dispersed Gold on Titanium and Magnesium Oxide", Written by S.
'

Tsubota, M. Haruta, T. Kobayashi, A. Ueda, Y. Nakahara. GIRI-Osaka, 9 pages.

" Proceedings- 9th International Congress on Catalysis", M. Haruta, T. Kobayashi and F.,

I Delannay, GIRI Osaka, 6 pages.

" Proceedings of the 3rd International Meeting on Chemical Sensors", Cosponered by the -
Edison Sensor Technology Center, Resource for Biomedical Sensor Te. alogy,
Electronics Design Center and Caw Western Reserve University. 5 pages.

"Research on HLW Management in GIRI Osaka", GIRI Osaka,2 pages.
|

| " Selective Co Sensor Using Ti DOPED Fe2O with Coprecipitated Ultrafine Particles of3

Gold". Written by T. Kobayashi, M. Haruta, H. Sano and M. Nakane. GIRI-Osaka,
11 pages.
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(] Agenda:
1 /

1) Visit AIST/MITI's Government Industrial Research Institute in Osaka.

2) Dr. T. Komiyama outhned the research activities of the institute.

3) Dr. M. Kinoshita discussed solidification and storage techniques of high level nuclear
wastes. He also presented the first part of a presentation on the New Water Treatment
System (Aqua-Renaissance '90 project).

4) Dr. Y. Nakahara gave the second portion of the new water treatment system (Aqua-
Renaissance '90 project) detailing micro-organisms. Dr. Nakahna also
discussed anti-pollution technology.

5) Dr. Masatake Haruta made presentations on the development of new catalysis for
sensor technology and micro encapsulated spheres for the adsorption of contaminants.

Detailed Meeting Notes:

The MITI Govemment Industrial Institute in Osaka was establishes in 1918. The Institue is
well known for its work on batteries, metal alloys for storage of hydrogen, and development
and adaptation of new compounds for optical applications. They have manufactured some

[] large optical lenses (the delegation saw some display) and are conductinc optical fiber

(/ research.

Perhaps one of the most promising efforts for collaboration with EM involves the efforts of
the Glass and Ceramics Materials Department and Materials Chemistry Department to
develop a wide range of sensors, adsorbants, and HLW glass waste forms.

GLASS AND CERAbf1C MATERIALS DEPARTMENT

Glass and Ceramic Materials Development. Optical Glasses

The institute is developing glasses with high refractive index and low dispersion such as LaK
and LaF utilized for lenses in the camera industry. They have succeeded in casting high
quality discs 2m in diameter for telescopes with low thermal expansion.

Nuclear Waste Form Glass

Glass is being evaluated as a waste form for high level wastes. Chemical and physical
properties, including ionic diffusion, electrical conductivity of the melt, thermal conductivity,
volatilization, crystallization and phase separation of waste form glasses have been evaluated
for over a decade. They have established glass compositions and melting technology
necessary for solidification of waste glass. Basic research continues on phase separation,

/,T
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O nucleation and crystallization, volatilization, diffusion, electrical conducthity, and mixed

C alkall effect. They have also compared synthetic glass leachability with natural glasses.

Ion Conducting Glass for Sensors

The Institute has been investigating Lithium lon-conducting glasses for sensor applications.
Li enhances conductivity at 0.3 Li20*0.38203*0.4Li2SO4.

E9tous Glass for Blochemical Catalysis and BioreactiDD

Porous glasses have been successfully developed for biochemical catalysis as carriers of
enzyymes. Enzymes thus immobolized by adsorption on the porous glasses maintain high ,

activity for a long period and may be used repeatedly.
The EM application may be the delivery of corous enzyme bearing glass beads (inorganic
microcapsules) to the underground bioteactor rone. (Alexander)

New Water Treatment System (Aqua Renaissance '90 Project)

The Institute is developing a series of membranes for water purification. The project is -

coordinated with MITI-Mito. - For details see materials from Tuesday November 6,1990.

| -hf ATERI AL CITEMISTRY DEPARTMENT

I
\/ Chemical and Bio Sensor Technology

The Institute sponsors state of-the-art research in sensor technology as the references attest.
Emphasis is placed on the development of catalysts with an emphasis on gold plated metal
oxides. The Institute is developing sensors for chemical detection in gas and liquids and
enzyme immuno sensors. They have worked on multiple layer sensors. They are also
working jointly with Belgium to develop sensors to 6:tect gases such as CO.

Catalysts for Gas Detection

Preparation of well defined metal compound catalysts is attempted by using homodisperse
fine particles as a building block and by applying modern thin film techniques. Catalysts are

,

| characterized using EXAFS, XPS, and IR. The work is focused on the catalytic behavior of <

! ultrafine gold particle and their interaction with the support oxides. These materials have
widespread application as catalysts for low temperature oxidation of CO and as sensors for
flammable gases. This technology is applicable to IIanford tank characterizatlQn.

Inorganic Shell Microcaosules

The Institute is developing inurganic porous spheres and inorganic-shell microcapsules for

|1 adsorption of contaminants. The chemical and physical properties governing adsorption can

'

,
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be selectively controlled by preparation conditions. These microcapsules could have widet
\ application for restoration activities.

..

Glass Comoosite Membranes

Containment of microbes in the reactor and reuse of the filtered water by separating
microbes and pollutants from waste water is being researched. Glass and glass-ceramic
membrancs are being evaluated. A range of membranes are being selected for each reactor

type.

Meeting with Kobe Steel:
<

Address: |

KOBE STEEL, LTD. -|

TEKKO BLDO. |

8.2, MARUNOUCHI 1 CHOME |
'

CHIYODA-KU, TOKYO,100 JAPAN>

PHONE: TOKYO (03) 218 6733 -|
l

Participants:
Yoshimasa Yamaado

Chief Manager, Sales & Marketing
Nuclear Engineering and Equipment Department

.

Detailed Meeting Notes:

y/aste Management. Incineration. Ash Melting. and Crud-Slurry Solidification

Kobe Steel provides technological support to PNC. Although we did not have a formal
meeting scheduled, we met with Mr. Yamamoto who provided the delegation with'

information on their capabilities. They are involved in the management of alpha
contaminated wastes, incineration and ash melting for plutonium contaminated combustible
wastes, and crud slurry solidification systems. Trey have a U.S. Patent (4330698 My 18,-

1982) on their Microwave Melter.
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THE PROGRAM OF THE UNITED STATES DEPARTMENT OF ENERGY

ON ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT

LEO P. OUFFY

DIRECTOR, OFFICE OF ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT
.

U.S. OEPARTMENT OF ENERGY

l

*
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THE PROGRAN Of THE UNITED STATES DEPliRTMENT OF ENERGY

ON ENVIRONMENTAL RL$TORATION t,HD WAlli MANAGEMENT

INTRODUCTION

The Department of Energy (DOE) sponsors energy research and development in the
United States and is ultimately responsible for the disposal of nuclear and
hazardous waste from its operations as well as commercial spent reactor fuel.
The DOE's role nas evolved over the last forty years from one of almost total

control over nuclear related activities to a more limited one with additional
regulatory oversite, primarily by the Nuclear Regulatory Commission I.NRC) and
the Environmental Protection Agency (EPA). The original Atomic Ene J

Commission (AEC) was divided in 1974 into a regulatory function performed by
the NRC and a research and operations function provided by the Energy Research

and Development Administration (ERDA), which was latet changed by the Congress
into the 00E. The DOE collaborates with th'e" EPA on matters dealing with the
environmental restoration of DOE sites and the disposal of nuclear and

hazardous waste.

" fulfilling its mission, the DOE is responsible for a wide complex of
f acilities in which radioactive and other hazardous materials are used. These
f acilities have produced wastes that have led to varying degrees of physical

plant and environmental contamination. The DOE facilities (at Hanford,
Washington; idaho Falls, Idaho; Savannah River, South Carolina; and Oak Ridge,
Tennessee; and others) have produced a variety of radioactive wastes. In

addition to radioactive wastes, the DOE facilities produce hazardous chemical
wastes such as heavy metals, organic solvents, and acids. These wastes and

mixed wastes, containing both radioactive and hazardous chemical constituents,
have only recently received much attention in the United States and have added
a new element to the DOE waste management program. Although waste generation

has been reduced in recent years and waste handling techniques have been

improved, the need remains for continuing safe waste management practices, and

for correcting inadequate past practices.

I m/:rson,9:
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' Commercial' uranium mining and milling operations along with processing of
.

radioactive materials in the early years of nuclear development,'have left

some sites and facilities contaminated. Reactors at the Savannah River, ,

Hanford,: and' idaho sites have produced high level radioactive wastes that are
stored locally in' underground tanks. Operation of DOE facilities has
resulted in the creation of burial grounds, storage facilities, underground
tanks and ~ pipes, surf ace impour.dments, treatment f acilities, and accumulation
areas that have the-potential for releasing radionuclides and hazardous
: chemicals into tne environment. The primary contaminants at major DOE sites

are summarized in Table 1.

The' United States has, since the inception of its nuclear program, managed the
,

bulk of its wastes in a manner considered safe and consister,t with the
standards and understanrjing of environmental protection needs at the time.
These standards have become more stringent and the old practices were, in some
cases, found to be inadequate. Some unsatisfactory disposal practices have

~

occurred in' the use of injection wells, draiFage trenches, and-shallow land
burial sites. Most wastes since these early days are still' stored or disposed
of safely, but improvements, such as high level waste vitrification plants-now
under construction, can add to long-term _ safety. The high-level wastes

resulting from DOE programs, along witn a small amount of high leve'. ' wastes
produced in the reprocessing of commercial spent fuel at West Valley, New
York, are safely isolated for the short_ term. Active programs are under way
for vitrifying and disposing of the high-level portion of the wastes which are
stored at the Savannah River, Hanford, Idaho, and West Valley sites, and for

. disposing of the low level portion of the wastes as a' cement based waste form
in engineered vaults.

The. environmental restoration work now under way typically involves low levels

of contaminants in relatively large volumes of _ soil,' water, or structures.
Characterization of the environmental problems created by the early practices
.used for disposing of the low level liquid and solid radioactive, transuranic,
and hazardous wastes is just beginning. A true measure of contamination has
yet to be established and the ongoing characterization of site contamination
will continue for some time.

2 P%/10s011/9]
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TABLE 1. Primary contaminants at major DOE sites.

SITE RADI0 ACTIVE HON-RADI0 ACTIVE

FERNALD Uranium contamination Adjacent stream contains
of surface soil and PCBs, organic solvents
groundwater and heavy metals

3
HANFORD 580,000 m of soil Areas contaminated

contaminated with with acids, chemicals and
V, Pu and fission organic solvents
products

66 tanks of HLW have
leaked to surrounding
soil

Groundwater contaminated
with Tc 99, Cs 137,

tritium and uranium

IDAHO Soil cMtaminated Groundwater contaminated
with Pu with organic solvents and

.,

chromium

LIVERHORE On-site groundwater and On-site groundwater and
soil contamination soil contaminated with
with tritium and Ra-226 organic solvents, PCBs

and heavy metals,

OAK RIDGE On-site and off-site Widespread mercury
soils contaminated with contamination
V, Tc-99, Np 237 and
fission products Soils and groundwater

contaminated with metals,
Off-site public waters PCBs and organic solvents
contaminated with
fission produ.ts

Groundwater contaminated
with Tc 99

ROCKY FLATS Groundwater and soil Grcundwater and soil
contaminated with U and contaminated with organit
Pu solvents, nitrates and

heavy metals

SAVANNAH RIVER Groundwater and soil Groundwater and soil
contaminated with U, contaminated with organic
Pu, tritium and solvents, nitrates and
fission products metals

3 Pumsc-tun
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The. United States. Government is committed to effective waste management and q
,

correcting past inadequacies at its facilities, in concert with the growing

public demands-for reducing environmental pollution and correcting
environmental problems, the DOE.has embarked on a major effort to restore its
contaminated sites to satisfactory conditions and to improve the management of
wastes currently being generated. '00E's three goals are to reduce risk = to
human health and the environment, to responsibly manage and minimize the
overall cost of the necessary restoration activities, and to complete this
cleanup work within 30-years.

.00E'S ORGAN!7ATION FOR ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT

To-implement this effort, the 00E has established a new Office of
Environmental Restoration and Waste Management to consolidate the Department's

4 .-

The new Office, cuNined in Figure 2, integrates-
L activities in this area.

() - management, budgets, and-technologies for the DOE wide waste management-and

cleanup program. It contains three programmatic-offices and two support

offices.
.

LThe Of fice of Waste _ Operations has program _ responsibilities for was.te

management at all. 00E sites. Waste management includes the treatment,
storage,Jand disposal of several types of waste: high-level radioactive

. wastes; transuranic wastes, including the Waste Isolation Pilot Plant (WIPP); '

. low level radioactive wastes; chemically hazardous wastes;. mixed wastes; and

sanitary solid wastes. Waste: minimization efforts are managed within this
Office, as are corrective activities at waste management facilities.

,

|

|

p.

i .

4 PNL/ IPs0-11/90

,

,..r-,i.w- -4~-, . ,. , , - - m .- , ,- er , --



, - -. - . . . . . . - . - .- - -.- . . . ..

.

|

|
|

I

O'
FIGURE 2. Office of Environmental Restoration and

Waste Management organization chart.
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The Office of Environmental Restoration has program responsibilities for
cleanup of inactive hazardous and radioactive waste sites at all 00E

.

f acilities and some non DOE sites for which 00E has responsibility (e.g.,
uranium mill tailings sites). Included are remedial actions and
decontamination and decommissioning (010) along with two ongoing programs, the

Uran um Mill Tailings Remedial Action Program (UMTRAP) and the Formerlyi

Utilized Sites Remedial Action Program (FUSRAP). Remedial actions are
concerned with all aspects of the assessment and cleanup of inactive but

potential release sites. D&D is primarily concerned with the safe caretaking
of surplus nuclear f acilities until either they are decontaminated for reuse
or are completely removed. Excluded from DOE responsibility are sites under

the authority of the electric power marketing administrations, the Office of
'

Naval Reactors, and the Of fice of Fossil Energy.

*

The Office of Technology Development has orogram responsibilities for
'

providing new and more effective technologies'to meet DOE's goal of regulatory

Q compliance and cleanup. Activities included are research and developmsnt of

new technologies; demonstration, testing, and evaluation of technologies
developed elsewhere; transportation; and educational programs to provide
trained staff to maintain the momentum of technology development.

The Office of Planning and Resource Management supports the program offices in

budget preparation and accounting and has the responsibility for coordinating
the annual update of the 00E Environmental Restoration and Waste Management
Plan. The Office of Environmental Quality Assurance and Quality Control

performs independent internal oversight to ensure compliance with
environmental and safety laws and regulations and to enhance the technical

validity and cost effectiveness of programs and projects.

The regulatory oversight of hazardous and radioactive waste management is
shared by several organizations. Establishment of overall standards for
environmental protection is performed by the EPA, which reports directly to
the U.S. President. The EPA's area of responsibility covers non-nuclear as

well as nuclear areas. The NRC regulates commercial nuclear activities, long-

6 9%/IPs0 11/30
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term storage and disposal of spent fuel and high level waste, and (together
t5ttb the Department of Transportation) transportation of radioactive materials
and wastes.

SCOPE OF THE__ ENVIR0iWTAt RESTORATION AND WASTE MANAGEMENT PROGRAM

The activities of the 00E in the areas of environmental restoration and waste
management have been divided into four technical areas for management
purposes: (1) Corrective Activities, (2) Environmental Restoration, (3) Waste
Operations, and (4) Technology Development. Categories (1) and (3), being
similar in nature, are both managed by the 00E Office of Waste Operations.

CORRECTIVE ACTIVITIES

Corrective Activities are those activities necessary to bring active and
'

stcndby DOE facilities into compliance with l'ocal, state, and federal
regulations. Because corrective activities must be completed in a timely and
effective manner to protect the public health and safety and the environment,
these activities will generally be accompljshed by the application of existing
technologies rather than new technologies that would require significant time
for development. Examples of corrective activities are the installation of
modern equipment to monitor air and liquid waste streams and replacement of
obsolete waste handling and storage equipment.

ENVIRONMENTAL RESTORATION

Past operations connected with DOE nuclear programs have resulted in
contamination of a large number of sites and facilities with quantities of
radioactive, hazardous, and mixed wastes. Environmental restoration is
concerned with assessment and cleanup of such sites and facilities to meet
prescribed standards derived from federal and state laws. A listing of
typical environmental restoration activities is presented in Table 2.

7 as/ ipso n/9 -
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Y TABLE 2. Typical environmental restoration activities.~'

Uranium Mill Tailings Remedial Action Program (UMTRAP)
formerly Utilized Sites Remedial Action Program (FUSRAP)

Remediate contaminated surface waters
Remediate contaminated underground waters

Remediate contaminated soils
Remediate improper burial grounds

D&D contaminated inactive facilities

Note: Contaminants may include:

Organics (polychlorinated biphenyls
(PCBs), trichloroethylene (TCE),
volatile organic compounds (VOCs),
pesticides,petroleumprcductsf

- Heavy metals (mercury,'Darium,,-g,

Q beryllium, lead,etc.)
- Radionuclides (including plutonium,

thorium, and uranium)

Chemicals (nitrates, asbestos,

acids)

The 00E has two major restoration programs underway. Since 1974, the FUSRAP

has been working to restore 30 inactive federal facilities contaminated with
radioactive and/or hazardous materials. Nine sites have been completed. The

UMTRAP activity has been underway since 1978. The program was established by

a federal law to remediate uranium mill tailings resulting from uranium
production conducted between the early 1950s and the early 1970s. The program
is' stabilizing 24 sites. Stabilization has been completed at 5 of these
sitos.

Contaminated soil cleanup represents a major problem. The soil columns at

several of the sites are contaminated with radioactive and hazardous

( substances resulting from the use of ponds and drainage fields for disposal of

8 Pn / Ipso-l us:
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process effluents. Characterization and cleanup of these sites is difficult
because of the low concentrations of the contaminants, their variability, and
the large volumes of soil involved. The Hanford site, for example, covers an
area of 1,450 square kilometers. The near surface disposal sites on the
Hanford Reservation contain 1.1 million cubic meters of solid waste which were
buried before segregation of alpha contaminated waste was required. There are

also 32,000 cubic meters of soil contaminated with transuranic radionuclides.

Soils are of ten excavated and disposed of in secure landfills or processed at
the surface to separate the contaminants. A technique (in situ vitrification)

to convert soils in place to a vitreous and crystalline mass using electrical
current is being developed. The resulting mass significantly lowers the
solubility of inorganic contaminants. Such a treatment will also destroy
organic hazardous chemicals. Other prospective treatments for organic
contaminants include vacuum extraction, chemical oxidation, temporary removal

'

and soil treatment, and bioremediation.
,

Groundwater contamination arises from leaking tanks, buried waste, and from
lagoons previously used for the disposal of liquid wastes. For example, at

the Portsmouth uranium enrichment facility, the groundwater has been found to
be contaminated with trichloroethylene and polychlorinated biphenyls. If the
level of contamination is high and the available technical means are not
adequate, interdiction wells can be used to temporarily retard migration. New
interdiction techniques under consideration are soil freezing, vitrified

i barriers underneath the contamination zone, and various forms of grouting and
chemical injections to retard migration. It must be recognized, however, that

'

in the case of complex aquifers contaminated with dense, non-aqueous phase,

1 liquid:, current restoration technologies are probably inadequate.

I Decontamination and decommissioning (D&D) of obsolete facilities produces
significant amounts of additional radioactive and hazardous waste. D&D needs
to rely on techniques to minimize the generation of waste by means of better
characterization and selective decontamination using materials that can be
recycled. Certain metals such as stainless steel, aluminum, nickel, and lead
might be recycled and used for containment and shielding materials in future

9 nutsso-um
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V' construction. The use of robotic manipulators can improve safety by reducing

the radiation dose to workers.

WASTE OPERATIONS

Waste Operations include the treatment, storage, and disposal of wastes
generated as a result of ongoing operations at active facilities. This
includes the programs to build vitrification facilities for high level wastes
at the Savannah River, Hanford, Idaho, and West Valley sites, and the WIPP

repository for transuranic wastes. One of the major waste operaticns

objectives is to effectively manage its processes and facilities in a safe and
environmentally responsible manner. Current efforts in this area also include
such tasks as establishing management controls over nonradioactive wastes,

including segregation of waste types and minimizing waste produced in 00E

facilities.
.

Mixed wastes, which contain both hazardous'c6bmicals and radioactiven
( materials, can be reduced by minimizing the use of hazardous materials and

identifying non-hazardous substitutes. The mixed wastes that already exist

can be treated to separate or destroy the hazardous components. A number of

physical and chemical processes are available to treat the waste:
electrochemical recovery of metals, leaching, Washing, chromatographic
separation, evaporation and distillation, and smelting. Reactive metals can

be deactivated by controlled chemical reactions, and organic compounds can be
destroyed by heat provided by sources such as plasma arc furnaces, glass
melters, and even solar energy.

High level radioactive waste treatment, although well advanced, can be
tailored to address specific problems. Chemical compositions can be adjusted
to reduce the volume and the associated disposal cost. Stored calcined high-

level waste can be processed into a ceramic or glass to provide more stable

forms for geologic disposal.

/ \
N)
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TECHNOLOGY DEVELOPMENT

Many waste management methods used in the past are no longer adequate. DOE is

striving to transcend current environmental restoration and waste management
practices and tools, replacing them with more effective and efficient
techniques. Where needeo capability is not presently available, the Office of
Technology Development will seek to develop it. This can occur through
applied research and development by its laboratories, through adaptation of
technology from other fields, or through development in concert with industry,
academic institutions, and the international scientific community. Current
environmental restoration must be performed effectively the first time and
preclude the need for additional restoration in the future. Waste management
must prepare and treat residual materials to produce a minimum volume of
physically and chemically stable waste forms. Facility operations must

*
minimize waste generation by eliminating or recycling hazardous materials.

,

To achieve these improvements, the attention of the scientific and engineering
communities is required. The long term protection of human health and the
environment must be assured, and public confidence and respect for the
technical community are at stake. The aims of the environmental restoration
and waste management programs are to ensure that unacceptable risk of exposure
to contamination is eliminated and that there is no lasting adverse impact on
the environment resulting from radioactive and hazardous wastes.

11 N /!P50 ll/90
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V
ENVIROWENTAL RESTORATION AND WASTE MANAGEMENT PLAN

.

The 1992-96 update of the DOE Environmental Restoration and Waste Management

Five Year plan has been completed. The plan describes the current state of
technology and identifies improvements needed to fulfill DOE's three goals of
reducing risk to human health and the environment, decreasing the overall
cost of its restoration activities, and completing its cleanup work within 30
years. The technology development part of the plan provides for:

o development of new technologies and techniques for waste
minimization;

*
o development of technologies for improved waste treatment and storage;

*
o site characterization for environmental restoration using in situ

~

monitoring, modDing to predict and preEent migration of contaminants,
- ) and improved methods for assessing environmental and human health

'

risks;

o development of large promising, but underdeveloped, new technologies
such as robotics, biotechnology, and remote sensing to add new

capability and reduce the cost and/or risks of remediation:

o establishment of an outreach program through schools and universities
for educating students in science and waste management; and

o international technology exchanges to reduce or eliminate duplication
of efforts' and to assist the international waste management community

in solving similar types of problems.

The technology development plan will continue to evolve over time because the
field of waste management is dynamic. Technology development will focus on
near term research, development, and application, and it will not constitute

p. basic research. DOE intends to support development of innovative concepts

M 12 PNL/IP$0-ll/90
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that are mature enough to begin demonstration within the present 6 year
planning horizon. Emphasis will be placed on creativity and the program will
have a strong international component.

INTEGRATED DEMONSTRATIONS AND PROGRAMS

Integrated demonstrations and programs will be used as a maans to rapidly
develop, demonstrate, and transfer needed technology to the environmental
restoration and waste operations efforts. The integrated demonstration is the
cost-effective mechanism that evaluates the performance of related

technologies as part of a complete system in correcting waste management and
environmental problems from " cradle-to-grave". An integrated program is

similar, but is focused to solve a specific aspect of a problem.

The integrated demonstration involves three major f acets: 1) the various
*

steps to solving the problem (e.g., planning, site characterization, waste
"

treatment, waste disposal, site monitoring), 2) development and application of
innovative technology solutions, and 3) evaluations relative to performance
goals and/or applicable regulatory requirements. Selecting and moving

promising technologies from research and development through final evaluation
is a continuous process. The transition of technologies into more advanced
phases of development requires the establishment of technical and regulatory
criteria for ascertaining if and when a developmental project should be
advanced. Because development costs increase dramatically as a project

progresses to more advanced phases, funds will not be available to support
full development of all concepts. Therefore, for technical, regulatory, and
cost related reasons, the number of projects moving forward will be
selectively decreased by a filtering process. Technology development will be
conducted with programmatic integration at all stages.

The DOE sites themselves are important resources for technology development
and will be used for the demonstration and evaluation of new technologies.
The three main areas of focus and planned integrated demonstrations in these

areas are:

13 P%/IPs011/90
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1) groundwater and soils cleanup

cleanup of organics in saturated soils and groundwatera

cleanup of organics in unsaturated soils and groundwater.

cleanup of plutonium / uranium from contaminated soils*

2) waste retrieval and waste processing

remediation of underground storage tanks-

remediation of buried wastesa

decontamination and decommissioninga

3) waste minimization

uranium manufacturing waste minimization*
*

non-nuclear waste minimizationa

~

WASTE MINIMl?ATION

Throughout the DOE environmental restorati9n and waste management programs,
waste minimization will be a key objective. Waste minimization includes
volume reduction technology, such as supercompaction, and concentration.
However, true waste minimization is the avoidance of the generation of
radioactive, hazardous, and mixed wastes before treatment, storage, or
disposal. Waste minimization can be attained by various measures, including
administrative action, material substitution, recycling, and process changes.
Development and demonstration :i new processes to avoid the generation of
wastes containing radioactive and hazardous constituents will be conducted.

,

Equipment used in waste processing will be designed to clean with nonhazardous
substances and/or to yield a nonhazardous product.

While waste minimization will significantly reduce the amount of waste that
must be managed, waste generation cannot be altogether eliminated. Generated
wastes must be managed more effectively than what was done in the past, which
will require new and better ways to treat, store, and dispose of wastes. The

14 mnpso-luse
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Technology Development Program will seek to develop and demonstrate

technologies to provide permanent solutions for generated wastes.

CONCLUSION

In the past, the highest-quality technological efforts have been directed
toward other missions than waste management. The Technology Development

Program will serve as a catalyst for applying today's technology to unresolved
cleanup and waste management problems in ways never before considered, as well
as the means for development and demonstration of new and innovative

environmental protection technologies. DOE will be providing hundreds of
millions of dollars to develop technical expertise through a series of new
partnerships between DOE's national laboratories, industry, and universitier.
Integrated demonstrations will use experts from all sources in a systems |

approach, including collaboration with other agencies and countries, i
*

International technology exchange will be a m'ajor activity to help provide a
global approach to solving waste management problems.

15 PM/1950-11;9:
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Presentation Outline !
'

i
:

* DOE Waste Management Legacy |
|
;.

| . DOE ER & WM Orgapization !

5i ER & WM Program Sc. ope
- !

* Technology Development Program i
i

;
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DOE Waste Management Legacy )
1

- Some past practices are below present standards ):

:

* Many facilities and sites are contaminated j
* Environmental restoration needed |

i '
! - Uranium mill tailings !

,

- Contaminated' soils |'

- Surface and groundwater c'ontamination |
- Decommission inactive facilities |

* Hazardous chemical and mixed wastes included r

!

!
!
.

1
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A

DOE ER & WM Goals
i

1

* Reduce risk to human health and environment ;

* Decrease cost of restorati n9

. Complete cleanup in 30 years !
~

!
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.

ER & WM Program Scope !
;

* Corrective activities
i
;

'

* Environmental restoration
, :

.

i

* Waste operations
.

9

. Technology development
I

i

i
!

!
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Environmental Restoration Technologies
!

'

!,
,

4

iSite Characterization
Sensors !' ~

n
; [ .~:: # Fiber Optics t

~~:' Remote IVeasuring Technologies |
j .:-- .

for Groundwater |
'

Robotics

N Tank Characterization i

,

(!!R Robotics '

'
,

'

r- Sensors
'

j Piber Optics
3

:

| Cleanup i
. Biotechnology

iFilter Technology '

Waste Forms |

|
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}
c--n ., ;

| :

i

i

e



!!!j j t!t! j!fi!!!! ! ?t I(t!! | j;i .I!j!!ft \

s
i.
sr

Om
i

ws
,

n sy eo gr ei
-

goe l

boi s l f

e os alt er rio nn ol -a al ec ha an
: i

r vc hn c vhr
e eT Ac

ti

Og T e
rt Ps A T,

nn e o ,nv i

otio t s a gi
at rnt arr t

i

m eo st u
pf nslf

oeae s oEs mTvo E -t

Ds C n ee De m
e,c nt ino f t

e . nr R ee m
,

P
m

p

Oo
lpn e

s v -o &
t

oi n
e -

l t mea env u i
f

eel R dc
h

Da er
iav pe
l

e ps,E v Aeh i

t s R
at

cd eor rr s pfn re oE
f

a i

e a ec o
hn C -IiIII|1iI"tOes , g -eg A hn crcRi - is a

t a eses Be
Rhe -

TT rIi|i | iIi'

O

$ .!! ! ', 4' , ii i!!tf!i | !;:i; ;!



.

.

O O O |,

| !
: !

; integrated Demonstration |
,

|
!

* Cost-effective mechanism to evaluate the,

| performance of related technologies as part of a
j complete system ;

i
>

|; . Components include:
i - All steps to solving the problem (planning, site

characterization, waste treatment, waste disposal, ;

! site monitoring, etc.)
,

i

| - Development and application of innovative |
| technology solutions !

i
:

! - Evaluations relative to regulatory requirements
!
u
A
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The Three Dimensions of the Integrated Demo'

,
,

-
.

t

'
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'
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Programmatic Steps to Solution

/l /l
;

;* Including regulatory linkage
:
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Components of ER Integrated Demonstrations
,

TT&lT TTalT TT&lT TTalT TT&lT

Filter
~ \ x,x,x,x (gel i s,syyi hgy i s ,s yyy ;

R&D R&D R&D
Requirements R&D R&Lg'

LxSExi NMExi i d'x s i i M 's i O Usi ii

|"
I

i # "" "9 ?*
Character- Interim

j Pfanning + + Performance + ** " * "*'
Ization Remediation

Assessment (as needed) Actions
|

$ As needed ,

i

k'

i :

Decision :
!

Analysis f

\ 9

Recommended j

Technologies for Use ;

i
'

.

,

a

1

,
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Planned Integrated Demonstrations |

* Groundwater and soils cleanup
- Cleanup of organics in saturated soils and groundwater 1

- Cleanup of organics in unsaturated soils and
groundwater

- Cleanup of plutonium / uranium contaminated soils |

* Waste retrieval and processing
,

- Remediation of underground storage tanks
- Remediation of buried wastes
- Decontamination and decommissioning

* Waste minimization
- Radioactive waste minimization
- Non-radioactive waste minimization

S9010075.9
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i
l
i

{
!

|
! Waste Minimization

;
'

i - Avoidance of waste generation
|

: - Administrative actions ;

i

! - Material substitutions j

| - Recycling
'l

- Process changes| ,

, ,

* Volume reduction !
i

! - Supercompaction- |

i - Waste concentration
! - Waste processing

!
!

i i

i

!

t
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i International Technology Exchange |

~ * Provides global approach to waste management
'

* Transfers innovative technologies
t

* Reduces cost and remediation time ].
.

;4
.

'
: '

| . ITE mechanisms include: |

|
| - Joint projects
|

- Exchange of staff |-

|
- Exchange of students |

! - Workshops |
i

.

| - Exchange of documents j
i

i

{
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'

Summary |

!
DOE is committed to 30-year goal to clean up sites !

.

* DOE established Environmental Restoration and Waste :

Management Organization,

| * Technologies that are safer, fgster, better, and cheaper
,

! will be developed :

|
= DOE will utilize expertise from all sources !

- International technology exchange will be a major
tactivity
!

| ;
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TECIINOLOGIES DISCUSSED AT JAPAN ATOMIC ENERGY RESEARCH
INSTITUTE GAERI)

1

High Level Radioactive Waste
- Mineralogical Research
- Leaching and Volatillation of Radionuclides from Glass Waste

Spectroscopic Method
Fixation
Long Term Reaction Path Modelling
Plutonium

- Adsorption of Neptunium
- Irradiation of Materials
- Cold Neutron Source

Reactor Decommissioning Technology Development
Dismant!!ng

- Decommissioning
- Safety Studies on Glass Waste Form

Waste Safety Testing Facility
- Volatillration of Cesium from Nuclear Waste Glass in a Canister

HIBLIOGRAPIIY OF LITERATURE RECEIVED:

" Development of Technologies on Decommissioning of Nuclear Fuel Cycle
Technologies,' Japan Atomic Energy Research Institute. 5 pages.

"JPDR Decommissioning Program', written by T. Hoshi from the 9th TAG Meeting on
October 8-12,1990 at the Japan Atomic Energy Institute.10 pages.

'New JRR 3, Compiled by the Research Reactor Operation at the Tokai Research
Establishment', Japan Atomic Energy Research Institute. 6 pages.

" Progress Report on Safety Research of High Ixvel Waste Management for the Period April
1988 to March 1989", Edited by Haruto Nakamura and Susumu Muraoka, Department

i of Environmental safety Research, Tokal Research Establishment, Japan Atomic
Energy Research Institute,74 pages.

" Reactor Decommissioning Technology Development and Actual Dismantling of JPDR,'
compiled by the Tokal Research Establishment, Japan Atomic Energy Research

| Institute 9 pages.

0 ' Safety Studies on Glass Waste Form', written by S. Muraoka at Japan Atomic Energy
Research Institute.10 pages.



..

|

)]
' Summary of WASTEF Facility', from Japan Atomic Energy Research Institute.

50pages.

'Volatillration of Cesium from Nuclear Wute in a Canister', Hiroshi Kamizono,
Shizuo Kikkawa, Shingo Tashiro and Haruto Nakamura. at Japan Atorr!c
Energy Research Institute. Department of Environmental Safety Research, 6 pages.

,

9
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- Remote Handling Supenor to Contact ROBOTTICS t

Handing in Eco..om' s and Safetye

LASER CUTTING

! .

'

,

! - Remote Measurement RADIATION j
- High Reliability IMAGE |
- High Efficiency DISPLAY !

I
!'

I

!

I

?
|
i

I
- - _- -_-



_. . . . - ._ -. .._

!.

1
-

|

|i WDF PROCESS FLOW t
t

>
' t

!
t

'

; I s> I
[]! @ . i_ - Q -- O- O ~

O u'
'

__I -

[ ;yi .
t

M Ehp i . *b !
'

,

F k", * T .. _I -5 OC lr -57 ] 'g _
.

| 2
n O

!
a o-

,

'h&w C.s1Ru|
'

"
!

"
1

-

4 .
. . ..

. * c.itE j RA A _ * ;1
-

9.; '

. t A Fe.- t W >'

niu ll I g | d lil c J r - " C 'm - E >
| C.H.TRU O O4

!
.p.

- @ ,_
4-

i n n E n n"nN. , !!h [ n8
~

'
-

\ / 0\ / \/ \/ e. \ / C EE Illi
t ~

i
.

"I .I
~

i |,
R.H.TR,Ug ij

)R H TRtl'

t

A : Receiving H : Reseiving
B : Decontamination (ke Blastrng) s : Decontaimation (tie (tro-Poleshing)

- C: Pissma Cutting J : Evaluation Glove Bom
D: Hacksaw Cutting K : Experiment hood

< E : Classification L : Plasma Cutting Robot
F: Compression M : Press Cutting jG: Packaging N: Packagrng i

. _ _ . _ _ _ _ _ _ i
-



--_ ___- -_----- -- ---.-._ _ _ _ - . _ . - _ _ -- _ - - _ , - - - - _ _ . _ - - ,

e

-- e===. -m.. + . . ..

f e

-

.
-

. .. .
, ...

-
. .

.

' f

~

.

O

Dg

',g .

,,
-

-
'

.. -

. ,

i
, .

0
'

.,
-

_

I t.. .

V .

m
,

' g;" * -

.

_

. .

.

l' j !>' gi -

' ~
.

. .w. . . ~.

' '
- -

- p. .
-

si.
-

,,, g,
. i.g

.

'

,

-

. .

.

-

gs - -

'

. .

. g
-

- g piI.

"y .

.

. . . ,

-

'

- -

. -

.

, - ]' .

- .

~

< . gi.

~

| :
~

fW-

h
.

.

. . . - s- y

.
-

- s

d
t . .

.- g

t
-

o . . :.
_

.

..

. .

.

_ _ _ _ - - _-m____ .__ _.-.__._.___-___--.____._.___.___...-_..____._m._._____m_____. - - _ _ _ _ _ _ _ _ . _ _ . - - _ _



. - - _ - . - - . - - _ - - - . . - - . -

.

O
3 V E ~~ - 0 J-

|

J. J_
l
1
;-,

,
.

Cy incer
|Q

, -
-

; - -

y -eater- --

- -
- Capsu e_. ._ --

n .-

h A
'

0

4
T r 4

a

3 ecUi 3 men': f'-

e
k_.

)1
HIP treatment : Temperature : 000 0

'

|0
-

Pressure : O ~' 00 MPa
''

Time : ~3 Hrs q~

w
|

--3 - ' m- ---p"swe --y--- ---wr- m :r - n-', 2 v v- +-n- m -i-- e = ~ - - - - - - ---*-- ------- ------ - -'-~



-- _ _- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _

.. ,

The 9th 7AG M.eeting

JPDR DECOMMISSIONING PROGPJ.M October 8 -12. 1990
T. Hoshi, JAERI

.

1) Dismantling of the RPV

Actual cutting of the RPV was started in the end of April and was
completed successfully in the beginning of october. 1990. The
underwater, arc-saw cutting technique was applied to cut the body
portion of the RPV where it was highly activated. The lower
spherical portion was cut by the conventional technique, a gas

cutting technique. Chronologies on the remoeal operations of
the R?V are as fol'ows;.

Oct. 1989 Apr. 1990 : Installation of the water tank,
water treatment system, and

*arc-saw system-

Apr. - Jul. 1990 : RPV cutting by are saw cutting system
Jul. - Sep.1990 : Removal of arc-saw cutting system
Sep. - Oct. 1990 : RPV cutting by gas cutting method.

Arc saw cutting system and cutting plan of the RPV are shown in

{1 Figs 1 and 2. respectively.

Cutting Characteristics of Arc saw System

The body portion of the RTV was seguented into 65 pieces less
than 900 X 900 mm in sise underwater. Cut pieces were, then,

hanged up onto the service floor in the reactor containment
building and were put into the containers. Shielded containers
were used for the pieces around the reactor core region (
Sections of 4 to 8 shown in Fig.2 ), but the pieces of the upper
portions ( Sections of 1 to 3 ) were put into the standard 1 m*
containers.

Cutting speed's''weie 0.2 '0.5 km/sec at the flange portion of
which thickness was 250'um and 1 - 5 mm/sec at the body of about
80 mm in thickness. These results are within the results obtained
both in the developing tests and in the sock-up tests as shown in
Fig. 3 . However, a difficulty was experienced at the beginning
of this work, i.e., frequently over current trip in the system.
This over current trip was observed in the vertical cutting
operation of the flange potion , especially, at the first
cutting . This was due to inappropriate setting of an arc current
and a cutting speed as well as the most thick portion of the
RPV. It took about 3 days to cut one vertical line of 700 mm at
the beginning, but it decreased soon to 5 - 8 lines ( 4.000 -

7,000 mm ) per day. Planned and actual schedule is shown in

(
Table 1 and scenes of operationn are showa in Photos 1-4.

.
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Workint Deys and Manpower

Total number of days required to cutting by the arc-saw was 50
days and it is considerably less than the planned ones ( 60
days). It was concluded that this was due to increasing the
skill of workers by progressing the cutting operations. On the
other hand, about 8 months were required for such preparatory
works as installations of cutting system, water tank and watcr
treatment system as well as removals of these systems.

Manpower e'xpenditures were of 1,700 man-days for arc-saw cutting
and of about 6,200 ran days for the preparatory works.

Radiation Exposure

Total radiation exposure of workers in the work was about 9 man-
rem. Radiation exposure for cutting with the remote operated arc-
saw cutting system was only 0.2 man-rem, but the rest was come.
from the preparatory works as shown in Table 2. This larger
radiation exposure during the preparatory works was resulted
from the installation of the water tank since the workers were
obliged to access to the RPV during this work, where the
radiation dose rate was of 20 - 80 mR/hr ( Maximum dose rate at
the surface of the RPV was about 7 R/hr' at the core center
IcVel).

Radioactive contamination

Insignificant contaminagionintheairwasobserved. A little
contamination ( 3 X 10~ ,pci/cc ) was measured in water, but it
is easily reduced by the water treatment system with filters.
Almost all of dross generated by cutting was also removed by the
dross collecting pan which was installed in the lower portion of
the RPV without difficulty.

Cutting of the Lower Spherical Portion of the RPV

The lower spherical portion of the RTV was hang up onto the
service floor and was cut by using a conventional gas cutting
technique. Radiation dose rate was about 10 mR/hr at the surface

'

of the RPV.

2) Removal of Components in Turbine Building

Dismantling work of the components in the turbine building has
been started in April, 1990. Components of the condensate and
feed water system, the auxiliary system, the sea water
circulation system, etc., were removed. Turbine and generator
will be removed in coming quarter.

.
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3) Future Plan'

,' Installation of the diamond and coring concrete cutting system
will be started in October and cutting of the biological shield'

concrete at the highly activated portion using this system will
i be carried out during December,1990 and January, 1991. Water

jet cutting will be followed from March to July,1991.

Removal of the components in the turbine building has been
continued.until next year. Removal of components in the waste
treatment building, the fuel storage building, etc., will be

initiated from April, 1990.
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Table 2 Man power and Radiation Exposure
in Cutting the RPV by Arc saw

Ites Man days Man rem

Preparatory Works

Installation of arc-saw 2,470 0.24

Installation of water tank 1,710 6.39

Installation of
water treatment system 460 0.17

Removal of systems 1,600 0.36
-- --- -

----------------~g3

Cutting operation 1.700 0.21
i

- -
,

b

.

. .. ,
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PURPOSE OF JPDR DECOMMISSIONIN.G PROGRAM
.. . :

.

.
.

.
;.

-

. .

1. To obtain actual, experience on dismantl.ing of -

.

nuclear- po'wer plant
~

J-

-

. . .

2. To devel.op 'and demonstrate dismantl.ing techniques

~

y 3. To obtain dato concerning;
~~

.

.

1) radiation ~ (expo'sure of workers, airbo.nne activities,

radiation level,~etc.) ;
'

2) waste (measurement and segregation,
decontamination, etc.)

~

|

| 3) system engineering (number of workers, working
|

| time, cost, etc.)
|

|

| .
~

| -

6 .- -- - -- . .

,
_

. . . .
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- STANDARD DISMANTLING SEQUENCE OF COMMERCIAL
POWER REACTORS IN JAPAN

. planned for LOOO MWe plant by MITI)(.

.

8
,

Permanently.

shut down
) Safe store } Dismantiling

reactor
g

after 30-40 years 5-10 years

operation to reduce

activities 1

,

'

-

0 0 0 '
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Reactor BWR

Power 90 Mwt (initial 45 Mwt)
- 12.5 Mwe

RPV, 8 mH x 2mlD x 67 mmt
.

,

+ !

Biological Shield Concrete
.

.

' 5 ~ 3 mt.

Reinforcing Bar i

r 2 9 m m.O D,

(150 ~200 mmPitch

Operation 1963,10
,

F!nal Shutdown 1976, 3 ;
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OPERATIONAL HISTORIES OF JPDR

i 1963,8 Critical
J
P 1963.10 Electrical power generation

D

f f45 WMt operation in natural h

convection of coolant jj

1969,9 Shutdown reactor to increase power
,,

-
s

1969,10 Modificottons of reactor core and

g- 1971.12 plant to 90 MWt

P
D 1972,2 Critical in new core

I 1972,5 Electrical power gene, ration;; ,

.

( power increase.to approx. 60 MWt )

J976,3 Final shutdown~-

1982.12 Apply the decommissioning permit

.

1986,7 Apply the revised decommissioning
report

1988,12 Start physical dismantlement

O
, .
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Teclinique Example of performance
Object

Pressure . Arc-saw Carbon steel .

- 250mm (in water)
vess el .

200mm (in air),

j*

.

Reactor Plasma arc Stainless steel
.

130mm (in water).

Internals ,;.., :

Rotary disk knife Stainless steelI' i :
12in, Sch 80P 1 p ling connected:,'J . . .

; 1.to pressure ve'ssel
'

. Shaped explosiv.e' Carbon steel .

s

| P ..
2 Gin, Sch 80

'

.

! Diamond sawing Cutting efficiency
2

and coring 2.5m /hr,

. , -
.

OIological Abrasive-Water jet Depth of cut
450~ 600mmshield .

Controlled blasting Blastin9 efficiency-
310hr/m

~

.
.

.

g -= ^^. d- e $

_._
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Crane

'
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b Control conscie
.

Control pa ml
co e tast driving

sectonism Hydraulle unitg.

q
.

,

hast fixing structure

# '

Pover supply ( . '''$-

/ M ;N
-- y Blade exchange device i,-

b E Piece gripper
,

= = = - e
q~ S,upporting'and driving

mechanism
'
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O .. .. ._

-. Blade,

|
.

... _. ' Pressure vessel/ < .
.

' '

Biological shield. . .;
'

,,

.

,

- -~ s Vater sealing
'

enclosure ,

b| 5'
-

( 0 -- - collector .

(sedimentary dross,.'

I suspended particulate)
*
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iluu-
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t o il n
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-
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'

J lHook
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Fig. 4 SHAPED EXPLOSIVE CUTTING SYSTEM
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Table I SPECIFICATION AND PERFORMANCE OF
ABRASIVE-WATER JET CUTTlNG SYSTEM y

I
Water pressure 194 MPs i

Water flow rate 500 min
Specification

Abrasive feed rate | 3-7 kg/ min*

Nonle traverse rate | 0-120 cm/mln
Cutting time * | 60 min

Concrete dust generation' | 33 k g' {
' Cwrting time and concrete dust generath per one block cut ort

Blo<k site: 40 cm (depthh 40 cm (heyht) a 40 em (length)

.

Utt assembly Abrasive supplying*

b :it:pb l
\ , I

,

[ h j

{c !_ci.> c] h Control panel

*- -
,

'

| R Operation

| ] h console
<

|
i ,

Outrigger
t | High-pressure

Nonic drive '-

assembly 3
'

% . id |

1: i~

M
lWaterht |- '

Ventilation system),
dSh .O ILJ Block har[dling Block

[device bucket. |
_ |ww '

,

d MfrQ
n

Wk J
Container ( -\ / >u

_
*

Transfer Slurry treatment unit
vehicle

- t<

Fig. 6 ABRASIVE. WATER JET CUTTING SYSTEM
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i Kinds and Activity of RaJioactive Vaste
,

- generated from the JPDR Decommissioning
.

.

. .

~ ~

-
.

Kinds of Radioactive'Naste Activity (C1) tieight (Ton) ~

.

Cor.e- I nter.n al s -

- Control rods, 4,050 20
Activated Core shroud, etc.

-

Component's
. ~-O Pressure Vessel 40 110 -

,
,

-

Biological Shield 10 1.350 .

Concrete
,

Components 4.2- 1,640
Contarainated '

ncrete 0.2 830
.

(
Cocponents

Resin, etc. 0.5 130

. Total 4,100 4,100

|
I

.

| -

i

!
.

.

s

_ _ . .. . . - -

e G #
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'

MADLATION EXPOSURE FOR WORKERS
_

Dismantling item Man-Days Man-rem
. . .

Equipments 8,700 14
~

- RPV Internal.s 9,200 17.

RPV 4,10 0 26 '

~ '

' Blo. Shield Concrete 4,500 8

i Cont.alnment 9,0O0 ~

11

~

.

'

Sub Total 35,500 66

Other Buildings 37,500 34

To'tal 73,000 10 0

.

P

6 9 8
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Iligh quality irradiation conditions and high neutron flux conditions have been
required in recent years for neutron irradiation and neutron beam experimentsin the
rv. arch reactors. To ful.fil these requirements, it was decided that the Japan Research

| Itcactor No.3(JIIIt 3) should be reconstructed to be upgraded, and the project of new
I JRR.3 is now progressing. The JIi b3 was constructed in 1962, originally for general

studica of nuclear reactors, irradiation of materials. production of radioisotopes, and

i
research and development o.' nuclear reactors.

The new JRR 3 is equipped with various kinds of experimental facilities for irra.'

1 diation and ' cam experiments including a cold neutron source so that the new reactor
may be utilized as a multl. purpose research reactor which is at the highest level in
the world, with the maximum thermal neutron flux of about 2x10"n/ce'.s,one order'

higher than that of the old reactor. The safety for the new JRR 3 is fully preserved
with highly reliable control systems and cooling systems (including a facility to pre.
vent the core from being unflooded).

,

! The work of the construction for the new JitR 3 started in August,1985 and
initial criticality of the new reactor was achicaved in .\ larch,1990.'

Isometric View of Reactor Pool

/ 4.- e_
,,, 7 y*b: sodea

3 [
,,,,

Major SpecificatJons of the New JRR 3
' ' '

c: g

y- - tow Enriched Uranium.
,,

c w # :'.: Reactor T pe tJght Water Cooled and Moderated.3-

),. --- - fb Swimming Pooi T3Pe., ' ,'.) /,,
'

' , ' . Rated Power 20 M W
'

\s'
- t Approx. 60cm dia. and 75cm high

> g
,

Size of Core
'

/ (with ller>llium Reflector)., ,,,,,
'' "! x %$','y"" N UAlx Al Dispctned. MTR Plate T.pe

'hital [[ ,'. ' , 20% Pnrlehed Fuel.irr,1

_ N* 26 Standard Fuel Elements ano%:n*

'""
'7 3.',. 6 Follower Fuel Elements.

,.

W '.
~

'g.i 6 Control Rods. Box Type

S. ' '. . Control Rod Almorber, followed with Followerh';, '

q ,

' '*
Fuel Element.* ..

fam ss , 6 . *f ,,, , ,
Swimming Pool Type' -

,

control Rod . , Resetor Pool 4.f.m dia.* * * ' . ' ' . . ' . , ' . ' ' ' '* * r. w mehm==.

8.5m deep*p ' .; ; 3. " _

.

9 Ilorizontal Beam Tuben.
Experimental

'17 Verticallrradiation Holes, and
facilities

_ __ ___ _. _ _ . _ _ , _ . . _ _ _ .._ __ _ _ _ _ _
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4 .. e c,
;

Vo w. ->
. :i

Experimental beam facilitics 1 L pJ g g ,
Nine beam tubes and five neutron guide tubes are installed in order to lead out

neutrons for beam experiments.
Good quality thermal neutrons can be obtained for the experiments in the new

i

Jillt.3 with these beam tubes arranged tangentially to the core because the 7

! rays and fast neutrons not preferable to the experiment are much reducedin such
. <

a tangentially arranged beam tubes.
The neutron guide tubes lead out neutrons in the distance so that a sufficient.'

number of beam experimental apparatus can be provided to many experimenters
;

f and users.4

:

I

Cold neutron source (CNS)
Cold neutron has very low energy _S He hfrismtor

, _

with a wave length of the same or. ,g ,pg N,

dder as the molecular structure of sub- D conaemers -u Burrer Tank
' stance. So, it is able to research the .

,Jfy,g"' Q - sut,ry,i*
,

.

structure of macro molecule such as y,g m,
'

Guide Tunnel
a high polymer with the cold neu. HeavqWOer'

Oh.L,
~

\ g,, tron cu,e, 7,t,
| tron. -

. . . w. . :.. g., m..
.

.
.

Schematic Diagram
i

.

-

Vacuum Chamter ..
'

|
.

x
. ,

Besm Ex;eri ental Apparatus
a

N/ seutron cuie, Tut,

Iuget u,s'
.

ws.n ~ ..

[ .[ }?[:\ ':
? ''.* ~ ' .

uoaeraior cen.
..

< , ..

|

Thermal Neutron

$
,,

CNS and Neutron Guide Tube
-

9,| CNS converts thermal neutron into cold neutron with liquid II, at 20K. The cold
neutron beam is led to the beam experimental apparatus in the beam hallp |
through neutron guide tubes. :

. , . _ . _ . , _ , _ _ _ _ _ . . _ _ . _ _ , . . _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ . _ _ _ . _ . . _



Tco0HNOYSTENIS3
Cooling circuit systems

are composed of a prima. nnn

<> " " P Dry circuit, a secondary o eru T.nk

circuit and a heavy wa. sggtrnk (- < ,

l """ ' P'' ' I- eter circuit. Core heat is -m

"
finally removed into at. O (~ aj=,

'

mosphere through the g , e
,

cooling tower. ' "4" "q,", " p-

'
lThe primary circuit has j-

Q
r

"" " **'" c u c un
, , L~tno independent siphon

break valves to prevent , O k[
the core from being

~ i '
p|

1
- -

5'"y,|';"""''"C"'""
unflooded. i,,

is tw., T.nk) b~ ~

\ ) Heat Exchar:ger

Flow Diagram of Cooling Systems

O
CFUELStandard Fuel Element

Plate. type Aluminium Uranium alloy fuels which haveHa*-

h higher power density, more coolability and higher;

t. performance than Oxide Uranium fuels of light water
reactors, are used in the new JRR.3 as in other

research reactors. The new JRR 3 adopts two kinds's
of fuels, standard fuel element and follower fuel-

,rucic:.ie-
element following the control rod..s --,e, noie

\

Summary of Fuel Specification

item Standard Fuel Element | Follower Fuel Element

Site of Fuel 76 x 76 x ll50mm 64 X &l X 880mm,

""I')f [ U.235 Enrichment 20?6 20?6

N $I - |
'

U 235 Centents 300g {190g

![ Site of Fuel Plate 1.52' x 71' x 770' m m 1.52' x 60* x 7705nm

Fuel l' late Number 20 Element ;16 Element
,

Fuel $leat 31sterial Dispered U Alx Al i

,g T
Cladding Staterial Aluminium Allo)q"-
,, ,. .. .

,_. , _,

-

- _ _ - _ _ _ _ _ _ _ _ _ .



c Cutit.ifymqvices)
;

k Q
/ NT.g3For irradiation, verticali

,

irradiation holes are arranged r, /, y). %o
-

both in the core and in the 1c # :/ x,A,

heavy water tank. f4pl.,.

For beafn experifnent, hor- Ng - 9 - >

7c . p fMizontal beam tubes are
arranged in the heavy water -

4,' cNs 7tank. - . . ,
'' ' '

'N'( ,,
,

h-
.

rN
-

| vu3G ht';"*"f:Q3 - ~ Ree d i

['% ATE 4 sii .

> war yam f aum
, s., . . .

f DR
'

--,.,

!Y gg'

4G ? y . \h

1sIrradiation utilization facilities . . ~ ' r

pb fuels and rnaterials exposure
' dFor the purposes of reactor

[*C
*

tests, radioisotope production
and activation analysis, these (vertical irradiation ilotes: )
faellities are used to irradiate lift l's, I'Na, si, Dit Ha, m, uit su

by neutron the saniples in- (H'('"'k"1["
'

s c /

serted into the vertical irra-
diation holes.

Arrangement of Experimental Holes

Summary

Name | No ! A pplica tion resture

The rabbit la consesed and tooled b) mater. This f Acilit)n>draulic rabbit General irradiation
trradiation facility 2

Radioisotope production generating samples.( H IO
The rabbit is conie)ed and cooled b) N gas. ThisPneumatic rabbit General irradiation

irradiGion facility 2 facilit) la used to irradiate the light and it,m best
(PN) generating samples.

Attliation analjais Actitation anal >ais of The radiation measurement 15 started immediatel) after

irrediation f acilit) I the short life radio the irradiation, This facilit) is used to analyse the ahort
(PN3s nuclides life radio nuclides.

The aarnple la rotated and moied up and dom n duringp l'nif orm irradiation .%1sterial irradiationi

[ f acilit) I the irradiation. This f acilit) is uwd to irradia'e the
silicon irradiation( ggp sample uniformly.

Rotating Irradiation The sample in rotated during the irradiation. This
f ee"it y 1 1.arge material irradiation facility la uwd to irradiate the sample uniform!) in the

(I)R) radial direction.
! This f acilit) is used to irradiate for long period orcapsule irradiation i ihposure test

f a-il:t s In en n t r il t h e e %! tem neratur, in ee-ru.n - In the
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| History of JRR 3
i

Yest Major Events Year | Major Dents
_

1959 Ileginning of JRR.3 con $truction '76

i '(,o 77

'61 _Iteactor completion '78 Integrated power 300,000 MWil achleged

'62 Reactor critical '79

'63 '80
e

'64 Rated pow er 10,000 }iW achlesed '81
i
'

'65 lleginning of El production '82 The twentieth annisernary since the reactor

'66 lleginning of common une critical

'67 Ileginning of homemade fuel une '83 Close of common une
,

l'inish of safety review for rew JRR.3'68
t

'69 Medicalirradiation for a brain turmor lleginning of the construction work for

! '70 new JRR.3
'

'71 Sample irradiation of nuclear fuel in LilTL
~

'

ileginning of shif t to l'O, fuel core Construction

! '74 Integrated power 200,000 MWil achiesed

90 . Completion of new JRR.3'75 Completion of shif t to l'0: fuel core
_

'

!
_ . . . _ , _ , _ . . - ~ _._ ,.- _ ._ _ ~ ._.- - ._ _ _ _ _ _ . . . _ . . . _ _ _ . . _ _ _ _ . . _ . . _ _ . _. -. - - _ _ _ _ _,
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Progress Report on Saf ety Research of High-Level Waste-

Management for the Period April 1988 to March 1989

!

| (Eds.) liaruto NAKAMURA and Susumu MURAOKA

|
,\

| Department of Environmental Safety Research

! Tokai Research Establishment |
j

i
j Japan Atomic Energy Research Institute

! Tvkai-mu ra. Naka-gun. Ibaraki-ken ;
I

i
i

i

I
(Received October 23, 1989)

Researches on high-level wa.a ce management at the High Level Waste

Management Laboratory and the Waste Safety Testing Facility Operation
Division of the Japan Atomic Energy Research Institute in the fiscal
year of 1988 are reviewed.

The topics are following studies on the long-tem cheruical
!

:!
' behaviors of long-lived nuclides in geosphere.

1) Mineralogical researches on the alteration layer of glass exposed
to water were carried out by laboratory experieents and investiga-
tion of natural glass. Leaching experiments of Pu and Np were also

conducted.

2) The spectroscopic methods are applied to study the long-term *

"

reaction path modeling of radionuclide fixation using natural ;
"

materials.'

Keywords: High-level Radioactive Waste, Glass, Mineralogical Research.
- Leaching, Plutonium, Neptunium, Spectroscopic Method,

Long-term Reaction Path Fixation

!
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Preparing for Reactor Decommissioning
'

Necessity of Reactor Decommissioning Technology Development

The useful hfetime of a nuclear power plant in estimated to be 30 therefore is not well entsbhshed it must be adsanced through the

to 40 years Worldwide, a few plants haie teached this age The deselopment of necessary techniques and these techniques must be

number of plants reaching this age will incetate substaritially m apphed to actual dismantling
this decade. As a result, the technology for nuclear power plant The Japan Atorruc Energy Research Institute, J AER1, has t<en
onommissioning must be deseloped and made aiailable m the deseloping techniques needed for dismanthng the Japan Power

near future Dernonstration Reactor,JPDR This is being done under a con-

The EJk Rner Reactor in the United Statei ss an unusual enam- tract with the Science and Technology Agency, STA This work,
ple of a power plant which was completely dismantled after its duty begun in 1981, has progressed to the actual dismanthng of the
hfe ended Howeser, there have been only a few reactors decom- JPDR using the techniauen dneloped
missioned w orldwide Reactor decommissioning technology

Schedule of Reactor Decommissioning Technology Development'and Actual
Dismantling of JPDR

The JPDR decommissioning program consists of two major now underway using the technique developed in Phase 1. The ma-

phases The purpose of Phase I was to develop techniques jor objectives of this dismantling program are to develop and
necessary for dismanthng JPDR. It was (sientially completed in demonstrate dismanthng techniques and to accumulate power reac.

1986 The purpose of Phase 2 is to dismantle the JPDR. This is tot decommissioning expenence.

O
I. , _ .

' ' '

1981 1982 1983 1984 1985 -

Phcse

iDevelopment of Reactor
Dismanthng Techniques (Phase 1)

'
|

~

: -

n . !,

I
I

|
. . J

.. . - '
.

,

Actual Dismanthng of JPOR 0-
(Phase 2)

'

F .

/
f

i

O-

.
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i Pea'me Decomminioning Alternatives
,

!
!

| Decommwoning a power reactor can tw accomplished bs ans of the three following methods Damantlement is ccinsidered to be the

i mest suitable decornmmio ung c piion in Japan because it eflecin ch uses scarce la-d

I
I

Final Reactoe Shutdown

i

| Mothballing Dismantlement Entombment

[ , r ,

When this opuon is enercaed, a When a nuclear facihty is darnan- When the entombment optinn is en-

reactor f acilit y is seated after tied, all components and structures are crcaed entensive dec ontarnination'

j dacharle of nuclear fuels, conirol compleiety rtrnosed The site can be and parual rernosal of the c orn-

! rods, reactor ccolant, etc. reused for other nuclear purposes ponents are done after discharpng

! Surveillance arrf maintenance are after confirming public safety by in- nuclear fuels, control reds, ccolant,

necessary inside and around the facili- spection for radioactivity. ett- Highly activated matenals are'

ty for an catended time after that. The Decomtniumning of the JPDR is contained in an isolating barner.
i

| reusable space available in the facthiy being carned caut in this manner Reusable space in the facility is slight-

|
a the smallest among three methods ly larger than that for mothballing.

' ,
u ,

,

i 1987 1988 1989 1990 1999 1992

I
. _

i ! !_L
| .

Preparatory Work |
E| i

Removal of Eauipmen' from around Reactor ,

! |
i

! Retroval of Reactos internals t
'

Removal of Piping Connected to Reactor Preuure Vessel i

Removal of Reactor Pre | sure Vessel__ ,-

|an
s m .,r-

I Removal of Biological Shield Cortre
, ,
,

! Removal of Reactor Enclosure .

! M [

Removal of Dump Condenser Building IEavipmenti (Building)
M

Removal of Spent Fuel Storage Building. Turbine Building. L,tc. (Ecppmenti i

(Building t
|

i

m ammer
Site Restoration
M

2
.
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; Safety Studies on Glass Waste Form
S.Mursoka

i
;

j In order to achieve the safe disposal of radioactive waste,

| lt is necessary to promote the development of waste management

technology as well as the safety assessment study. In JAERI,
~

j safety studies for contribution to establishment national safety *

criteria and safety assessment are being conducted as well ae

i basic research to support development of waste management

technology which is adaptable to environmental c o tid i t i o n s in

L Japan.
Character!zation of radioactive waste has been carried- out '

i for some items to evaluate the safety, according to proceas of
transportation,-storage and disposal.

]

l in this- document, some of our recent activitles are
described briefly of the JAERI's studies on the glass waste form
for-high level waste disposal.

'
'

107 106
(1) Vola t illzation of Cs and Ru from Borcsilicate Glass *

! Containing Actual High Level Vaste (1)

As the: safety evaluation test in relation to operation of:
*

storage facility, the volatilization of C s' and Ru from

borosilicate. glass containing actual HLW was examined in an
,

Almost closed canister.'

: The HLW glass used for the present study was borosilicate

glass. The reagents for the glass. additives and the simulated HLW -

which should be converted into 1300s of oxide glass were mixed
simultaneously and placed in a vitrification apparatus with about
one- liter of a denitrated actu'al HLW solution. About. 50g of

various oxides were assumed'to'come from the actual HLW solution.This mixture was calcined at about 750'C, melted at 1200'C, for 2
hours in-the-vitrification apparatus. Half the molten glass - was ,

poured into an 9. lcm-1.d., 24.4cm-high stainless steel canister,

kept at-600'C for-2 hours, and then cooled to room temperature at
'

a cooling rate of less than 40'C/h. The furnace temperature

r a i s e d- I n - s t e p s f r om 25'C t o 1000'C -(Fi g.1) . The temperature
was

t- rise by tho' decay heat of the HLV was so small in .the present

study that it did not affect the temperature control. of' the
'

glass. Du r i n g: the course of heating,'part of the alt in-the upper-
space of the canistet~was collecte in an evacuated- sampling '

bottle - with a: volume of about 7 em
Radioactivity from volatile elements trapped.by both the-

sampling. bottle and-- the sampling needie - wa s- measured by an

intrinsic Ge solidLstate detjgjor. Fisygg 2 shows the temperature
Cs and Ru at a fixed time of 24dependence of volatility-o'f

hours- when both nuclides - are at apparent saturation

concentrations. The solid line in the figure represents the data

[ ) obtained in our' previous work-.(2) in which the activation energy

(s / of about 140 kJ/mol was obtained on simulated W 'd glass
'

|

1
.
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10 IU4containing about 1. 6 x 10 Bq of Cs. The present data shows

The volatility 39 .|gg previous one.
good agreement w .faltly

f Ru measured at 600'C and 800 C is about
'

0

fifth that of Cs Since Gray (3) has pointed out that theone

for various element $0Dare aim st the same asactivation energy
eseh other, the air contamination of Ru at a usual storage I

of 400'C is also expected to be fifth that ofjggperature ggge
the normalized concentration of Ru would be aboutCs;

10~}gus, 400'C. This extrapolated value may be conservative,

- '

5x at
since 400'C is below the softening point of the present glass and

i

diffusion may not be a significant mechanism at this temgggature. |
It should be also mentioned that the volatility of Ru at i

0
1000 C cogld nog be measured it was under the detection limit of i

'

5 x 10' Bq/cm . This is probably an example that the backward
stop plays an important role; the stainless steel 3ggnister is
markedly oxidized at around 1000'C and reacted with Ru in the
air inside' the canister. It is also probable that RuO4 is not

at high temperatures, and this is one of the causes thatgggbleRu disappeared at around 1000*C.
237(2) Release of Neptuntum f rom a Np doped Borosilicate Waste

Glass (4)

237The MCC 1 static leach tests were performed for a pp
doped borosilicate waste glass at 90 'C with delonized water and
silicate water leachants to spe alate the release mechanism of Np
from waste glasses. The composition of the Np doped glass is

shown in Table 1. Teflon vessels were used as leach containers
g

and SA/V ratio was 0. lcm
Delonized water and silicate water were used as leachants.

At the desired teach durations, the Np concentrations in the
leachates were measured by gamma counting with a high purity
germanium detector.

The amounts of Np released from the glass are plotted as a

function of time as shown in Fig. 3 in terms of the normalized
elemental mass loss (NL) g p. Although the release behaviors as a

function of time are appreciably different between the deignized
water and~ silicate water, the (NL)g values of about 5 /m are
similar 'or the two teachates after 01 day leaching. The release
behavior of Np in this study are compared with those of other
elements (Fig.4). A linear relation between l o g (NL) and log (time)
is observed for Na, B and Cs within the studied leaching
duration, As time proceeds, NL's f o r Np and Sr approach to

constant values.
According to our previous study, Na, B and Cs were found in

the- leachates but not found in the surface layeri they are
released from the bulk glass by decomposition of the glass and
diffuse through the surface layer without being trapped. Sr was
detected both in the surface layer and in the leachates. Probably
Np, representing a similar time dependent release behavior to
that for Sr. is also present in the surface layers.

It is reasonable to assume that Np concentrations in
leachates are controlled by the solubilities of Np solid phases
formed in the surface layer. This assumption leads to that the
solid phases formed in the surface layers must be primarily

_



}

l )
identified in order to predict Np concentrations in glass'''

leachates. Since none of present analytical techniques is

applicable to wet surfaces, the Np species in the surface layers

can not be identifled directly. Then, an attempt was made to

speculate it based on the predicted species in the bulk glass and
that in leachates,

in bulk glasses either the tetravalent or the pentavalent
'

species possibly ekists. Np species in aqueous solutions can be

estimated by pH and Eh of the solutions. However, such redox
parameters have not been studied for solutions contained in

surface layers, instead, we use pH and Eh values of the
leachates. The measured pH and Eh of the leachates in the present
experiments are plotted in Fig.5 These values change with time,

but they are similar for different leach durations except 3 days.
Referring available pH-Eh diagrams, the t o t r avaie nt and thi

pentavalent species are possibly present in comparable amounts in
the present leachates. and the trivalent and the hexavalent

species are probably absent. Since the tetravaient and/or

pentavalent species are expected to exist in both the bulk
*

glassee and,leachates, the valence of Np in the surface layer is

also likely to be tetravalent and/or pentavalent.
Considering the above estimation on the valence and OH~ as a

predominant complexing anion present in the leachates, we take
NpO 0H(am) as Np solid phases in the surface!

NrO *H 0(am) and 2r~'S layer, and assume the following three types of solubility2 2

(N ') NpO OH(aq) and Np0 CO -equilibrium: (1) NP20H (am)=NpO +. 2 2 32
Np0 *H 0 (am) =NpOo+

| (2),

2 2
Np0pxil 0 (am) =Np (OH) 4 (a q)(3) 2Apparent steady state concentrations of Np from MCC-1 leach

Np0 0H(am) and
tests are plotted in Fig.6. Solubilities of 2

NpOnxil O(am) calculated f rom equilibrium constants at 25'C are
2

also shown in the same figure by dotted and hatched reglons,

respectively. These regions include the predicted solubilities

for different lonic strengths of aqueous solutions. As seen in

this figure, Np concentrations in the teachates are apparently

solubili t ie s o f NPOpxH O(am); the above mentioned
limited by the expected.2Np concentrations obtained
equilibria (2) and (3) are

from the leachates are distinguishably lower than the
so lubili t i e s o f Np0 0H(am). If Np in the surface layers had been

2
NpO 0ll(am), the Np concentrations in the leachates should have

|

| been higher, approaching to the NPOpOH (a m) s olubili t i e s. These2

facts imply that Np exists as the tetravalent solid phase
NPO 0H(am)

NPO *II 0 (am) rather than the pentavalent solid phase 2
2 2in the surface layers of leached waste glasses.

|

(3) Leaching Behavior of Simulated High Level Waste Glass in1

:

Groundwater (51.(63

The purpose of the work is to examine the leaching behavior

i / \ of simulated high level waste glass in actual groundwater in
| ,_

( ,) Japan. In-situ burial tests were carried out by immersing the
'

sample in groundwater coming through schalstein type rock in

southwestern Japan. The results wers compared with the ones of

|
laboratory test obtained using synthesized groundwater and

'

| delonized water.

|
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Figure 7 shows the scanning electron microphotographs of the
surface before and after leaching, in the case of actual
groundwater (Fi g. 7 (b)) and synthesized groundwater (Fi g. 7 (c)) .

many grooves occur on the specimen along with the surrounding
flat surface, indicating that some parts of simulated high level
waste glass dissolve more easily than others. On the other hand,

in the case of delonized water (Fi g. 7 (d)), such grooves are not
clearly observed, which means that leaching is progressing more
uniformly than in the case of grvundwater. .

We assume that the leaching behavior of the simulated high
level waste glass is divided into two categorie : one is leaching
from the flat surface and the other is that frem the grooves. The
extent of leaching from the flat surface es- ' measured by SEM-
EDX. Here we define the C/C, values r Se ratio of the
concentration oi Na on the flet surface c" sched specimen (C)
to the initial concentration of Na befe. n s (C,) .

We pave the way for estimating r of normalized
elemental mass loss of Na (NLg ) o. olass leached in

by measuring the C/C ,value : 'ssuring the sizegroundwater
and the number of grooves withou,t leachates xaminations. For

,

*

Instance, in the case of the speelmen l e a c t.e d in actual
groundwater for one year and seven months, \$ ' 'C . vatue is

'

5 3fe,2 for theabout 0. 86 whic h c o r r e s pond s to NLNa of G.5
flat surface. On the other hand, by measurs... 'a; jize gnd the.

10' g/cm whichobtain NLy,d fromof 3.9 xnumber of the grooves, we

2 groovgs. Thg sumof Na leache thec o r r e s p o nd s g'o the am unt 10" g/cm' forof 6.5 x 10~ g/cm for thg flat, surface ad 3.9 x

-7 is4.gx 10 g/cm', resuli ry in a teach rate ofthe grooves
about 0x 10 g/cm day.

(4) Accelerated Alpha Radiation Stability Test (7)

An accelerated alpha radiation stability test started in

connection with characterization of teturnable waste forms from
overseas reprocessing facilitles. and the test equivalent to

10.000 years aging of actual waste forms has been finished.
Curium-244 and plutonium-230 were added to a simulated

(2Ilstesubstituting transuggglum elements and 90% of rare carths Cm:
43.3 GBq/g glass, Put 4. 4 GBq/g g la s s). The waste was molten,

with borosilicate glass in three platinum crucibles of 14 mm in

diameter. Twenty four specimens were prepared by cutting the
crucibles into pieces 5 mm thick, and each specimen was stored in
a helium leak protective capsule.

Four or five specimens were taken out from the storage pits

for each time equivalent test including zero time tests. The
tests were performed with a mass spectrometer, a differential
scanning calorimeter (DSC), Soxhlet type leaching apparatus and a
microscope for measurement of helium remained in the matrix,

stored energy in the matrix, leachability and fine structure
alteration, respectively.

It was found by measuring the amount of helium released from
the specimens that 97-99% of helium remained in the matrix at the
room temperature. The total amount of helium generated in the
specimen was obtained from the amount of helium released from the

0specimen kept at 600 C for 15 min and that at room temperature.

_ _ _ _ _ _ _ _ _ _ - _ - _
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i

.

..

600'C the helium was completely depleted from the |-

because at

glass specimen.
The test tesults are shown in Fig.8. Density of the

speelmens decreased slightly with the increase of time and the

decrement of 1.1 % was observed at 10,000 years equivalent .

Regarding leachability based on t..e t.tal weight losses, some

fluctuating results were obtained in tie initial stages of the

test but subseque*tly the curve la flat to the 10,000 years -

equivalent. Microsespic observation also did not show any change

in the microstructure. Those results seem to suggest that alpha

radiation has no significant influence on the performance of

glass forms to confine high level wastes.
.
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Table 1 Composition of '''NP-doped J AIRI glass,

Component Content Iwt %) Component Content Iwt%)

Addillve Wosle

SiOr 45.15 Te Or 0.23
0 03 13.90 Csr0 0.97 .

Air 03 4.09 Boo 0.62 ,,

000 4.01 1.02 3 0.400

Nor0 9.79 * CeOr 0.95
Zn0 2.47 Pts 0i 0.46
Liro 2.00 Nd 3 I.55

5 3 0.31
Weste Eu 3 0.06

Rbro 0.12 Gd203 0.03
Sr0 0 34 Se0 0.02
Yr03 0.19 Ru0: 0.00
Zr0 2.64 Ter03 2.90
Mo03 1.73 Nio 0.40
Mnor 0.26 Cr:03 0.50
Agr0 0 03 P0f5 0.30
Cd0 0.03 Ru 0. I 2
Snor 0.02 Rh 0.15

0.004 Pd O.43Sbr 03

'3'Npo 1. I 5r

+ : Component contoins Pih oddllive end weste.

%

m

1

O
.
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l'olatilization of '''Cs froin sintulated high level
waste glass in a canister during several reheatings up*

to a nlaxitnunt of 1000*C was exarnined. The results
q showed that the tentperature dependence of the'

cntount of '''Cs suspended in the air inside the can.
ister could be divided into two categories. As the tern . q
perature was increased above 300*C, the arnount of
'''Cs suspended in the air inside the canister also
increased. On the other hand, for tentperatures
<300*C, the arnount of '''Cs suspen'ded in the air
inside lhd canister had an alnlost constant value after

_ several reheatings up to a inoxirnutn of1000*C. In this
case, the air containination by ceslutn bearing inaterial .

inside the canister is considered to be significant even
at waste storage tensperatures <500*C.>
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Teniperature dependency of the '"Cs concentra-
tion that represents the arnount of IHCs suspended '
in the air intide the canister (Atu .) at a fixed timee
of I day. The data were collected during the fi.st
cycle of reheating up to 1000*C (4), the seccad
cycle up to 900'C (m), the third cycle up to 906'C
(x), the fourth cycle up to 700'C (e), and the. tifth
cycle up to 400*C (4), which correspond to Fig. 2.
The error bars show the standard deviation of each
plot. Note: 1hus far, we have not yet examined the
exact cesluin speciation. We speculate, however,
that cesium niay exist as a vapor phase for temper.
atures of more than 500'C and fine particles con.
taining eeslum play an important role in air
contamination for temperatures of <500'C.There.
fore, it it not .Tppropriate to plot in partial pressures
of single chemical specie in the present paper.
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1. W ASTEF>

The Waste Safety Testing Facility (WASTEF) constructed at
the Tokai Research Establishment, Japan Atomic Energy Research

19P2 to
Institute (JAERI), has been operated since November
research safety evaluation of the long-term storage and disposal

(HLW).of high-level radioactive wastes1

|

The present research includes tests on characteristics,
ability and durability of materials applied toconfinement ''

the waste ;

artificial barriers and natural barriers against |'

and disposal conditions.
release under storage

the lesearch with actual wastesThe' tests will continue to synthetic
af ter accumulating the data obtained with radioactive

,

R

wastes. the ;

The research has been performed in accordance with
national waste management program and the results will contribute

in Japan.
to establish a safety system for HLW management
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2. Layout of WASTEF
Five concrete shielded cells (3 beta-gamma cells (No.1-3) and

2 alpha gamma cells (No.4t.5)) and a lead shielded cell are main-
tained and, operated in the first floor.

Liquid waste tanks, ventilation and exhaust system, emergency
; power supply system and utilities services are installed in the
I basement floor,
f
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| |

| \
\

O |;| 3. Specification of Hot Cells

Cojl Inside Shielded wall Maximun activity (C1) |
(HLLW & typical nuclides) |dimension thickness (m) p9

WxDxH tm) HLLW Cs-137 St-90 (gr}

* 4 4 4
No.1 7.5x3.0x4.5 1.05 $x10 lx10 1x10 -

6
t (1x10 in |

| @ storage) ;
i

, e

* 4 4 4
No.2 5.0x3.0x5.0 1.05 5x10 1x10 lx10 -

* 4 4 4
No.3 5.0x3.0x4.5 1.05 5x10 lx10 lx10 -

* 4 3 3

f No.4 5.0x3.0x4.2 1.05 lx10 2x10 2x10 12
,

** 2 2 I! No.5 5.0x2.75x4.2 1.l 5x10 5x10 5x10 12

1 1 1
q Lead 2.5x1.4x2.0 0.15 2x10 2x10 lx10 1 l

* Magnetite concrete ** OrdinUy concrete e
i i

!
l

* ' ' " 1 |,..

,1 4 f4 '' /' *
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4. Tests in WASTEF

Flow chart of tests in WASTEF>

,

Cell No. Carrying-in Preparation Test

No.1 Carrying-in HCanningj ;j St o r ag e t e s t |--
_

of HI

No.2 Carrying-in of lMVitrification|
actual HLLW '

4
|VitrifiedproductF

0(5x10 Ci max,) ($ max.)

<
.

'

No.3 Carrying-in -dPreparation| dDisposal test
of R1 |

(Cutting, bore-
holing, powdering,
etc.)

A
\'

, ,
-

- - -

V No.4 . Measurement o f' ,_

characteristics

Preparation of -> Alpha-radiation*
No.5 Carrying-in of

+ product with stability test
alpha-nuclides

-

alpha-nuclides

Measurement of
Lead * radioactivity
cell

Observation by
+ microscope

!
|

|

l
|

|

|

' ! )iv
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O1
Test item and its Purpese in WASTEF

Measurement items
Test item PJrpose

safety evaluation on . Temperature distribution
Storage

long-term storage of . Volatility at high temperature

vitrified package . Cooling efficiency

. Corrosion rate of packaging

Dispocal safety evaluation on . Immobility of nuclides in

geological disposal rocks

. Compatibility of glass and ,

engineered barriers

Characterization Accumulation of basic * Density

data on glass forms . Heat generation
Thermal conductivity

.Leachability

. Activity distribution

Alpha-radiation Long-term durability Stored energy

stability evaluation of glass . Number of helium

forms . Change of structure
_

Vitrification Safety evaluation on . Integrity of applied materials
vitrification . Performance of off gas system

facility . Material balance of process

O
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5. WASTEF Operation Schedule $
. Fiscal year

1981 1902 1903 1904 1985 1986 1987Item
w

Construction =4

Test run /

Simulated waste tests on
vitrification, storage, _ Ndisposal, alpha-radiation j
stability and character- --

/
istics using Cs-137,
Sr-90 etc.

Actual waste tests on N

vitrification, storage */
and disposal /

~

9
Organization Chart of Environmental Safety Rasearch at JAERI

JAERI
Headquarters (Tokyo)

_1
Tokai Research
. Establishment

i

Reactor Safety
Resear,ch Center

I

Department of Environ-
mental Safety Research

- WASTEF Operation Division

Environmental Research Laboratory 1|-

,

H Environmental Research Laboratory 2| !
|

~| Low Level Waste Management Laboratory | f
!

High Level Waste Management Laboratory-

d Radioactive Waste Partitioning Research Laboratory |

. ..



_

|

|
|

)O TECIINOIhGIES DISCUSSED AT TIfE NATIONAL RESEARCH INSTITUTE FOR
POLLUTION AND RESOURCES (NRIPR)

- Environmental Assessment Activities
- Water Pollution Control Activities
- Remote Sensing Techniques for Marine Pollution Analysis
- Study of CO2 Behavior in the Environment
- Treatment of Individual Types of Waste Containing Halogenated Organic Compounds

- Measurement of Pollutants in Groundwater
- Bio Treatment of Hanrdous Chemicals in Waste Water

BIBLIOGRAPIIY OF LITERATURE RECEIVED FROM NRIPR

' Summary of National Research Institute for Pollution and Resources', NRIPR, 44 pages.

'
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py ggggmit, Un . Ue7;MtUt|''f W h!TOiUtl National Resea ch Institute for Pon tion and Resou.ces |u

J1viEsttims;hC1 EPRtfb T** [ g ggg.% (XZ (NkiPR) was establ1shed in 1952 as the Resou ces Research |r

Institute by the merger f two institutes the fuel Research (9 0H2)J t stTRWOMR *E'%N A UMWWIgg Institute and M ning and Safety Research institute The former i

I!M T { MR {{} 9 T $ f2 IEIIIkNMk N 4 bE had carried out stud +es on the util 2ation of fossil fuels and their

MRm 4 3 mht8L66: 19 H2)Jt GE27W M L f RW combustion technetesy, and the latter. the exploitation and
ggggyan pg A t L T oi1. 3 6i fGPJ45tt- :DW EM utii2ation of underground resources and mining safetyi 1

'

tERMitL, DWWNERM t LTERtars. 53N63fL Resources Research lastitute was reorganded into NRIPR
m M so as to w W social demaNs at the tirne andsf u g mMacElei:MC L TESSE f fJs iRaig ,;
expanded its research field to include industria: Pollution contt01

4' A To NRIPR was further reorganized in 1988 to accelerate its

M G~. L'illTTOMim u t A T. RE M E. 9 P RE (UR IB. research actmties on future industry and the global environ,
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MF)RW E,2"Wilf45,ifMRIE. REMEEi KIN rnent. The present NRIPR is compostd of nine Research Depart
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Director Gereral Akira Takata, Dr. Eng.
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For all the industrial activities in the world, natural resources and energy are of essential importance. and a more

affluent human life greatly depends on a sufficient supply of these resources National Research Insta ate for Pollution

and Resources (NRIPR) is responsible for the development of technology on how to secure the natural resources and

energy, and how to utilize them effectively whi!e preserving our environtnent of the beautiful planet, the earth.

Research and development in the field of science and technology have advanced at an amazing speed, and the

deveiopments of these progressive industries have brought about a great deal of benefit to mankind. During the

development of technology it has been also recognized that the natural resources and energy are not infinite, and that the

environment can be destroyed even to a global scale by industrial pollution. Therefore, future research ano development

should be carried out to harmonize human activities with the surrounding environment. Highly advanced technology and

-- wide ranging knowledge based on various fields of science are rwcessary for achievement of this desired harmony.

Agency of Industrial Science and Technology (AIST) dedicates itse'.f to the welfare of people through the develop

ment of technology. NFIPR, as one of the members belonging to AIST, makes supreme efforts in carrying out studies

on the safety of various industrial processes, on environmental protection of a global scale and on the exploitation and

effective utilization of the natural resources and energy.

._
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Role of the instituto

National Research Institute for Pollution and Rescurces is and biomass. includeg organ < materiais tKhnolegy
concerned with a wide range of research felds related to esp oi * Advanced combustion technology utsh2.ng various low
tation, processing and utih2ation of meneral resources and grade fuels and energy saving technology

Geothermal energy emploitation and heat extraction tmhenergy, mine and industrial safety and environmental protec- ie

%t eort Trw institute is affshated mth the Agency of Industrial nology
Science and Technology under the Ministry of Internatienal 3 Environmental Protection

; Trade and Industry * Comprehensive industr al pohution control technology for
A great effort is being focussed on the following research emission abatement, polfutants measurement and environ

' subjects in each f. eld at the institute. mental assessment.

| 1. Mineral Resources Development and Utilization Pollution control and measurement technology of new*

I Exploitation and development of marine mineral resources chemical substances*

at off shore of at deep seabeds, such as manganese nodules. * Advanced assessment technology for reg onal scalet
hydrothermal deposits and cobatt rich manganese clusts * Global scale environmental studies on chmatic change,
Advanced canstruction technology for underground space acidic rain formation and transformation of cnemicals in*

utsh2atiort the troposphere
. Production of new materials, such as functional sihcone 4 M.ne and industrial Sefety

materia's and ultrafine powder. * Coal mine safety technology, tuch as gas and coaldvst
Processir's and refining technology for low quahty ore and explosions, mine fires and gas outbursts in support of thea

unemploited resources, especially rare metals domestic coal mining industry.
i

2. Energy Osvelopment and Utih2ation * Safety assessment for utth2ation of underground space.
| Comprehensive ut.bzation technology of oilalternative * Safe demohtion of old f acihtes using emplosives*
' fuel resources such as coal, natural gas, oil sand, oil shale
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Q g Resources

Arf)eap t 4ht:M t t itetNi: t > T. EthR For Japan, as pooriy endo.ed with mineral resources as a

N aM E8Etittlehit!V t i O R 99ft * ENiti tfCT t 4 .s. the suitoent supp!y of resources and the oeveioprnent of
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b '' high gra0e materia!s, the produClion of carbon matena!5 from
M Tij. 7 > f/ > {fM eMEhW W OR R * Il%. organic carbon resources, the rectamation of water resources
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g g $$j Q 7) g Development of Deep Sea M:neral Resources

l
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% |Vil R $ 7) T $ t 4t h h I k8 $ T fI. $86: L $ $ $" 1 Several mineral Oepos ts deep at the DCitem of ocean flCors

VEMW#t!Et > T 4 ii 1 IliAF)l li? O O O t L T,1 Mangar.ese nodvies on the peiage sea ficor, polymetaitic sutfede
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Manganese Nodule Mining Technology
The test mining syste n of manganese nodales cons'sts of

collecting, litting and machinery handhng systeres, aqd a mirung
ship The NRIPR is conducting fundaanental research on the ,,

2coUecting and htteg systems An environmentat empact study
is also being carried out
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Undcrground Space Utilization
Mineral Resources Development Recently, some constructicn d unoerground pner plants

It is necessa'y to estabbsh 9 SDeCaal method for develTP 8'd o'l Stor8ge planil a'e taking plact Hoaever. only a few
ment of mineral resources in highly stressed strato, or st<y sof t Unrie' ground space utiblation projects FPve be*n undertaken m
strata At our Institute, studies on this problem have betti 38 Dart

carred out with in situ and laboratory model tests as wtll as For o better human bitt, underground tre:e in v't'en o'eas
numericat anaiyses hbs tc be more effect,ely utih2sd

Also, a study on a method for development of mmeral The institute er, conducting resed'ch on f *nelhod for ceter-
resources in paar regions is now being researcyg ' minig properties of underground, des.gn of opening, and sup

port system of opening
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g'gfijffjggj Water .let Cutting Technology
[$,$6t?")Jtnn3MC@$fl6A$Ce $ lle b Ibe brosad capabihttes of water 6'e weH kr.own This

OR Afvmc A 6 ft 6 J $ t, $0Mflijf4 t L T'A 8 CE erosive action Can be Concentrated and acce'erated by createg
ioca.izec cohe ent iets et hign velocity water. For over 20 > cars*fl6 0i# t, MLiB4V t f f 1 $ O F MQ f] t @ L J T. d water etimg has been used as a cutt 1ne ano cicamns toot forr

nmTter, $ cat t d%2 9 Eo 6 t. :Ofu t N L raustnai purposes
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g, 1,6 0419 t - f - 9 2 7 F E 3f U $ T ) OEODI and air coate) rets, to apply it to hydraube mining and civil
engineereg
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,! S$OWJHL}AFJ Utileation of Granite for Industual Materials - d
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Ultrafine Grinding Process
Purification and Pregration of Rare Metals !nto At t*e Irv.ti.t.te, t new uttrafine ennda's machine to pro-
High Grode Materiah duce ubmioon metena; v.ith higner srfficiency than other mins

Rare metals are indispensable to Ngh tech industq and tt 3 is Ple' deveiorvrent One example is called mu .*0 se m.lir

| nord of rart metalmatenP f St F gher quality is increasing more Cons 41 r g of a Cylindrical vessel Charged with several cente'-8

and more Therefore, the in% vat >on of purificatior' ar ri prepara terforated d4ca and a rod as the grindir'g bodies the brealiage

lion procis.5 bKomes very imeirtant. The irr.portant features of materai ns carried out ma6nly by the abrasive stresses causas

| of rare r' eta?$ 90 eders into e@ gr yse materiai6 are high through the rotation of the vessel in this mill, each disc
purity, unif orm part clJ st2e, homoEe%If and higa disLersib..ity behaves incerendently, then tha mill content $ a'e distrAted'

| in addition to havir's small particle si2e Tr.e coritrobed prepara altnost homogeneously and the number of contact pointi riot

( hon process through organo metalhc compound formation may only between grir. ding bodds but also between gonding bod +es

I teanze those effectively instead ct convent.onal physical aN the wall of the vessel increases so that desirable gon$ng

methods At th4 instituts, the interaction cParacterstics and ef ficiency is brought about. The operating condition of this mili

selectmty in chemical reaction between thw organic reagents for ultra fine gnnder's is characterized by an entremely n gher

ard the r.tre metals are ut<lized for high purrfica' tion and pCwcer rotatr.g speed comcared with the ball or rod mill case.

sy ilhes4, a'tJ the abot e oe#t'omed ti'gSy centrcued powders
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g g g gg)[g${{be$(({{*, Advanced Utilization of Carbonaceous Etesources
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II 7 PRN EIT * la'ly an the fotyre for the economical and tctal utillation of
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'An understandeg of the structs'e of carbon precu sors es t -). "wer

"" U, ''*very emportant for obtaining characteristic materiats in view of ""'

ihe re:aien io re mecnan. cat extric and chenicai o,onetes .. M Mk
oi me end ,,odecis we siod, ,s o,-a,,i, t.in, di,ecied i. -r-
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i Production of Chemicals from Fuel Resources 0 0 0 ! '

f uel fesourten lush al Coal, petroleur'k oil lhaltL beomatt n iP A C i 80 t * 4 i |'
( aNf to on Cen td utilife=d for the prooptt'on of organtC Chemicail Ca oca kaa-nons j r*ec+e !*te rer |e
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|| Chemeta!6 from fuelte,ourten 4 very important it,r the (Ctal and
-

| f i

p'' g g | h,
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j 'escurtes and chemical reacticin processes for "u verting then
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| necessary for the production of Ct4micals from fuel retources, n, a s4
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with cross flow Filtration, reuse, we have teen cond.rcting research trated to h'gh f*'fo'4
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o i membrees w hic h e diebit escenet !
The c.arabaty of ammom m caidation of en activsted' u cennet lad cpten. We resistant to microbiat deterio,

studge process with cross liow hitration while retait seg a higher ratiert and which can t4 yted over long period of t.me due to
concentration et activattd sludgt and opvat+g with very lorg 'their f avorable durability characteristics
sludge retention time is invest geted By 145 process. h'ghe' p,,menbihty test ran t+en carried out on already esistrg
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I Production of Liqued Fuels from Biomass
i B'omass rtsources ere unque be<avse they are remenable / f 4 ;f 7 A sit f t $4 I

| and carbonaceous aviong non fossil energy sources The pW'~ Biomass Liovef a: tion Test Plant
| pose of tNs study is to produce Iquid fuels resem'ohes heavy

fuel oil by thermochemical conversiert
in this process, woody material is mined with an aqueous

solution of alkale salt and treated at high temterature and und,, R c W lJ. A M O E e H t 7 A tW,TM0003

Ngh pressure to achieve hauef actiert At the present time nf W!t t% R OS e ti T t : 17. i f:, T t OM W e> 6 8 t fl-
eearch is tving done for sewage studge levef action using a VS,000Mnt (, O T $6 Nc!#1$ 8 tt. PJ 5 e M A .IW e> 6
PdOl P'8"! ( E A O R OW Rt16 Ee!T UEr)t fA $ $ tt, a tt 6 00

1f, 69et A 8 0 ttf:M5c 0 0 oo A 0 * t. tt 613 4
ft t(M TWi$ $ tt t : 1 of & ( . .tO# {ET TNIC t Ui
o t t *.h ti.c A L f:W H T/, t t u t i f. Wei TM R L

j , Gif., c.h' f; M ilit lJ. ~J A I t6' lit UIT. 0 9 L 74?ttl! 7 6 7ti
7 .9 & ', g t h e.6ig t ,r. 4 et 4*- ( Q 0 $ f i ct? ) , t Of4 R5.

,

| 'i
- cIAtiCM4eitTnit1

'
'

: ',; In Japan, roughly 30 milhon cubic meters of weste wood.

. .q
, .

'

'(, n , _ ,, and 50 milhon cub.c meters of seeage sludge are besng generat
ed anually However, the dif ficulty of finding the available specty

41t M C Oft 84 ( * M 4 Y eI go, dispesition and other en ironmental reasons are making thev

ecepoos f oe pasef a: tron (Wood Cn Es' matter of maste disposal a serious socia; problemr

Since this type of kcse' action is carried out in the presence ,

of water, it can be aprhed to many kinds of organic material
containing mater f or e ample, semage sludge, pulping sludge,
and seat are desirab e potential candidater

i Omit $ttif, (14 2 t-8t fttt' * O t'03ftti ff X ttT

i RT7,6. (2]NI; tit 7074 fit t t e. 3HOMt, litt

IWetF E tt> { .(Mtf C t'O<f 4 4 Y A 44 R$Ctt4T.
'} {t, N. 4 F, St M i t'Ol04 r8) Q M R c!9 7 6 if; 8S C 7 ') - |

> v e H e t4 6 tt t t t'O f M et #> 01 -t . -d C XH U E! cg;

i t 2 tut, A t,'JCNit&ft t R(916 0 t C 2 0.7,000~8.000
f kcal'krO R h 8 % fi t i Ristf'H t C50%OG T T4 t a t J?L ', ;

''

et?) i t. '

This process has the following ad,antages (1) No bydro-
,

gen or carbon mononide is neM (2) No drying or dematering
of sta'teg mater.al is needed tsnce basef aClion proceeds in an I

agseous phase; aqc (3) Clean fuel is obtaMed sfce wo7dy
mate'.at hardly contains any pou tants such as sulfur, chlorinev

and heavy mff a's acord ag to a serf s cf enefter"eets, hoved
,
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Aimost 80 crude ods (Cosumed in Japan, are impor1ed from
' fofe gn cou tries RKent'y. the yield of light fractions in Crude A'theygh natural gas reser.es in the oorld are rest to t%sen

f ods e voorted is gems de n On ine other hand the demand f or of o,i, so f ar about 20% of the merid product on has t+enr

| bght ods (such as heresene and diesel fue;) is incre85*8 burr +d off at production sites because of d,f kvity in storing or'

To compensate for the lack of l<ght ods. et is necessary to handmg gaseous fvets Liguehed Natsrai Gas (tNM ccic'ied
prodvCe leght ods from heavy oils at 167C, is imported to Japan for bm ted uses such as electric

A homcgerseous catalyst is useful for the hydrocracking of power tvet and tonn gas
|heavy oils which contain .s great deal of vanadium, nichel and The chemical conversion of natura' gas to liowd f.eis is '

! asphaftenes Homegeneous catalysts have very h4gh eff crency des'ra ble (1) to espand its utd44 tion to automotive fue s.
' for contact tetween a cata'yst and heavy od mo ecules tven a herteg fveis. and chemical feedstoc i (?; to ess4 transport

small amnunt of a homcgeeeous catalyst is capable of 'educeg the futit at ambient temperature. a'id (3) to suppy clea* tweis
aspha'tenes in heavy ods contameg no sulfur or nitrogen co+ roads Omeg at chem,

cat conversion of natu al gas mto hydrocartc+s and akoho s.r

research has been carried out on (1) cataiysts for the center,

t'en. (2) reaction processes and (3) e.8%ation 08 prod.Ct f ue1
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| Advanced Combustion Technology High Temperatute Heat Pipes !

| In th4 retes'ch prog'am, belic f t$ta'ch on reaction Th'5 study cons $18 of ana'yge g the masim m heat treata u

! tenet 8cl and f:ame $tr ctw'e il condscted to deveitp optimum port cag,ately etc. for the h'gh temie'ature beot p'ges ab.ch gu

c ombuttien ,com'rol te'chnsoses for $tabil 2*g gotaal climate atacabae for tager temgerstv t raege from 350 to !?00'C ance6

C4R$ (Coterent Anti stekes Raman $rwtroscopy) method lest*g the containe' matertal compatibii4ty I the heat p,:es
f acihties. la ter t yrofys't late' fluorestence ecuipment. and '"'' Curl (Clell'um. tod4vm. and lithism a'e wied as n ort eg
f, hock twbet s'e used for reaction kettics tesearch in h gh flued. and stainiess steel tubeg. inconef steel t bir g. etc.. a'e

f u thermore, the later doppler a nemometer is used as the container mate' isis The follonmg phettg aphtemteretv er r

used for home str cture analysis Shoot the condenser section part of the Sodium heat p're at theu

{ This t,anic research ta also berg conducted to Oevelop vapor temperature of 800'C.
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Development and Utilization of Hot Dry Rock

The heat estragtson gon(ggt from het gry rpgs geothg,wgi
Jf B M?,E$ 4'.,Th>76*1 4 0 0 M i 1 8.Ditttati system reavires oriihng t o .eiis mic het crystarane roct

j t, ( S 0 t& t 6 k1 ( 1 4* - i hB$ t t ?i d. t L T 2 & connectrg them at a oepth through earge hydraube, tractu es.e

us, ft i q T fJ Eh ( s u t& 4 C IEll'l L . O tt 6 0 E lt 'il' $ and then circulateg pressur,ted water thro 6gh this closed
# ' * ##"

- ( AIPf W W ) T at M L t:4. I 4 04#M t:1+ea e and orientation of hyoravhc fractures oepend on tactn natural
n.1.{ (l. A L T A I FI W I T W f>. ( 0 l %OMN f'bEb condition such as earth stress and natural oints in rocks andJ

L ( $ Hj EY. t L T MG f I ?; titi al A 6 tt T s * $ f. esperimental cond+ tion such as fion rate and *ater peessure

I g, Cit $ t f f)d M R T L C i3. MON 8f'-)(gh The matea pressure required to imitiate fracture end the oriente'

l'on of fractu'e 8'e in"st>88ted us'et rocs blocks conts'nes annye tWe kV101Mi h 10 AIFIW4 i o < 6 20t:
ef #tr)i+t4' -Od. 8dIdDd.Cd7 TAI.fldIbt emission ( AE) es measured to map the fractu es.r

!tt AIPIWI t L ;Mq L i tbt, )Gh@ At Hijiors hot dry rock test site, we att invest gating thef
i d ht L.
' * *; % 2 n W e tste s ftif. RO O 8 G 4 0 X f* &fi t 4 tracture orientation and physical prope+es of rock using ore

it d d A1 i ff.ith*1 R. A 1. d/J O t Oft y en e my ented cores the urth stress 4 estimated by d4tierential strain

' s -t . 4 f t: t. . Wie H 6 > T . 9 L t n 0 0 6 ? : > >
corn snelysis '95CA) method Computer simulation and tracer
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siemote sensirg data 14e rnuitiband swctra e' rad.ation $tudy of CO, Beharlor in the Environment
i ce oste useful for environmental assessment of marine and by the Field Observations'

atmotonctic en ironmental stud *t; v Trace gases such as CO, and CFC (Chlorofluorocartes)
Measurements of sesenter temoerature and chlorophyll in,

absorb the infrared raddloon from the earth suriate and have
| coastal area have treen already develoted For util. stion of posotohty of changing the chmata

remote sensing to marine environteental(rc,bioms, we have to if the tendency of CO, and CFC concentration continues to |
study tre re;ationship tetween physical f actors and biological incressa, the air temsersture at the surf ace wit! te inc.rease by
activities in the sea through statistical and image analysing 3 7c ,n ,,,totie ,,ng $o y,ars
t Khmquet

The assessrrent of the CO concentration en futu e is still! It is also Quite effective for atmospherer environmental not clear due to the urgartain tehavior of CO, en the environ-
problems, les dif fusion of forest fire smosa, volcanic eruption, ment and the uncertainty of the fossi6 fuel comsumputioe in
etc. We will continue the study of remott sansMg data analysis futurt

1

| for further utibration of st to environmental studies Field obser ations using airpiones and towers are tvingv

! (arried out over land and sea inode and around Japart The
| tietavio s of Co and CFC under the sanous surf ace conditions;

'
, ar*J latitudes are tving 'evest'geted as a result of these obser

= ations
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Mechanisms of Environmental Pollution 'g, ,,
vanoa 6+0s et pense, poNtonts em tted inte the er iv .

tenmerit from many sov ceg f.nd their way into the atmtsp*ie'ee *

* stees and sea and ere tremtoemed oxomt.e sed t y como ei
chemgai reactions the pavoucts and preaey poilutarts t.oth
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Mechanisms of Acid Precipitation and Develop-
ment of Monitoring Technology

Acid 4etan of enwonment is consioe'ed to a"Se t'om
suNoc and rutnc adds to med from 50, and NOs m tte atmo
sc he's kaan, kinds of ca. cants (cirgen. ciore. Fyc'csen
percside) and che% cal s[eetes (ammc.nia. triet al +ons age
hyoes) a'e concerried with the atmosphenc caidatten reactio%
tahrg pla:e in toe gas phase, in the lioved phase (crowds. tcgs
and rain) and in tre sei.d pease (particies) in o'oer te 6n0

y and h0* tre apJ tocatQd of e%5f onment CCCv's the rateth

and rechanisms of atm0spe' enc chemistry a*id de v elopme^t Of

the inst'uments a^d enethods measurma the vanous binds et
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chem. cat s(Wien s'e terg 6n til gated .
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Transformation and or Decomposition of
Chemicals in the Troposphere<

Statle chemicais ssch as frcons and their alternatives
ahich canxt te decomposed by t'oposphenc gas phase photo q p q p n 4 g g.g g g g q
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chemgal reactions are considered to have a reaClion to the O*

g'eenhouse ettNt and the centrisction of the Clone layer They b "8 # I4"5Et! # "f b ; '' ' D' '' A
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) Prediction Methods for Matine Environmental
*

Pollution Development of Marine Environmental
1

in genUn the water ponution in coastei areas is caused by Management Techniques
! m+ sed maste ater from endyttries, agricufture. llod bre+ ding Coattal marine environrnent suc'i 45 mater Q .suty. Pro?.

j and Steerage. We ea60y 'Moginate les phenomeria with phyle ert,es Of ged ment and life of organ 6mt is af fected by physical
tai f attern luth at tids' currents and wind wavet. chem <al f actorn at tidaicurrent mare motion, meteorologicalconditions
ta; tors tut.h at mater Quality and Sahnity, and biological f actors and chem. cal f actors an distfyge of matte water We m stu

the abs . dant gromtb of phytoptanbla and marnesuch at r
opper an ob6ervaticen instrument and ly stems for maintaining

organ gms Neescayt. we found to reahJe the probierrs of a citan coastat environment to protect many organisms
5 m ater polivtion in Oten ocean caused in oil spill, heevy metals We are studying the relationship between environmental
| and cr emiCa' Organic gompou dt The$e prob 4ml are Clo&Oyn

phenomena and marine Organism $ *hsCh enfecynted on bactt'
[ *t ated to the MDnom.caland indsllt:4 activit'el of manhnd. 601

rea piankten and bentsC organism for Kolog+ cal 11udy in coastal
j me m 6% protect the marine ecolyltem and more adequate'Yv artag Moreover. me have develoI*d a numerical model for
i rearage the lobei tehav;0' 01 Schot et of humans in futu er hiroph<stion and unreg it to simulate the enoronmental'

Ou r let, oratory is in ent gatmg predictive methods for pollwitonv

! charges in the coastal maters '

e'ints On e.atu st coastal watern For instance. an attempt ine

) be eg mace te oevei0p an ecclegical and hydrashcal numerical
'

s,mw'ation mocel by a compsiU f or lh's purpose. we are
j oeiewing irsstruments for field Serveys and study +g a metho

dology for f e'd et ser,ation to obta n a;curait data from the
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! Peediction of Grocadwater Pollution
j[ We must maeagt and rnonitor the Quahty and Qwantity cf ground
| Weltr og prK'OuS *ater rtSOVrtel HCatwer, in re< tnt years, it has

f been found that grou d*ater pCifution by Many da*gerDui ChemeCatn

, Substances in t+commg a widt DCCu rence f or Sporopriate treatment, I[r
I

.1 al n#Ct&tary 10 Otyttop a predictson method of ground *31er pollut#0n *

| pr0Cellet

! The illustration above sh0as a typical pattern of groundwater g

| p0 Hut'On Cont 4%naell On the ground Surf 3Cf sofiftralt through the
g
,
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New Measuring Method of Source Dust oTERiarToi1
Since an en ironmentai a.shty stanca*: for sostencesv *

particulate matter (SPM) man enacted ia 1972. the ecc 0 Lance
Measurements of Pollutants in Groundwaterrate eith the standard has remained at 10. neveiin Japan, and

Groundw ater is regaroed as one of the recious mater8t 18 a very Serious ad%nistractive problem to improve the
re50urce4 However, in recent yea'l it tal teen found thatcomptance rate The ident,ft:ation of emission 50vece it impor

, g
tant for this purpose, but it og $4fficult to determine the Dr. gin of
$PM becavSe the data about particle, which 15 prnNced from
einavst get at er it is ernitted from stack to the w.c is insuff> g g

t
,,g,,,, , , , , ,,,,g, g ,,,,,,, ,,, ,gcient in the source model ba$ed 06 current Of ficial meaggrir g

methos

At Our innlitute, research il t*Pg carried OWL 10 DeveiOD a
uation and means ing method f or 60vece dust in consid methods for poligtents in groundesfer This in ent gsteOnr5e* eval vr

eration Of the reistion eith $PM by improving tr*e cur' int *
Otheral methna The nem method can take the cortribut10n Of

muy NWation Of vgav poMac a4 0

leGO*dar) pariscle int 0 conlideration, which is prody;e3 through #

W '""' ^ '"'"''"'8^' $c000entation and caldal#0n from exhaust gag in the air.
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In order to (40ttCl our environrnent from pchulen, et is
smf@rtant to C0etrol f4Ntant er A$n 60uf tti in JaCan, we
base la6er; $tongent measu el against ad and m a'e' l@lvt@nr

el a felv't. enverDnmental 00llut@n 16 Decreall"E yea' by year
and the air and * alt' e'e ettv nirg to their former Clean Statee

These days heae.et, emits +n 6ovett$ and the cha'acter of
pcNtants have charged in sancvs ways We neec a further
deta led etel' f al@n On Corepet p041 On tyttem& Such at
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Ultra Clean Coal Processing ....

for Fluidized Fuel (CWM, COM) ,y ..,

U5mg cent es a svtstitute f or 04 eses senous a,e penutent ..

pr0blemt dse 10 a$h and Sulfur em !!ed when coal 86 burned I

There'ere. it is important to oesetor technioves to remove these i hi'
substancel from C0st PriO' 10 C0mbult$n

# Coat c!eames t'o: esses c'fer econo-cal meaa$ 'o' reN:
,.9g -s . g...& ,..r. ..p., ,-+#ne, yt 3; , S,



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _,

.3 M.E ,. . m
- -.. . . , . . . . . - ~ . . . ...

..... . . s es . 1 . N W= Tai W.... 4 a_ ... -

memuxeMaM n - n otta m anna
Ed*.S t ER t L T. # 4 3 - P Irts t 16: n n it al, litt, mit$c sfty x q.'55t:It8,hRamt s 1.

U$MHt"H t L ThUltagn;gxegsgr;i:s913 tti a d!&,tRN6:12 m M 4 ta t ergg r,4 ft g ., 4 , g g f; n , ;
6 3 1. 2 0 E;ttynit A cist A t'ij g he 6 c g A ctg st 6 ci r mgg;4 4 + < - d " O t' ai .: rf t t Mm
D::T i ta t> tt t fli' ? t , ( L T. 104 hlt h * ? t t hM fterV i tt T o s t. L t. '. t er 6, 7 4 q ., gyn,

t* Hittt t trgtt t lati: A 0 g f. t"sttMn t L T R * kfthe:t|1 i Eg t;g,2 t2 T-(thB O
tt"Hitititf Mnetf ( . NO.M1 A T c!4s i t i + $ X M:E t ftt'rJ 3 v t -7f. (2f t(MR 6: ttt t agrtm;2 g r i

: Attt e t t, f ? stilt # X ftf M95 4$.t 'EtMO pfth0Mit!WTo v 6 t o 3 ts gMataqert 4 f;f;,
J $ 6:. MDW?ttt OtFMit#10MR t fi > T t : t. pi t t >RAc.6 0 71c - + et f f $ tt t s * * t.

MT43, 7 4 - 4 4 9V t.6 M1 s ti t u m pfteng
Combustion Control Techniques for Low MotJ h. Mittf 2EETT-Mft? * t EM? $ 14tW LM

'
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Cosi has been utdited positive!y in commerc ai steam " E W J' " # E D A M A '' E N T L ?i#e O f d -

boders and furnaces as e ie of the main alternative energy V S t" Hhsf( 4:ti o sf14 ?t i s 1,'

sources since the 1970 oit cr+s Therefore, it is forecasted that
the cemand for imported coat willincrease in Jagan [srecially, Development of the Control Techniques for '

the cercentage of low votatae coal among the imported coalis gg gg ggg
on the increase

low volalde coal has oor combustibihty and high NQi There is no indication that co phance rate with environ
ment al Quality standard for No and suscended particuiateemiss.on tevelin comparison with hrgh volatde ccat theref or e, s

! corrbustion technques for low volatile coal, such as a pwiverged matter ($PM) has been improved it is, theref ore, desired to

coal combustion with a Jasdication process or a circulating strengthen the emission standard for diesel powered vehicles*

I
fivid ted bec combustion have been studied to corstrol the * h''h ''' '"' 'I W P''**'I '**5'''n sources ot NO, and 5 P M
e stion of pollutants and obtain high combustion effic ency cWrary undency Mw @ aN padeWaN e%s

.

Sion that the control tKhnques for NO increases particulate

. ~' .

9 '') emission and vice versa. it is necessary to develop cther
approaches for the control technees rather than engine modifi

.,
. , h cationt

Al our Institute, the control tKhnques for d>esel e haust
. .,

.-s
.,

" . , emissions are under study, e$recia!ly in the survey of the
S yeg;' - catatyst for NO reduction, deveicement of trap systems for

s * C* particulate reduction and improvement of 5.esel f ue's for sim tu

p taneous redsction of NO and partuates
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Catalytic Combustion Techniques for the Small
Scale Stationary Sources

Since the ion co nbustien terece'atu e on a cata'yt.cally |r

a:t4e surf a:e, tne use of catai tic combustion has sho ny
, " , ,s g* ' *a"t 31.8"taf et c t% wt'ai of e*Mies The ev*ocst ~
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| Chemicall in Wastewater
( Treatment and Recovery of Biological Refractory The regsstory emr+ eta m the wate PcHution Cont'o' Laa

| Chemicals m Wastewater with Supercritical Fluid in Japan sMied t'om reg.reticin t,esed on tor,ent o a por u

| Actofd.ng to the D'oducten of v a'icut chem <ai tub Mia, such as fiOD c' CQD te 'egveticht bastd on spec '.c
stsNek the 0,spersion and accumptahon in er veronment cf bats'doul chemsta's and cc^ie*torf poHutants 68ence tht

these chemica!n have t ecome a ne' inst problem The pu pent og need foe innovative mattewater treatment technoingy to r en'
r

this research $ to deveiop gypercrit, Cal fluid technolog y for Egl' ha2af duut chew,'ca$ in natte Aater hat) been Strengtherec

! 'emoung chemical 00Hutantl that s'e not amenable to broicgi I" LNS *0rk. b@ctical t'estment protegt f or bara'dWe ~ chem
I cat treatment from walleeste, cais an mattea tter ha6 been event tated 14 Sed o'' the adarta

| A subtance that hag tieen b'owght beyond a critical point. D'hty of %ctobes to (N ceica s Nance. sechwatization of

[ tal the great tolubility change w1th 't'at'vely smali cr aeges in act%sted stucige tc spectic che mcgig, is.olation of mictcbe6
ope'ating conditions This sut stance is re' erred te supe'ce tical degrad+g the chem;cais. O'iet<s of degteriatiert phys.olcf y t'
fluid (5CF) SCf can oe uses to separate and recever pouutants th' ''t'coes. and the t.e+a,*ue of the micreties in ec t, cred

from * site * ster by two t'oces6en Oae is ECt 'e6t it'at.cn of S'ucre PoMst. a'e unde * study

adsortents ttat have be;ome netvated n ?n ponotar't6 shcw
eng the adsorbents to tf tecycled Th'1 rnethod it ado #Nageout
in the concent'ation c1f d4tt po%t6mts The cthei .s detet

cou ter current cc+ tac'. et $CF with wanttaate' for 'ecove*y ofn

pollut ant $ This one Stec p'oCe61 il acDhc at"e *he'' th* concen
traten of a DcHutant in reistivety M gh The dell c>n pWe
equrhbtlurn for many $Cf n il 530 (@ccted hl Cata Eifert the
hey to utetul applications of $Cf technciegg
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pg, the pu xse o' sa'ety a;hevemt in mir,ss, industr$r

j $1r {l''l(IA 's ? Ye fsites. vnotrground esemgl or Nikstr+ use and others. trasic
3 06;)J6siif>'%+f$ 9.% f*'. W S OIll.E S/ M S. Studes on the oce,urrance mKhatism st tution of fira empler'on

'

I ( h 6 % WD ? C' 7 P., Wy x + 4.C'Lj ft 5 t 5 ti[ t L , fWture and on the development of foreseeing or esternating

t',.11tV7id 0t,J 0 MIT @ !Y O Y I*E.' U de g nwe an . e n vu andahal Huurs are
canying out in the institutt The nec ctmohtion tMhnte ofi

i It M 61.t ( R E M$ $ .S./|h R T it,. Blitl% E D ONIM
06d 401< ties by blastieg and ths technque for the stotnhty

I 011[*1 $4 fd 4 0 P RM O* I2 ') E A T 4 i l T * estimation of underground openirgs for d>$posal of $36aositr ee

uste are also the sutyects te. fig carr:ed out
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Up.AL S 4'- t 0 0(9 $ $85 4 % . It Ef D ;'l
indusI'ies handh6g of many emd: of resources and Mwgyg rq g gg 9 t'g j 4 A X O gM n c 4 .*, 3 tc/ D ) '7. 4 6 always brit'gs about the r:6k of fare related to mir. oral products
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ti]P MO A % tM M D Q. n F d k/,W C W t it., F 81[16hr maintain a saf e workeg en ironment are (+ieg conduct $dv

X O IJ1 N M ". t*c M L T Mif $ 4 'b i t :1 t.
y,,3 ,,,,,ch sub#ects are Use f 4mer abil.ty of f.ombst ble
resteriais, tv stamdardiabon of flame repstanco tests and:

* f:. ARMMTTVetWV t*0fdME2Ycs:st t A curactenstics ut combustion productsI Xu(P,OMMed4 P A f ACMRe o6 *T L D O M4?o
$tudes on tre spread characteristics and the escace syt;

i t. $ 6 e. XillM h1MilN t Ot 88) L. >* 'IN MS AM '""''*" ""#8"'''"8'**' " """'''F'""d***'" *",

2D C d 6 $ 1 U 8 Idll N 41 D b 5 $ A N dlC N b T E S k $ coat mahes are also in gregrest Further. tuo nele est="iments
j #; T 6 i t t. oh fire sprsed preve iteun tKhNQues such ab water sgray or
j firetwool method and hre fighting txhnioues have teen carried

out by useg large'sco'e iest taberes
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i Fire Prevention and Extinction Etnergency Refuge System
D'rKt fire f.ghting c confined spaces such as at a great

Studies to devise an ogtimum rt4ge system en an emer-
depth in underground spaces. Underground mines and large

gency in underg*ound spate or menes are berg carried out Thescale facihties must te much more difficult compa'ed olth on
g'ound surf ace t*cause of the concentration of combustion main reseych subrects art improvement and test friethods for

products the eff Kt of thermal feedback and esplosions caused self rtstues, informatich processmg technques and su' table,
wiretet :by the flash over s'eomena instruction methods for vocerground commua cations

j in order to sutress bres underground directly and ther to systems and safety enr:ancement and Structu e intens+ cationr

estatshsh the entenction at hort abhce. researches have teen
methods for refuge stations underground Beha v eore

o 14r

people ir an eme*gency Otvation underground is aito stur P .oi
conducting dectiopment of eatinguishmg techn+ Ques using h g*. develor optimum eefuge system
etranoon loam and inert gas (aperimental stud +es are m

! p cg'ess on new eatinguishirig |Mhnic,ves aufA as a faped
evaporation system of hould nitrogen and e ter'Wned system ofi

'
ineet fjes generator and foam generator.

.

* , '
_

*e [
-

t

.
'

,. . .
1

3 unsTtTOAxwm AIM c.t 5 ft th M OM AUt:1
r.c t.cc e-t - ~e a u ra scae in. we y t~c we~emt e t~ ewn ceme s s e s * ~ c

~

_ . _ . . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ . _ _ .



_ _ _ _ _ . _ . . _ _ _ _ _ . _ _ _ _ _ _ . . - - - - - - - . _- - - . . ___

]
e aun a w an ammi.----

4

: . _ _ _ _.- ._._. s
l
,

| $ ( $$ C O */ bt { I*" Nit, ft7I4 ?T W $ tii t R - There are trany teos of mater 4ats l'aie hydiogen, etnyiene,
,

] .t f p > . RitU s er x . *H TR W e #11IfM 2. * LP t' imuefed petroieum gas used m e+mecal piants and natural gat!

tr;tR.$<p.0$t. *f;. E*A Wit'H4000R3 procare used in hom*k *hch g** rise to accidents Also
;

" " ' ^ '" " " ' " ''
T.14C Utf6 H 4 1 R P. LEE C HffElt'8 4 R C A 6 W B'

dhng foods, chemicalk plastcs, metais is 1gst explosions TNsa

! 4 etf> 0 t 1. I tt 6 En i D $ V 4 t:O.4RS*OM type of an opiosion is vyy common m coai mines
MMDI|t lj L'O 8 A.9 UE. $ R6MJilIIR # t*OPR in order to decrease these types cf accidenth clarification4

| th7T41T.$6C. FiAEN0M4CE7TU0 of the mechanism of such explosions, ignition sources and

1 0 - W O M n M m t W i t1 T E o 4 t it C. M RR , controning proce tation of usosion is under study.
"'''"'"""*""''##*'""'"*'d""*D''''**"HERR 4' 2 0 rte AE50Mfime Mt iERc 0 dents due to esplosives is on the decreasa However, new safety

| E -f L T k * 1 tu mspection technology for new emplosives developed in future,
' new construction blastmg in the city and controlled blasteg for

ne* fronter of Meo space is also bemg studied

15RNR MMRialm
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HEtm TORR.1RtuUe4REkHOREtHI MERRId tRRLTot t. EmtElf 6 t% + IEWi
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b;Mion Prevention

Concerning mframmable gases or dust eiptosions, the way Controlled Blasting
I to lessen esplosions and to prevent espioseons are are bems Blastmg is f ar superior m tnat the cost of blastmg is lower

researched Fe* isssenmg the occurrance of emplosionk gas and more efficient than other forms of escavating tecchnology.
esmoor, phenomena, such 4" hlast wave development arid New controlled blastmg whch can control the breakage area is ,

flame pror :Ution, are under st6 y The effect of the esplosion des.ied for escavating the new geo, space So, new controlled
restract matee.als is also one of the Institute's research subiect blastmg like the AVL (Alternate Ve!0 city Loading Blaster g)
Mam sublects about the esplosion prevention are the diffuvon n.athod and construction blastmg method wNch can control the .

'methods for released gas, ignationability of flammable gas, y,brate and the noise is being stud:ed
static electricity and technques for the des'gn of esploseon
poof squipment
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bdustf@l Safety

)gT3fgg e M}M Underground Environment Controle and System Safety

M T7*/O hm 421e.t +ltet%c i o T $ F */M E * T. E Land thould be more ef fKlively uta-2ed in Japan due tc 14;k
T C 12 tilM P ku a 2 *. M * M U 't t' !' i M o! #' ' ' ' '" ""O"8' "*' '""#85 '''' '" "'"Y 'd''*''E''
9 21. t% ?ta ta tt T ! t:iV F!iW;O f + > - 4 i R W '"#''''"#"''""'''D#'#''"'"''*"''"* " 8 "'' ' # * "d

others For highly advanced utthrat on of underground openS ** , d O J $ #4 4 T M*=*,f j % C Md T I F R i N d L T k '
ingt Several subrKts are teng ca"ed out eNch are at lollows11
the osvahration tKhn aue of underg'ound rock body by using

C f 0 0 M T-44h t tii[$s $ [i n t h@ L T M%t waves. rock mechanics and the stab +ty assesment tKnnio,ie
iBR t 4 TW WWOh7Mti t WtMPEOPRi2 E . 2 '0' the purpose long te m utaitation of undeground ennings

VOEm ANe U4117MM MOflif:Mtt 92 T 611i t. '"'''"''*"P'P"''''''"''"'#''"d"*'P"''''*'""

(filOMPl+PTTOR AOPRi! J O f3RUOf L NHO ment for the pumose of developing rebatse instruments, sensor

M R c, e > * -MR EN t d *40P R12 ME2VPiO94 d,,eiopment and ventaat.on researen for ter r unom rounee

en,.rc nent and the mechan sm of human eror occur ence to
7 TR $ % $ if m M C , 17.! t EMO Ceba t) 9 C rd T E @ Rij estaDhlh a underground Safety Syl'e9
t 2 - v > .r 9 - Otht ti t > x t A O m s t i tt f r.R

'

2">"tiUfhLTPRLT,*11

_

MTmiMiGtttlH5 t 29-t SEtuthm
IM, e TEM MMOM E L T EM t>Rft&M A OR E, # R3HO A%fteMfte t t ett >4 OtiEENert

? f p , Mhom s, lit 1,tiTMN #4 rets; r) 11 et, 36 g MOf;f,e.t0ERftettt:>2tAtt$r,6ttt t. 2
t o i $ $ '414 f5 tt E R . x t- 7MHf; E oi2 ( M /:MMOMNueptu M M E,t, Me t/x g
DhGM Y, MMO Cttu t EW16 ti2 ET2VMiiO tt 't rit4WO _4 ( ca D r ooT t;Ni m Ri t C E tt f;
MMetM o r,To s t. EtcMt t f tt 6ME.WR tR 9s t. 36t, EN3h s a t AiastmOms,t3egno
6 t n, !M, Siild 'i f Onli t MN L. f VlWO 54WE I t' E t O T riittti!*/ 9 1 t A.. O tt 6 0 G retr & O /; t,
ti#; g/*1M ORd, ETm4h0Mft M ft:'iro C , 0 4 R T M gqu W:P u d f; t t > * - O M R , t it 6 t
TtnFEOMRetA r> 6tt T o t t. S e t, ET26 Wl Aht!EN v x t AhmM;r#m v 7 d e z 70MR
bit tT t./ t W. ET tsatRTC 2 4 E ratT, MT 't f t a n t; &E Q FFifV WER i rt a L T s i t 7
t.iW OB R */ f E T9 4 ti t!! 4:C94 *T PR L To 2 t.

Development of Sensors and a Monitoring System
Safety Assessment for Underground Structures A more Nghly advanced safety enonitoring system is be,ng

An etaTCles of the ut Aration of geo Spa:e in the rock, there reQue$ted to ahow for enlas ged and modernded industrial f acil
are the o.1 storage tam s. LPG storagt tanks in the rock already d'e s Also depending on thi purpose of the f a:Aty, contin ousu
in order widely to U$e the geo lpace ,o the rock, the rock monitoring may be requirej in Such environreemtal crite'ea as
allessment DY Suteg geo tomography, the effect of unde, temperature, humidity, v and SCeed and the concentration of
g'ound wate' on the structure of rock, the relaxaten renge g ases Furthermora, tre monitoring yd a' arm system shovid
4'ound the cavity, the mecha%m of the deteriotatica of unde, be rehable from the punt bf view of e'ror action To ach' eve the

nd str ctu et, pred Ct+on of the dett'' oration of Sometheng pu' Dole abort. ***_; mech on tne deveMmer't of lorg term Stab'egrou u r

unusual, refreshment of underground rooms 4 now page giudy sensort and the gygtem gotteare moeitering are temg
promoted
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h t u f -li, Eli;{R E t i t f 6 ME t t2 0 E14 To i ds t u f -u, M&VER$ObiWNR t1&&;L T, WE

t. M H e n e w ; i.t . ( I tE W 80 & './ AM U F E W RW 4 tr 5 9 0Jt 75 c M2 5 tt, E g E W r;I wt$ d tt R p R O

e ; p - t rifRPROU TTML T t is t. O*Tu, R P R t Pt d L , D 75fr O R P t & < O P R $ 5 t N N L T R
I

#d J t i,3 ? t'i.tG 7.W C is 5 N R Y,O M W 60t2 0 f d 6 tt, 1 E M40(Vft&;1c gqLT 3gLf;, ggggg ggy ;

t ., T Mit y. A TE C J t f A 5 Atht tim e tt e llR T6 > $ 't -OMMRE t 4 L . * 0E4W?A LXW HI tft Wt E
1 X WMe d ot t P Rttio A R1TR 4ca tt Adt3
f. , na m S t g * OM R : VmO J $ 'tl . TE 4, ~ 2 i L t . 44, Mf EREe no; 0, O r&ficeftes

NUETODio d'y F OMRT EOt2HAUtil! t V 4it tim L ( 't o T S I:: t o 6, AE At8. M f9Ed ti
'

fu'h */ o t o 3 h c's i M MitR 407 R ti%CM R 4 PE ER AUF01! tit. # A ORtCttOEW L 6 ou E
2. Fi1EN t > f -OMR : E ff etM9 e > f -Tu, M N A Wis1 AttR 4, fit > f -R U u 6 PRdR t EX ft W

117,O R1MT A U R1E Nt1E > x t /.OM R, 2 7 r S V T, R E M 4 % C A m t R E ter> c M h L T o t t. R

4 et-t > *-OM RTui AT-r)%M&M4 t mo/:S C M *M R t E R o t t R R E 't R EtY W !! K P R O N M

R i t 't a m e > * - O M R tf5m L, *% t 0%10t*!!RPR5 t est attttim,

3. A R A t t34 0 4 T it : tA t > f - t # 4 */ v -# L T Mt$d!!K 409f7C L PRMROh14 tfi a T o t t.
U R E40 RitERO'tiA OMis M M M E 0 1 *s t M M M t L i u , # x , R t; 4te R e g a

A X O XM c {it m $ t L 400m t 230m RW Rit e XKI OR E
: R4 */MMENKou t AINOMWr/UR's t't:A9s

The Coal Mine safety Research Center (Hokkaido) has t. AWKWTd ARWORN ORNAf80MM, RWJM
f ccuised its reSearch of f orts Cn developmg saf ety tKhnology 1%C('(ftOKg4 fg t*bty$ $ ft T g i g T,
for coal mines. Major research activities are bemg carried out
as a special protect in cooperation with the Industrial Safety
Dept and the Coal Mine $a'ety Research Centc' (Kyushu)

The protect involves a study on the eiectrostatic charge .n The Coal Mine Safety DNarch Center (Kyushu) was estatr

the d'y weather of HCkkaido to prevent gas esplosions Caused lashed by the japanese Government and Cmtian Organgation m

by eiectrost6 tic discharge.t Typ.cai resparch work at the Center May 1915 For over 70 years, the Center has provioed tecnnot
ogy and technical services to the coal mining industry for coalinclude.

1 Locomotive Mechanism for Underground Development mine safety The experimental coal mine of the Center, which is#

2 Advanced Monitormg Sensor Development a unque f acility in Japs ' has been used f or full scale tests and

3 E stens.on of the Intrinsic Safety Concept useful results ha,e teen obtained
Over the past occades, the working environment of coal

mines m the Kyushu coatminmg area has been gettmg worse.
The Centers research focuses on oevetoomg advanced technet
cgy for coal mines such as undergrou d commu ication sysn n.- .

|# ~ temt data transfer technques in m.nes, monitoring the fire
'' damp movement and fittestmguishmg method for coal mees.,

| The Center also encourages technology transfer to apply these
,,,,,,

technologies 1 the minmg industry
.
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$$$$)) Intematiorcl Cooperation of Science and Tcchnology

H7 titi;n300 *i: no t %2OPRe t L T NWPR Sciece and Techneiogy have greatir contr'buted to our
health and welf are, but they a'so have browght about some

s fjo R E ilij te.i! { s o T I.T 43$ T . g g g ggj g of! P'*D''"'s of a global xa'e reg ard.ng naturei resou ces. energ yr

M mt t5t 6 t. 7 a > c t;Rygt:ftR ti tt 6 2 4 *tt * #"# ' " ##' "# * '#"#"'
' g 9 .:. * S 4'- V 4 P R, W 72 V 4 0 R tie ind:fierent to such cretlems. and their resea'ch and develoDtr e a tt " >

i

30$ h f Mtttr ? $11 L T o s 1 ment shoute be carned out so as to harmenae industrial a:tiv'

$ M T il a tt 6 0 W N 6: I: A 4 4 ' 8 ff *t %WPRG U
it.es with the globat environment internat.onal cooperation is

-

'ad $f*nsabie to coce with such protsems
,
'

OEX tR o T o s f.PRRRS ROWU62(104 0 TT. 0" "' * * " " " # '' '" " ' " *"'' " " ' * ""*'*8' h*'' I

1.AANtOPRRAGh " ' ' " ' ' ""'''' ''

$5VGMi %VGh.t'yFGh.ICMMEMA tneir f vrther pregress only by itsett internationai coope at.on is J
' ~

! PRS t ri t". Pa t 6f OECD t Os t(VEPRGh. XM necessa,y from this point of v4. I

R DOM Rl'iN 4:M T { D W NR. O f.fR t(WM $ f)GE
The International Research Cooperation Off +ce was set up

4!ticit PR$h NW.14 4 4'-SV6:U611$%VP
to p'omote research coogeration wrth foreign countnes throwgh

o of a st int a ona ut cw res ovFseas and
'R $ h */ t' i f} o T 4 i s 1 their research actlyities
2, R N d.tK t OPR$h. Il#:Ch The fono.ing programs are in progress at the National

NW K V t-1W,P R 5 t (ITIT 5 t) t L T , f(# % v 7 ne,earch Institute for Pollution and Resow cetr

/ 5 +00m MW11416:V16PR). I ME46:Ulf E 1 Joint resea ch with the organaations of advanced counti es
2 institute for the Transfer of industnat Txhnology (iiti)

AT,tW7 4 1. / > F T el.i:M1 ? PRJ t fio T 4 > $ t.
3. N4. N9Ehp att (JICA) 5 t*60M4 tid;Gh 3 Co 4 ation with )lCA (Japan internat,onal Cocceration

CCly d it ti 6 CitW:W h R N (M 6:Pil). jlCA t> 6 O Agency)in its pror, cts by disc.atchins sreciairsts ano accept ;
'

l .W M t L T I 4 R D11f D5 th 3 - X J. I E*.t!)W Y! 3 - % J O ing f ore,gn trainees
4 The intechange of research personnet and gedance for2 octtfPti t 43 C o, Et 3 < OMJPH. WMV.M

fore'In visitockmm y i: : f;1 T 5 i s 1.
4, 4 OftOK10 RM

fim, $MORMER, Wh0 A7. PREMt 60Ni
mu. [CWPRW D (KWDR) 8013 W h t* 6 0 R
T fic t!Z't t' t O , T o * 1. 9 tt t A 6 0 t l47 tf W;
0% TttTt & NWitO tt 6:CATfie t.
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$ $ t$ $ 47 - if A Technical information Services }
i

B M TiJ T EO tt R*R E *t - t' A O't c, H 7 tt * A V. H a ff A 4 JI 6 tun g
_

Xit 4 R AVC PRM,NO-tDM t (f o T u t 1 ti A
'

a
' 42 RfB **

|- gg
'

The followirig Technical information Se'veces are carried ; g
out at this institutt M@je q.' ,

-,,3.,_ y
|

MRRR* Technical Symposium . j n TF Resus a
MMOPRRROC.E.E&t ur)t L MRf)ff tMo A i

- 3'

I t - v i HE L, 4 2 EMIE L T o t t. FR *Y YPE'

(68 S MN)
I T H F R itilR E R

7tlll}MR Joint Research
-

MI filt |t:R R o t: t> OF R i2 , E R P R bs 62 E (60-- K yn } 4y gyg
, ,

t10 h l B12.O t tt / W M tf& f ? t . t o - 4 t L T , / pg
N#N

| RM2 R 4 t tOf: a ERtRRL, MRRL'Rm tf)ML a ,
- ~

T si m T e R e x x L T u , t.
(!D$ F MM)

|

RfCR4)titCMR Government and Pnvate Joint Research .T.Rfi]ihf{ Patent Licensing
R ef!C c! 9 (ftlid;2[E t L T ME t E f: #> R id. Mf]*

$ @cPR td e T ft $ ttf: Ra/|R Us!* C R t 4 4 Miti

ENF]f)ff t Uit 6 ERMRt%R e t L EEbfh 9 $ To [gga4R L i t. O tt 60d RRM4623t9 *4tRt1#EN
tO/ ri, KRENR2ceW2EEF)B R T. K M 2R gntAcTpgsnt:tet0$t.
t uot stRHRc ouT O2- f 0Eu t OO S '>. D
Jt t104 4 i t E'16 h E PR t - 7 tIRif RR TEE. Patents anc Utility Models for inventions on stadies at the
FNil. 6ERMTXML Ttit 1 ingt,tute t>etong to ine Government

(Nd R MN) Licenses of these patents are granted through the sape
industrial Technology Associatiort

fitER Sponsored Research
$MOPRGEOH !k, TmftOEMt> 6 Alf?OPR

W7;TM 2 E c iit':O R H t K tit L M t 4 e t. XV2
E d 6 0 H !.t R a T I N L T o t t.

(ms RMN) Ir a/q(nn M N gIu mm A)

(1WMH TechrNat Advice
WMOPRT McV Ach t W:Itto >T, RM, Tit

( m miErt re )'

A t ol2 2 8 t 11 Nu cC C T s > 3 t.
#

(!Sb tim NRE) 0
(arf 14 Technology Transfer

3!51R r t1/im A g itdid OF R R M c RA G A t f)tti . RI . gy . N g,

O t'c a mitR c ou T OIN fB4 t EE t @ C T fio T
o t t. <y

(Nai (tMERM) 7

D 'D" a*RMKO
R 4 Laboratory % sit f$ 479a>KOS *

amOMM MH 2 t* t P.7 8 tt t 4Dl2 h 6 & C t;M
onht O.t. 2 R THm ,B AT o u. [N,

(Na tiMERM) V
2 R

MR . t Oft Certification and Others (AtrT$1C)
rWRWmpttAR1c Ed < tMmRMHil. *E4

OMT A :/P R$1c E1 < MRHOMEi ff o T o 1 t.
f olJ t -tit > 6EE $ ttt:MM, f)t9, EE W t M o T V
o s t. O tit u RM, f)t9At'HMORmiqR1c .t E T g , g . , g g[ ]
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}fjti$$j@ Publications fjgI] Management of Techn. cal Information

$ 50 R M W W 9, O Rat t, M A N $ 42, T1'O h M 6: E dO H7 ti#;O R M u g t < , eg g g t E A T, MK62
2 ti%hbuci -H7(!Le t RE 3 ttitis t, tr e ttyt $;R a s ttp:y,2 ga mo 5g;c t .j r;, pgy

i' f *s a t ' R H O t t O *s G R . 9 m ii t f s a g ; 1
QRR AMRhi49 (T;1EIP) *4 E R R Yit, t. tt 6 0 2 4t * M M i G R G M L . f- ?
Report of NRIPR (Inegular) N - X (t t 6 t t t e , f E c;$ L' f- ? t Ott t 4 *. t t

PRG E10 $ e,, R Afit $ tt f PRa t C 94 *T Rti L UOt L T4 11
Tsig1 Ilt&OC M, (llt 2 9 4 MR E8t TOM (t, (24R A . type

R E ' 18EO *W, (3diff af RW 7rPReg g W Hy a
03t3HR#iRN (9 Pl) E U H o f- ? n- x (t *s t* t a r> T o s t .
Buiteta of NRiPR (Quarterly)
PR6 5;Lf M AM WO 42, r Lf t -M7ti;EC R E

At Techn ca! Information O'f ce nierature one ratents are
e tu:2%oEH tGUREL T U 8 f. ( '''' '' d 'I * D ' *3 * * 8 8" ' ' 'd' * "'' "Q " 5 ' M T h' ' 0"0 *

ing servlCes are provided

CRRAM 2 - A (4 PJ) 1 Reinforcement of on hne hte'ature search
2 Listing of new books and lovrnais,News of NRIPR (Monthly)
3 Databas'ns of book cataiogas in AisT

7 F 0 00, W U, a R 4 0C tMVMittic. 2 - x

3 00 fr t ti, T o s t.

GD $ Library
N 3 (4 Pj) US f rit* t (W W)t198941 M CMM)

* ' *SHIGEN (Monthly)
RN ' t 4 + 4'-9ff 0PRWI, N AM E 4 OME L "L' ^ "' "'

,,,y, C1ft7 t X'A ' N)VOERX40EX t R > T o t t. #,

MW, NMR, X W t t'O f- p t - F t 4 W L i o 21,
9 3 (E U PD MH UR R*Lu ttit:1/tM t u p - T,a n t',a K 3 t M 4 0 R
Pollution Control (Bomonthly) g .j g g g g g,, g gg, g g ig ,.g g g g g ,,y

it titiVt9f10PRWE, M A M R4 t R E L T 4 i s t. 7,

N UEN* t ' S Wu,mWO 3 emQWREERhi44 (EPj) '

Annual Report of NRIPR (Annual) S X X40 0 0 t & < M 4 L T 4ii t.
En, FN, PRWU504 tit t u nit t R R Ni'i t R '

E L T t s 1 t. The Library of the Centrallaboratofy contains about 30,
600 volumes The main collections are books reiated to coal,

KLUMW#1 JIM 1 EON (E4 PI) " '

po ut on
Bulletin of Inspection of Underground Articles Used in

The Ubrary of Coal Mine $atety Researvh Center. Kyushu
Mines (B monthly) has about 4.000 volumes The main collections are books

(* Lu tf.W ffL'h O tt tE M E O f9 6 t R E L T h i i t. related to wastewater treatment prevention of noise and vibra |
tion in addition to those on coal m.ne h. story ;

Q$liF Pjflh0 A T W C 74 *Til, W MMC Nfi 1 TUM The library of Coal Mine Safety Researc5 Center. Hok kaidot

g {y y 7 3 4 i, has about 3.000 volumes most reiated to mine safety and the
safe use of gas in part<ular
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T305 18113 9 < dii'j ffilll650 3 Nat cna' pesea ce inst tste fe' Pollution

Tel(0298154 3000RM) **c "'50u't*5
10 3 Onegan a. Nbt a 5% It,a'an.i

FAX (0298)$4-303A. 3049 305 Japan
Telex 3652570 AIST J.

l

25tY (0298)54-3026,3027 Reswch Piawrg O'hce l

(100M (0298)S4-3036 T 'C h"0'0 8 T Ad''ce O'fice l

"''natenai Cowaten unce l
D:1048 RG11Y (0298)54-3060 Generai Af f airs Dim'on
EMN (0298)$4-3022 p.g.,en 5,,,,c, p,m,on

RMN (0298)54-3024.3025 T,chnical Inf orrnaten of fice
',

ft IWW JT Y (0298)54-3163.3050
i

JtN3 ER Ellj!!K!/# t > f - Coa' Mine Safety Research Center, Hokka co ]
n ta 125 He .acori 3. Sh'ro4% sapporo. iT003 Jt4J Mdid UE W Kd 3 T U Jt 15259 003 Japan |Tell0ll)861-2191(f t) FAX (Oll)864-3469

|
|

A M E R EL1Jit R K44 t > f - Coa! M.ne Safety Research Center, kyushu

T822 54 A17initilf?1541 15al Tonno. Negata Fukueta. 822 Japan
'

Tel(09492)6-5511(f t) FAX (09492)6-5518

A6E /* f)1(M48 N E) Experirmenta' Coat M r t U w

T 82(H)$ M 4 A 5 5 5541 # C 6 W 1142 lid? 58'80. U5u'. Kahc. Fukucha.
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] TECIINOLOGIES DISCUSSED AT JGC CORPORATION

. Radioactive Waste Management Technologies

1. Treatment of High Conductivity Liquid Waste
2. Treatment of Liquid Waste Cor.taining Ammonia
3. Microwave Dryer for Spent Resins
4. New Vacuum Conveying System for Radioactive Liquid Waste

- Incinerator Technologies

1.SIAS
2. Gasification Fumace Incinerator
3. Hazardous Waste Incinerator
4. Energy Recovery of Liquid Injection
5. Radioisotope Carcass Incinerator
6. Radwaste Incinerator
7. Medical Waste Incinerator
8. High Temperature Waste Incinerator
9. CyForMelt
10. Induction Heating Melting System

- Tritium Separation / Concentration
- Wet Oxidization ,

- Reprocessing Facility Real-Time Gas Monitoring System
- Mixed Waste and Reprocessing Management Technologies

1. Advanced Cement Solidification
2. Induction Heating Melting System
3. Incineration of Spent TBP Contaminated U and Pu
4. Liquid Waste Treatment

- Hazardous Waste Management Technologies

1. Recovery of Solvent from Off Gas by Activated Carbon Fiber Filter
2. In-situ Stabilization of Cd and Pb Centaminated Soil
3. Hazardous Waste Incinerator
4. PCB and VCM Waste Incinerator
5. Energy Recovering Type Liquid Injection Incinerator
6. Gasification Furnace Type Incinerator
7. Treatment of Heavy Metal and Organisms Contained in Liquid Waste
8. Regeneration of Spent Activated Carbon

8 BIBLIOGRAPHY OF LITERATURE RECEIVED FROM JGC CORPORATION
* Advanced Waste Management Technologies", JGC Corporation,100 pages,

i

1

- - _ _ - _ _ _ _ _ _ - . - _ - _ _ _ _
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URAN. LUM - SELECTIVE CHELATE RESIN

Reasonable Cost-Good Performancee
,

|Six years of Operating Experience at Ningyo Tougeo I

Uranium Processing Facility

Proposed for Use at Weldon Spring |e
(Competing technology not yet demonstrated)

~

Proposed for Limited Use at Portsmouth Gaseous
,

e

Diffusion Plant

Under Consideration at Private Uranium-Contaminated*

Sites

Could Substantially Reduce the Cost of Removinge
Uranium from Waste Liquids

.



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _

JGC'S ACHIEVEMENTS IN THE NUCLEAR FIELD IN U.S.A.

,

_

i '

VIRGINIA POWER
(NORTH ANNA AND SURRY NEW
RADWASTE FAOLITIES)

PORTLAND GENERAL ELECTRIC
COMPANY
(EVELUATION FOR IMPROVEMENT
OF DECONTAMINATION FAOLITIES
AND SOLID RADIOACTIVE WASTE
VOLUME REDUCTION)

EPRI ARIZONA PUBLIC SERVICE(SURVEYS ON INONERATORS, COMPANY
~

ROBOTICS AND LLW (DAW SCREW COMPACTOR-LEASE,
MANAGEMENT IN JAPAN) AND DAW SORTING TABLE)

e 9 9
.
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ON - SITE STABILIZATION PROCESS (OSSP )
'

,

Utilizes a Promising Stabilization Compounde

Proposed in Response to INEL's PRDAe

TCLP Test Results indicate Good Resultse

Test on Uranium-Containing Soils Required.

Structure of Stabilization Agent can be varied to improvee
,

Stabilization Characteristics of Particular Contaminates
1

I

. _ - -



JGC ADVANCED CEMENT SOLIDIFICATION
,

Waste to be Conventional JGC technology Remarkstreated cement method

incinerator No pretreatment Pretreated by the A retarded cement
ash Ca(OH)2 and NaOH hydrating reaction :

problem are solved.

Spent resin No pretreatment Pretreated by the Swelling
cement and water phenomenon of

the immersion test
are protected. ;

:
,

Boric acid No pretreatment Hydrate calcium Volume reduction
waste metaborate are and stable products

generated by are provided
pretreatment

'

,

i

O O O
--
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O O O
.

:

Leach Test Results -Treated by fixing agent and bentonite-
'

i

Fixing agent (I) and bentonite . Fixing agent (II) and bentonite :

i

Method EP - Toxicity TCLP

le- Criteria [le Criteria
Samp/1) (mg /1)

'Samp/1) (mg /1) (mg(mg

Cd 0.63 1.0 O o.04 0.066 O !

Cr <o.01 5.0 O o.11 0.084~s.2 O ;

!

Hg 0.20 0.2 O ') 0.02s ') '

i i

Pb <0.01 s.0 0 0.33 0.18~0.s1 O

t

1) Analysis is now in progress .

:

t

i

j



_ -_

| Leach Test Results -Treated by fixing agent (I ) and Cement -
|

Method EP -Toxicity TCLP
iCriteriale

Samp/ I) (mg /1)
le

' Criteria
Samp/1) (mg /1) (mg(mg

Cd 4.86 1.0 X 0.10 0.066 X|

I

1

Cr 0.68 s.o O 0.11 0.084~s.2 O

Hg 0.20 0.2 O ) 0.025
|

|
Pb 0.71 5.0 0 0.36 0.18~0.s1 O

:

1) Analysis is now in progress

O O O
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JGC INCINERATION TECHNOLOGIES j
:

800-900 C i
,

SlAS (Formerly Labopherix) |e

- Submerged -flue incineration and Stabilization ;

- Treats organic and inorganic liquid wastes simultaneously j
- Laboratory use (6 operating units) ;

e Gasification Furnace incinerator ]
-

- Pyrolizer !
-

.

- Municipul industrial . wastes (Used tires, refusefuel pellets) ('

- Industrial facility (Many operating units) j
e Hazardous Waste incinerator !

:

- Rotary kiln type [
- Industrial wastes or. sludges j
- Waste management facility (8 operating units) j

Energy . Recovering Liquid injection Incineratore

- Liquid injection type |
- High concentration . COD !iquid waste ~ j.

; - Industrial facility-(1 operating unit)

1
'

a _ . - - - - - _ _ _ _ _ _ _ - - .
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.

AUTOMATED WASTE CONTAINER MANAGEMENT SYSTEM
,

Current system can include up to 11 types of fullye

automated inspection operations non-destructively :

Complete computerized record of Inspectiono

' Modularity allows flexible design optionse

Compressive strength & voidage inspection unitse

currently on location at customer sites

TRU radioassay technology available, but not yete

incorporated. Subject of JGC proposal in response to
INEL's PRDA |

* Free liquid detection technology similary not yet [
incorporated. Also part of response to INEL's PRDA ;

Would likely reduce DOE cost & manpower requirementse

for dispositioning " Grouted" drums at Oak Ridge ;

:

.
. _ _ - _ _ - _ _ - -
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JGC INCINERATION TECHNOLOGIES (Con't) .

Greater than 1400 C

* High Temperature incinerator
'

- Thin -film melting furnace
- Combustible & incombustible Wastes !

- Nuclear Power Facilities (2 operating units) !

:

o CyFurMelt ;

- Cyclone furnace sludge incinerator / melter |
- Municipal Sewage Sludge !

- Municipal Sewage Facility (2 operating units)

e Induction Heating Melting System |
- Uses Electric induction to melt ash !

- Treats (vitrifies) ash |
- Nuclear Facility Use (Under development) i

!
i

i

f
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JGC INCINERATION TECHNOLOGIES ( CONT. )

o

Radioisotope (RI) Carcass incineratore
<

Cyclone Type-

Carcasses, Spent Solvents-

Medical Industry ( 70 operating units, Most are not for Ri Waste )-

Radwaste incineratore

Hearth Furnace, Wanson, SGN Type-

- Combustible Radwaste ( o, , y contamination )
Nuclear Facility ( 3 operating units ) ;-

Medical Waste incineratore
1

Hearth Furnace ;-

Medical, infections Waste t
-

Hospital (1 operating unit )-

O O O <
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1
.

OTHER TECHNOLOGIES

a

e Tritium Separation / Concentration
- Counter flow catalytic column
- Laser-stripping

e Wet Oxidation !

- Well-Tested i
~

- May soon be available at SEG's facility in Oak Ridge
- Treats resir:s, filteraids, and chelate agents

~

!

- Low temperature & pressure system :

!
'Reprocessing Facility Real-Time Gas Monitoring System -

;e

3- Will detect 14C, I, & H in stack gases p. |

!

I

!

!
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HIGH TEMPERATURE INCINERATOR ,

. Efficient
'

- High Temperature Combustion Assures Complete Destruction
Accepts a Wide Range of Combustible and incombustible-

Radioactive Waste
- Accepts Wastes Containing Up to 20% Water

Safe.

Low Flue Gas Content / Simple Filtration System-

Very Stable Vitrified Product-

Cost - Effective.

- Simple Operation
'

Stable, Easily Solidifiable Product-

- Compact Facility

Experience.

- Demonstration Plant
Operating Plant-

Second Operating Plant now under Construction-

O O O
-



JGC

PART 1

INTRODUCTION

TO

.lGC COPRORATION

O

.

O
l-1
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CO -Laser2
(930.58 im)1

i

H H
,

I V
C * C

F@@F@ F
|

!

CF H3

!

%T T'

b-!~ C > t C CC

@ F F F p pF

C F + 2TFCF T Excited Dissaciation 24
3

Reaction Mechanism of Laser Tritium Separation

9 O O
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JGC
JGC'S BACKGROUND

O Established : October 25,1928

O Employees : 2,800
(including)

18 in the U.S.A
120 in other foreign countries

O Contracts completed :$ 1,180 Million (fiscal year 1989)

O Contracts awarded : $ 3,300 Million (fiscal year 1989)

O t

Memo;

.

%

O

l-2
_ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ __ _ _ _ _ _ . ____ _ _ . _ _ _ _ _ _ ____________ _ _ _ _ _ _ _ _ _ _



JGC'S - ACT(VITIES AND, FIELDS (1)
Fields of Activity g

i Nuclear plant services OCoal chemical plants

) Radioactive waste management Olnorganic chemical plants

) Spent fuel reprocessing plant Opipe;ines

> Electric power generation plants O Airport f acilities

) Environmental conservation f acilities OPort and offshore f acilities

) Robotics ODesalination plants

) Petroleum refineries OMunicipal sewage treatment f acilities

> Natural gas processing plants O Synthetictubber resin fiber plants

) Natural gas liquefaction plants Ofood processing plants

O harmaceuticalplants) Town gas manufacturing plants P

) Petrochemical plants O Medical f acilities

) Gas chemical plants 0011 terminals

O Development bnd application of
new te hnologies

Memo ;

!

I
i

%

i

O
l-3



_ - - _ _ . _ . . _ _ _ .

JGC'S ACTIVITIES AND FIELDS [2]
~

Services Offered.
x

:O Feasibility studies O Construction

O Project management O Test and start up

O' Planning O Training

O Basic des,,n O Maintenance and post-
mstallation services

O Detailed design O Financing arrangements

O Procurement O Process license arrangements

O QA/QC

O Transportation O Research and development

O
Memo ;

.

1-4
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WORLDWIDE OFFICE NETWORK Q
(Excluding the U.S.A.)

i

LONDON OFFICE

C
JGC CORPORATIO,

(UK) LTD.

THE HACUE [ fo scx/ce' YOKOHAMA
LIA! SON OFFICE EtlGINEERING HQS. i

e suA

PARIS OFFICE

BE!J!NG OFFICE y
- o

!P
ARZEW CFFICE

f \ v'\ Do
\ ALGIERS OFFICE

JGC(Malaysia)Se.Bhd.

/

KUALA LUMPUR ff
SANTO DCMINGO REPRESENTATIVE OfTICE / sj

9 |

/' SINGAPORE OFFICE }
[{i

~
'

} JAKARTA OFFICE
S O PAULO KUWAIT OFFICE
OFFICE

A ARAUJO ' P.T.PERTAFENIKKI
JGC ARABIA LTD. 1 ENGINEERING

BAHRAIN OFFICE

|

9 O O \
4

_ _ _ _ _
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O O Oc~

O
OFFICE NETWORK IN U.S.A C2

. *

1
- [

r
I

ENGtNEERING OFFICE
(GAtTHE R5strRG. MD )

;

tJUCLEAR REPRESEtJT ATIVE
OFFICE (WA5HINGTON. D C)

RfCHMOND Of FICE
*

(RIO!MOND. VA)

NUCLEAR RE8'RESENTATIVE SURRY $tTE Of flCE
8RAN 0F E (SURRY, VA)
g3 , 5, }

g \

OAK P:OGE NATIONAL
LABORATORY
*am; RIDGE. TN)

h
;

' JGC(USA). INC i
I (HOUSTON. TX)

!

-
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J00
JGC'S ACTIVITIES IN THE NUCLEAR AND h

ADVANCED TECH _NOLOGY FIELDS

O Nuclear Project Division established in 1965

O Project achievements - More than 200 projects
completed

O Japan's first spent nuclear fuel reprocessing plant
at Tokal

O R/W treatment facilities

O R & D achievements - More than 120 individual
programs

O Nuclear Research Center opened in Oarai in 1984

O
Memo ;

; .

.

1 O

l-7

- _ .. . __
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dGC
JGC'S LEADING ROLE IN THE WASTF MANAGEMENT AREA' (]

[J 4 OF iMPRO s

(
-- \

EVALVATION OF OPERATING DATA sp '

AND REGULATORY TRIND$

%.

N
RE$t ARCH AND DEVELOPMENTCONTRACT AWARD ; INST ALLATl0tts

}
,

AND MAINTENANCE gpggggg
' WITH CLitNTSGATHERING OF OPERATING DATAf

_. /

1

DEMONSTRAtlofJ OPERAfl0N$

AT JGC's R & D CENTER OR AT OPERATING $
l

[ JUCLE AR POWER PLA'!'$l

k k- /
_

Memo;

,

%

.

O

| ~
_ _ _ __ .



100 'S PROJECT MANAGEMENT PHILOSOPHYJGC

OUAllTY
, A QUAllTY

PRODUCT

P

INTEGRATION
OPTIMlZATION

O
A SATI5FIED CLIENT

COST SCHEDULE

-> WITHIN BUDGE'' -* ON TIME

N

'-

Memo;

.

O
l-9
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JGC'S ACHIEVEMENTS IN THE NUCLEAR FIELD IN U.S.A. @
C

,

b -

,/ 70
C j

|

b
VIRGIN 1A POWER
(NORTH ANNA AND SURRY NEW
RADWASTE FACILITIES)

1

PORTLAND GENERAL ELECTRIC
COMPANY
(EVALUATION FOR IFAPROVEMENT
OF DECONTAMINATION FAOLITIES \AND SOLID RADIOACTIVE WASTE NVOLUME REDUCTION)

ARIZONA PUPUC SERVICE
- EPRI
($URVEYS ON INONEkATORS, COMPANY
ROSDTICS AND LLW (DAW SCREW COMPACTOR-LEASE.
MANAGEMENT IN JAPAN) AND DAW SORTING TABLE)

O O O
-
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J00 i
g''

MAJOR ACHIEVEMENTS IN THE NUCLEAR FIELD (1) |

JAPAN'S FIRST SPENT NUCLEAR FUEL REPROCESSING PLANT AT TOKAl

O Main Reprocessing Plant

O R/WTreatment Facilities

O Hot FunctionalTest Operation of Reprocessing Plant

O Plutonium Storage Unit

O High Active Liquid Waste Storage Facility

O Replacement of Acid Recovery Evaporator

O New Reprocessing Dissolver

O 5torago: Facility for Bituminized Products

^

(G
: s

,

Memo;

s

\

| \. /

i
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MAJOR _ ACHIEVEMENTS IN THE NUCLEAR FIELD (2) h
INDEPENDENT R / W TRE ATMENT F ACILITIES

O Fukushima Daiichi No.6 Total R /WTreatment Facilities for Tokyo Electric
Power Co. (TEPCO)

O Tokal No.2 Total R /W Treatment Facilities for the Japan Atomic Power Co.

(JAPC)

O Fukushima Daini No.3 & 4 Independent R /W Treatment Facility for
TEPCO

O Tokal No.2 Expansion of Total R /W Treatment Facility for JAPC

O Large sized incombustible Solid Waste Treatment Facility for
Government Sector

O North Anna / Surry New R /W Facilities for Virginia Power and Electric
Company (VEPCO)

s

O
_

lemo;

.

O
l
|

l-13
.__ __ _ - _ _ -_-__ - __ _____- __ _ ___ __
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dGC
MAJOR ACHIEVEMENI., IN THE NUCLEAR FIELD (3)

COMPLETION CONSTRUCTION

PACKAGED SYSTEMS

(1) Bitumen solidification 13

(2) Plastic solidification 2 1

I

(3) Cement solidification 2

(4) Advanced cement solidification 2

(5) Incineration 4 2

(6) Filtration 16

(7) Compaction 7

(8) Laundry (dry and wet systems) 11 3

(9) Wet oxidation of resins 1

2 1

{ (10) Robotics

Memo;

't

%

>
-

;

l-14
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,

J00 'S ROLE IN MAJOR NUCLEAR PROJECTSJGC

FUKUS IMA TO K Al . 2 TOKAl NORTH ANNA /

UNITS 3 & 4 R/W REPROCESSING SURRY

R/W EXPANSION PLANT R/W
_

1. BASIC DESIGN JGC JGC SGN JGC

2. DETAILED DESIGN JGC JGC JGC / 5GN JGC
_

3. BUILDING DESIGN JGC JGC JGC

JGC JGC
4. BUILDINGCONSTRUCTION (SUPERVISION) (SUPERVISION) JGC JGC

5. PROCUREMENT JGC JGC JGC / 5GN JGC

6. INSTALLATION JGC JGC JGC JGC

7. TEST AND STARTUP JGC JGC JGC/SGN JGC

Memo;

s

O
l-15

._ _ _ - _ _ _ _ - .



I

i JGC |

; O
PART 2

,

i

i

OVERVIEW OF

JGC WASTE MANAGEMENT'

TECHNOLOGIES

:

O:
.

.

.

O

2-1
. . _ . _ . _ _ _ . _ . . . _ - _ _ - . - _ _ . _ - .. . _ . . , . _ - - _



- - - - - -

w
@
O

.

INTRODUCTION

JGC Can Provide Total Engineering / Construction & TestZ -

Operation Services in the Environmental Conservation
Field & Various Other Fields Based on its 60 Years of
Experience
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RELEVANT JG TECHNOLOGIES
,

Radioactive Waste Management-

Mixed Wastes & Reprocessing Management2'
-

:

Hazardous Waste Management'
-

Pollution Control-
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JGC
A
(O JGC's Automated Waste Container Management Systern (AWCMS)i

Proposed m response to INEL's PRDA

The JOC Automated Waste Container Maragement System (AWCMS) buikis on JGC's drum
inspection system already tested and cunently teing commercially installed in Japan to insyct,
classify and label drutas of rolidified power reactor waste. The current systern cordacts a series of |
automated checks to determine cornpliance to packaging requirements, including the presence of
surface contarnination, and then r. cans the package for gamtna radiation to perform a fully autonated
radiousay of the contents. The systern then classifies the 'vage according to Japanese requirements
and applies appropriate color-coded latels. Finally, the system records the results of all the
inspect ons, and a video image of the drum on a micro floppy disk. The research and development
work propoe.ed in resporre to the PRDA at INEL would extend the technology to include checks for !

internal free 11 ids and perform a radioassey for alpha ernitting isotopes, as well as to determine !

which technolo les would te economically appropriate to include la a system to process the tens of
thousands of D E wase drums awaiting inspection, classification, and disposition.

The demonstration facility at the JGC Nuclear Research Center in Oaral includes four stations, one
each for:

Recording a video irnage of all surfaces of the packageo

o Performing a surface contamination smear test

o Performing a garama radioassey of the drum

Classifying and labeling tir inspected drumo

V The entire process is automated and computoired to reduce error, limit operator exposure, and to
minimin manpower requirements.

In addition to the systems in the demonstration facility, JOC has developed and implernented
additional symems to non destmetively check the compressive strength of the waste form, and to
check for voids in the drutn. These systems ut being incorporated into systems being implemented
in Japan, and prototypes demonstrating their operation have been built. These protoypes ur-

currently on location at customer sites to verify their performance on actnal wage drums scheduled
for future shipping.

The technology to perform nonslectructive radioassays of alpha emitting waste containers is still
emerging While lasic researth to perform thit kind of inspection has been completed, it has not yet
teen ada sted to an automated sygem, nor las it been used for large inspection campaigns like those

'

required :)y DOE. Non-destructive /non. invasive methcxis for detecting free liquids within the drums
also lave not yet teen automated, and some tusic research remains to determine widch combination
of technologies tnight most reliably detect significant free liquids.

However, the ability to reliably and efficiently inspect the undocumented, often poorly stabitind
containers of TRU and suspected TRU in the DOE taventory could provide significant cost savings
in the final disposition of these wases. In addition, successful implementation of the AWCMS
would provide a very high level of confidence in the actual condition and classification of these
wastes.

A

.
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PRACTICADLE ASSAY SYSTEM FOR RADIONUCLIDE QUANilflCATION OF DISPOSAL

PACKAG ES

T. Yagi, T. Kato, N. liashimot o, H. M ur; bay ashi, Y. Mori> a
JGC Corporation

|

AflSTilACT
i*

l

The requirements for land disposal of LLW from nuclear power plants and facilities have neces.
sitated a more complete and accurate analysis of the radionuchde contents of waste packages.

JGC has developed a new direct assay technique based on gamrna ray spectroscopy and total
|

gamma ray counting, combined with a scaling fnetor rnethodology for difficult to measure nuclides.

The system consists of an lipGe detector, a plastic scintillator, a microccmputer and a waste pack.
age handling system such as a turntable.

The radioactivity concentrations of Co.60 and Cs.137, which are icy nuclides for difficull to.
measure nuclides, are calculeled from the activity ratio of Co 60 to Cs.137 measured by using an llpGe
detector and total radioactivity is measured by using a plastic scintillt. tor.

The concentsations of difficult.to. measure nuclides in a waste package are calculated by combin.
Ing the radioactivity concentrations of Co.00 and Cs.137 with the waste package data and scaling fac.
tors.

The system is simple and enables a complete analysis of all nuclides speciGed prior to shipment
and disposal of waste packages, and also ensures that not only homogeneous solidified waste but also
nonhomogeneous DAW (dry active waste) can be measured within a short time.

INTitODU . ilON The principle, composition, performance, etc. of the
In land disposal of radioactive solid waste generated at radionuclide assay system based on the gross gamma

nuclear power plants,it is necessary to assay radionucludes method are empl&ined below.
contained in waste packages for the safe operation of the
disposal sit e. SYSTEM CONCEPT

' ' '' ""# *' #' '## "''"I'P'' ' ' 'importe it nuclides from the standpoint cf land dis. nue el .ms ng wate pac ages from nuckar powerposal are Co.60 and Cs.137.
stations, a radionuclide assay system suitable for this pur.

In addition, difficult.to. measure nuclides such as C 14, pose must be developed with consideration given to the fob
Ni.03, St.90, etc. a t: also listed (see Table 1). lowing matters.

Capable of assaying a and p nucl; des which are im.In shipping waste packages from nuclear power plants .

to the disnosal site, confirmation of the contents of thetc P0' tant in land disposal,
nuclides is also rcquircd in compliance with disposal pack. A pplicable io wast c which is varie d in Iype, size, and.

age technical package requirements, weight.

Considering suelabackground needs JOC has been Capabic of covering the measurement of extensive*

developing the most suitable radionuclide assay technique radioactivity concentrations (most DAW is dis.
for nuclear powcr plants since 10S3 or,d has developed a tributed in the extremely low level region).
new rndionuclide assay system which combines the scaling Simpic system and short incasuring time..

factor rnethod and the gamma scanning and gross garnma
counting method. To solve these problems, JCC has developed a new

radionuclide assay system based on the following ap.
This radionuclide assay system is essentially simple in proachet

nature. it is capable of counting the radioactivity of not only .

e tre on between MenMo.. unoonhomogeneous Sohdified waste but also nonhomt gencnus
waste within a short time, and due consideration has been menure nuchdes and key nuclides and daia

* #""'given to the suitability of the confirmation techniques ap.
plied in waste package shipment, Simpic nondestructive direct mensurement of Lcy.

nuclides.

WASTC M ANACCMENT '88
429

l "*"' 7.7.'L?r!.l'.7.".'Tr'.$76..'.Y.S""#.
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Ysi RADIONUCLIDE QUAttrlFICATION OF DISPOSAL FACKAGES

f TABLE!

Activity Concentration Limits of LLW Burialin Japan

( r Ci / g ) |

C 14 1 x 10 0

Co 60 3 x 10 2

Ni 63 3 x 10 ' I

Sr 90 2 x 10 0

Cs 137 3 x 10 i

TRU 3 x 10 2

,

/~

%

.

Sampling Analysis of Reactor Coolant
and Wastes

'

,,

Scaling Factor Estimation Progiam

.
ir

Direct Assay of Key Nuclides

,e

Determination of Radionuclide Contents
in Waste Packeges

O,

|U Fig.1. Concept of Assaying Radionuclides in Waste Package.
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Yegi P,ADIONUCLIDE OUANTir! CATION OF DISPOSAL PACKAG ES

O|As shoan by fig.1, the former apptcash has bien at- Wherc, Ni(E) Detector count of the radiation
(fr4ed basically by establishing a scenario for nuchdc be. from the raJiation sources si
haior in nuclear reactor spic ~s and dctermining the
corte:ation betwecn key nucliJes arid difficult.io.rn:ssure e(E) Dctcction cinciency for cach

l

nuchdes (C.14, Ni43,5t 90, TR U nuchdes, ete ). C 0"EY
'

The latter approach is based on the method in which $i(x.ht,E): Intensity of the radiation source insideJ

the drumthe radioactivity r;f key nuclides is assayed by selecting Co-
60 as a key riuchde for CP nuchdes (and C 14, TRO fli(r.y,t) . Dctccior solid angic as seen fromthe radia-
nuclides) and Cs 137 as a Ley nuclide for FP nuclides from i;on gog,,e 3;
among the nuclides importont from the standpoint of Icnd
disposal, then measuring the ratio between Co40 and Cp bi(x,y,t,E) Attenuation distance from
137 and the totalgamma radiation (Co40is used as an em, rediation source Si to the delcetor
pirical Lcy nuclide for C 14 and Cs.137 for TRU nuclides.)

Eq. (1) indicates that the gsmma. ray counts at the
This system is intended to bc used for the nondestruc. det e ction point de pe nds on the ge ome t rical e fGcie ncy st any

the inspect;on of waste packages before shipenent.There. point inside the package and the attenuation distance be.
fore,in setthng its it,rget performance, due consideration tween the radiation soutcc and the detector.
must be given to the trend of appbcable laws and regula.

Indu.
. .

s system, the geometr.ical ef0ciency at any pointtions, arid the actual conditions of the wasic.
inside the drurn .is rnade constant by measuring the gamma-

Trial calculation results han been obtained which in. ray flux radiated from the whole circumferential surface of
dicate that if the radioactivity cor*ceritrations of Co40 and the drum and correction for attenuation is made based on

d
Cs.17 7 can be measured to 10 SCilg or so, there is no ef. the mean density of the waste (weight / volume).
fcct on the disposal capacity which is important in safety
cvaluation, when the trend of applicable laws and regu!a. us,E4 0) is expressed as Mows.
tions up to the present is considered. *

E Ni(g),

From the conditions of sctual waste at nuclear power gs: (i,y,2,[) . (;)
' * '-

pla nts,it is found ihat e spe cially the radioactivit y conce ntra. g (g) , .01. eup (,Ti(g))I*i

""tinn of DAWis distributed in a wide range centering around
the low concentration region.Therefore, measures to cover
every type of wasic package are required and the range of As the measured value Ni(E)is a function of energy,it

.

the relative conceniration ratio between Cs lD and Co40 is necessary to identify the nuclides to be measured.

must be considered. Assuming that the nuclides to be measured are Co40
^',d Cs 137:

Considering these requirements, the target perfer.
mance of our system is as follows.

,

hicasuring range 10-5 10'8 Ci/g g Ni(HCo)
gg g ,

Measuring Cs 137/Co40 ratio : 1/100 e (ace).$ no (.Ti(aco))
*Measuring time : S minuies

(3)

ItASIC l'IllNCIPLES I Ni ("' Cs)
As shown by Fig. 2,in ahis nuclide assay syste m,Ihe con. 05i "' C' " ' ' '

centrations of radionucLJes contained in waste packages c (u'cs) , h . e s p ( _bi ('" Cs))
| arc cstimated byincasuring the radioacthhics of Cs 1M as

a k ey nuclide for FP nuclides and Co40 es a Ley nuclide for

^N.C E "SUC 'C'"UU8'0' .. 'C I CI .
. .

N
analysis, it is impossible to d.'' '."C"P"WC OI5PCC"Cp nuclides and considering scaling facters, half lives, etc.

isungmsh Co40 and Cs 137
The gamma. ray counts from any point inside a drum of from cach other.Thctcforc, the Cs 137/Co40 tstio must he

wast e can be espress by t he following equation on conditinn measured using another detector. This sysicm uses a Oc
that no considerallon is given to the background gamma, semiconductor detcetor for this purpose,
e Dv.

'

in this system, in order to make the genmetrical cf.. ,

,,I'+ tt 1. uti tp t v s.si , OyJJ , ..e t t,. ts r.: In (1) ficiency constant, the mean geometrical efGeiency is raised

431
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. Fig.2. Schematic Diagram of Nuclide Assay System

to 0,5 0 6 by rotating the drum and disposing the plastic the drum surface and become small when they exist in the
scintillator so as to cover the escrall height of the drum, center of the drum.

ArrLICATION TO WASTE PACKAGES Such difference in the measured values becomes larget
as the density of the content of the drum becomes larger.As described above, the radiat. ion incident on the se.in...

tillator from the sources contained in the waste package is in this system, the amount of radioactivity is counted as
expressed by Eq. (1) and varies in a.:cordance with the loca- the gross gamrna radiation dose whose energy region is not
tion of the sources and the effects of the attenuation specified.

'

dep:nding on the waste type.
Radiation is attenuated due to the scattering of radia.

In order to ensure accurate rncasurements,it is there. tion by the contents of packages, but in this system, sur .
fore necessary to rnake corrections after grasping the con. scattered rays are also counted together.
dition of the content of the package or to devise a
measurement method which is not casily affected by the it is known that the degree of scattering tends to in.
condition of the content. crease as the density of the content beconie, higher and a

the transmission distance in materia!s beccrucs longer.
In the case of homogencous solidified waste, the den.

sity of the content and the' distribution of radioactivity are Therefore, even if niaterials having o brge attenuation
uniform Therciore,onec the solidifying egeni used and the effect unevenly exist in the drum, the ,nnvence of suchi

target nuchdes are determined, the va iables used in the materials con be overnged by mecauring the gross gamma
equatiens can be made constant and accurate measure, radiation dose from sarious directus but net from a par.
ments can be ensured. ticular direction,

in the case of DAW packnges, however, the kind of As described above, this system is aimed at correctirg
waste packing condition contamination pattern etc. are measurements for the effccis of the uneven distribution of
uried anJ the m:ssured values are affected by these con, density and radionuclides in waste packnges and also ini.
daions. proving the measuring time and the d:tection limits by

The effects of these conditions are observed as the at-
icnuation of radioactivity in waste packages. For instance,
the rnensured salats be:ome larg:when nuclides edst near

1
'42
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BASIC SYSTEM S PEClflCATIONS
The concentrations o! difficult to mcasure nuclidesThe basic system specifications are shown in Tabic !! such as Ni 0, St@, etc. are calculated bascJ un the

and cach ocm is detailed below. A photegraph of the data base, sing the scahng factor method.
prototype assay system is shown in Tig. 3.

3. Measurable activay
1. Waste packages to be measured

The standard system is calibrated to measure the The system is capable of measuring the radioactisity up
to approximately 0.1 nCi/ drum as gamrna ray radioac-

radioactiuty of 200 hter drum waste packages.The sys-
lisity(for Co C4 when the bulk densay of waste packagestem is also applicable to waste packages of other drum
is 0.5).

s|res by being cobbrated.Concerning the kinds of waste
to be measured, the system is also applicable to 4. Measuring time
hornegeneous solidified waste and DAW.

The standard incasuring time is 3 minutes but selection
2. Nuclides to be rnenured can be left to the operator's se!cction.

In principle, the nuclides to be measured arc Co 60 and Data processing requires about 2 minutes.
Cs 137, which are the key nuclides in the scaling factor

5. Deicciorsmethod. llowever, an optional device permits the
measurement of the key nuclide concentration even if A high purity Ce scruicunductor detector in used to
waste packages specific to slics contain inicrfering measure the Cs 137/Co u) ratie, and a plastic sciniil-
nuchdcs such as Mn 54 lator is used io rne asure the gross gamrna radiation dose.

6. Operation cont of

O
Cl/Co ratio 1/10 1/100 to/100-

Source locationg 10-* ICeni,,) O a o
S Source location O
' ( Feripheral) O d 3 s

O g
Op Averagt Otmlity 0 4- 0 7 g /(m).<

g A(livity : 1 - 100 p Ci/ Pack age
a
0 0
2

8 10 " - jo/e
-

s o
E
O
<

S 6
x i

0/? .s
< 0
W 10-' 0

| '

I !i

10-* 10 " 10-'

TRUE ACTIVITY CONCENTRATION (p Ci/g)

rig 4. Measurement Results of Pattern Test.

a3a

!
!
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(
The operation of the system is automatically contrMcd 3. Actualwave package test

by a coruputer. All w aste pacLage infortnotion can be in' In this ten, a reference simu!,sted waste pack:rg: m
putted by interfacing with the computer ning the uscJ for calibration purposes, and then performnte n
keyboard. (The system can bc connected to a supcrior tcus were carried out by using actual wave packap,

computer syuem.) Abmeasured data, 4.c., MCA (ccment packages and DAW packages),
spectrum data and scaler counts are stored ,in a floppy
disk to permit easy retrievalof past measured data and The tests on the cement packages were conducted to ap
easy erasure of unnecessary data. certain the calibtation conuant, and it was

SYSTEM PEftFOllM ANCE 80"0"ncJ that errors in the key nuclides measurements
.

were withih $7p.
The performance of this system was evaluated stepwisc

firstly by a pattern test, then a fullacale simulated waste The results of the measurements of the key nuclides
package test, and Anally an actu al waste pact age it;st. Espc- were compared with the activity of difficult to measure
cially in applying this system to DAW packages, such an op- euclidct, which was estimated by the scoUng factor
proach is irnportant because 1: is impossible to specify the rnethod and also with that of the core sampic which was
geometrical con 0guration and the distribution of density analyted by a manual method.
and radioauivity in sah a package.

The trus on DAW wtre implemented to chak for et-
An examp!c of the results of each test is described trirs duc to changcs in the filling raticrn of redweste,and 4

below. It was established that the deviation factor was within *

la $7, at to when the bulk density wcs 0.5 /cmtp

In this test, measurements were conducted by preparing CONCLUSION-

a sinmlated waste package whose inside was divided into This system is very simpic in rue chanism and capable of
several segments so the.t the density of waste in coch seg- assaying all radionuclides which are important hem the

Q ment could be changed, and placing a standard raJia- standpoint of land disposal. In addition, it is widely ap-
tion source in the specihed rosition inside the packagc. plicable to not only hornogeneous solidined waste packages

but also nonhomogeneous DAW packages. Therefore, this
Ar, example of the measurement resuhs .is shown .in

s)sicm can be said to be most suited for nondesuveive in- a
fi CG spectien tcquiredin sh5 ping wasie packages from nucicar

2. Fulbscale simulated waste package test powcr pinnts to Wsposal sites. In future studics, more titet,-
sive simulation tests and she verification tesis will be con-

In this test, more realistic measurements were con- tinued further and the scaling factor estimation program
'

ducted, using fulbscale simulated waste packages will be improved.
similar to actual ones in the aspects of umfiguratinn nnd
material, which were obtained by estending a model
pactage. A singic scaled radiation source was used in
this test.

s

,

n$
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FUILSCALE TESTING OF WASTE PACKAGE INSPECTION SYSTEM

T. Yagi H. Kuritayuhi, Y. Moriya, H. Fufaawa,
N.Takebayuhi-

JOC Corporation, Japan

ABSTRACT

la lud dhposal of low.!cvel redonedve wute (LLW) in Japan, it b legally required that the mute
padagu to be daposed of be inspected for conforruce to applicable technical regulations prior to
shiprnent fsorn each existing power staSn.

JGC hu constructed a fuuy automade wute package inspeedon s
the required duip data ud provieg the performuce of the sprem. ystem for the purpose of obtaining

Thu rystem consists of three iupection units (for visual inspection, surface contamicitiorvdose rate
meuurement ud radioactivity / weight meuurement), a labelling unit, a centralind control unit and a
drum handling unit.

The outstanding features of i e system are as follows: The equipment and cornynents are
modulariud ud desiped Io be of th. most compact sin and the quality control funedens ue performed
by an advuced centralind control syste.n

As a re.sult of the full. scale testing, it bu been confirmed that this system sathGes all the performance
requitemer.ts for the inspection of dhppsaj ackages,p

The treatment capacity, operability and data contrel funcdom of this sptera were also checked andc
d

cordirmed in the fuu. scale testing of the sprem.
The results of the performance tests sbcru that JGC can establish the most rational and economical

wute pnkage insxction sptem applicable to any nuc't;ar power station.
INTRODUCTION Therefore,in the case o,f t,he lespection of waste pacb

At pruent, approximately 440,000 drums filled with ages at the power stado it is important to not only pea
LLW are stcru at nuclear wer stadonsin Japan:of them, the external appearance;of packages but also thety of
some drums contain solidi ed waste having'barrierability, the,ir contents and the history aher the generab,quon of the
aod some centain untiested miscellaneous solid wutes. wute. Furthermore,it is essential to evaluate and confum

the results accurately and rationally'lity of wastn packagesin accordance with the Nuclear Installation Regulation
It h neesss to ensure the quaLaw revbed in 19% ud the Wate Burial Regulation and

rtlated noufications establishe4 in 19% various items of by obtaimng eval auon dat s (or the technical critens bued
work concerning the trans rtation to and the burial dis. oc a comWaatin of informadon from (See Table !@
posal of wutta at the R oactive Waste Storage Center (1) Waste and process control program
91r.h will be constructed im Rokkubo Village, Aomori Operauon control and nuality control data, such u the
Frefecture, ue being conducted by national and private wute content code, operation records of the wute treat.

maten,.acilities and the certifications of solidificationorganiradens for the cotntnencerne nt of the operation of the ment
als and containers.r gggg, {3 gpgg'~

Waste packate shipping laspecdon facilides are being (2) Nondestructive laspection
planned at each nuclear power station in Japan for shipping Data obtuned by conducta, g nondestrucdve Inspec.
several thousud to doun thousud wute packages per u,ons of waste packages (surface contanunauon density,
pu' radioacthiry concentrauon, etc.).

Wute package shipping inspeedon facilities are being (3 Sampling togram
,

planned at e ath nue: car power station in Japan for thipping Samphng an pu data such u radioactMty conceotra.
several thousand to doun thousud wute packages per tion data for each type of nuclide and product operty
pu. evaluadon te.st data (cornpressive strength, lea habibty,.

This report wiU discuu the concept of LLW shipping etc.),
inspection and intsoddte one example of the structunng of WASTE PACKAGE INSPECTION DEMONSTRATION
a nondc4tructive inspection system. >' PLAhT

IIASIC CONCEIT OF INSPECTION OF WASTE The cocemercial. scale demonstration plant con.
PACKAGES structed at JOC's Nuclear Research Center is an example

if the plan for burial dis is put into practicA the of waste Paciage inspeeds facEdes based on the above
waste stored at each nuc car power station will be buic concept of wute packaBe tnspecuen. (See Fig. 2.)
tramported to the storage center where it will be buried in This demonstrabon plant is d,esiped to conduct ,0ve
a concrete it ud contiolled therein for several hundred of inspeamn (mal taspecio4 surface contamma.
> ears. (See .L tha.n density meuurement, dose rate meuure ment, radioac.

0

Thus, the en ely differeat circumstances of the wute ty meuurement and weight encuurement).
it ts a fuDy aut

packages, including! enable their long. term safe disposalequipment, labelb,omaue mcdule, system wbose inspecu,enother barriers such u the concrete pits
and earth strata, ml eg unit, handhng unit and centralind

control system have been developed .nd des, ped to be.

:

Accor dingly the shipping inspection, the re paration of rational and, practical.
but data is tr. quired to ensure the control o the safety of Tbc major components of the system are as outlined
packages u minimum units. below.

. 501.
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WASTE PACKAGE INSPECTION SYSTEM
\1sual intreetion Unit,

ne surfaces of the wute package are a''dsuaDy check.
ed by using three ITV cuncru; one for the top surface, a g- ggy.g
seccod for the side surface and a third for the bottom

.
,

'M * . ' --
, - G

*
,

sur face.i ,
, , , , . , ,

The image of the waste package is dhplayed on the
y M;..e " k

~

n,,

rnorJtor screen of the centtal contiof unit and record *.d on
. 't p((.y ipf, ,

a video floppy disk. (See Fig. 3.) | t .y
. 8,y,13,,*t O ,[' * a..

i ' ' j, t W4.e ; ,,,
,

i Sur' ace Contamlantion' Dose Rate Measurement Un3 D i ? 'k N.'

{i <|j*''''.
.!

-

The surface centamination density and the surface dose $Y I kN
'

"'|
rate of the wute ackage are automaticaD measured.t ) gg | .g 3 I l

' 'sSmear samp! 4 (smear ads with whi the surfaces of
4 L '

,e I
i the wute packa g i

the top surface,ge are wipe ate taken from four locations,'[ qE4 1 "'. ;d - 1

,

u , }2.i
4 *

) .

upper side surface, lower side surface andl

bottorn surface, and each sample b checked to determine
,

,

g u ..the surfave contamination density. ij 'gf i:x (Q? f9At the same time, the surface dose rate is meuured by - '

. . :|- '
the sensor built into the smear samplirg portioci. O 'p. #.

- --
-

7 y y Q |
g.5

This unit is desi ned to cany out all of these operations ,$. IV$lC6
(sampling, meuurement, calculation and smear ,ad re- * f f;.,,

. 7.

.a. Iplacement) automatically,
,

,_

d. g.4 . ,l A eF'M','ydleactivirrWeleht Measurement Unit " '

nis unit determines the radioactivity concentration of
'he wute package nondestructively for each r>pe t f L .lide

> contained thereta. Fig. 4, Surface ContaminatioWDose Rate
! The unit consists of a spiral scanning Ge semi conduc. Measurement Unit. |

,

i

| tor sensor, a pbstic scintillator, calculat on software and a
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( Yagi WA'*[ PACKAGE INSPECTION SYSTEM

TAI 1LE I

Qualincadon of Wute Package for Disposal

e Basic meshed
e e o v's t;e n oventot;ea Vetked 0 CPIon

.

h21 152 13

1 So idifi<stion Binder 4
,

2. Waste Container O ( UT ) e

! 3. Compressive Strength (Cement) O (vitiesonic Speed) * O4
_

|- 4. Hardness (Plastic) O ( teurometer ) e O , ( Prop.ety

5, Mising Ratio ( Bitumen. P|asta ) * O test)
* O'6 Homogeneous Mining

7. Void O (vitrosonic speed) e
8. Activity Contentration S (r 5<anning ) 9 9 ( a , $ N w<lide

9. Surface Contamination oensity 9 ( 5mest Method) Anaiysis )

f to. Chemiuls G

|
t 1. s .a.m,, .

12. Pedage Damage 9 (rTV) O (utitwermography)

13. Weight 9

| 14. sweiace cos. Rate e
15. tabelling (9)

'

(V turntable with a load cell. (See Fig. 5.)
,

i

The radioactivity concentration is deterndnad for each
C +' T d type of nuclide ftom the total dose (plutic scintillator), y

"'

scaling factors for difficult to meuure nuclides and y
nuclides, which is available from the data base.

..

h
g| g

[.
bbelline Unit

b' classify surface dose rates. it abacka e with a color band toThis unitlabels the wute!
o a nes stickers indicating..

I

Q identification numbers for shipping and disposal manage-
,

)| L '

, '; .;::
',

meat after the completion of the abovementioned Gye types -
-

.

ofinspection. (See Fig. 6.)i ,'
Color bands (white, orange and red) are autocsatically:

Q h}
,

selected based on the surface dose rate measurement

'
.. .: .

results and attached to the wate package.The identiSca.

h. :,
'

'- tion numbers are automatically marked on the yellow bue

% % D,., . labels by beat transfer printing.
-

This labelling is conducted automatically by reco6:1-"

tion of the radiation warning symbol marked on the wastei .

' * '
. . , , . . . . _ _

package, using an opdcal sensor.
i H,< q , , ,. .-

!. . , ,, , '. . f.' . . . ( Centrallred Control U,,.n_It*
-

* '
.

U.y This unit automatically enettois each inspection unit- ' *
, q and the drum handling unit.i

_ {' { b
.

.

|
Data on each wute package are received into this

., ,l '"

system and inspection data from each inspeedon unit are
processed. Daily reports, inspection reports and shipping

,

managecient data are then prepared.(
TEST RESULTS4 -

Performance tests of each inspecden unit were con-' ' - -

ducted and the capacity, workability and measuremer.t a:-
curacy of each unit were evajua:cd. As a result,it hu beenF*y;. 6. I.abelling Unit. ascertained that each unit is capable of schiesin6 the

9 _
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performan:4 re
(See Table II.) quired for the *ute package inspection.the package by thertnography and inspecting by an

ultruonic diciness gauge. (See ng. 7,)
ne capacity, operabilityand data proceping functions

the entire system wtre checked by conductag the overall Compressive Sinneth Messunment l'ait
operstico of the sptem. . His unit utilize 4 the correlation between the cornpres.

It hu been confirmed that the sptem can inspect one sive stiength of the solic@ed waste and the velocity of the
wute package every 10 minutes.The system can be used at ultrasonic wm propoEation throug',, the nate.
almost all power stations even if the ins'pection modules ate The puhar and receiver probes ate attached to the side
not erpanded. surface of the waste packag: and ultrasonic waves are

it hu aho been confirtned that the data processing ecutted. (See Mg,8.)
functions of the system are satisfactory for the confirmation The compressive strength of t.% waste in the package
of the data on the wute packages to be disposed of. is determined from the ultrasonic wave propagation

Ftm1RE DEVELOPMENT I'
Regarding ' package damage' and the 'cotopressive

strength' of cement solidified waste shon u disposal in-
spection items in Table I, since there is a possibility that
further precise gualification may be required in the future,
JGC is proceeding with the development of the.following CONCLUSION
sutomatic nondestructive inspection units: JGC's wute package inspection system is as over13
ppm Interrity InstieetIon tJnit waste ackage quality contrel system for the land disposal

of LL '
This unit is designed to heat the package uniformly by

high frequency toductive heatmg and to check the package By using this system, it is possible to pro $ide the data
for corrosion and damage, sensm, g the infrared rays from required to ensure the safety of lani disposal of waste

packages by means of data management from the nuclear
plant to the land d3posal facility.4

From this standpoint, we have shown one concept cl
wute package inspection and taken up JGC's demonstra.-

'

tion plant u an example.

TABLE!!
Results of Performance Test

Module lypem Reeviced we e dermaNee

L Viswat inspection unit Remote ITV 3 min 3 mm defects detectable

2, Surface contamination denary/ Automatic imear method / 8 men $ meat efficiency 10 %

Dose rate measurement unit Automatic whole surface Me a surement limit ' l a 10 4pCi t tm3

scanning Measurement range * O 1 - 2000 mA /h

3. Ra&oact:vity / W@t ipiral scanning / S min Measurement nuchoes r n clidetu

measurement unit toad cell Messwrement limit 1 104 pCilg,

(Co.so)
Fluctwation fmor s 20 %

4. tabelling unit Automatic lettehng 4nd 4 man ( Abe! ling accuracy st$mm
lab elling

O
1

|

SCS

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _- - - - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



.

Yasi ' WASTE PACKAGE INSPECTION 5YSTEM
.

9 .

c at, a.,, , , , . . , , , , , , vn m .aa . .., ,,.e. ,

,.! |/,.u............ .

... , , . , . . . . .
*fOfetu

& *
i 1 , ..
,

+- . . . . . . . . . . . . . . . . . . .

%M . . . . . . . . . . . . . .....

q %. <s '

: W
O & N1

<'
A*/

-- '

Y!. g .'

~
n . . .. , ..i /^ Q

t . - . . . n.. .

vtitn . ,..,*,

f\ .
'

|_ GI Eg.7. Principle of DrumIr: pityInspeetion. Mg. 8. Cocopreuive Strength Meuurement Unit.
.s

t-'
I

.Under these circumstances and in Wew of future LLW
L
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gGC
JGC's Uranittm selective Chelate Resin

To be used in the RASEPprocessing equipment to remove uraniwn contaminationfrom liquids

JGC has proposed the use of a preven uranium selective chelate resin for removing uranium
contamination frorn liquid wastes containing other contaminating materials, thereby allowing the
wastes to be classified as hazardous rather than mixed wastes. This resin, developed in Japan, is
currently being used in the treatment of liquid wastes at the Ningyo Touge uraniurn processing
facility in south central Japan. This successful experience was the basis for its proysed use (in
collaboration with Dominion Energy) at Weldon Spring; and it is currently being cons dered for use
at non-DOE ursulum contaminated sites. The resin cost is reasonable, and excellent performance
has been attained in practice. The resin is highly selective for ursalum, and the ion is easily cluted
from the resin if required, to obtain a concentrated solution of uranium. The resin has actually been-
used (for demonstration purposes) to process ordinary seawater to obtain a ten gram sample of

,

yellowcake.

This resin, called UR 3100, has been tested with a solution containing zinc, copper, and iron. It was
found that the resin will adsorb virtually no zinc or copper, and only very little imn. Well over 150
column volumes of 71.1 ppm uranium solution could be processed before initial breakthrough of
uranium. After initial breadhrough, the effluent uranium concentration increases only very slowly,
indicating that significant adsorbtion capability remains for the processing of well over 200 column

-

volumes at this concentration.

It was found that using Nai!CO , the ursalum could be cluted almost quantitatively, and that the3
concentration of zinc, copper, a.3d iron in the eluate were lower than 0.1mg/11ter, in other words, the
cluate of this resin contained subs'antially no metal ions other than uranium and sodium.g

;

)\ JGC believes that this resin could substantially reduce the cost of remediation at WeMon Spring, and( at other sites both within the DOE cornplex and at privately owned sites. It is our understa iding
that demonstration tests of the conventionalion exchange system selected at Weldon Spring have not
yet begun. However, the process system proposed by JCC through Dominion Energy Inc, may not
require further development testing, as it has been in operation for over six years JGC considered
the use of conventional lon-exchange tnethods and activated ahimina treatment process, and
concluded that the UR 3100:esin would provide the most cost effective, reliable treatment to meet

.

the requirements of the RFP. The introduction to that propoe.ai ~"tiining the appropriateness of the
chelate resin technology to this application, has been included b this compendium. We believe that
there is a continuing need for this technology at several other DOE locations,
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1. INTRODUCTION

This Proposal is offered in response to the Request For Proposal No.
RFP-3589-VP 140 issued by Contractor, MK-Ferguson Company, Inc.
(hereinafter referred to as KK-Ferguson).

Dominion Energy Inc. (DEI) is a subsidiary of Dominion Resources, Inc.,
located in Richmond, Virginia. Dominion Resources, Inc. is the holding
company for Virginia Pover, the major utility company serving the state of
Virginia. It is the intention of DEI to commercialize various
technologies and services as a result of its in depth technical and
operating experience related to nuclear pover plant and fossil power plant
vaste treatment. Furthermore, a major strategy of DEI 11. to enter into
partnerships with other companies which possess the technology which
compliments the operating experience of DEI.

DEI has selected JGC Corporation (JGC) Tokyo, Japan as a lover-tier
Subcontractor for the design of the vater treatment facility based on
JGC's significant experience in the design of facilities for treating
radioactive-~vastes and hazardous materials.

Vith respect to the treatment of uranium that currently exists in the
Veldon Spring quarry, it is DEI's technical position based on extensive
testing and operating experience that conventional vater treatment
techniques vill not, because of knovn inef ficiencies, be successful in
removing uranium from the quarry vater in accordance with the requirements
of the technical specifications of the RFP. Therefore, the use of
conventional techniques vill be highly inefficient and vill not meet the
environmental objectives of KK-Terguson vith respect to the discharge of
the effluent to an uncontrolled environment. In this proposal, DEI
recommends the use of a chelating resin that has been demonstrated to be
effective in the removal of uranium impurities from vaste water in Japan.

The folloving specific technical information is provided to support these
statements:

,

1. Use ofNonventional ion exchange methods - Based on testing and
op: rating experience in Japan, the use of ion exchange resin in this
epplication vill be highly inefficient. The ion exchange resin used
in this system should be a non-regeneration system. The reasons are
as follows. In the case of a regeneration system of ion exchange
resin, the regeneration solution (Na SO2 4 solution)shoyldbetreated

*

by anadditionalsolidi{*icationproc6ss. For the $0 ~ fon, it is
4appropriate to add Ca in order to cause Ca50 precipitation.4Bovever, in that case, the quantity of Ca(08)2 to be,added vill

increase and Na* vhich is not removed by precipitation vill
accumulate. Therefore, the regeneration interval vill be
significantly decreased.

-1-
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(v)

.

For the volume of vater and the concentration of uranium contained in
the quar ry , it is estimated, in the case of a non-regeneration'

system, that it vill require approximately 20,000 ft3 of ion exchange
resin to treat the vaste stream. Operating vith such a large
quantity of resin vill be very inefficient and vill result in
significant maintent.nce and operating expenditures in order to
operate the treatment system.

The following discussion provides the technical basis for the above
statements. In'a conventional system, the icn exchange resin vill
adsorb all ions pr eser.t in solution. In addition to the uranium
contamination, the quarry also contains relatively large

Q concentrations of calcius, manganese and sodium. Since the ion
v exchange resin vill not have a preference for uranium versus other

contaminated material, conventional non-regenerative resins vill
quickly waturate and a very large quantity of resin vould be
required.

On the other hand, a regenerative ton exchange system vill not be
feasible since the large quantity of regenerated ef fluent as well as
the resin chemicals vill accumulate in the equalization basin. This

.h situation vould eriously interfera vith the discharge of effluent to
V an uncontrolled environment.

A chelating resis, vill selectively remove uranius ions from the vaste
stream and therefore require significantly less resin and vill be
easily regenerated. DEI estimates that the volume of chelating resin-

vill be 1/240th the volume of the ion exchange resin that vould be-

required. Table 1 demonstrates the efficiency of uranium separation
under various conditions.

2. Uranium removal using actinted atlumina -- DEI predicts that the

O activated alu ina vill not provide the reductica in conceatratica
required by the RTP technical specifications. Based on extensive
laboratory testing, it is knovn that a removal effleiency of
approximately ninety percent for uranium using activated alur.ina

*adsorption.
,

Based on an influent concentration of 1750pci/l stated in table
11300-1 of the specification, it is predicted that an effluent
concentration of 30pei/1 vould not be achieved.

Furthermore, for the use of a non-regenerative system, the volume of
activated alumina that vould be required is very large. According to
the information f re,s the manufacturer, it is estimated that
approximately 6500 cubic feet vould be required. On the,other hand,
in a regenerstive system, the f reqeeney of regeneration vill be once
per eighty hours and a large amount of chemical could be required.
Bence, the chelate resin has distinct advantages over activated
alumina.g

I
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3. Uranius removal using coprecipitation and ehelate resin -- Based on
JGC's testing and operating experience, DEI /JGC propose to use a
system that is based on the use of coprecipitation and chelating
resins. The details of this system are dt. scribed in section 7 of
this proposal. In addition to having conducted significant R&D to
substantiate the design described in this proposal, JGC has
experience in the operation of the vaste Treatment plant at Ningyo
Touge, Japan. This facility which is operated by the Pover Reactor
and Nuclear Fuel Development Corporation routinely processes vaste
vater contaminate'd with uranium. The nominal flov rate of this plant
is 23 gpm. Figure 1 provides a summary of the demonstrated removal
efficiencies for uranium. Please note that although some samples
exceed 30pci/1, the average value of the effluent vould meet the
30pci/1 limit.

The Ningyo Touge plant was commissioned in January 1984 and the vater
treatment plant has operated in a consistently reliable manner over
the last five years. The commercial purpose of the plant is to
provide vater treateert for liquid vaste generated from the refining
of uranium one into UF . Therefore, the operation of this plant has

4
pro'.1 * ed JGC vith extensive operating history and operations
ekperience with respect to uranium removal. This type of operating
experience does not exist in the U.S. Therefore, JGC has e unique
base of experience that has been factored into the design described
in this proposal. As a result of the experience gained at this
Japanese plant, DEI can state, vith a high degree of confidence, that
the other competitors who are bidding on this PJP do not have this
extensive experience base.

In summary, DEI has developed sufficient test and operating data to
demonstrate tFat the chelating resins and coprecipitation techniques
described in this proposal vill provide an effective means of
removing uranium from the Veldon Spring quarry in accordance with the
ef fluent discharge limits specified in this PJP.

JGC has extensive experience in integrating the various technologies
required to treat the Veldon Spring quarry vaste water into an integrated
turnkey syste's that operates in a highly reliable manner.

Additionally, DEI has selected NUS Corporation located in Gaithersburg, -

Haryland, to be responsible, as a lover-tier Subcontractor, for the detail
Idesign vork to ensure compliance with the lavs, regulations and standards '

in the U.S.A. and also for the engineering coordination between the U.S.
fabricators from whom all of the equipment and materials vill be ordered,
except the nev chelating resin which is only manufactured in Japan.

DEI has selected Corrigan Company as the local construction contractor for
site vork. Figure 1.1 provides a summary of the work scope of the
companies in this team. Figure 1.2 provides a summary of proposed j

equipment suppliers.
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,5 Concerning the remainder of this Proposal, Chapter 2 provides the
administrative text of this Proposal in accordance vith MX-Ferguson's
format, and Chapter 3 provides clarifications.and modifications to the
consercial conditions proposed in the PJP.

The submittals required in the Technical Instructions to Proposers in the
* Request for Proposal" are provided in Chapters 4 though 7.

Chapters 8 through 11 provide the Proposer's technical description of its
,

processes.

Chapter 12 indicates the extent of items which vill be imported and which
vill be limited to one consumable essential for the above-mentioned] innovative processing.
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Table 1

Adsorpuon parameters of UR-3100 for M + at 25 Cn -

Q = KC /" Q = mg M/l-Res.8

C = mg M/1-Sol.

HCL 1.0 N O.1 N

M"+ K 1/n K 1/n
6U+ 2800 0.53 8400 0.39
3Fe + 380 0.60 700 0.59
2Cu + < 1 220 0.56
5V+ < 1 780 0.63

I

2Zn + g 3 g 3

2+Ni 4 3 < q

M n2+ g 3 4 3
.

Definition of terms- M - oppilcoble meto!. for example Fe. 13. etc.
O - omount (mg) of odsorbed metal per ilter of resin
C - omount of influent metal per liter of solution
K - constant

e 9 9
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8AD10NUCLICE SEPAuflCN PROCESS (RA5tP)

H. Kuribayashi, Y. Koshit,a, K. Sutuki. M. Shibuya
JGC Corporation. Japan.

AB5 TRACT

of radioactive nuclides and a large amount of non radioactive matter. Liquid rad.aste generated from nuclear power plants or other nuclear facilities consists of a $N11 amount
By separating radioactive and non-

releases as non radioactive waste. radioactive Ntter, original liqWid redwalte Can be further redVced in volume and a large portion of it Can be'

it will be possible to effectively and efficiently meet the waste disposal requirements.In addition, by fixing the separated radionuclides accorJing to their nature.
developed a radionucl8de garation process called AASEP in which radionuclides are selectively separated fromWith this approach, JGC
liquid waste'end fined in an inorganic adsorbent. As a result. Naimum reduction of maste via a simple and
economical method, plus safe discharge of the treated (decontamination) liquid waste to the environment can beQChitved.

INTRODUCTICN 1. Filtration: The flitration step separates
Liquid radwaste generated at nuclear power plants suspended solids including insoluble CP

and other nuclear facilities usually contains insolu- nuclides, such as Co 60, Mn 54. Fe 59 and
ble CP nuclides, soluble CP/FP nuclides and non- In 65, from littuid radweste,
radioactive substances. The CP and FP are contained 2. Adsorption I: The soluble CP nuclides suchin the waste with a considerable amunt et non-
Padioactive substances, which occupy substantial as of Co 60, Mn-54, and In 65 are then
columes in maste packagcs produced by conventional selectively adsorbed and removed by chelating
immobilisa tion processes. resin from the liquid radwaste,

By separating and flaing only the trace amunts 3. ' Adsorption step !!: Here, Sr nuclides are
of radioactive nuclides from the large amount of non- adsorbed by ehelating resin from the liquid

waste in e' ch soluble FP nuclides remain.radioactive substances present in liquid radwaste,
the quantity of final waste packages can be greatly 4 Adsorption step !!!: Zeolite, an inorganicFeduced since the resulting decontesinated effluent
Ny be discharged to the environment. By using material with a high adsorption selectivity

for Cs nWClides is neXt used to separate theinorganic material and metal as long term and radio- e

Cs nuclides.activity fixing media, JGC developed a process which
solely and selectively separates radioactive nuclides 5 Electro deposition step: The CP nuclidesfrom liquid rad aste 'This process fines separa*ed
nuclides in the form of stable packages for safe. adsorted in adsorpt' ion step I are now eluted
long term storage and disposal, from the chelating resin and fixed on a metal

cathode, such as a stainless steel plate, by
In cooperation with Tokyo Electric Power Inc., electro deposition.

and other five Japanece uttitty companies, JOC has 6. Auxiliary adsorption step: $r nuclides con-estaolished this radionuclide separation (RASCP)
peocess which miKTy consists Ffiltration, adsorp- centrated in adsorption step !! are eluted
tioa and electro deposition. from the chelating resin and fixed by

synthetic reolite which has a high selective
RA$tP PROCESS

adsorption perforance with regard to Sr. '

Figure I shows these m jor steps.

$, Nwahon ===> AdsorphoN I ) Adwooedulhae > Disovee }
- AdsarpuaNel

I
+ "

RadionucUde so.cuedepoi.i . Awan
Fin avon Adaarpuen separat;on Process,_

*= == Redbnuclides
Finabon Process

. . _ .n. c g
. .-.
" $New te

Fig. 1. Major Steps of RA$tP System.
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$A$1C PA0C[$$ FLOW Moreover, $r nuclides adsorbed in the chelating resin/q durin adscrption step lit are eluted by nyerechloric
( ligJre 2 shows tre basic procesl flow. Principal acid or re=a# sorption onto inorganic adsorbents whiCh
\ specifications of the filter materials and adsorbents are tuttable for disposal.:

are swmerited in Table 1.

ch. w.i,
(Mon / Regewisbon

b.. .ex a
Uewd Q R adionuclides

b . -A A ~1 A , ''|*''|*"
"""

, e,

n e, e- t o-o,e

Ted Ted )

,/
. e,... .... ~ ~ . ,

Mordeste
,_.-.-.~.-. . -.-.-.-.-.-.-.-.-.-

M' '

IWon.
Regeweuen v .,a 8Y"thebe Radionuclide:

l'd'*Ugud Wute .- , . * gg
Ikroon- - p,ne.sg
n epeneeetion

tinve depocuen Uewd Wuie
T - vessel

Fig. 2. BasicFlowClagramofRAStPsystem.

TASLE I RAD 10ACTivt NUCLIOC $(PARAT10N PERFORMANCE T[5T

Principal $pecifications of the 1. Simulated liquid radwaste solutions:'

-' Filter Materials and Adsorbents. Radweste solutions simulating the high
conductivity liquid waste generated at a 8NR -
power plant were used to test the RASEP
F''''' " "'''

Unit Operation faterial
2. Filtration step: A High (fficiency (HE)'

Filtration Hollow fiber filter filter, capable of removing particles larger
Adsorption ! Chelate resin (Unicelles UR 10) than 0.04 microns, thoroughly separated

most Co 60, Mn 54 In 65.,ng mainly of Fe, and.
suspended solids consistiAdsorption 11 ditto

Adsorption 11] Natural mordenite
Autiliary adsorption $ynthetic 2eolite (A*f)

|. _
3. Adsorption step I: Chelating resin, Unicellea -

*
- UR 10, was ad:pted in the-test. All soluble

i

Major steps for the treatment of 11guld waste CP nuclides present in a simulated solution
and filtration, and three adsorption steps fro,n-(t) were removed to the extent that the radio-
to (!!!), activity level of the treated solution was

below the detectable limits. The bed volume
Liquid radwaste is fed to the RAS (P process by a defined as a ratio of volume of treated

p e under slight pressure. Radioactivity level of liquid waste to resin volume, ias found to
th treated liquid rad aste is below the detectable be entremely large. Figures 3 and 4 snow
limit of conventional monitoring method. The adsorbed adsorption curves and the oed volume et tne ~
radicactive nuclides in the chelating resin at tr.e resin respectively.

,
adsorption step I are elbted by sulfuric acid.then

|. elettN-deposited under etriain electrochemical
conditions and the nuclides are finally fixed on the

] 'tetal cathode.

.

f
l

i
t,

- - __
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Fig. 3. Radionuclide Adsorption Performance of UR.10 Chelating Resin,
s

4 Adsorptivi step II: As shown in Fig. 3
$r nuclides passing through adsorption step

; I were efficieratiy removed by this additional.

| [**L,y
UR 10 colum,j

,,,

""
! | 5. Adsorption step til: ' Natural mordenite
| | selected frors various inorganic adsortents10,00c .

was used to stlectively remove Cs nuclide. e i

| | from the waste, Radioactivity level of the
" " " " "

.i | treated effluent was below the detectable
| | limit.
i i

| | Adsorption steps 11 and !!! are auxiliary-

j | steps when soluble FP nuclides coexist ini

'y | the liquid radwaste.
R i

i

| 6. Electrodeposition step: The eluted solutionO '

| was obtained by treating spent UR 10 byig' g ,

| e sulfuric acid. Co 60 and Mn Sa as major CP
| nuclides wtre tested in the presence of a

""" 'i,

*| | small afnount of Ni ion with the application.,
i i of DC voltage. The Ni depetition on a metalj .

| cathode wel observed with simultaneous incor.e -

| poration of these nuclides.i

! !

| | Figu a $ thows'the re'hoval ratio of CP nuclides'

i i vs time veder Ni depcsition conditiens.
8 W | Figure 5 indicates that more than 90s

CP nuclides was removed and the metal $of tre| y/ inot adsorbed athode'
C

Co,Mn,Zn St Ca could be repeatedly used,

Radionuclides *

Fig, 4 Bed Velu.e of UR 10 Obelating
Resin for Radionuclides.
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C0$f.[FFICT!vtht$$ of THE U $tP SYSTEM

Tre RA5tP coesurnes einimal energy stece tt eene .i?'

7 $p ,

[3
De operated at nor1hal temteettw*es see Dressures.. c.

1 . .* u. Cost can also be reewted since its sim;1e conste etten"
$ ]p' elimir,ates the need for any special. eApersive CoM*

weij p j
| nents or eqVipment.

7. - i

I | Compared with in evaporation concentration systee
t 5

fj$0 "h. 6 ( (without a soligtfication process). the RASEP facilityi
li *

and utility costs art below one sixth of those of theef ', o e' '
i

ev4poration system as shown in F1 . L Since 4g ,a. * 13
,g i, o N costly solidification unit is usva ly installed fori ii3 '$

Conventional evapor4 tion systems, the #JL5tP processi

-| | t g e\ t,\ 5

gg .d go g ,' can be espected to be for more economically adv4nta.
gecus than conventional processes,( 'Y %

*E

\ )$.'., %. . a .'$. . Si,s
bs s

%g w y
0 M 0 M 0 2 0 M

Time (hr)
(Il EvaporationFig. 5. Metallic len and Radionuclide Remval 50 -

Characteristics by Electro-deposition Unit. System -

(11) RASEPL Auxiliary adsorption step: Fs,r the purpose
of coecentrating Sr nuclide from original g y,,,,
liquid waste, chelating resin is superior to O'

~

l *

teolite becewse of higner bed volume even
Ifor high condectivity liquid waste. However. ; |teolite is a more stable long termpatrix 3 |material for fixing Sr nuclides. -

,, 30 -

y .

v0Ltfit RIDUCTION || s

iN =
High conductivity liquid weste is conventionally 5

;concentrated by evaporation, then solidified using 20 -
-cewnt, asphalt or plastic.

I

In the RA5EP. however. liquid radwaste can be I

treated to obtain almost non radioactive licuid j

effluent which renders the solidification of sWCh 10 -
! -

liquid unnecessary as 4 rule. As a result. 4 very I I

hip volwe reduction is achieved. Figure 6 comoores jvobme reductions acnievable with the RASEP process
and with conventional processes at $d plants. ] ,

IW Wg
,

Equipment Operation and
1 000 Maintenance

Cost Costc . 4... . .

Ci . .awo s.tr.m
(16 Coad.aa.se come.

C******'''"''' Fig. 7. Cost-Benefit Comparison betweeng,3 ,
i ceaaeame o. .

' '
~

the RASEP and Evaporation Systems, t

*
ACr.NCW'.ECCIMINTS

'

-

This study was oartly sponsored by Tokyo ElectricR
1 Power Co. , Inc., Tohoku Electric P:=er Co. . Inc. ,
7

Chwbu Electric Power Co.. inc.. Hokuriky Electric

'tr. Power Co.. Inc., Chugoku Electric Power Co.. Inc., ard
i

- Japan Atomic Power Co., Inc. .'s
i

.

i
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Fig, 6. Coecarison of A-ounts of Waste
Pa* sages cetneen Ihree Systems.
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JGC
JGC's Wet Oxidation Process

1. General

The Wet Oxidation Process is applicable for volutne reduction of ottanic radioactive solid and liquid
waste. It is especiauy effective for the treatment of liquid waste containing organic chelating agents
which may be generated from the decontamination of nuclear facilities. Through an oxidation
reaction with hydrogen peroxide, chelate compounds are decomposed into CO and H 0. BWR2 2
cellulosic filter aids can also be treated using thn process.

JOC's Wet Oxidation Process consists of the following:

(1) Waste feed
(2) Chemical feed
(3) Reaction and distillate condensation
(4) Distillate neutnlization

The auxilliary equipment for the Wet Oxidation system includes an Ultraviolet oxidation system to
complete the decomposition of chelate agents, and a solidification system to solidify the sludge
produced by the system.

2. Process Conditions

2,1 Plant Capacity

The design basis of the existing Wet Oxidation Process (at JGC's Oaral Research and Development
Center) is as follows:

o NTA concentration 3%
o EDA concentration 0.7%

Feed rate of Uquid waste:o

Initial charge 1.4 m3

Continuous feed (8 hrs.) 0.7 m3/hr
Total

1.4 m3+ (0.7m /hr)(8 hts.) = 7 m%atta3

(7 m3 batch)(2 batches / day) = 14 m3/ day - 3,700 gals / day/

2.2 Operation Schedule

The duration of one batch operation for the treatment of liquid waste is 12 hours.
He operation schedule is as follows:

(1) Initial charge ofliquid waste 45 mins.
(2) Adjustment of pH m the reactor 45 mins.
(3) Feed of catalyst into the reactor 15 rains.
(4) Heating up the reactor (begin with (2))
(5) Continuous reaction in the tractor 8 hrs.
(6) Residualliquid reaction and concentration I hr.
(7) Neutralization of reactor bottom sludge 45 mins.
(8) Discharge of reactor bottom sludge 30 mins,



|
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2.3 Chetnicals

(1) A 50% H20 r.olution is used as an oxidizing agent during the reaction.2

A 98% H SO4 solution is used to maintain an acidic pH value.(2) 2

(3) A raixture of 10% FeSO4 solution and 10% CuSO4 solution is used as a catalyst.
(4) A silicone emulsion type anti foaming agent is used under the additive condition of

1,000 5, pm aqueous solution.
(5) 25% NaOH lution is used to neutralized reactor bottom sludge after the residual

liquid reaction and concentration.

3. Description of Each Process Unit

3.1 Waste Feed

Decontamination liquid waste is directly charge into the reactor from the receiving tank by a pump.

3.2 ChetnicalFeed

The chemical feed unit consists of the following storage tanks and pumps:

o One storage tank for the 50% H O solution and one pump.22
o One storage tank for the 98% H2SO4 solution and one pump,

One storage tank for the 10% FeSO4 and 10% CuSO soluuons and one pump,o 4
One silicone-emulsion type anti foaming agent tank and one pump,o
One storage tank for the 25% NaOH solutica and two pumps,o

3.3 Reactor

The reactor unit consists of one reactor, one demister and one condenser.

(1) Initial charge
.

The effective reactor volume is !!1.4m3, After the initial charge of liquid waste into
the reactor from the recetving tank, the pH value shall be adjusted to between 3 and 4
by adding sulphuric acid.
A 10% FeSO4 and 10% CuSO4 mixture solution is fed to the reactor, where the
concentrations of FeSO and CuSO4 are 0.01mol/ liter.4,

(2) Heating up the reactor

A steam heating coil and an agitator are installed inside the reactor. Chemically
adjusted liquid waste is steam heated up to 95N.

(3) Continuous reaction in the reactor

L The oxidation reaction proceeds under an evaporative condition by the continuous
feeding of liquid waste and 50% H 0 oxidizing agent solution accompanied by steam22
heating.
The silicone-emulsion type anti foaming agent is constantly added.
Vapor and produced gas, mainly consisting of CO . are evacuated into the condenser2

through the demister. The vapor is condensed and introduced into the distillate tank.,



JGO
(4) Rr:sidual liquid traction and concentrarion

After the continaous waste feed is stopped, heattog is required in order for the residual
liquid reaction to proceed with the supply of H2SO4 and H 0 .22

(5) Neutralization of reactor bottom sludge

The residual liquid in the reactor consists mainly of SO4 2 and suspended solids.
Before discharge, a 25% NaOH neutralizing solution is added.

(6) Discharge of reactor bottom sludge

The reactor residue liquids and solids are discharged and transferred to the sludge
dewatering unitt.

3.4 Distillate neutralization

The distillate neutralization unit consists of one tank and one agitator. Before discharge of the
distillate, the pH value is monitored by the pH sensor and the distillate is neutralized by adding 25%
NaOH solution.

4. Control System

4.1 Process Parameters

During operation of the Wet Oxidation Process, the following parameters shall be controlled in
order to ensure the correct reaction conditions:

(1) Initial Conditions
CuSO (catalyst): 0.0lmol/ liter of reaction liquid4
FeSO (catalyst): 0.0lmol/ liter of reaction hquid4

(2) Liquid Waste : Constant feed

(3) Chemicals
50% H20 : Constant feed2
Anti foaming agent : Constant feed
98% H SO4: Constant feed2

(4) Reaction Conditions
Openting temperature : Boiling point (approximately 10CPC)
Operating pressure : Atmospheric
Operating pH range : 3-4

4.2 Process Control

The Wet Oxidation Process is controlled remotely and automatically from the control panel. The
main indicators and recorders are mounted on the control panel to provide information on the
operation status. During the reaction, liquid waste and chemicals are fed at a constant flow rate.
Heated steam is supplied at a controlled flow rate bas-d on the evaporation flow rate and the reactor

- temperature.
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q
Q (1) Feed Rate of the IJguid Waste

'Be liquid waste feed rate to the reactor aust be kept constant in order to maintain the
vaporizing capacity. The flow rate is controlled by presetting the pump discharge rate.

(2) Feed Rate of Chemicals

The 50% H2 2 oxidizing solution and silicone-emulsion type anti foaming agent are0
fed at a preset flow rate to maintain a normal reaction.
The concentrations of CuSO and FeSO4 catalysts in the reactor are 0.01 mol/ liter of4

liquid waste in order to maintain a normal reaction. Prior to the start of the reaction, the
liquid level in the reactor is checked and an estimate made of the volume of catalyst
required. The flow rate of the pump is then set.
A 98% sulphuric acid solutiou is intermittently fed at a fixed flow rate so as to keep the
pH value in the reactor between 3 and 4.

(3) Liquid Level and Temperature

in order to prevent excessive concentration of liquid, overflow and foaming in the
reactor, the level of liquid is maintained at a constant level.
Additionally, the temperature in the reactor must be kept at bat'ina point to maintain
good reaction conditions. In order to raalatain the reaction temp-anuc, beating steam
consumption is controlled. If the liquid level falls below the %w Level" set point,
subcooled distillate reflux the from condenser is added until the liquid level regains the
" Normal Level".

|

(mv) (4) Interlocks and Alarms
'

For the maintenance of safe operating conditions, interlocks and alarms are installed in
the Wet Oxidation Process,

o Liquid levelin the reactor
When the liquid level in the reactor rises to the "High' set point, feed of liquid
waste and chemicals is stopped at omatically and an alarm sounds.

o Foaming levelin the reactor
Wben the foaming level in the reactor rises to the set point "High", the feed of
liquid waste and chemicals att stopped automatically and an alarm sounds,

o Pressure in the reactor
When the pressure difference between the inside and the outside of the reactor
rises to the set point "High", an alarm sounds.

o pH value in the reactor
When the pH value in the reactor decreases below 2, an alr.rm sounds.

|
'

| (5) CO: Concentration Sampling System

The reaction operation is stopped by the time controller When the decomposition is
almost completed, the CO concentration in the off gas decreases rapidly. Therefore,2

CO sampling is required.2
1

| (6) Radiation Monitoring System

To discharge the distillate, a radiation monitoring system is required.

())(,

-

!
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TWuto 7tdo ard Hiroshi Yaibeyash.i

JGC Corporaticri
2205, Naritacho charainachi, Itigashilbarnk.1-< iran

IbaraAi Prof. 311-13 Japan
(0292)66-3311

2. DCTtCOJCTICri 1 15% ECTA, which is a decomposition-
resistant material, was twinly tested, and in

In the decontamination of radioactive formic acid,14 citric acid and 1% oxalic acid
waste from nuclear installtions, there 14 a were also tested as reference enatorials,
considerable discharge of radioactive waste
water containing decontaminating agents. D. Reaction Twnprature
Decontamina ting agents of ten er,ntain dis:x:lium The reaction tempera ture was changed in
ethylenediamine tetrascetic acid (CTA), formic
acid, citric acid and other organic acids. The the range of 80 to 100 C to study the ef fect of
radioactive waste water .is concentra ted by temperature on the decomposition of orgarsic
evaporation to reduce its volume, and the acids.
resulting residue is solidified by the use of a
solidi f i e r such a s corrent. Ib sver, when EDTA D W dWm Y
and other organic acids are present in the re and Cu are ef fective catalysts f or the
residue, the properties of the solidified present decomposition reaction of organic
product are unfavorably af fected, particularly acids. We added 0.01 to 0.02 mol/ liter of
the trechanical strength and the leachability of Te, Cu er a mixture of the two as the catalyst.
nuc11dse ttereof. Therefore, it is essential
to creve CTA and other organic acids frcm the D. pH of the Beaction Mixture

radioactive waste water prior to the The catalyst becomes inactive when the pi
evaporation concentration processing. Here we of the reaction mixture is alkaline. Dy a&iing
report a trethcxL t.he set oxida tion method, of various amounts of sulfuric acid ard changirq
decomposing EDTA and other organic acids the pil of the reaction mixture, we investigated
present in the radioactive waste water, the eMeet of the pH of the reacuon mixture en

the rate of decernposition of orgarde acids.
"'

E. Supply Rate of Hydrcqen Pe.roxide
Wet oxidation is a rnethod of oxidizing Nhen the supply rate of 35wtt hydrocen

organic compounds by the use of hydrogen per xide is too high, the oxidizing ef ficiere:y
of the hydrogen peroxide falls. On theperoxide as an oxidizing ogsnt in the presence
otherhand, when the supply rate of hydrogenof catalyst under -attrospheric pressure. This

trethcd has teen developed to decompose solid porox.ide is too los, the rate of decomposition
organic compounds such as .lon. exchange resin.s of organ 1b acids becomes impracticably slow.

We studied t.be ef fect of the hydrogen peroxideor filter sludges suspendsd in aqueous
y supply rate on the rate of decomposition of

solutions lle r e we apply this method to organic acids where the longest reaction tie.e.

decompose water-soluble organic acids present was set at 5 hours,

in radioactivo decontaminating agents .
IV. PROCISS DESCRIPTIOl

III. REACTW CErCITIQ4S
A schematic flow sheet, of the wet

xidati n process is shown in rig. 1. TheThe decomposition reaction depends on the
grauon is pertW as foh.concentration of organic compounds, the

Ieae tion tempera ture, the concentration of
A. Irsitial feeding

ca ta ly s t . the pH of the reaction mixture and
the supply rate of hydtc9en peroxide. The radioactive waste water is supp11eJ

from the storage tank to the reacter.
reSC and/or CuSO is a&!ed to the reactor as aA. Types and Concentrations of Organic 4 4

Coe m ds cat.lyst. Sulfuric acid is added to the

304

NUOLEAR AND HAZAPDOUS WASTE MANAGEYENT j
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rig. 1 Sdeatic ficw sheet 1. Decomposition of ECTTA. Using a
reactor, if necessary, to make the pl of the tenker-scale test system, we stadied the ef fect
reaction mixture acidic. of the EDTA concentration, the reaction

tenperature, the type and concentration of the
B. Heating catalyst, the pH of the reaction mixture and

ne reaction mixture in heated to 80 to the supply rate of hydrogen peroxide on the
decomposition degree of M A.o100 C by the use of an electric heater or a a. Ef f ect of the EUTA concetration,

steam-coil heater. One liter of test waste water, containing 1, 3
and 15 wtt nf EMA, was treated under the

C. Reaction reaction coditions shcw) in colmn 1 of Table
Af ter heating the reaction mixture, the 1. The rela.'lons between the decomposition

oxidation reaction proceeds oy continuously degree of E:,:A arid the consumption of 35% H 022
s p lying M H2 2' were investigated. Here the decomposition*" "" * '

is boiled, the vapour is condensed by a degree is defined ast
g\ condenser. De condensate is transferred toj
( ) the distillate treattvint unit, ard the preduced Decomposition degree ( % ) . ((initist TOC.
U gas to the off-gas unit. K)C af ter raection)/ initial KC)*100

D. Neutralization where TOC represents the total amount 'of
when the reaction mixture is acidic at the organic carton. At 90% decomposition of CTTA,

end of reaction, 25% NaCH is added to t.Ni pount of H O consurred was about 4.6g per
nerutralite the reaction mixture. 22

Ig of EttrA decermpased, which did not depend on
E. Evaporation Concentratior' the concentration of M A. The decomposition

.

Af ter neutralizing the reaction mixture, of EDTA reached 99% at the completion of
it i s conc e n t r a t ed by evapora * tc's to trake the reaction when I frA concentration was 1% and 3%,

concantration of Na 50 25%. fhe concentrate but it leveled off at 94% when the EDTA'

7 4 cencentration was 15%. The latter results isis drained to the concentreia receiving tank
due to the raising of the pH of the reactionand then transf erred to th s s alidifica tion rnixture in the later phase of the reaction, as

' Y ' I" ' will txa described later.
b. Effact of the reaction

y, * pgg temperature. One liter of 3% EC7TA aqueous
solution was treated under the reactionTests were perf med tr/ the use of beaker, conditions shown in column 2 of Table 1. At.

scale test system w th a glass-made reactor 9M deempsition of EUTA, the consumption oft.sving an ef fective volse of 1 liter, and also
- by the use of a pilot plant test system with a 2 2 per 1g EUTA decomposed was 4.6g atH0
titanium-made reactor having an effective

C, a nd 6.79 at 80 C. 't lower reaction
volume of 150 liters. Firstly using the h fHO WmM
beaker-scale test system, optimal reaction 22
conditions for decomposing EDTA and other substantially, i.e. the oxidit.ng ef ficiency of
organic acids were determined to study the H0 is 1 w. The ref ore, it is reccamended to

22decrysability of various organic acids. 1 Ten , ,, , 7 , , ,,
using the pilot-plant test system, the
decrpsition of II7TA 5 as studied, as a typical possible.
cegante acid.

,Q
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c. Etfact of the catalyst * - <

concentration. One li t e r o f 3 % EMA 47seo.is " ' "
solution was treated under the reaction -

conditions sho=m in col'.m 3 of isble 1. The !

decceposition of EDTA was compared in the
or a mixture of the | N,'|f' N., e s ie i vm.,

presence of TeSO , CuSO44 / c
%= * * ew * *

t.o as a catalyst. We found that the mixture |"
' g

of TeSO and CuSO , each concertrantion teirig [oiO, fiQ'
_

4 4

0.01 trol / liter, is the rmst ef fective catalyst. ,

,i
d. Effect of the pH of reaction 5

^'*---mixture. One liter of M EM A aqueous solution ,,,_._.I
us t.reated under the reJction conditions shem ,' '' " " "

,

in column 4 of Table 1. When H SO was noty 4
"*"#**"" '"'

aMed, the decern;osition degree of EMA was 75%
at test. itwever, it reached 99% when H SO Fig. 2 Pilot test results for CMA

2 4
was aMed. In the decmposition of EMA sedim
ions are disscciatead, which increases the pH of which was ecunparable to consumption of 4.6kg of

H02 2 per 1kg of EMA decergesed observed in t.bethe reaction mixture if H SO is rot aMed. Asy 4
case of the teaker-scale test. Theref'')te, wethe catalyst precipitates and teccmes inactive

in the range of alkaline pH, the decornposition consider that EDTA is similarly deemposed in

degree of C:7TA levels of f unless H SO is the pilot-plant system as in the beaker-scale
2 4

'I'added. Therefore, it' is recorvended to keep *

the pH value of the reaction mixture acidic by g, ggggy
adding H;SO .4

e. Supply rate of H 0 . One liter Almost perfect decomposition of the
22 rganic acids is achieved by the wet exidation

of 3% EDTA aqueous solution was treated under '## * ** "#' i"C#*****
tre reaction conditions shown in column $ of up to the tolling point. In order to avoid
Table 1. In the range of 0.90 to 4.89 of decay of the catalyst, a small amount of
Il O per 19 of EMA per hour for the supply sulfuric acid must be added to the reaction.

yp
rate of 35% H0, the consumption of H O did mixture before starting the reaction so as to

22 y2 traintain the pH value of the reaction mixture
rot defend on its rate of supply. Theref ore, within the allcwable low range. More than 90%
one can select any H 0 supply rate trentioned decomposition of EMA was achieved when the22 reaction was perforved at the toiling point aMabove as long as the reaction rate is within a .

at a Icw pH value. A quantity of 5 to 10kg of
practicable range.

2. Other oraanic acids. Other than 35% H0 was consumed per 1 kg of EDTA
2 2

EUTA, we selected 1) formic acid, 1% citric deccaposed in order to achieve at a 90 to
acid, and 1% oxalic acid ard t.reated them urder 99% decomposition degree of EMA.
the reaction conditions s' own in colmn 6 of
Table 1 The deemposition degree of all these gg, pygg
organic acids reached 97 to 100% within one

was lesshour. The consumption of 35% H Oy2 1. H. Kuribayashi et al., "Volure Reduction by
than 2.5 to 3.6g per 1g of organic acid Oxida tJ on," waste Management '84, 2 105~,

decornpo s ed . In the case of volatile formic (1984).
acid, the doccrnposition reaction was performd 2. M. Toshikuni e t al. , "Methed of Treating

nadioactive waste Water nesulting from
at 90 0. The decomposition degree of formic0

Oecontamination," United States Patents
o o

acid was the same at 90 C and at 100 C. 4,693,833, Septemter 1997.
Therefore, it is reccmended to treat volatile
organte acids af Icwr temperatures in order to
redace loss by evaporation.

D. Pilot Plant Test
A volurne of ISO liters of 3% EMA solution I

was treated by a pilot plant test system based
|en the reaction corditiens indicated in Fig. 2.

The relations between the deccepositten
|degree of EMA and the conswption of H)Og were

studied and the results are shcun in Fig. 2.
At 90% decer, position of EDTA, the consumption
of H 0 was 4. 3kg per ikg of CMA decepcsed,

72
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INTR 00V0i!Ori
A2$ TRACT

The High Tetrerature $1ag;ing incineratten (KT31)The eb,jective ef the paper is to describe the High system characteristically volua.e reduces comtustibleTen;erature $1agging incinerat0r (HT5I) 4;;11 cation and non comDsstible dry .ctive aste 'OAW) at the sarest.dy to reduce the volume of Icw level dry active The system was ceveleted at the Belgian Nuclearweste (CAW) generated at nuclear p ner stations in time.
J4:an, fee system, criginally devel:;ec by $CK/CEN in Researth Center ($;K/CEN) der) the system shown in

Belgium, is teing practically a; plied for the treateert Fig.1 is presently operating. To in' r ice 87$1 as a
cf radioactive waste in (urc;e, J00 has been wn6sct- main subsystem into the OAW treatment , tem, J00 has

irg the A10 work with a view to i* proving overall advarced ireprovement of the $CK/CIN system and related

perfor ance of the system and en*ancing its safety and techncicgy ceveleprent thet.Jg5 cc:peration with
reliability. Tne performance tests of a pilot plant Belgonutleaire, with the f 11 ewing goal:
with a design capacity of 100 kg/nr revealed a number
cf posittve attributes, It 4150 ersvres stable 1. le:rovement of tPe pretreattent subsystem to
erecucts whien can te readily solt:1fied when necessary enl4*;e compctition rarge of waste to be t'ented.

and enhance Jystem ce*porent carability,
f;r dis;; sal,

2. Scaling up of the incinerator.

3. Improve?ent of the off gas t1eaning sut ustem to
raise the OF value, relieve the cer*0 stat environ.
ment and raise heat recovery-

4 Oevele: Pert of a solidification ;-ocess wttch
ensures easy solittf tcation of incineraticn

s r e s i te .

Iretreat?ent Incineration 0ff* gas Cleaning

subsystem subsyster sutsystem

WAT[R INJE;IiON ,

COOLER -
,,,

)AN $MIk (k IN( h(kAI{ N
~ .,

- g A h II(I f,R y " ['$(,i_AR${

*:Y:N3 3:N$ w!PA r!LitR
-

.

i

2esidue

Tig.' FI$! System at $ | K / | E 'i
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@In teder to athieve tFese 9241$, JZ scestrv:ted a
100 kg/hr pilot plaat at tFe JZ %: lear Research In order to solve this ;rcele*, the pretreatM !
e*ter in 0*arai in July 198$ ty rati*g prieci;al subsy stes =e 5 mcdified a s sh;.a. in Fig. J So !*at *,e

sdsytstem chid :erfom its aet *:1;a tec f.; ret ter;'+;r:veme*t s Of tPt * ilot plee t in Be l ji.m. Ottrat*C* sheid1*; =a ste 5* to s*all ;'e:et for pr0lo*;e ;e* :d't: Orcs after t*ost 1*;rt v e'ta.t a re de scrit ed te10a. cf ti+e.
L U ; d Og*Q Of iMPROy[M[Ni$

Ihe modified *etrea t*e*t hbsystem Charatte*t s.
*1cally treats hard and sof t iterials ty a cr s*e-The fellewtag OAd is generateJ st N: lear po.tr and thredder, res;ettively,

,

stations *41mly throyg'i ;eriodical irskettien and
facility W;rCveMat:

Af ter waste S0rting, 4::e; table hard and $0f t
LAW is directly fed to t*e Orwshee and shredder,I. Hard eaterials such as concrete, thernal irsulation restectwely, through 1,ine 2. . Men perft:t mastee.aterial, w od ble:ks. etc.
sorting is not expected, mixed 04d is fed to a sto't93unit tnrcugh Line 1. Hard 0AW is then crushed into2. Sof t *aterials such as maste clcth, plastic thetts, small pie:es by the crusher and separated from theetc.
mhed daw by a tremel screta tefore ret.aining sef t"

-
3. r:*;gratively easily steeddable small retals su S OAW is fed to the thredder. As a result, abratic'i c'

the shredder edges is avoided and dsrablity of treas wire, thin von plates, s*411 dia?eter pipes, shredder is improved. In order to allow the HT5!etc,
system to function satisft torily, hard QAW must te

4 tMiheed:'able large retals such as large diameter completely crushed into small ;ieces by the crusher,
Ihus, a rotary hamer type ma: hine was selected forthitt pi;es, valves, etc. the crusher.

( Io ersve stable incinerator operation, r)AW should
be s'.redjed into 6 Cm or smaller site Steces, while the in the $0K/CEM of f agas cleanir; subsystem, off-gas

~~ waste Itsted in Ite9 4 above should be excluded for is released af ter being cooltd by a water inJtCtion
Cooler (Wl0) and then treated by a 1;ag and M(PA filter.treatment by the HI$1 system. The OAW (hard and sof t)
The following were Considered in modifying the off gaslisted in lle*s l' to 3 differ in properties fron each cleaning subsystem:_

nther; when they are treated by a shear shredder only.
De abrasion of shredder edges lowers the throvghput $.
of the petreatment subsystem, Replacetent of the bag filter with another hip.

efficiency filter systee aiming e* a prolonged
life of HEPA filter elements.L

WWNd CU 6. Elimination the W!C since some eessures must be'{ taken to prevent dew condensation due to nignNDW water content when the WIC is usec.IftSI a
fanlity 1 ;7pmj_"

7. High te*cerature off gas treat?ent to preventD'M D-
condensation of hcl and $03*-

_
M# #~

Slag Fig. 4 stows a modif f ed Of f gss cleaning %bsystes
-

,-

L au reul in which these improvetents were in:or; crated:%, *

!

| ."

dc:eS n w:m_ b
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' : a er
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Tise _H!PA filter load is reduced by adopting a
high ef ficiency ceramic filter, and the entire systemogg.gg, can ce operated at hign tee:erature-by adoptieg a 5'g5

fres |ectrerator temperature hiFA filter. Water content in t$e off gas ,

15 redyCed by adoptir.$ a heat enchangtr' and f uel style;
is ensured by using Bested air for ccoustion air.

1000*C -

PILCT PLeiT OtSCRIPTIONy

A t r--9. AIR DlLUT(E The main process ficw diagram of the HT51 is shown
in Fig. 5. The simulated non radioactive maste con. ,

500*C sists mainly of wood, paper cloth, sheet, rueber, smallq metals, ccncrete and thermal insulation material.
- A i r -4 - HEAT E X C H t y.t R -> Hested Air The waste !s crushed or shredded, then fed to a mixing ,

bin. The stred waste is then fed to the incinerator"

300*C at a normal feeding r>te of 100 kg/hr, with intermit-v tent operation of a conveyer at 70 minutes per hour.
g i
:CttaMIC FILTER | The incinerator residve, f alling from FLK in the form

of droplets into 4 water bath, is cooled in water,
v200'C dried by heated air, then packed into 200 liter drums.

AIR DILUTCR | The incineratse off gas is cooled to about 100*C-

in a shell and tWe countercurrent air heat exchanger
and further coc?sd to 300'C by an air diluter, then- t
filtered by the ceramic filter. To prevent the off. gas-'

HIGH . T EM X PA FILTER from leaking, the entire facility.15 kept below atmosa
pheric pressure by an of f. gas blower. -

-y
Pretreatment unit -] ,

The crusher is a heavy duty industrial machine
equipped with a vertical rotating shaf t with hanners
capable of crushing hard materials into 1 to 3 cmi

V pieces, having a crushing rate of ? ton /nr for average,j composition waste.*
M a st

The shredder consists of a single low speed -

Fig,4. Of f.ga s cleaning system rotating shaft equipped with disk snaped blades,
stationary edges fixed on the outer wall, and a 5 cm
perforated scretn below them, its shredding rate is
$ ton /hr.*

.
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o After tnatment, soils ex.hibit very low leach rates for cae. eury and heavy metals, as
weU as for oder contamirates

o Uranium and TRU contamination can be effectively stat Rind.

o Excessive vohtme increases are eEminated.

In addition, the system can easily be adapted to a toobile system, providing econornical treatment a
dtverse locations without e.xcessh e set up costs.

SuccessfulImplementation of the concept will:

o Allow rnore effective stabiliation and teach resistance for heavy tnetals.

o Provkle the first effective method of on site stabillation of low levels of mercury
contarnitation.

o Reduce the cost of rernediating sites contarninated with mercury,

o Allow the I:tabillration of soils contarninated with a combination of haurdous rnetals,
uranlurn, and TRU,

o Allow efficient remediation of smallet contarninated sites.

o Reduce volume of low concentration TRU required to be sent to WIPP

[
V o Provide a rnethod for stabillation of soils containing heavy trals and TRU fixed to

chelate agents such as EDTA and DTPA.

JGC is optimistic that this process could sulcantittly improve the effectiveness and cost of
remediation of these DOE site. In addition, it is likely that taany EPA-designated Superfund sites
could benefit from the succmsfulimpletnentation of the concept.
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Leach Test Re.sults -Treated by fixing agent (I ) and Cement-
,

Method EP -Toxicity TCLP

le Criteriale Criteria
Samp/1) (mg /1) :Samp/1) (mg /1)

,

(mg(mg

Cd 4.86 1.0 X 0.10 0.066 X

Cr o.68 5.0 0 0.11 0.084~s.2 O

Hg 0.20 0.2 O ') 0.02s
,

Pb D.71 s.o O o.as o.18~o.s1 0

1) Analysis is now in progress

!

,

| e e e



. - . - -

(')) p)p' ,

% %.v

!

Leach Test Results -Treated by fixing agent and bentonite-
,

Fixing agent (I ) and bentonite Fixing agent (II) and bentonite
,

Method EP -Toxicity TCLP

le Criteria'

Samp/1) (mg /1)
le Criteria

Samp/1) (mg /1) (mg(mg

Cd 0.63 1.0 O o.04 0.066 O

Cr <o.01 s.o O o.11 0.084~s.2 O

Hg 0.20 0.2 O ') 0.025 1)

Pb <o.01 S.o O o.33 0.18~o.s1 O
1

1) Analysis is now in progress

.
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Comparison between the Conventional Cement System and JGC's AC-Process
.

Waste to be Conventional
treated cement method JGC technology Remarks

.

incinerator No pretreatment Pretreated by the A retarded cement
ash Ca(OH)2 and NaOH hydrating reaction

problem are solved.

Spent resin No pretreatment Pretreated by the Swelling
cement and water phenomenon of

the immersion test
are protected.

Boric acid No pretreatment Hydrate calcium Volume reduction
waste metaborate are and stable products

generated by are provided
pretreatment

,

.

O O O
- --
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ii Table 1 Typical Product Properties
1 s

I
i

i4 e
,

Regulatory Position (NRC) JGC's Data i

tJ o. Test stem Estimation Boric acid Laboratory Laundry intinerator [Standard 3
value waste dram dram ash j

f
1 Free liquid ANS 55.1 tJo more 0 0 0 0 0

than 0.5 vol% !
a

!

I 2 Compressive ASTM C 39 More than 3.150 3.070 8.380 7.250 3.600 I

strength ' 60 Psi

3 Gamma ASTM C 39 More than 2.800 2.550 6.760 7.190 3.400
irradiation 60 Psi*

'

,

4 Leach test ANS 16.1 More than Co ! 12.1 13.0 14.6 11.1 14.1
U6 '

( 90 dyas } Cs 8.4 7.9 8.5 7.9 8.2 i
*

5 Immersion ASTM C 39 More than 3.090 2.650 3.620 7.790 3.700 .'
60 Psi

i
6 Thermal ' ASTM B 553 More than 2.810 1.970 8.E70 4.830 3.100

degradation 60 Psi

7 Homo- ASTM C 39 More than 2.950 2.140 6.510 4.390 3.900 ;

geneity 60 Psi *

[

8 Bio. ASTr$ G 21 More than 3,740 2.060 7.140 5.970 3.700

degradation ASTM G 22 3.510 2.940 6.370 8.280 4.600 I,

i

i
e

,

_ s__ _
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1baraki gun. Ibaraki Prof. 311 13 Jann.

AllTRACT

The Advanced Cement $olidification Procell, which featurel improved volume reductivity and propertiel of
solidified wastel, has been developed to establish a better radioactive waste unagement lytten. Cement het
teen widely uled as an teorganic tollotf tcation agent for the treatment of radteactive wettel generated atewclear f acillttel. With current technology, borate welte solutions generated at PWR plant are neutralited with
caustic lode end solidified directly with cement. This toutes an incre6te in the volume of wette. Moreover.
Stect boratel retard the hydration of cement, the properties of lolidified welte are not always such that meet
the finsi dtlposal requirementl, in order to eliminate these defects and to improve conventional cement solidt.
fication procellet. $GN and JGC have conducted co operative research. elpecially belic research on the pretreat.
frent of borate. Al a result of numerous esperiments, a f.tw procell has been developed. by which spl4f figJ
products with high volume reductivity and encellent phylical properties can be produced. On the othe r hand.
relaarch and development work on a pilot plant have been carried out in co operation with tywthw (lf.tric Po.4r
Co.. Inc., including 6N11 Scale hot teltl of actwal weltel at lll Genkel Nwclear Power $tation. A contnerctal.
Sc41e cold pilot plant wal conttrwcted and leveral proving tellt have been Conducted luccellfwlly.

INf 00DUCTl0N cement tolidification pr cellel tecomen larger thanv
the original volume of reetcactive maltet, noreover.

An increate in the amount of radioactive waltet the high quality solidified products are not alwayt
generated at nwclear power planti 41ong with an in. produced in casel where borate =sitel generated at Pit
create in their conttruction and operetton, has cre. plant are treated by $wch procelles, becawle berates
sted lignificant problems of radioactive welte Nn49t= pretent in the wettel retard the hydration of cement
rent. Under luch Circumstancel, the development of and impede the progrellion of the hat'Jening of tenentpractical treatment procellet for twch waltel il en polte,
urgent talk f 4Cing the world's nuclear power indwitry,

in order to eliminate thele defectl of most of
in order to store and trentport medir. and low. the conventional cement lolidification procellit.

level redtoaClive maltel generated at nuc 7 r Power Ninly related to borate weltet. $0N had been develtpa
plants eality and economically, it il ellehtial not ing a new volume redwction and Cement solidification
only to reduce their volume to the manimum entent but syltem. In which a borate welte tolwlton il pretreated
allo to trant form tat,em into 4 lolidified prodwC t to and then overconcentrated. Independently of $0N. ,%
that it il tuttable for final dilpotal and will main * wel CondwCling ballC research on the pretreatment of
tain 115 chemical and physical towndaell f ver a very boratel and on the hydration of Cement,
long period of time.

In 1902. SCN and J0C agreed to t>egin co. operative
for this purpose the Advanced Cement Solidt fl. work on the relearch and deve'.9 ment of a volum.

cation Procell with high volume reducibtit ty has been redscing cement solidification procell, beled en their
es eloped. Cement mal been melt comonly wied al en palt esperience. Af ter a lectes of belic esperimeetl.
tnorganic solidification agent for radioactive maltel particula rly on the pretrea tment c f bera tel. 10N and
at n elear f acillttet, since it has many advantages al JOC developed the Advanced Cement Soltatficatloaw

follo.5: Procell, by which the volu e of maltel can be hig*1ym

reduced and solidified predscts with good physical
. It il stardard, low cost embedding material, properttel con be prodwced.

. It 15 cc*patible with met matte. Sull $cale het tentl of actual wastel bated en
this procell, with the co operation of tywthu (1ectric

lit hardened product 15 S table, and has high Pe.er Co. loc., were carried owt at its Cenkat Nuclear
ders!ty and high trechanical relistance, power Station. In thil bot telt, the relults of basic

researcn were reconfirmed and 17e practicability of
HNever. It has been generally cblerved that tFe the procell was proved. Based on preliminary gerform.

,
' iolw.t of Solidt fled producti prodsced by conventional ante telt data on telected etwipment comercial* Scale
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F l tri fleetl ot't Celigetd end CemitrpCitd in bCth J50 liable in the tarders t Cement 4tria =nith 4'l0 C0n*i' i
l \ ed $GN 144COttrifl. LPt '0 mt e SpCrtured ty Cywl*w 8 0 8 8 U IW* ' * *UI DU'ICM a 'n (*4 belit

''I88IIh' II*N and JG 'l f f f'0rtl atre Cirec ted 10= artl l e t t M t f c e* r |0 . I nc . 10 C a rry t'v t v e r i C w l C t**06.
StrallCM tilt! On the ?!trebility, dyret,ility shy M MtW D Ch 14M dit CelC M b0'ents

Cewld te f0 ed ente 4 CalCtwe CD p0,,nd 18 agtte toOptual Citrating CteditiO*l of all tCulprent 4*d O U *8IN IDIWI "'lyllt* l . IPfit testi have 4:m;&t tttn CC*Ditttf. with
t*t rel61 t l':wieg t'4 t the l'r0Ctll ten it pet int 0
(c*nerC141 StNitt. In C4HS whUt the CH Cf CCn(tntrattd 20*atti

*allt 10lW110el wel cn tre acidic lidt, the rett at

An 06tltrt of tM S prettig . Paimly riittirp 10 "" Eh E81Cf** D # 8I'I "''' IC "'d '88 #8If8*'IJ IIC".
trit tmen t o f tic'a tt e46 tt e il delcrited in thil taper. aHvU Celsium C070W5 44 4ddCd.

pp;g([wg H Tw g $t ct T9[ (0st[Nt); g Men an 41kaline C41Clum C0mpound wel adctd to en
CIM(NI $% !DlflCail0N FRO |[$$($ OIidiI *03I' 00 IfE" Ih' " 8CIID" '8I' "88 ''I''*'IIll0w. 10 it litmed tha't ne teat tlen wel taking plett.

In molt Of (>t Con tnt 10n41 Ctment 10lldif f tatten I t elkalt t CalClym C0mpeyed il Solid. Whth ill
s

pr0Ctllfl. the CPCtetrated b0ratt malte 80lutioni fortiCItl Cemt in Cent 4Cl with 4 t'oriC 4Cid 10lutica,
featrette et p*A fle*tt are dirtCL'y tolidifitd with, a thin film Of i 80lvble Celtiv'ti borates wel forwsd

0 Ih'fI I I8'Ii I'8 I ' 0''t'elog dlite"FFOI'I' 8nd iIE''''"I'd Ih'lved in the 10lut1Cn and stepped their
ECt&tht. Thil C8Will t>0 niain prChitml. 14t89 ert:

8E "*60ratel 10nl petitet in the malte 50lWtion ete*

tard tre hjdratico reattien of Cement. lhil
nC t0 M W 4baMe W OsCUcn.toom46tl it dif f tCult to Ot,tain SWfflCitelly
*'"I 'harctBed pr00stil mith 000d phylltel prCpertiti.

* To en arge the lett te Struttwrt Of the thin* The volume of herdente prodvCtl is larger than t w l 1 60 45 to albw C41*t''t ortgleal volwot of waltes, Civm icel to tellly poll thr09gh the film,
the first problem way tt 80lved by the fC110= leg * TO promote the dilsolution Of the C41Civm C0e-rechanical Or Chteital atent: p0vnd under $pf tt flC Conditions.

* McChenit41 neant 11 it well Snown that in Celti where Cement iskhen Ctment tert 1Clel Come in Contatt eith 4 5

mised direttly =lth a borate solution. the mlature doelSchUOn tenteihing Schtle b0rstel. C61Cive
bors tel Il f ormed en their lurf attl. I t 7 954 4 * not harden neither derticp Strength even ef ter C" ring
obly et terCl tre hydre t t er, et4Clion Of Cement for Ont month, but the 4ddition of todlum hydr 0Midt to

the 10lWL1 n to tuniforni bortC acid into lodium tetree,
0(-

4110 Cteittetntly $tttiey n pr0Citd. the Celtium
Ci trAtt erlettral, luth al Celtium tilita te. And borate or 10dlum metaboult (4Witl the mlatyrt devel0pt ire O f C t*t n t . In gg,ength, Thin f4Ct wel efftClivt in $0lving theOrder te sett the hyd u t.C

DF0blem.torate mutt be removed f rom tre lyrf 4Cel Of the
Cement C ert 'C ltl, lhil Cast et M itted, for $0dium hydroside wel edctd to a trorate 10lut10n.tsempit. by 95tnj 4 high lbte r t air . r

and the 80lution mal then mined with 4 CalClum Com.
bv"CSI **4nt pound. 1bt elature mal Contievoutly stirreo. At the*

rtettien advanted. 4 thl:0 tropic piste was prodsCed.$0ratel prelent in the waste 10lut t0A Can tt The higher the CWentretl0n Of boric SCid. the mort,

t ren t f err'td into almon t tard),' 50lWbit t>0re tti' vilCOWS it btCame. And it 10me timel S tif fened end re.Intl eliipinatt! the forma tion of Celtium b0a mained in a nearly palty Condition Cinly when the Stirr.retet on (Ft thrf atti whtCh retard the hydra. in *45 Continued. Whtm the Stirring wel Stopptd. itLion and lettirg Of Cement. ttCame a gel and wel dif ficu)t to handle. By this pre-
tr eateert method it mal pollible to Cbtain 10w lolubleIn order to 10lve the StCond pr0blem whereby t>t i(41C vm b0rattl but it wel dif f f Cult to Conttntralt the*elu e of lelidified preewCtl m lt be further reewCed.m u gegpen,

10mt meant tPat =0uld enable further Contentr4 Ling of
lush 10luticel had to te develeted. In orcer to improvt reattien Conditiool in the

MN and J00 ctCiced to 50lvt ?htle two pr0blemt by pettreatment lttp. Such 45 reettien temperstwre.
C nt M Cit methey' 4ed Orrit0 DVt entrativt talit rt* litrrirg COndillent (Silfrer type, blade Shape.
Starch on verlov$ preterateent methods f or borate *4tte rfv0lut10n lptedIi d0lagt of CttmlCall, method of
10lutioni. $CN 460 JCC finally luCCitted in OverC0 ming delagt, etc., f wrther Ot teiled s tudiel mert COndwC ted.
the pr0LItml by dittI0 ping on ef ftCList pretreatmtet
e t thod. l'y * htCh ielplyble b0ra tel a rt f ormed f r0m luth It *al f 0ved tha t pretrit tment under edtQua tt
10 utteel. Stirring CCedill0nl prtvinted the formation of thel

Celty lytstinct and prodvCed precipitetti of inl0luble

La$l( N($[At?H Calciumb0ratt, The precipitatel are Cryltell having
gNd 5tdiment4110'1 t ende n C y and Can tillt liably in

{4.licOtteerth en efftreat*ent 4 Ctwnt ma tria.

An Ctjettive Cf the pretreet' tent il to tram foru $4 tit Et5terCh on Mining Cat 3
Solutle t0'atti petitet in the heitt lelutice i"to

| ( h6rdly SDluble borattl $0 that their retardin9 aCt10n Iht lolid/mattr/Cenent mixtag ratio to prepart a
| [ Ce the hydretien Of Cemeet Can tt elleinated, Ce*tht filte il determined 4CCording to tbt pr0Cfd.frtl
I \ thewn in fig. 1. The Cfmtet pelte must have 4 luffl*

$0re 416411 tarth retal saltl of t>Cric 4Cid igCS Cient CDelit tent) 4 % whtCh it Can te poured into e con.'

el Calcium torett are knC*n to be very telchble in tainer. De Conlit tency De .Orlebility Con be measured
hattr. FCr t 4*titi. C41Civm b0 ratti tuilt in eatw't al fl0* '414f1 deflotd in JI$ R NO) of A$IM (124= 71.
45 tcrn artUrMg *ietrell. It it enticipated 10 be
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flg. 2. Basic Flow Diagret of Advanced Ce'ent
tnQJtQ v0wut nN CIMINf

_ $olidification Process.
,4 7, Clu!Nt/watls haff0

the hardening of cement to produce sufficiently Sc'Hil.
fled prodwets. with good physical prcperties in a re.
producib1t way.

" ' M AA N
130UD/wallR/CIMINf1 in the pretrestrent step calcium borate is fcmed

and precipitatede The precipitatel are stable crys'. altFig. 1. Procedure of Design of Mining Ratio. and have good sedimentation properties.

Since dissolved borate, deterimental to thetaperiments showed that the consistency or wM. hydration of cenent. can be converted into insolwbieability of cement paste increased proportionally al the
volume fraction of licuid in a misture increased. calcium borate precipitatel. it has beco'e possible to

obtain sufficiently hardened products with good physt.The
volume of 110u10 in a misture can be detertained if thetarget flow value is set, cal properties which are Suitable for maste storage.

transportation anJ final disposal.
Meanwhile, the strength of solidified products de. Concentratioe $tep (Volume pedwetion Step)pends upon cement / water ratio in a misture. The cement

/=ater ratio can Le dete mined if the target strength In this step, a borete hatte sciution 15 coment.of solicified product 15 set. $ lace liquid volume
rated to such an extent that only a sinimum quantity ofdetermines the qwantity of water. the mising retto can water necessary for mining with cement is lef t. ThitM determined if the consistency of a slature and the

strength of solidified products are set. operation has become feelible by removing dissolved
borate in the form of intoluble calche borate showinggood sedimentation.fsperiments ce

laat a ela tng ratio o.' $0/30/20*onsistency and strength showed
by weignt was adeouste in cases w(here the targe: solid /c emen t/ma ter)from the viewpoint of reducing the volume of a

flow borate waste solution, the most common method that end.value was set at 200 m or larger. =hile the target on, blet the greatest volume redwetion 15 to ttaperate taneenth compressive strength of Solidified product =ss solution to complete drynell. In the protest, theset at 20 Wa or larger.
borate waste solution is not evaporated to dryness t%t

Hof it$r is concentrated to en optimum volume, because Cetent
must be mixed with water so as to harden it.

A serie, of Small scale hot tests of this process
The concentration step avoids techo1cally dif fi.itore carried owt at the Cenkel Nuclear Power Station of cult dry powder handling cperations.tyvshu llectric Power Co., Inc. The esperimental

results are sumartled below. Minino $tep

. Calcium borate precipitatet were sutettifully An OWI* drum mining rethod is employed in the ria.obtained in a pretreatment step,
ing step. In errder to prodwce solidified products

pretreated waste solutions were concentrated, having high $ts engt| and hignly reduced volume. It isa

The concentrates were solidified with tement, important to prepare a cement paste of good consistt*tywith 'nimum qwantity of mater. It 15 4150 important$uf ficiently hardened productl were produced. to case the packing ef ficiency of such paste in acontainer.
In catet where the concentration of boric acid For these reasons. it is preferable to*

in the weste lo4utions was 12 et 1 the volung adopt the out. drum method, which can provide hign min.ing and filling.
of tolidified product became approximately 1/4
of that of their original =sste solution.

Dif ferent kinds of cement can be used depending
on reQwirements of the final product Qwalities. TheSolidified products showed 9904 mater retitt.
result $ presented hereinaf ter are taled on the orotrary

.

a r.c e .

Portland cement (corresponding to ASTM Type !).

The not testi confirmed the results of the basic Advantaget
'esearch and proved that the process is effective in
tslidifying actual borate waste solutions,

the advantages of the Acvanced Cement blidifica.
Lion Process are:

BA$1C PROC [i$ FLOW

The ballC flow of the Ad<ranced Cement $olidifi* . Saled on I? wt I of beric acid, the volume of
Solidified products produced by the process iscation Prccest is the=r. In Fig, 2. Thh procell con. 1/7 * 1/8 of that produced by conventionalsist$ of the following three main steps.
C'''AI IOIIdIIICAIION DIO?'IIII*

fretreateeat $tep
. Solidifieo product! having goed physMal proc.

ertiel are prodw:ed.
iPe pretrea tment s tep. the key to th( successful

operaticn of the procell, il indispensable fcr ensuring
213
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\./ * Tre pr0 Cell il left. The pr0 Cell deel not eted Can be almost renoved ir De separation lttp. 4 Conven-

any flanc.atle mettrial. Montrover it is a wet tional type CCntentratte :en be witd.

Procell. Strab3rne Contaminetton du to rediO*attivt nutildt! JetWittng from 4 dry ,-otell blth t't CC Of f ration of KyWlhW (lettric P =trO

ten be avoided. CO.. InC.. JGC het built 4 Corrercial lCole pilot pler t
based On tSil Sys te'n and rol teen Carrying out vert 0wl

* All 44ttrialt 10 te yled in itt pr0 Cell are telti 10 p.t thil $yttem 2 procell into CDPrerC141
readily e vall4ble end intspthlitt. Servitt.

PILOT PLANT f($f F*R CW(RCl41tAtt0N $yttet 3 il elle 4 tatch wile pr0 Cell, vling pre-
treatmtrt,'C0nttetration and te ent mialeg-depending

(e4*P ft Of b pitti $ytttm
On the teltC date. Thelt thrtt litpl C4n be Operatedl
in One or two Stegel. The lyttem fl beled on the Con.

At thewn in Fig. 2, th. pr0 Cell balltelly Contilts Centtation undte redWCed prellgre Condition Of the
of three Sttpl: pretreatrent of borett welte solutioni llWrry during end/or ef ter the pretrtatment Step. The
(Onttritralien Of Slurry and (tment mlaing. With COntentrattd llWrry is then statd together with the
regard to the Contentration methods and Operating binder. The C0ntrtted pr0Juct il Poured into 4 drum in
modtle leveral Synttml are feellble. [34mpltl Of a the 141% liep. Thil lyttem hal been dtytloped with a
typitJ1 Syltem art thewn in Fig, ). Vitw Of redwting the riumber Of equipment end making the

entire lystem design compact. $GN intends 10 delign 4
Systte 1 il e Contievowl pr0 Cell 4md Consistl of Compact mobile unit beled On thil lytttm, the C0ertlp0-

three stept: pettreatment. OverContentrat10n and mio nding testi tre 9016g On.
ing, fr<f Slurry, obtained in the pretreatnent step. Il
evaporated and Contentrated in the Step Of OverCOnten. PMot plant 641ed On $yttem4

tretion, the Concentrated livrry il C00 led and mined
with C tawnt. Ihlt lyttem il Of adve'tege in Caltl Iht efftClivteell Of Sylttm.2 pr0 Cell bei been
where there are freewent ollCharges t,f b0 rate walte proven in pilot plant, which 15 Owtlinto bClow.
5019t10n. $1nte the llurry 13 Concentrated by ev4 pore.
tion, the Contentrating vellel il equipped with 6 Pretreatment
SpeClelly cellgned Stroping mechantim to 45 to keep the A reattien vellel, equipped with a speClally
beat trentf er surf ace esposed 4t til timet to the designed Stirrer, wel wied. The Stirror larved to
llwery. The miner 15 ello envtpped with a limilar ef fectively sin the b0 rate waste solution with an added
meChenism. $GN h46 deligned and built a pilot plant Celtium Compound. Crystalline pretteltattl Of thl0lv.

O) beled On thil lyttem and het been Conducting tapert. ble Calcium b0 rett were formed,
j '

mentl.t $0 lid 4tould Separation:'V Sylte**2 il 4 batch wilt pr0Ctll and Conlitti of A Convthtl0nal tv0e Separator was uitd to leparett
f0VP 51975. The COntentration liep in the bel 1C pr0 the llurry into W. SWptrnetant and 60lld portt0nt.
Cell, which il Shown in Fig, 2, il divided int 0 two The leptrettd 5011d1 were lent to the miser. The
5ttptt 10lidallquid Stparation and con (tntretl0m Of leparated Supernat4nt wel firgt stored in 4 tank and
leparated ItQwid. Ihll lyttem il advantage 0wl in Celts then fed 10 en evaporetor.

where dinCharcel of berate welte 501vt10ml tre ltll *

frtQwent. Celtium t' Orate prettpitetti obtained in the Contentrattent
Drttreatment lttp have 900d 50dtmentation propff tiet A SmaII Convention &l type tvepCrat0F wel Ultd to
end elly to leparett. Thil leparated Solid portlen il (0ntentratt the Supermatont. Concentrated 14091d wel
Stet 10 t>t miser and the it;4rettd typernattet il lent to the miner and ultd el mining water. Therefore.
ConCtitrated by tv4poration. $1mCt t<0 rett prttipitattl the Superpetent wel Contentrated to the minimum
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pCllicle volw're by which the Separated Solidi cpwid 60te elsed eith cement,

m a u,1 y x -

If e pilot miner wied kat bladel which rotate 41 g *9 h Scte05. beighed Owentilf el of (Pe %eperated
I' [# *

101166 and the fwrtter concentrated ItQuid stre pre. E *3. ,

elsed. 7te pre mis ture mal mell mised with a *eig'4d {l.ortity of ce'ent f or a few Pinutel le 45 to ot,tein a to .

4 modable ce*ent pelte. The 045te mal POWred into a fcontairer. Af ter cwrieg the misture at roors te*pera. g
twre, a suf ficiently ard wntformly hardened prodwet v o
tal ottelhed. Af ter the m! sing operation mal o 50 @ m g aancoepleted, the miser wel estily walbed.

c,a*; tutIt ul)

A leriel of pilot plant tests on the performance.
operation and durability of the equipment wied in esth Fig. 4 Strength Cevelep tet, of tolidified PredwetStep proved that the Syltem.2 g rocell luccellfully ett Cwres in Moilt Air.all pre. Set targett. Alto. 4 large volume of engineer.
Ing dets inclwding the eterability and optimal operet.
tag conditioni of the whole lyttem mal ettiined. All
esperirental resultl lhowed tha t it would be feelible
to twt this procell into comercial lervice. A concep. m 40
twal design of an actL41 plant mal carried out witng itte esperlevratal relvlts, lt wel konwn from the con. 7certwal design thet a luf ficiently tecnomical and O '*
cc* fact lyttem could be constructed.

PHY$1 CAL Pp0PERfIt$ OF $0LIDIf!!0 PR00XT C #

S , , ivutalte m watta aina
Several typical physical propertiet of Solidified " cmc m ucult on

10 70sISDelproduct obtained by this lyttem.! procell are Shown
,

teicw.
v

0Strength Develerment and $tecific Oravity IO M 800

avuta00h DAatc= [:arllthe strength development of a l' idt fied p' Jwct
obtained il plotted in flg. 4 Aft. It wel twred for
abowl cet month. it showed a strength of more than 20 flg. l. An [* ample of Water #ellitance Cf Solidified
MPs. (ven one year later, mealvrementi showed that ill Product ($trength Oevelerment),strength mal Steadily increating.

An electron microstopic otlervation of a croll.
Produced. $amples were taken from the core to mealLiesection of the solidified prodwet proved that the the specific gravity 4M liree;th. Ibe metturemeetscalcium berate fermed in the pretreatment step was also lho.ed tha t the specific gravi. * and strength of theStatle in cement mMria for a long period of time, solidif f ed product were wnt form throwghowt product.

The trecific gravity of the solidified prodwet il
atout . 8. YOLUME 8(C%l0!Lif f

hater #esiltence The volume reducibility Cbtileed by tre Advanced
Cement Solidt f tcotton Procell il **n in flg. 6.

~~'

treating I m8 uen
lit boric acid. Conventional cement tolidtficationof Concentrated malte lolutiCn containtegibe solidifed rroduct does not lose itt Strength,

as ikc.n in fig. 5. even if it 18 i m irled in mater for procellel produce about 2 m8 cf Solidified product.4 long period of tia*. Its volumetric change =45 eoval with the relwlt that tre original vo1 me il increoled.to o* lets than 18 in one year wit,h relvlt that ther, On the other hand, this procell produces 0.25 m' ofmal no appreciable chasse in its stipe, lt hel good Solidified procwet, relvlting in the volume being 1/aester relittance,
of the original volume, een coacered with most of the

packspility conventional procell. the volw*e of LPe Solidified
prodwCt obtaired by thil procell il etCwt l/8. Thwl.
thil procell attain, an estremely large volvThe leaching rate of two typical nuclidel. Co me reduci.tility,se

and Cl'". mealvred by wilog 4 Specimen. 45 m in dia.
Nter and 44 m in height, mal el followl. Accordingly, thil procell il very ef fettive in

Nny reipf C tl. i.e.. redwetical in ittragt Icece.Co'' 10* * cd/Cd . day or lell I'8"ID0"I8IION CCItle etc. mhen treeting f actCaClivehalte Containing bSeatet.Cl'"- 10' cd/cm' . day or 1 ell
CONCWSIONhe leiching rate of Cl'' can te furtter leprov-

ed, if eecellary ty adding teolite or witng blendeg A method by which radicactive maltel containteget* tnt. * S#' * # 8 \ W'C ** U
Wi W ity treated in luch a manner tha t ie.10lytle !?'atel can be

foWd h45 bm eltadilhed, and taled 09 19 me Pod.
the Ad.4mctd Cenent Solidificati:n Precest 745A N O liter ($5.g81106) Sclidified f r0dwet mal teenfeveIofed+
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CePtnt e Wied al a liltdifying agent,14 ireaten.*

- . . , si,e., . _.

toisti=%'te D.AA'l ssti
Radioactive maltet are procelled in liquid cek

*

g
11wery fom. to no airborno radioactive po cert. ma, io t aw .,oit tv v ,

i$ ' - Corviationa. tavent scuous'c= are prodwce$, Th'el, the procell can be lafely
I ''Xill crersted.

SMv40.alte $

O ' ! INS $$d".jf,8,j{yjl8 f te lyttem it highly reliable and consists of.

practical towipment, Proving tests were twc.
Y[l" '.Ul N '$ly cellfully carrita out on a comercial scale*

plict plant.

The pretreatment step of the procell wal prevedfig. 6. Ccerarison of Volume Reduction. *

to be practicable by numerown pilot plant tests
and allo by hot testi.

. The voluw of Solidtfled producti produced by
the procell 18 about 1/8 of that octatoes of
conventional cement solidification procelles.

. The crocell prodwces solidified products having
good physical prcperties. -Such prodwctl are
suitable for storage. transportation # d dit.
Polal

|

.

%

/
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ADVANCE!> CEh!ENT. SOLIDIFICATION PROCESS FOR SPENT ION EXCilANGE RESINS
K. Sauda, F. Todo, T. Nak ashima, T. Kagawa, }{. Xuribayashi

JGC Cor
Yokohama,porationJapan 232

AllSTitACT

JCC has developed an advanced cement solidification process (AC Process) for the treatment and l

stabilization of radioactive spent ion.cxchange resins generated at nuclear power plants.The AC Process
can prcduce exce!!ent products in comparison with other ca.isting cement solidification proecsses. In
addition, this process requires a lower operating cost than that of the }{lC system.

|

In general, cement solidification products derived from spent ion exchange resins tend to swell m
!

wattr. Sr..>i mcIling is caused by the crpansion of resins in water due to the absorption of water and by
the s dsorptice, of soluble contents in the cement matrix. In order to solve this problem,JGC has developed
a tww prmatment technique for obtaining ecment solidified products which will meet the requirements
for final disfosal. Extensive tests wtre conducted to determine pretreatment conditions. The properties
of obtained products were esaluatcd to verify that they met the requirements for final disposal.The results
of the tests and evaluation are reported below.

* " * * " "**** * ' "'INTRODUCTION lon exchange resin products in water has not yet been c'*lar.
JGC has carried out research end development ified. }{owever, such a disruption is said to be caused by the

work on cement solidification technologies for radioactive adsorption of soluble cement components by resins during
wastes for a lung time. Such wastes as pWR evaporator the curing and by the swellir.g and contraction of resins due
concentrates, incineration ashes, etc., were difficult to ec, to the reactions between cement water and resin water,
rnent solidify using existing technologies.To stabilize such Various methods have been proposed to prevent
wastes, JGC has already established a new technology for such a disruption of the matrh and they can be classified
obtaining highly volume reduced sMidifi6d products excel- roughly as follows: .

lent in water resistivity and othr.r properties by using a
JGC developed unique pretreatment method (USP 1) Adsorption of such ions as Na, Ca, etc., by cation ex.

450J042). change resins (2),

Also for ion. exchange resins, JGC has succeeded } ' * E' "* * * "' *# * 'u "d*'' ( }'
in sching prob! cms associated with exis'ing cement solidi. 3) Coating of resins with polyester or similar
0 cation processes by pretreatingion eschange resins before materials (4),

ixing them with cement-
4) Prctrestrnent to raise the water content (1).

The advanced cement solidification technology Concerning method 1, the following problem ex-
for spent ion exchange resins, deseloped by JGC, is dc* ists: When spent ion exchange resins are pretreated by
scribed below with respect to the pretreatment method. NaO}{, the adsorbcd Na ions are replaced after a long
process control program, Technical Position tests for cc. pc.iod of time by Ca ions contained in cement As a result,
mentitious waste forms.

the matrix of the cernent solidified product is disrupted.
PPETREAThlENT OF SPENT ION.EXCllANGE The pretreatment of spent ion exchange resins by time

! RESINS (CaO) cannot prevent an increase in the anion exchange
[ resin volume, though it is very effcet,ve ,n presenting an. i i

A problem associated with existing well known increase in the cation exchange resin volume.
cement solidification processes for spent inn cxchange res- According to out test resuhs, it is revealed t!iat

! ins is that the teatrix of the' cement solidified products
obtained is disrupted when immersed in water for long

when a ecment solidified product derived only from anion

time. Cement solidified products derivcJ from spent bead
exchange resins is subjected to a w ater immersion test, the

! resins particularly exhibit such a phenomenon. } or thh ,Qme of the product gradually increases and finally dis.

| reason, the pretreatment of spent non cxchange reso nas ruption of the matrh and cracking occurs. Figure 1 shows
the immersion test results.

I been acthcly discussed at the Workshop on G acnt Stabi.
lization of LLR'A' held by the U.S. Nuclear Regulatory On the cAher hand, the fo| lowing problems are
Commissbn (1), ass ciated with methods 2 and 3: As methods for improsing

| This report describes the concept of the spent cement bindert, examples crist of using slag cement, alu-
mina cement, polymer gypsum cement, or sulfur cement.

ion exchange resin pretreatment method deseloped byJGC llowever, these toethods do not d;ffer from the use of
in comparison with other pretre atment methods.The mech-

|
\
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shown in Mg.1, application of the cement pretreatment
could also prevent matriz disruption of cement 4olidified
anion resin prcducts.

TECllNICAL POSITION TESTS ON SOLIDIFIED'o
l "'" l # '||,'||O7,"| PRODUCTS

i

?,G|, 5 : -L'is'/,',*p Techniul Position tesis were conducted Io verify
that cen.critoolidifi.d products obtained by applying this

a w c.9 9 u
new ptetreatment method met the technical requirements

p,q- ,1,4 1,y . - 3, is n4 4 of 10 CFR 61 Technical Position (1983).The tests were
e w e is*oi comprised of a compressive strength test, radiation stability

test, biodegtadation test, leachability test, immersion test.
thermal cycling test, free liquid test, and a full seale test.I ,8 L_.,5-):,,.,...,,..,.a,. n . . , ,, ,

prevarsilen ofIes orodoct
,,, . e!, [- 3 .....,i,m.., ,

u . ... a o ..i
Non radioactive spent ion.cschange ruins were,, c ,,n n a

used to prepare solidified products for laboratory and full-
scale tests, For teachability tests, the radionuclides, Co ando g _ q .w._ p .4.~ . g - . g. . n

ove + teen) Cs,were added to resins.For Gcid tests,spention.cichange
resins actually generated at a PWR plant in Japan were
used.

Tig 1. Swelling of Solidifica Spent Resin Preducts
During Immersion Tests. Spent bend and powdcted resins were both used u

lon. exchange resins and the standard midng rstio of cation
to anion exchange resins w as 1:1.

ordinary Posland ce me nt. In method 3, spent ion.cxchange
resins 'are coated with w organic highaiscosityliquid such Test procedure
at polyeste r which requite s a special chemical or heating for

~~

hardening io occur. This complicates the tolidification pro- Compressive strength tests were conducted in ac-

cess. Therefore, this method is undesirable although is ef. cordance with ASTM C 39. Test specimens were cured in

Icctise, water 4aturated air for 30,00, and 90 days.

Ahcrnativc'y, as listed as method 4 spent ion ex. For radiation stabilhy tests, specimens were irradi-

change resins can be cement 4olklified under water con- sted with gamma rays of In,s rods at the Japan Atomic

taining conditions. However, this mcthod is not scry Energy Research institute. Diodegradation icsts were con.

cffective bec ause spent resins become dry during the curing. ducted in accordance with ASTM O21 and ASTM C21.

L
As describclabove, the spent ion. exchange resin Leachability tests and immersion tr.su were con.

| pretreatment methods re ported up to the present time have ducted' ccordancewith ANSil6.LTestipecimenseured

both advaniages and disadian' ges.The development of a in water. saturated air for 30 days were t. sed for allthe tests,

new cement solidification te ; logy has therefore been Thermal degradation tests were conducted in ac.
desitcd. Considering such cir,amstances, JGC conceived cordance with ASTM B553 and free liquid tests were con.
the following pretreatment, ducted using fullaize (55. gal drum) solidined products

Aher the addition of a certain amount of cement prepared by a demonstration pilot plant (Fig. 2) at JCC
and water, dewatered spent ion. exchange resins are agi. Oarai Research and Developnient Center.

toted at a high speed in a highly alkaline cernent slurry. Fulbscale tests were conducted using specimens;
Cement hydration of the spent resins after midng with taken from a 55.galloa drum size solidified product prc.

,

,

cement can thereby be prevented. pared by the pilot plant, using a core boring machine.

[(.-
;

On the basis of this concept JGC studied the spent Ih" k"I D'* f'"d'' '# ''"'d"'M
ion.euhange resin pretreatment conditiers, especially the
amount of cement to be added. pretter.tment time, and The physical properties of ecment soliJined prod-
agitator resolutions. As a result of the study,it was revealed ucts obtained are shnwn inTable 1. Allthe data satisfied the

- that satisfactory pretteatment cifcets could be achieved by criteria required by the Technical Position on Waste Form.
14hapecd agitation at 350 rpm using a high shearing miser' From the test data,it is concluded that the ecment solidified
ement >JJM of WFe on a dry resin basis.sgitation for

_ ._ _ _ _ _ _ . - . _ _ _ __ _ _ . __ _ _ _ _ . _ _ _ _ - . _ -
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products obtained by this precess meet the requirements
for Clau D and Clau C wute forms.

$ntem tuscription

JGC's advieced cement solidification process,for c . ".. ..

the effective pretreatment of spent lon.crebange resins,is , , , , , ,

shown in Fig. 3. Spent ion.crebacge resirs are received in a . .X.
'

I tg
spent resin receivirig tank, then sent to a dehydrator or .L.);;

*

, , , , , , , , , , , , , , , , , , ,

ce atrifugal separator for dehydration purposes.The super. .;M . -X . { ;f,*,",,,,, ,,,,,,,
natant is returned to a spent resin storage tank and the , ;,. gX.~,1Xi u.

,

Y e.,,7|j,n;;.o c.~o
,,,,y,

dewatered resins are received in a mixer, where the resins ftW .;.e;j ;,e;- ,e,. ,,

are mixed with the specified amount of cement and water. ~y -;e .e 4' ;X -X"
After the specified amount of cernent is added, the pre. .. .uY. .,:.; yli-b ci-w,

treated resins atc :ufficiently rnixed, tbeo fiUed into drums. 4. ,-- ;-- f ;X - .: ;B
~~

,'" '*"** ' "
Contrel ria rnmeters

*

The fouov4ng parameier: ate contrelled to obtein
satisfactory cement.solidined preducts.The amount of cc.
ment to be added for pretreatment is mote than 20 wt% on
a dry resia basis. Resins are mixed for more than 10 minutes
at an agitation speed of 350 rprn and cured for more than 3
hours. In addition, when the pretre ated resin is mined in the Fig.4. Relation Between Mking Ratios (R/W/C) and

mixer, the weights are controlled so as to enable the follow, Bounding Limits.

ing mixing ratio:

ResidWater/ Cement = 10u46

Resin : Dry resin (lb)

Water : Water contained in resin + Free w ater (Ib)

-- Cement: Portland cement (!b)

Spent resins When the amount of water increues beyond the
N' No I tine in Fig. 4, bleeding occurs, and when the amount

of w ater dectesses below the No.21ine, the oischargeability
"

from the rniser is lowered. An increase in the amount of
5olici / Liquid resin lowers the compteulve strength of cerr.ent solidified

-+ Supernatant preducts and causes disruption of the matrix in immersionseparation
tests, The No. 3 line indicates the condition under which
cernent.solidiGed products eured in w ater.satursted air for

' "
_ . 30 days show a compreuive strength of 7CO psi. When the'

,

amount of resin is increased above the No. A line, cracks
Cement -- Pretreatment *~ W a t e r develop on the surface of cement. solidified products in

) 90 day immersion tests.. . . . . . . . . . . . . . . <

ECONOMICAL EVALUATION........ . . . . . . ,

~ * *C e m e n t --+ mixing This advanced cement solidiGeation process clim-
inates the need for using crpensive HIC liners because spe et
ico exchange resins are stabilhed by cement. A large redue

Products
lion of direct erpeases such as container cost, disposal cost,

.
etc., can therefore be achieved.

Fig. 3. Basic Flow Diapam of AC. Process.

m
- - .
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CONCLUSION

3. Drookhaven Nationallaboratory".Vaste Form Dtvet.
In the advanced cement solidification prcv.ess de* opment Prepam Annual Report / BNL $1614,(1952).

yeloped by JGC, soliddied products obtained are cacclient ,,3, g , g , g ,y ,, g, p
ui phys, cal properties toccause spent lon exchange retirts

,

i
opment Prograin Annual Rerort,' DNL $17M,(1953).

are surfeienity pretreated t< fore being cement. solid f.ed.f

Therefore, the products un satisfactorily tnett the waste
for m crite ria re quired by 10 CTR 61 and Tec bnical Position. !
In addition, drect crpenses can be !argely teduced be cause (
there the use of erpensive HICliners is not required.
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7echnolo;ry of Stabl11:stien f or Incieerster Ash Wastes

K. Yokoya-a, K. S u s u k f', T . T o d o a n d Y . Meriya
JOC CORPORATICH, (Tokyo. Japan)

ABSTRAC7

This report concerns the s t abili s a t i o n of in:lnerator ashess advanced cement
so11dification and high f requency induction melting.

(1) AC Solidification
Host important polets in this process are pretreatment of ashes by
Ca(CH)2 addition and use of high shearing rni s e r to give efficient
homogemelty. The Froducts contain 35vt% ashes, and have high
compressive strength (200kg/cm2) and lov leachtbility.

(2) Hr!H
Ashes are melted at 1,200 - 1,600'C by the Induced heating using a 25KHs
high frequency, in a melter made of carbon material. The vitrified
products have good chemical-physical propertles, rurthermore, the
process is capable of treating concrete, heat-insulator materials and
other concombustible DAW.

'

INTP0DUC7108

The stabillaation of Ancinerator ash vastes is classified into two main
processes ; one is embeddin lo a binder matris (1)(2), and the other is
enelting into hard blocks ( ). Cement , biteen, plastic-solidification

belong to the former process. These are easily operated by simple equipment,
though both volume and weight of solldified products ar. lacreased. The
latter is the melting tre atnant by method such as Joule-heat, high frequency
induction, microwave and so $v. These processes have higher vol pe reduction
but involve considerably moi,r n * plicated systems.
The application of these yrchniques to actual vastes should be reasonably
selected with consideratics given to several parameters ; vaste-vol ee,

-velght, -form, contsmination levels of radioactive or/and hazardous vastes,
required capacity and foreign materials in ashes.
In this paper, advanced cement (AC) solidification and high frequency
Induction merting (HTIH), developed by JCC, for radioactive ash vastes are
reported.

ADVANCED CCHINT S01.!DITICAT10H

1. Concept of AC solidification
AC solidification process for incinerator ashes consisted of two main
procedures ; protreatment and hornog e n e ou s ly mixing by high shearing
mixer, rigure 1 shows the basic flow diagram. Pretreatment is required

to ef f ectively prevent a c erne n t-hyd r a t i o n reaction due to Zn, Pb retal
compounds. Also, this can avoid the deterioration of product-block
strength due to H2 gas generation reacting with Al metal. The above
nentioced retal compounds are generally contained in incinerator ashes.
The precess proceeds with the direct addition of Ca(OH)2 and HaOH lato
ash-vestes in the presence of appropriate amount of water.

I1,5.1
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II. Propertiss of cement product
To obtain the f airly homogeneous misture of cerent the pretreated ash
vaste, a high shearing m1zer, as shovn in Figure 2 has been used at tr.e
olving condition of 35vt% ash vaste content and velght ratio of water to
cemset.111. . The pretreataent requires about one day.
The physical. chemical properties of products are swearlsed in Table 1.

.

The density and compressive strength are range from 1,7 - 1.9 and 200
400 kg/cm2, respectively. The incinerator ashes are ef f ectively
embedded in cement matriz by AC process.
Leaching Andes (LI). values, defined by ANS16.1 are obtained for
radioactive Co and Cs, based on the leaching tests results over 90 day.
These LI values satisfy the requirement that L!>6.

2!!. Testures of the process system
- The pretreatment si additive Ca(OH)2 to Ancinerator ashes is

sufficiently effective to obtain stabillsed cement products.
) - 7hla process system has very slmple equipment and a easy to ope rate.

although the weight and volume of vastes finally lacrease.;
,

- The homogeneous misture of cement and ash waste (35vts content) is
given by high shearing mixer.

H1CH TREQUENCY INDUCT 10H MELT!HO

1. . Concept of HT!H
Tigure 3 Allustrates main system. components lo the Hr2H test pilot.
The concombus tible vas tes, which are shredded or crushed, if necessary.

I are fed to the melting pot made of carbon matarla1. The outside of this
pot is surrounded with high f requency induction coils. The vastes are
directly melted in the pot vlthout any additives, and blevn dovn leto
the canister to storage vitrified products. The off-gas is cleaned
through the combination system of cyclone, elecrostatic precipitator and
HEPA flater. The main vastes to be treated are the followings,

The main vastes to be treated are the followings
- Incinerator ash
- Heat. Ansulation material (containing asbestos)
- HEPA filter material
- Concrete debris

The melting temperature'of these vaste are ranges from 1200 to 1600'C.
so that - the wastes can be melted by Hr!H method in either respective or

m(red forms.

II feature of pliot plant
The malt features of the pilot plant to be used in experiments are down
belows

capacity 15 kg/h (based on incinerator ash)r

melting pot $ liter
electric power i 42 KWH

! coolley water : 3m3/h
off. gas : 12 - 13 Hm3
canister 50 liter

J-

b

Ii,5.2
1
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O
rigure 4 to rigure 6 correspond to the photographs of induction heating
nelter main part, canister / holder, and ot t. gas treavent, respectively.
The melted vastas are blevn f rom the bottom of the carbon material pot,
by controlling the carbon rod stopper setting in the pet. A suple of

vitrified product is shovn in rigure 7.

!!!. Characteristics of the process
(1) Heiting pot material

In this esperimer,t, tests were conducted on the applicability of carbon
and s111 con cerpic natorials to a nelting pot in the HT!H process. As
a results, the cera.mic had severe dunge due to the complicate reaction
with a little amount of iron metal in melted vastes. On the other hand,
although carbon material has easily reacted with oxygen aud decreased
the weight in high temperatures, the long operation time 60 - 100 hours
could be done under the nitrogen a tmo s phe r e . Then, carbon material was

selected. The etfective procedure vill be espected by complete
de o x yg e n.p r e t r e atme n t of vastes and shielding the inside of whole

processes by nitrogen.

(2) Of f-gas treatment
as treatment system, theoff.g34In order to confirm the gerformance of

60 o, Cs were melted in thevastes doped radionettve materials, C

nelter. Table 2 shows results of Dr in the off. gas system. More than

104 is obtalmed as the total Dr values.

(3) physical-chenical properties of vitrified products
T abl e 3 lodicates the volume reduction factors of noncombustible vastes
treated by t he pilot plant. High Volume reduction was achieved. Tabir
4 summarlsu the censity, compressive strength etc., of the vitrifled
products. The teachability of To and Ha tested by the MCC 55 mothea
(100'C, 'It e y s ) ranges from 10-3 to 10 6 g/cm2 day, being almost
see me that of general vitrified glass melted products.

IV. Features of the process system

. Various concombustible vastes can be treated simultaneously
- Final products are vitrified form with excellent physical-chemical
properties.

9 for- High volume reduction can be obtained, for *zeple, 5 -

inciperator ashes.
- The melter is heated from outside usic; high frequency induction coils.
- The inventory volume of melted vastes in melter is small. thus

allowing the maintenance of the melter to be readily carried out.

CONCIN510H

As a rssult of the experiments, it was confirmed that both prneesses of AC
solidification and HTIM can be applied to treating incinerator ash vastes.
The AC solidification process is suitable for treating large amounts of ash
vaste which is less cont uinated by radioactive and/or hasardous materials.
The HTIH process can be applied to treating small mounts of ash vaste which
is highly contaminated, in order to obtain stable vitrified products.

I1.5.3

_ - _ _ _ _ _ _ _ _



_ _ _ _ _ . _ _

i
4

I

;

:
!

i

FETE 9ES:ts
!

j- (1) D, L. Charlesvorth et al., The !ctercat si Cecierence on faciterator
of Hasardous radioactive & Mixed Wastes. , , - 3 - 6, 19 8 8, p B * .2

(2) <. Kurunada et al., waste Managerent 85. vol. 2,1985, p211,

'
(,, %. Esto et al., J. At. Caer7y Soc. Japan, Vol. 31, No. 9, p1053 (1989)

>

.

l

6

,

(

,

I

,

%

|

i

-- . . _ . . . . , - . . . ~ . . . _ , _ _ . , . _ . . _ ......._.____,.__,.,,..}..L,%-.J,..___,,._..__,.y,._ <

,...~..,.-,_v ..,_....,__-,,-,.r ,.r . ,p



_. . . . _ _ _ _ _ _ _ . , _ _ - . - - _ _ _ _ - _ - . _ --- _ . _ - - - - . - - . . . - - _ . - -

9

9
U \U l'h___ _

- -

s on _ ,_

h3.Ih
B a $ic Flow Dia ciram - m.. . ,

. n
.I 3

' '

, ~ * %!IM b'!C. 'YLI incinerator * '

Mi, f. , ', !.

-

'

h

Bag Filter Bottom Ash ';

-,.! i
, ., .$ ~,!'

E
-

'
I k *,j ' s *

.

' O .|# G.['",*
Ca(O H); - Cruthing , t, L r..

**INaOH A i ./ *
Water - '

, , ,-- ,

(y.,.,,.
<- ,r

- I.,j[ (pPrettestment -
3

' hT C' f~ ]T. ''
'

C ' * * *' L, -+yg* g 7-
,

m in,
'I |.f

'- , /,6 %

, , f f, . ,
..

ffe?- **

Products .
'

!35-T':t .- . -e. " - -

.
,

,

flavre 2 Nio $hearino Mirer
F_icvte i 88t e Fl0W Ol4Qf am of AC $0lldifis3tI0m (0F Athell

Table i Charaderistic of Cement Products for AshWastes

.

Compressive Leaching Indy I
Waste Content Density Strength value

Incinerator 35 wt% 1,8 420 kg/cm2 soCo 14

|
bottom ash

Filtered ash 35 wt% 1,6 620 kg/cm2 134Cs 8

Compressive Strength ; at the curing time = 30 days
| Leaching index ; the required Li value > 6, at 90 days,in ANS 16.1

11.5.5
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table 2 os in of f.ces trest-ent

Nuclide Cyclone Electric Pricipitator
_.

60Co 8 x 102 10

134Cs 2 x 102 6 x 102

Toble 3 Volume Reductivity of Wettet

W aste Vis Factor

Ash 5-9
'

Heat insulator 9~ 53

HE'PA filter 13 ~ 54
'

Concrete debris 1~3

Table 4 Charetteristic of Vitrif;ed W6stes

,

Compressive Leaching Ratio *
Waste' Density Weightloss

Strength Fe Na

Ash 2.7 > 4000 kg/cm2 0.02 ~ 2wt% 10 4~10 6 10 2~10 5

Ash / Heat insulator 2.6 > 2000 0.2 ~ 2wt% 104-105 103-104
(50/50)

Ash /HEPA Filter 2.5 > 104 0.2 - 2wt% 103-106 103-104
(50/50)

. _.

''g/cm2. d a y
MCC 55(100 C,7 days)

|
,

i1.5.7
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NRF MAJOR GOALS AND OBJECTIVES

O
1. On-site storage requirements to be one(1) year.

|

2. Radioactive effluent discharges not to exceed
0.1 Ci/ year / site, and chemical discharges less than
50% of NPDES limits.

3. Waste shipped off- site not to exceed
16,000 CF / year / site,

4. No inadvertent radioactive gaseous release.
O

~
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|

.

|
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BLOCK FLOW FOR SURRY'S NEW RW FACILITY ACTIVITY $ HIPPING

RELEASE VOLUME
(Ci / Y R) (FT3 / YRl

| LIQ RADWA5TE | , 4| EVAPORATOR)--+| DEMINERAlllER | : 0.042

0.037i
' l

-*| FILTER [--*\ DEMINERAll2ER h3| BITUMENIZATION [* 3,852

| LAUNDRY WASTE } :| MARIMO FILTER | - 0.013
, ,

| LA RESIN

| |
l | |

t t

| HA RE51N | | | -| HIC |---> 679

| |
i i

| OILY WALTE ) - | STABILIZATION |
' '
;
. ,

h-----f-----------*---*,h,**** HIGH PRESSURE
| DAW COMPACTOR B,430--+

f'%
* TOTAL 0.092 12,961|

|- GOAL 0.1 16,000
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- PERIODIC MEETING

E - DOCUMENT REVIEW
- MODEL CHECK
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TECIINOLOGIES DISCUSSED AT PNC, TOKAI WORKS

- Vitrification of HLLW
- Nuclear Fuel Cycle and Reprocessing

- Receiving and Storage of Speat Fuel
- Mechanical Treatment
- Dissolution, Clarification and Adjustment
- Separation
- U-Purification, - Coventration, and Denigration
- Pu Purineation, and - Concentration
- Analysis and Opuational Testing Laboratory
- Trew ment of Wasic

- Microwave Melter
- ESR Furnace
- Assessment of Long Term Durability of Enginected Barrier Materials

BIBLIOGRAPIIY OF LITERATURE RECEIVED FROM PNC, TOKAI WORKS

Budget Information from PNC, Tokal. PNC, Tokai,1 page,
t

* Nuclear Fuel Cycle, Tokai Reprocessing Plant", PNC- Tokal Works,15 pages.

L

| 'Some Aspects of Natural Analogue Studies for Assessment of Long Term
Durability of Engineered Barrier Materials, CEC 4th Natural Analogue Working Group
Meeting", Prepared by Y. Yusa, G. Kamei and T. Arai, PNC,19 pages.

"Tokal Vitri6 cation Facility", PNC, Tokai Works, 3 pages.

"Pu-Contaminated Waste Treatment Facility', PNC, Tokai Works. 3 pages.
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Nuclear Fuel Cycle and Reprocessing
,

i

!
t

0 Nuclear Fuel Cycle 1

l

I

A W . n

sti ge ;r.w :
.e . )

] **
.

o Developrnent of the nuclear fuel e Establishment of the nuclear fuel The reprocessing plant function is to
cycle and PNC cycle recover the plutonium produced and the

'

PNC is developing most parts of the in the operation of a reactor, uranium- uranium remaining from the spent fuel

nuclear fuel cycle, from prospecitng for 235 content decreases and fission product and to separate and treat the FP as waste.

uranium to reprNessmg of spent fuel, as (FP) content mereases as the fuel burns. Therefore,the nuclear fue|is not disposed

well as devel.,pment of new reactors such At the same time nonfissionable uranium- f after only one use but is used many

as FBR and ATR. Reprocessing plant 238 is converted to plutonium by neu- ttmo as nuclear fuel because of the

:enstrue. ion began tn June,1971, and tron absorption. After about three years ''P'0C'58i"8-

after finishing bbnk test, chemical test, of fuel irradiation in the rea: tor the The recycle of nudear fuel m this way is

and hot test, operations began in January, fissionable uranium 235 content is re, called the nuclear fuel cycle and the'

1981, duced and the FP content tocreased so rept cess ng plant is the key to the

| This plant can reprocess 0.7 ton uranium that the reactor can not maintain criti- nuclear fuel cycle,

of fuel per day and has a key tule to cality, and it is necessary to refue' the
promote the future reprocessin industry reactor,

i
in Japan. A one million kwe LWR plant corsumes

| about 30 tons of fuel per year on the
average. Spent fuel contams about 1%

| uranium 235 (new fuel contains about
3%), sbout 95% uranium 238 (new fuel,

97%), about 1% plutonium, and 2 ~ 3%

FP.

2
|

, , - -. _ - - _. . , , _ _ . _ _ . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i View of Main Plant V
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1 Truck airlockC Sf **3" P *ntl
2 Cau decontamination room

Tt capacity Abost Q? Meric ton of uranium per daV 3 F uei unloading pool
nt fu:4 to be proceued EnricheJ uronium fuel 4 Fuei Storage pool
Cladding materiai Zi , Stoy or br'Jee stwl 5 Mechanical treatment cell
Burn.up About 28C4% M)"'D/t Average) 6 Dinoint loading cell

- So:cific peer About 3E MW!t .Mver,e lo) 7 Feed adlustment cent
Cookng time 180 days wi.nimum) 8 Separation celis
Enrichmtnt 4% i Jamimum) 9 U.puutication ceit
a of proceu Purex process atth chop and leach 10 Pu-penfication cell
duct 11 Utility room
Uranium trioside (UO 1 12 Control room3

Plutonium nitrate (PulNO 14 }3

|
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vococaing peocou

mm!ving and Storage of Spent Fuel

}
i
i

, ' e cask containing spent fuelis receiv- g
! I the truck airlock. Then the cask is g

ed into the cask decontamination
' n, the trater in the cask is exchanged, g ,36

e on. Then, the cask is moved into spent tsei {Jnloading pool and the spent fuel _.

wed. The spent fuel assemblies are -
-

| into fuel baskets, sent to a storage ow,niam, nation i ,rne
'

, and cooled there, 'o m nioading Storag g
is cooled storage pairpov is to await

decay of telatively short hfeltme FP

1onts in the spent fuel assembhes,

j h decreases the activity and decay
' After the fuel is cooled over a

i an period of time, the assemblies are
.

.

j
, G ?=T T 'i h CVJ,v-'

to an intermediate pool, discharged p
i the fuel basket one at a time, and W "

.

! to a mechan; cal treatment cell. J -
-

.

e storage pool of this plant can 11'

e about 100 tons of spent fuel.
.

'

4 +
; View of cash reconnog

.
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inprx wne7xou
1

| Y~ anical Treatment !
:

i
,

I

|! The spent fuel ammbhes sent to the
mechanical treatment cell from the stor.

i

age pool have the end parts of the fuel
;

assembhes removed, and then the remam- ,

; *

der in chopped into pieces about 5em
i (3 mches) long These fuel pieces are

.

'..
sent to a dinolver in the diswiver cell.
Sohd wastes, such as the end parts of the ,

; ,

|
fuel assembhen which have been off first,

and the hulls (fuel element clad) which
i don't dissolve in the diswiver.are put into

|
a waste container and stored in a high

I active solid waste stotage facihty.

The mechanical treatment cell is sur-
rounded by a concrete wall about 150cm .. %

| thic k . Viewing wmdows and manipu. ,

'

lators are set up for remote operation of

the choppir4 work. A decontamination
cell and atriock cell are also set up for

and rt aintenance of the machinery.1

i

|

| y'
|

/

. . , . .

1.
Operation c manipulator at mechen. cal treatment ced

}-
'

!
. : . L. .1
,

>< 40 \- |
' '

.
. . |

'' - *

, .

1
.

.

)
'I a _

,.. . .

!e - |4

-

( ..
. |

'
: : .s'.

.

..' .:W.

..

Chopong muNne tus

7
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=
i

i
1

! rocesobg process

ssolution, Clarification and Adjustment

O
|

! ent fu*f elements chopped by the
, | g.,

'

' '[; hangal process are transferred to the . '\ f .

ilver in the dissolver cell. Of the -

! ded fuel pieces, only oxide fu:1 is *

,, , , , . g,
"

- #, |j >lved in nitric acid and the claddmg x 's .

. ' g"'
,

'| e of stairtlen steel or. zircaloy re- 9 |f ~

'8-
u undissolved. w ,. 3, . , , . . .

the dissolution, oxygen is introduced - ' ' " - 'I
. |

'

' te dismiver, which oxidues the rutro- - '' |g.i
.

,
~

~

oxides, which origmates in the dis-
' ~, |g -

.

, _.
: Ion. ' ' '

.

--

er dissolution, dissolved solution '.s ~ ' ' ~ '

#'

-
'

Jerred to the buffer vessel, dileied -
- i7 'J '

-.

.

a -T T 7 ' d .' <+| adjusted with nitrie acid. Undistr lved
; rials such as solid particles are re- .

b
. 4 '%-

3..

, s

, rd by a pulse filter and the acidity - < -
'~ <

' it solution is adjusted in the adjust-
'

-
. .

venel of the feed adjustment cell. '.-
.

.
-

<i this vessel, after accountmg for the Q' -

mjum and uranium, this solution is - g. . . h'

ferred to the 1st extraction bank in '.*;,
' ~

~

;

#
-

"

<s ,-
- . .- ,

1st k: >. ration cycic. Undmotved
, ,

s" ore rinsed, iemoved with a per-
. , '

' '

ed basket, put into a waste container ' - -

sent to the high active solid waste
'

'

.

ge facihty. Off gas originating in the ;
'

lution is sent to the off gas treatment * - D5"t*

tss. .

'

a @ \

'

-,

eDE s .

e m 1.

.
. M'' \

- ' % [ ,, N
A

. 7

9'.
-

-
.

swe N''**

sA fo
-

- 3.

= N.

. .

s . '
. .

,
" 'I-

6 a'rei-

|
-

.

.
. =

,
' Ossotvet "

i
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Reprocess % peocese

$'MlBllOn
U
Dissolved solution contams U. Pu and -

, , ,

<- 7 -

'

FP. The purpon of the separation pro-
cru is to wparate U, Pu and FP from -

- -

'Teach other in the solution. This process
can be roughly classified as the ist

-

wparation cycle (co decontamination), - - -
-

and the 2nd separation cycle (partition).
~

' [ - .

'

-

~

, . .. .

The ist uparation cycle is the process to
'

. ,. ,'
separate fis.uon products from dinolved

_ , . [.
.

, ' . ,
,

m'. * =aNSsolution and the 2nd cycle is to sepa ate d -

,
. .

Pu from V. .

.

N [ %' ' " M
~ e.- , _,

(l) let wparition eycle
~

. .

,

, , '(co<iecontamination)
This process has the function to extract

- -

.w,

|. -U, Pu in the solution into solvent and to
.

E .JY ~ -

*

separate them from FP, U and Pu ex. L'O W.fwa . .W 2 -
- -

'
'

tracted into solvent at mixer settler ex.
' 73'* D'N N N' J ( [[ y; k j

.
-

ff* ' ~ Af *
"'

traction I, are turned again into the .'

aqueous phase by stripping the solution ' I y .f
~'

@'a
a settler extraction 2 and they age 1 Y ' - . ! . ..'i .., ,.

.. M~ "p[M '-
. tyhsferred to the 2nd cycle. On the

-

' -'

. .-

othu ud , FP remaining in the aqueous ',,,,,,|,,,,,n,,,,,,,,,,,g

phase at mixer..witler extraction I are
vaihed at the di'uent washer and trans-

terred ra the high active waste evaporator

via the buffer vusel. remaining in the aqueous phase by the containing Pu is transferred to ths Pu

() 2nd separaton cycle (partition) nrne process as the extraction 1. Of U, purification proerss. The organic p'.ase

- At the extraction 2 of the 1st separation Pu in the organic phase, Pu is reduced and containing U is transferred to the o crae,"

cycle, U and Pu are stripped into the stripped by the mixture of uranous nitrate tion 5 and ther' U is strip:;d irro the

aqueous phase and this aqueous phase is and hydrazine at the extraction 4, and aqueous phase and transfe re,. *s the U

introduced to the extraction 3. And resuhing in separation of uramum in the purification procers.'

there, U and Pu are extreeted i," the organic phase from Pu in the aqueous

organic phase to separate them from FP phaw. After this the aqueous phase

.

9
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; yocesejrig process

purification, -concentration and Denitration

1

ie solution contatning U that is stripp.
'

'

' ~~
'

_ . .

~ into the aqueous phase at the estrac.
.,

| 15 of the 2nd separation cycle, is
,

6

|- isferred to the extraction 6 of the U ,,,,)
..

i afscetion cycle. There. U is separated ' ' """
'

-

~" "n the trace of FP by the solvent asin
.

I m -.
L estraction 1 and they are purified. ! %, Nu , ' # ~. '

>pstated U is transferred to the extrac- i ,- g. .

17, stripped again into the aqueous
.

, ,

. se by dilute acid and then transferred -

-

-,

,

.

, the U concentration. denitration pro- i * ' ,' 1- ..

- - -

-,_

. J , t-
>

j <ontaining solution (uranyl nitrate) P L s7-, aferred to the U concentration de. , '- '
-

! . ation is concentrated in the 1st evapo- -
-

[I I J - ,. r
'

| ir. This concentrate, keeping a con- ~~
- ' ' '

! =r- '

'
*; 't concentration, is removed from the ? 'a

wrator end after cooling it is trans-
'

I k ( M ,, h
.,

ed to the dilute vessel via the con- - 4
, tra's receiver, At this vessel, inspec. * ' ' '* 'N v

#| is done and if within specification it 1 b
ensferred to the feed vessel -

- -

.t

'

.

to concentrate transferred to this feed u punriceoon cea
J o!is re concentrated at the 2nd evapo-

''r, transferred to the denitrator via
,

,

I buffer vessel and there it is decom- '

( rd into UO powder. '$*
3 ,s

|J3 powc'er is continuously removed
' n the bot;om of the denitrator. pack.

nio the con ainer as finalproduct and
to W sicragt,3

Uranun nrtrete and uraium tnoside
|

|-

1
,

|
,

inci le of Solvent htiaction Method into the aqueous phaw because the lowel
-id lael settler sesdit) makes it easier to dissolve in the aqueous

phase than m the organic phaw.the reproctuing plant, the main technque Furthermore, tetravalent Pu in the organic M- coceruc U and Pu from spent fuelis the phaw is reduced to trivalent Pu by a reduction lht estraction method- re age nt. Trivalent Pu is so insoluble in the J g
s mothed has the function of estracting orgaruc phase and is stripped into the aqueous
al elements from the notne acid solution phaw. so Pu is wpa;ated from U remuning m % m eus .E
ting from dissolving spent futts converson the organic phaw. Thus, repeaung the extr,c- t p K.h
organic solvent or stripping elements from

! iraaruc phase into the aqueous phase and
tion stripping and Pu sttrpping make it pouible q -

Weir [",to separate U, Pu and FP from each other. ^) ation of U and Pu from FP. * The miner settler conasts of the mixing part '

I example, at the lit separation cycle that and the withng part-
-

!

i he tuntion of wparating U, Pa from FP. mairag part ; contacting the organic solvent gtg
p d Pu is estracted into the organic phase mth acid solut O, n -

,

c the higher acidity makes it them eas) to
'

rvo in the netthng part : dividing the aqueous phase pp
i % W remaorganic phase. Under this cen- For example, at the ertraction I, the estrar- ,,

- ~ ,
-

- sn 14 aqueous phase because non operation proceeds as in the figure. g,9 3,;,,on'

solubtbly. Real mher settlers differ in size from ea:h sect >on 'is W aro separated from trand Pu And U. other, but a model la shown in the photo- |the organse phane are able to be stnpped FE *C --
-

4

1'

, i
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i

|

F;=c-::::%g peocess

wourification and -concentration
.

r - . . . . -
'-

' Pu solution that is stripped at the ex-
'

.

.. ;
**

traction 4 of the 2nd separation cycle is
~ '

, j,

j transferred to the extraction 8 of the Pu
- ,- -

, - I
i

purification cycle and there Pu is separat-
"

,

.}:

,' ed from a small amount of FP by solvent - i , ,
| ~

extraction and purified.i
,

! The aqueous solution containing a small ,. ' g g-

,
,

jamount of FP ts transferred to th: . .-
' '

?" .?' , , , , |
*'| medium levelliquid waste treatment pro. i

,'

. cess as waste. The organic phase contain. p ,

,
, |,

'

|I
ing Pu that is sepasated at the extraction a

8,=ls stripped to the aqueous phase by the .,
_ ,

!

* t imixture of uranous nitrate and hydrazine'

at the extraction 9 and they are trans-
,

' I|'
,

- - --

t , ', - | '

'{'
ferred to the evaporator in the Pu con-

| centration cell.
'

'*. - |,

I L
'

'

The concentrate, plutonium nitrate, is ;

I transferred ta the norage tank as a final - gr
"1 Sproduct, ,

, .

.. . g .

. :
_

; ,
,

'

L .

.

*
~

*

Plutonium nitrete PwpurthcatM>n ces
. .

,& - s

,

|

-. ...... .
.

*4 . - .,.

( ) .

.

-

J n . 7
-

, ,

! r U,Pu
.

'

.,

>T s
s. m

'AQ -

'' '

*

I' FP v.a. FP uA Y~~~

,
y

' '

' b u,Pu,FP
.

'

I
, ,

, trom o.sso4 vee - -
-

|. - . . ,
,

us o; m., ,
- -- -

11
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pq 'i

4

|
!

;

i

| |

, analyticel laboratory and OTL are
" \ '

,

| central building which is the largest '

| is next to the main plant.
role of the analyticallaboratory is |4

ovide the necessary information j
#

the process and the material balance - ,-

i
ning uranium and plutonium. Sam. *

skQn by means of sampling vehicles

ansferred through the pneumatic
j tr system inside the plant. These

'
' rs are at different activity levels, so ,

cre enalysis cells for high and;

; m activity samples and glove boxes
v activity samples, all with modern

, nents. |
Is e mintature of the main plant,on )

'
. to scele, of the chemical treatment,

L ing the fission product concentra- \ |

3:s tium denitration, plutonium ,.
i

,

itrath:n and acid recovery.
'

,
i

| role of Ae OTL is to reproduce the , .

i/
~

Operatic,n, review the problems and e
^'**'c ***'P'* *o'c 'r om*'''ositive proof of operation before
IFr4 the process, g |

, ,.
'

,

)Sles of irradiated fuel are trans-
'

j
from the pl. int to the laboratory in

~

.

// '' g
- (

..
'

)
--

-

! ad cask "Cendrillon" .

a,-
,

"

;
^

p
'

[. N N.
-

t

.f
,

-

!
.,

a4 M''

..y .'': -

-
8

. ..%i . .,
g

' '

,)
- g

-

** '

,.

? |
Tr:rface enuate mass spectrometere-

! .- .?

' ') b 1 ~
s

_ h' .

; o* h .. . 8 b
'

c
. -

. ~ ~
,

, . ,, % . , u . If
etry . m|.

.. -

. ..

.,
. 7 . Mik ibj ' -

..

]-
operstmai area cr OTL Trance, of spent tues to OTL |

I

i

!
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I S % proco u

% tment of Waste

' '

In the plant, nuclear material such as" -

uranium and plutonium is recovered, but
" '

also, radioactive waste must be treated, , .

' safely. Altborne radioactivity from rne.
,

. ; , ,

.
.

.

.. chanical treatment and diuolution pro-.

ceues are washed and filtered several
' '

- ('' ~

times. Radioactive liquid wastes are re.
,

, j ~ duced in volume by evaporation and stor.

ed en a stainleu steel veuel. Condensate

,
_

. .; removed from the evaporator is clowly
.; . monitored for radioactivity and the con.

' ' '
y

"

centration of radios,tivity is confinned toa - -

~

be within acceptable limits before release
' ( '

'

to the sea,-

l, '

q .

. -

.). +

M

'

C2,

*n' % y ,..

Wow of HASW| Huns) stuppeng to HASW6
*

6 g .

d
e a

w

-

6 .%~

;- a'
.

'
. ,

b

i
. .

; ..

E

e. , . . t :. s
.

.

!

HJ4 theppng and HASWt
,

4

. .
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-

e

9

'

Geseous weste I

st of the radioactive gawous waste |
' s from the dissolution process and

.
i

' nechanical treatment process, with a
amount from various cell and

,

1 ventuation systems. These gaseous .'."
_

j
.

et are assayed and futered several
-

',.

j ,

s according to their activity level and , , '

i teleaned to the atmosphere after
' - a ' ei - 4 %'

[, g ^ !g . .#*' *
i 'ul activity monitoring. .

I

$ . .. y{, . ' I
'' Liquid waste

L th active levelliquid waste (llALW)is
. .

-
' '-

=- ,. . ., .

.p -|
-

Jy the aqueous raffinate from the ist
. ' - - . .-

ration cycle, which contains nearly e - -
~

,

'

the nonvolatue finion products. _ . . .

' .W is reduced in volume by evapora- 4
..

.

i

i

and voted in underpound tanks. . . , .

<

dium active 'evel liquid waste .

~4
A i

' LW) is the raffinate from the 2nd
-

-

- - - * -

- .

ration cycle, uranium purification .

a and plutonium purification cycle - %
~

the nitric acid solution recovered ' ) %;- .
g~-

t absorber of the uranium denitration . -
- - - t g

-

. est and liALW concentration process.
- - - M - s ,

-

'.

i
_; . W is treated by the acid recovery . .

* /
| eu. The distillate is reused in the .'

ess as recovered nitric acid and the ' '
--

:entrate in the evaporator bottom h
sferred to the HALW evaporator. ,- 1

-
.

D'# ' '

1

' active level liquid waste (LALW) a
' |,

other processes and faculties is ~ s
-

. .

;1 -

i sferred to the auxillary active facility - '
~

.

F) and stored temporaiuy according
-

i

ictivity level. The comparative high .
.

.

|
ve liquid waste such as the raffinate ,,4

1 the solvent regeneration cycle is -
-

-

.,

|
"

L sced in volume by evaporation and its
'densate is transferred to the buffer

s d the other concentrate is stored 7 '. {z

,

|
|ae other liquid waste such as laundry
i -te is treated by flocculation, and * ~*

' ;*d other water is transferred to buffer * -

f<,s and the sludge is stored in vessels.
9. -'

'

, . reduce the sea discharge activities, .
n*' - r| \J<

-

j
itionally two evaporator stations for '

: ' J s . ...
r . ' ~ '

- |f~ MsLW(E and Z facihty)were +onstructed
rr start of hot operation. For the - .

17grained TDP, the de-oding station (C iyp= ._._s.

'( a ug' ility) was installed befcre sea discharge ., j .; -
- c 't '

** - 8

tfined, and the concentration of radio-
'~

| 9 ~ '\-mtoring vessels. *- s

. g :'- . k ' ,I
\ ,"he water is carefully monitored and *

l. *

ivity is determined to be within accept. M|- -! .

e limits before release to the sea. 4 . >,
'

,

* Solid weste -p 1 t ,

wits of the end plugs of spent fuel j g '' 1*h
- =hs

ligh active level solid waste (HASW) 4 *'

embhes sheared in the mechanical t f- f
atment . process and insoluble hulls I (* J

HASW is 4>m the omolving procen. .

ntained m stainless steel drums and -
-

,
- .

ired in llASW stotage. - ik J 1.s
ow active level sohd waste is sorted as ' .e *

mbustible waste or non<ompressible . .
-

.,ste,- which is either incinerated, com- . - "*

eted or placed in drums.
These treated wastes are stored in the , . " C y,m
\SW storage area. p g

!
w 1

|

, . . . - . _ ~ - . _ . _ _ , _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ . . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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; hty Desigh and Safety Administration
Environmental Monitoring System et Tokai

)| j- The reprocessma plant must be designed Moa"oono Post Mon,tonno station
,

k8" r5 j i
- and admtnistered considering first the - _

~
afety of the factlity, pro:ess design and Q -i n a .

i'
''' "

(1) Confinement Y l
, F iinfluence on the circumstances

! j,

The main parts of plant have tnple I'

C E '

confinonent barriers where the primary
confinement barrier is the building. the U |

.

g ;
_.

secondary is the mtenor wall and the i

third is the reaction vessel. If leakage of a | .gg
vessel contammg radioactive matenal l

occurs, the plant is designed to restrict g c aso , ,

radioactive release to the environment. J J- 2 . [ ,= , i i a ,g=

E
_

(2) Aseismic design 3.

I b d ,___._V Atsismic design is based on the banc
, A ggi- conditions that the buildmgs, structures. '- - --

- equipment and pipmg have sufficient W asu
-

ettength to assure safety of the employees c. ;., | +M"
' '

.

S ' ~ P - - --
*

, and public of the nearby area durmg and g

Efter earthquakes. A "

](3) Criticality control *M^'
~

s..
,

lr " .id-The following basie control parameters a

C#[u-
. --1 -

.

.sidered.
l ment geometry hmitation o.ta pr -ip

- - .lonable matettal mass lirnitauon
* concentration limitation

h The nuclear safety of the system is
maintamed by exercising control over cne
or more of the above parameters ar'd using 5 ;

-

neutron poison supplementally ) [ #

(4) Maintenance
The mechanical cell equipments i enng

the high active matenal are mamt WJ
' remotely and are able to be restiotely

~decontammated prior to repat The . ~

equipment m the chemical process is all
-

" "

,

'

to be repaired by direct matntenance '

after decontamination. The key cells and ,

equi,nment such as ll ALW concentration
process are mstalled in parallel

in addition to the above safety design. Saf arv administrat,on room

@ . ,. , = a,.3 g g .y.g' e n, ; ,o g
-- the health physics of employees is con- . fx ;<c
-

' tW 94.;> b i;F(.' i' e7- trolled by a PNC system PNC establishes

, j %p$ .y' ; 2
@' '

. q' |- .

the mt.nitonng station, ground monitor.
_ ing pos:s. sea and coast monitormg.

I
.

% s N ;. .gy e..monitoring cars and one monitormg boat
--- g

A. h_ .| |.|| [ k
.

.
c. ,: - (. #f b -

,

.

-

$& h|'[ $ h - ;\t,YhkN,Yf?
_

s -

Monitor *ng boat "Seik.ai Monitonng post
. )

- 16

.

.

.
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|

in Tokai Wor (s
:
:

,

'

! ,
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Major RD anc D Ac":ivi":les
on HLLW and TRU Waste Concitioning

in Tokai Works.
.

R & D paaSe

- H LLW : Vitrification by LFCM Process
.

- TRU Wastes: Nuclide Separation from Low Level Liquid Waste

Decomposition and Nuclide Separation from Spent Solvent

Demonstration phase

PWTF : Pu - Contaminated Waste Treatment Facility

AspF : Bituminization Demonstration Facility

STF : Solvent Waste Treatment Facility
.
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Development of Vitrification Process
and

Related Technology in PNC

{
L radioactive f Le ching study'" Off-Gas Treatment lab. test )

?velopment j
- -Glass properties

(ETF, MTF) Glass Melting I

t'95- o t-J '
>

.

4

LW) g Pretregtment g - - M Waste Glass Package M | package Handling
'

Feed System } 1
1,,

- Canister material J Welding- Evaporation / concentration /M!
'
:.

!' h.- Heat & Cooling analysis : Decontamination- Air -lift
./ , I

I, r s, 'f iy., ,

.-

-Joule-heat metter .,y'~ I ab t t i
* a* -

(CPF)- antlin9 ._ <

*it

- Leaching test
ngineering
(in EDF)

Remote Operation / Maintenance Technology
- Rack system - Two-armed manipulator

Ventilation System,151, instrumentations
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Major TRU Waste Treatment c aci i~:y

in Tokai Wor (s
|
.

Demonstration phase i

PWTF : Pu -Contaminated Waste Treatment Facility i

AspF : Bituminization Demonstration Facility

STF : Solvent Waste Treatment Facility <

<

!
1

Design phase !
;

LWTF : Low Level Radioactive Waste Treatment Facility [
!

HWTF : Hull Waste Treatment Facility [
!

-

[
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.

Objectives

1. Demonstration of the volume reduction

and conditioning processes developed by PNC

!
i

2. Characterization of the conditioned waste

# 9 e
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Objective

(1) Volume reduction and conditioning of low level

solid wastes from Tokai Reprocessing Plant

(2) Demonstration of the nuclide separation processes
:

(3) Characterization of the conditioned wastes

:
:

4

)
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Table-1. Analysis and Measurement Methods and the Detection Limits of Radionuclides
in the Terrestrial Environmental Monitoring Program at PNC Tokai Works.

Sample Nuclide Analysis and Measurement Method Detection Limit

Airbome Gross Alpha L)imct alpha counting of filter paper 0.02 mBq/m3
i

| Particulates Gross Beta lDirect beta counting of filter paper 0.7 mBq/m3

Sr-90 Radiochemical analysis and beta counting 0.004 mBq/m3

Cs-137 Gamma spectrometry 0.007 mBq/m3
Pu-239,240 Radiochemical analysis and alpha spectrometry 0.0001 mBq/m3

Airbome I-131 Gamma spectrometry 0.2 mBq/m3

Iodine
Airborne Kr-85 Continuous measurement of air 7 kBq/m3
Rare Gas
Rain Water H-3 Liquid scintillation spectrometry 2 Bq/1

Fallout Gross Beta Beta counting 4 Bq/m2
Drinking Gross Beta Evaporation and beta counting 0.04 Bq/1

Water H-3 Liquid scintillation spectrometry 2 Bq/1

Leafy I-131 Gamma spectrometry of chopped samples 0.2 Bq/kg fruh
Vegetables Sr-90 Radiochemical analysis and beta counting 0.04 Bq/kg fresh

Cs-137 Gamma spectrometry of chopped samples 0.08 13q/kg fresh
Pu-239,240 Radiochemical analysis and alpha spectrometry 0.00008 Bq/kg fresh

Polished Sr-90 Radiochemical analysis and beta counting 0.04 Bq/kg fresh
Rice
Surface Sr-90 Radiochemical analysis and beta counting 0.08 Bq/kg dry
Soil Cs-137 Gamma spectrometry of dried sampi -; 0.8 Bq/kg dry

Pu-239,240 Radiochemical analysis and alpha spectrometry 0.04 Bq/kg dry

,

9 O O
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Table-l. Analysis and Measurement Methods and the Detection Limits of Radionuclides
in the Terrestrial Environmental Monitoring Program at PNC Tokai Works.

Sample Nuclide Analysis and Measurement Method Detection Limit

Airborne Gross Alpha Direct alpha counting of filter paper 0.02 mBq/m3

Particulates Gross Beta Direct beta counting of filter paper 0.7 mBq/m3

Sr-90 Radiochemical analysis and beta counting 0.004 mBq/m3
0.007 mBq/m3

Cs-137 - Gamma spectrometry

| Pu-239,240 Radiochemical analysis and alpha spectrometry 0.0001 mBq/m3,

0.2 mBq/m3
Airbome I-131 Gamma spectrometry

Iodine
Airbome Kr-85 Continuous measurement of air 7 kBq/m3

Rare Gas
Rain Water H-3 Liquid scintillation spectrometry 2 Bq/1

4 Bq/m2Fallout Gross Beta Beta counting

Drinking Gross Beta Evaporation and beta counting 0.04 Bq/1'

Water H-3 Liquid scintillation spectrometry 2 Bq/1

i Leafy I-131 Gamma spectrometry of chopped samples 0.2 Bq/kg fresh

Vegetables Sr-90 Radiochemical analysis and beta counting 0.04 Bq/kg fresh

Cs-137 Gamma spectrometry of chopped sampics - 0.08 Bq/kg fresh

L Pu-239,240 Radiochemical analysis and alpha spectrometry 0.00008 Bq/kg fresh

Polished Sr-90 Radiochemical analysis and beta counting 0.04 Bq/kg fresh

Rice
1 0.08 Bq/kg drySurface Sr-90 Radiochemkal analysis and beta counting

Soil Cs-137 Gamma spectrometry of dried samples 0.8 Bq/kg dry
Pu-239,240 Radiochemical analysis and alpha spectrometry 0.04 Bq/kg dry

,,

_ _ _ . _ . _ _ R
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!
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! solid wastes from Tokai Reprocessing Plant
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(2) Demonstration of the nuclide separation processesL

(3) Characterization of the conditioned wastes
.
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u-Con:amina:ec WasteTrea: ment Facility (?WTF}3

.

Objectives

1. Demonstration of the volume reduction -

and conditioning processes developed by PNC

2. Characterization of the conditioned waste

.
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Major TRU Waste Treatment =aci i~:y

in Tokai Wor <s

1
|

Demonstration phase

PWTF : Pu -Contaminated Waste Treatment Facility

AspF : Bituminization Demonstration Facility

STF : Solvent Waste Treatment Facility

Design phase
LWTF : Low Level Radioactive Waste Treatment Facility

HWTF : Hull Waste Treatment Facility
|
\
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_
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Major RD and D Activities
on HLLW and TRU Waste Conditioning

in Tokai Works.

R & D plaSe

-HLLW: Vitrification by LFCM Process

- TRU Wastes: Nuclide Separation from Low Level Liquid Waste

Decomposition and Nuclide Separation from Spent Solvent

Demorastration phase.

PWTF : Pu - Contaminated Waste Treatment Facility

AspF : Biturninization Demonstration Facility

STF : Solvent Waste Treetment Facility
.
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CEC 4th Natural Analogue working Group Meeting
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SOME ASPECTS OF NATURAL ANALOGUE STUDIES FOR ASSESSMENT

0F LONG-TERM DURABILITY OF ENGINEERED BARRIER MATERIALS'

- RECENT ACTIVITIES AT PNC, JAPAN -

(YUSA, Y., KAMEI, G. and ARAI, T.)
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i5. Franework of our analocue studies: Our natural analogue programme has three

components: 1) investgation of alteratich phenomena, 2) examination of
environmentalconcitions,3)supportexperiments. The support experiments are
an essential part of our study in order to enhance the wider applicability of
the natural analogue.

.

1. INTRODUCTION

1.1 _ COMPONENTS OF ENGIN5ERED BARRIERS
.

The Components, candidatt materials, and functions of various types of
engineered barriers are as follows:

Components Candidate materials function expected
.

* Vitrified waste a Borosilicate glass * Restricts release'
.. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Overpack * Carbon s. teel or a Retards water penetration *
Cast iron e Provides favourable chemistry *

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .) * Buffer Restricts water penetration '
materials * Bentonite * Delays commencement of release'

* Restricts radionuclides release *
.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .

. Backfill * Concrete * Minimizes water access to packaget
materials (Cement) . Alters groundwater chemistry t

Retards solute transport t

(*: AGRA 1985), Chapman et al (198h])
,

As a part of the study on engineered barrier materials and systems for
geological disposal of radioactive waste in Japan, analogue studies for the
assessment of long-term durability of engineered barrier materials are
conducted at PC Tokai Works. This paper describes the state-of-the-art on the
studies, specifying their main purposes and framework, and demonstrating our
emphasis on natural materials. The results obtained to date will be summarized.
Some parts of studies on natural glass and bentonite were already presented at
theMRSSymposium(Araietal.,1988;andKameietal.,1989),althoughrevised-
and expanded data are shown here.

1.2 DEFINITION OF " NATURAL ANALOGUE"

One of the most critical aspects in the evaluation of the durability of
candidate materials for engineered barriers is the extrapolation of the results
of short-term experiments over a long time scale. Natural analogues currently
provide the only means by which such. extrapolateo long-term behaviour can be
confirmed.

I
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SOME ASPECTS OF NATURAL ANALOGUE STUDIES FOR ASSESSMENT
OF LONG-TERM DURABILITY OF ENG!htERED BARRIER MATERIALS

- RECENT ACTIVITIES AT PNC TCKA!, JAPAN -

YUSA,Y., KAMEl,G. and ARAI.T.
Geological Isolation Technology Section. Tokai Works
Power Reactor and Nucles,r Fuel Development Cerporation

319-11 Tckai Ibaraki JAPAN

SUMMARY

This paper contains an overview of analogue studies for the assessment of long-
term durability of engineerted barrier materials at PNC Tokai.

Materials of young age and with simple history are the most suitable for study
as: 1) properties of the materials tend to deteriorate over longer historical
time intervals; and 2) detailed quantitative data on time intervals and
environmental conditions are more likely to be available. The following
materials and their alteration phenomena were selected: 1) weathering
alterationofbasalticglass(asvitrifiedwasteform),2)corrosionofironin
soil (as overpack), 3) illitization of smectite associated with contact
metamorphism (as buffer material), 4) alteration of cement (as buffer or
backfillmaterial).

1. Weathering alteration of basaltic class: Basaltic glasses, from the Fuji
and the 12u-Ohshima pyroclastic fall deposits were studied. The observations
were made: 1) Climatnlogical conditions have not varied significantly during
the last three thousand years. Therefore, values for temperature, amount, and
chemistry of ground water are quantified. 2) The cases studied could be
regarded as leaching experiments in groundwater, using mass balances in water-
glass interaction. 3) Although the groundwater is of Ca(Hg)-HCO type in the
Fuji area and of Na-C1 type in the Izu-Ohshima, similar alteration ratios (2 ~
3u m/1000yr) were obtained.

2. Corrosion of iron-in soil: Industrial materials, such as gas / water service
pipes of carbon steel or cast iron embedded in soil for 20 ~ 110 years, were
selected for an analogue study of corrosion of iron in bentonite. The maximum
corrosion rates obtained so far fall in the range of 0.04 ~ 0.09 mm/yr.

3. 1111t12ation of smeetite associated with contact metamorphism: In the
Murakami bentonite deposit in central Japan, lateral variation of smectite to
smectite /1111te mixed-layer minerals are found in the aureole of the rhyolite
intrusion body. Conversion of smectite to the mixed-layer mineral composed of
40% illite was found to have occurred in a period of 2.4 Ma over a temperature
range of above 240 ( S0) t to 105 t.

4. Alteration of cement: Concrete components of fabrications, such as estuary
walls, with a known age were studied. Chemical alteration of the cement were
detected to a depth of few centimeters by EPMA SEM, TEM and XRD.
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1.4 SELECTION OF SUBJECTS FOR THE STUDIES

Cases of younger age and simple process, therefore, are regarded as more suitable
subjects for the studies, as quantitative data on time and environmental
conditions are probably available. Many previous analogue studies consisted of

) descriptions of the results of natural experiments without incorporating data on
well-defined environmental ..onditions.'

We selected subjects for the analogue studies according to the following criteria:
1) analogy of materials with candidates, 2) analogy of environmental conditions

with simulated repository conditions, 3) simplicity and availability on
environmental conditions, and 4) availability of chronological data. Table 2
shows the subjects of our analogue studies on engineered barriered materials.

Table 2 The subjects of our analogue studies
.on engineered barrier materials

Engineered Candidate Assummed phenomena in Analogue Phenomena in
Barriers Material Repository Conditions Analogous Conditions

-

1. Waste Boro- Leaching of Waste Weathering Alteration
Form silicate Borosilicate Glass of BasallTc Glass

Glass with Groundwater with Goundwater

2. Overpack Cart >on Corrosion of cart >on Corrosion of Iron
Steel steel in Bentonite in Soil

3. Buffer Compacted Illitization of 1111tization with
Katerials Bentonite Smeetite in Bentonite Contact Metamorphism

4. Backfill Concrete Alteration of cement Alteration of Cement
Materials (Cement) with Groundwater with troundwater

- - . .. - - . _ _ _ _ _
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The term " natural analogue * can be defined as " natural phenorena which resemble
those assumed in geological disposal scenarios *. The selection of an appropriate
natural analogue is the key issue which will determine whether the natural
analogue study will be successful.

1.3 PROPERTIES OF NATURAL ANALOGUE

First, consideration is given to the properties of the natural analogues. In
order to extrapolate the results of short-ters experiments to the long-term, it is
desirable that the natural phenomena can be individually and quantitatively
described in terms of three constituents: 1) starting materials, 2)
environmental conditions (including time scale), and 3)results. There are the
three normal constituents of all " experiments".

However, there are soma intrinsic difficulties in regarding such phenomena as
experiments. Most naturally occurring saterials, from which an relevant analogue
must be selected, have complicated histories resulting the overprint of dif ferent
processes, as shown in Table 1.

Table 1 Comparison between laboratory experiments and natural phenomena

Laboratory Experiments Natural Phenomena

(1) Materials C r.n d i d a t e s Analogue
. ... . ... . . . . . . .

(D Number Many Solitary, few

Simple, Uniform Complicated'
. (2) Environmental Constant, Controlled Variab1e
! (Experimental) Coaeon Individual
| Condition Small Scale Large Scale

(3) Period Short-term Long-term

(4) Results Independent variables Overprinting
i Discrimination among of actors
|

conditions is possible Restoration
is difficult'

.

!

Secondly, geological and historical records are often incomplete, and errors in
the determination of time scale and environmental conditions are not seali.

,

Although such disadvantages differ case to case and sample to sar.ple, as'

materials age, their histories generally become more complicated; the factors wifth
which alteration phenomena were related become overlapped, and quality amd
quantity of available data decreases. Thus, estination from present observations
becomes virtually impossible with very old samples (Figure 1).
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Table 3 Chemical corpositions of glasses.

Sample Oxide (wt%) |

SiO: TiO A1:0 Fe:03' Hg0 Ca0 Na:0 K 0 Total
3

* Fuji
HS 52.9 2.3 12.1 16.5 3.9 8.5 1.8 1.2 99.2
ZS 50.7 1.6 15.0 13.8 4.9 8.8 2.9 0.9 98.6 |

.

Izu-Ohshima
,

N1 53.7 1.4 13.0 15.6 3.4 8.8 2.3 0.5 96.9'

N4 53.0 1.4 13.1 15.3 4.4 8.4 3.9 0.5 98.6*

*: Total Fe as Fe 03

|*

Alteration layer

The alteration layer is optically isotropic and X-ray amorphous. The surface form
of the alteration layer of the HS is grainy and that of ZS, N1, and N4 is flaky.

Despite the difference in morphology, the chemical composition of the alteration
layer of the Houel Scoria is similar to that of the Zunazawa Scoria. The
sorphology of the alteration layers of both scorta is strikingly siellar to that
observedonthesurfaceofexperisentallyalteredborosilicateglasses(Hirose,
unpublisheddata). Alteration layer thicknesses are sussarized in Table 5. The
elemental concentrations in the alteration layer are characterized by greater
depletion of Mg, Ca, Na, and K, as compared to Si, Al, Fe, and T1.

Table 4. Chemistry of pore water, spring water and rainwater.

Chemical composittor. (mg/1)
- - pH EhSample

Na K Ca Hg Fe HCO3 50 C1 SiO (mV)

Fuji
24 6.5 4.1 34 --

HS P.W. 4.4 1.7 5.3 1.3 -

25 P.W. 8.4 3.3 4.6 1.3 5.0 35 6.4 4.3 218 - -

S.W. 5.0 1.4 8.9 6.9 2.9 67 4.4 2.6 4 7.0 178

Izu-Ohshima
N1 P.W. 78 2.9 27 12 3.2 7.6 27 176 52 (6.0) -
N4 P.W. 86 3.7 40 15 4.0 6.1 26 222 48 (6.0) -
Rain water * 1.1 0.3 0.4 1.0 0.2 - 1.5 1.1 0.8 - -

bi'

F P.W. = Pore Water; S.W. = Spring water, * after Sugawara (1968)

5

Water chemistry
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2. Weathering alteration of basaltic glass

2.1 SCOPE OF STUDIES

Hany analogue studies of the alteration of natural glasses indicate that the
alteration rates at low temperatures of natural glasses vary from 0.001as/1000 '

yr to 30 um/1000 yr (Hekinian et al.1975; Bryan et al.1977; Allen 1982; Lutze
et al. 1985 & 1987; Grasbow et al.1986; Ewing et al.1987; Jercinovic et al.
1988). This variation is interpreted as the result of variations in environmental
conditions. However, few detailed studies on environmental conditions have been
reported.

Described below are the effects of alteration by weathering of basaltic glasses
with well established environmental conditions and ages. The alteration is a
long-term leach test carried out by na:ure with rainwater as the leachant and
groundwater as the leachate. The young-aged (280 ~ 2800 years ) samples were
selected to investigate environmental conditions during alteration based on
present meteorological data.

Samples

Volcanic glasses constituting scoria of pyroclastic fall deposits were studied.
Scoria samples were collected at the foot of the Fuji and Itu-Ohshima volcanoes,
on both of which the stratigraphy and chronology of pyroclastic fall deposits have
been studied in detail.

The samples collected were Houel Scoria (HS, 280 years ago) and Zunazawa Scorta
(ZS, 2800 years) from the Fuji, and N1 (880 years) and N4 Scoria (1240 years) from
the Izu-Ohshima volcano.

All of the scoria samples contained pore water, and spring water was found about
2.5 m below the Zunazawa Scotia bed.

Methods

Glass compositions were determined by Electron Probe Microanalyser (EPHA).
Alteration layers were studied by optical microscope, EPHA and Scanning Electron
Microprobe (SEM). The thickness of alteration layers was seasured from SEH
photos of the sections oriented nearly perpendicular to the layers.

In the field, the pH and Eh of the spring water were acasured by portable meters.
The spring water was filtrated through a 0.45ym filter and the filtrate was
analyzed by absorption spectrophotometry, flame spectrometry and atomic absorption
spectrometry.

2.2 RESULTS

The chemical compositions of the glassets are shown in Table 3. These are within
the rartge of basalts.

_ - - _ _
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The relation between alteration layer thickness and age is shown in Figure 2. -The
two kinds of alteration rates, the forward rate of alteration (3 ~ 20 m/1000
yr, under silica-unsaturated conditions) and the final rate of alteration (0.1
m/1000yr, under silica-saturated conditions) by Grasbow et al (1985), are also
shown in Figure 2. The alteration rates estimated in this study are near or
below the forward rate of alteration.

Mass Balance Between Alteration Layer and Spring Water

Spring water can ba regarded as the leachate. In order to discuss the leaching
behaviour of glass, it is necessary to clarify the relation between the elemental
concentration in the leechate and the elemental loss from the alteration layer.
Elemental concentrations in groundwater have previously examined (Arai et al.,
1989) and the results indicate that the calculated composition of groundwater is
in f air agreement with the composition of spring water (Figure 3). The
discrepancies in the concentrations of Fe and SiO can be explained by the
precipitation of iron hydroxides and silica gel respectively among scoria grains.

Table 5 Summary on alteration behaviour of volcanic glasses

D and their environmental conditions

FUJI IZU - OHSHIMA

(1) MATERIALS STUDIED
HP HS ZS N1 N4

(2) GLASS COMPOSITION (Si0rwt96) 64 53 51 54 53
.

(3) ENVIRONMEWAL CONDITIONS
(D TEMPERATURE ('C) 14 15

@ WATER CHEMISTRY Ca(Hg)-HCO3 type Na - C1 type
@ WA1ER SUPPLY RATE ( f /cd/yr) 0.20 0.21

-

(4) PERIOD (yr) 280 280 2800 880 1240

(5) RESULTS
(D ALTERATION RATE ( m/1000yr) < 0. 2 1.6 3.1 1.7 1.8
(Alteration Layer Thickness: a) <0.05 0.44 8.8 1.5 2.2

@ ALTERATION PRODUCTSi

Amorphous Materials N.O. O O O O.

Goethite N.D. O O O O.

Smectite N.D. x O O O-

!

N.D. : Not Determined, O : Present , x : Absent

'

2.4 CONCLUSly
,

r

..Mer% Nun a A/-"
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The chemistry of the pore ano spring water is listed in Table 4, together with the
average of rainwater in Japan (Sugawara,1968). The elemental concentrations in
ZS pore water are higher than those in HS pore water. This implies that elemental
concentration in groundwater increases with depth.

2.3 DISCUSSION

Environmental Conditions

Analyses of paleo-sea level variations (Sugimura,1977) and paleo-climatological
data (Yamamoto,1980; and Haejima,1984), indicate that the climatic conditions
in Japan have not varied significantly for the last 2800 years. Therefore, the
temperature and the water supply rate are estimated froe acteorological data such
as mean annual temperature, annual rainfall, and evapotranspiration. The samples
were situated in the unsaturated zone; accordingly, percolating meteoric water is
the only source of pore water. The pore water flows downward in the deposits and
dissolves the components of scoria. 1his natural phenomenon can be regarded as a
leach test being constantly renewed fresh rainwater.

Alteration Rate

In natural alteratior systees, it is generally difficult to know the exposure age
of a sample, that it the time that the glass has actually been in contact with
water (Jercinovicetal.,1988). The exposure ages of the samples in this study
are equivalent to the samples ages as their surfaces were always in wet
conditions and were always in contact with renewed pore water.

8
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were identified with X-ray diffraction (XRD). The results obtained to date are
shewn in Figure 5 and Table 6.

10 g2
e , .

{ Sandy Clay

E

S Gravel with
Ej Organte Compounds

t
u

5 Ccbesive #
# Soil.{

0 50 100 150

Time Interval (yr)

Fig. 5 Mad mum corrosion depth as a function of time intervals

In conclusion, the maximum corrosion rates of cast iron and carbon steel embedded
in soils were estimated in the range of 0.04~0.09 mm/yr. Corrosion of
industrials materials in soil is a useful analogue and further studies are planned,

a

Table 6 Corrosion behaviour of iron in soil

(1) MATERIALS STUDIED

@ Site Yokohama Nagasaki Tokyo Tokyo

@ Sample Gas S.P. Water S.P. Water S.P. Water S.P.

@ Material Cast Iron Carbon Steel Cast Iron Cast Iron

(2) ENVIRONENTAL Sandy Clay Gravel with Cohesive Cohesive

CONDITIONS Org. Comp. Soil Soil

(3) PERIOD (yr) 110 50 56 20

(4) RESULTS
@ CORROSION RATE (mm/yr)
Uniform Corrosion 0.03 0.01 N.D. N.O.

Pitting Corrosion 0.08 0.09 0.04 0.06

@ CORROSION FeC03 Not FeC03, FeC03,

PRODUCTS identified a-Fe0(OH) a-Fe0(OH)'

S.P. = Service Pipe; Org. Comp. = Organic Compounds

I

_- ___- _ - - - - - -_ - - - _ _ _ _ _
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1) It was possible to determine the alteration benaviour of volcanic glasses from
three experimental constituents: 1) starting materials, 2) environmental
conditions and time scale, and 3) results (Table 5).

2) Calculation of the mass balance between the elements depleted from the glasses
and the chemical composition of groundwater permitted us to regard the cases
studied as experiments in the leaching of glasses by groundwater.

3) The natural alteration products of the volcanic glasses were very similar to
those of laboratory experiments with simulated waste glasses.

4) Although the ground water is Ca(Hg)-HCO type in the Fuji area, and of Na-C1
type in the Izu-Ohshima area, similar alteration rates ( 2 ~ 3 m/1000yr)
were obtained.

3. CORROSION OF IRON IN S0ll

|

Industrial materials Tuch as water service pipes, were studied for the following |
reasons: 1) iron or steel is one of the candidate materials for waste package, |
2) soll environment is probably similar to the bentonite fill environment, 3) i

samplavailability, and 4) chronology and environmental data are fairly
assessable in ccomparison to those of archeological artifacts. One of the :

'

purposes of this analogue study is to validate whether the results of corrosion
rates and models derived from the results of laboratory experiments can be
extrapolated to a few tens of years (Figure 4).

!

Arcoeologicala
g Artifacts Wa HM
$ ~

Corrosion,

'Laboratory

5 Esperi s

2 Undorm
~

Corrosion-

s- [
u

0 10 10 s2

Time Interavals (yr)

Fig. 4 The relation between the subjects for studies
on corrosion of iron and their time interval

The samples studied were gas or water service pipes, composed of cast iron or
carbon steel. The soil or clay adjacent to the pipe was examined in order to
avoid the influence of the macro-cell effect. The corrosivities of the soll
environment at each site were et.timated as not being very severe from the
viewpoint of both electrochemical and chemical characteristics of the soll.
Corrosion rates were derived from the measurements of the thickness of the pipe,
and chemical composition of the material were determined. The corrosion products
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4. ILLITIZATION WITH, CONTACT HETAMORPHISH

4.1 SCOPE OF STUDIES

The research on illitization of stectite in the natural environment affords
indispensable information on the long-ters durability of bentonite.

Geological processes associattd with saectite-lllite conversion can be classified
as follows:
1) Diagenesis, 2) Regional wetamorphise, 3) Contact (or thersal) metamorphise,
4) Hydrothermal alteration

Among theses, contact metamorpism has been selected as being a suitable analogue
because of the prevailing temperature and the water / rock ratio. Furthermore, a
study of contact metamorphism has potentiality to give clear-cut data on the
reaction term and the thermal conditions of illitization of spectite, provided
that: 1) the bentonite bed is distributed, and 2) simple history and simple
geology can be recognized.

One such case of contact metamorphism is the Murakas i ..entonite deposit in central.

Japan, where a homogeneous bentonite bed and rnyolitic intrusive rock are
present. Geological, petrological and geochronological studies have already been
presented at the HRS symposium in Boston,1989 (Kasei et al.1990), so only a
b;'ief description of this deposit is given below:

.
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j Geology _

A geological map and an idealized section of the Murakami deposit area are shown-|

! in Figure 6 and 7, respectively. Rhyolitic lava and tuff are distributed in a
graven with a width of approximately one kilometer. The reported age of
deposition of this unit ranges from 18 to 14 Ha (Huramatsu,1988). The tuff is
regarded as being deposited in a marine environment, and was converted into
bentonite probably due to diagenetic reaction. Subsequent intrusions of biotite
rhyolite are found in the bentonite bed. The contact between the intrusive rock,

l and the tuff dips about 30* near the surface of the ground, and the inirusive rock
| body is assumed to form a funnel with a diameter of less than 200 meters (Figure
1 7).

Samples

Sample A was collected from a point 30 meters distant from the contact between the
intrusive body and the bentonite bed. X-ray diffraction showed that sample A

l contained illite-smectite mixed layers with an illite ratio of about 40 96

4.2 RESULTS

Thermal History
The cooling rate of the intrusive rock was determined from combining radiometric
mineral ages and each closure temperature. The cooling rate of sample A was
estimated by the ' TRUMP" thermal analysis code. The results are shown in Figure 8.

The cooling rates of the intrusive rock and of sample A were 70 *C/Ma, and 60 *C
/Ma, respectively. (Figure 8 and the values for cooling rutes are newly revised,
therefore those reported in the HRS Proceedings (Kamei et al. 1990), should be
ignored.)

The Illitization Period

In the Harakami deposit area, a minimum temperature of illitization is regarded as

t
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; Table 7 Summary of a study on illitization of saectite associated

contact metamorphisa- A case study at the Murakami deposit

(1) Materia 1 Leectite in marine sediment

(2) Environment
(D Water chemistry Modified seawater
@ Temperature > 240 t ~ 105 t

(3) Period 2.4 Ma

(4) Resu1t I/S mixed layers mineral
(Illite; approximate 40%)

(5) Activation energy Approximate 27 kcal/mol -

4.3 CONCLUSION

Once again returning to the three-part concept of starting materials,
environmental and chronological conditions, and results, it was possible to
describe the illitization of smectite associated with contact metamorphism in -

terms of 1) material studied, 2) environment, 3) period, and 4) results (Table 7).
A mon precise estimation of activation energy is possible through an estimation

. of the overall thermal. history during contact metamorphism, using a thermall
analysis code. This work is in progress.

1 .

5. ALTERATION OF CEMENT

Concrete components such as tunnels or estuary walls with known ages were studied.
Environmental conditions such as temperature, surrounding materials, water

content, and water chemistry ware either measured or estimated. The alteration
of cement materials has been analyzed by EPHA, SEM, TEM (Transmission Electron
Microscopy),andXRD. Results obtained to date are shown in Table 8.

The following alteration features of cement materials was able to be traced:

(1) Decrease in pH of pore water,
(2) Decrease of Ca0/Si0r ratio of C-5-H gel,
(3) Partial dissolution of C-S-H gel,
(4) Fomation of CACO 3,
(5) Permeation of C1, resulting in femation of Friedel' Salt.

D (6)C lution of Calcium hydroxide,
(7) Du :ution of Calcium which cause dissolution of CACO 3,

Such alteration phenomena were detected within a range of a few centimeters.
Further studies am necessary to permit any definite conclusions.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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105 t , because this was the temperature estimate made by Oda et al. (1985) for
the eppearance of illite-smectite mixed layers in Japanese oil fields, of which
the Murakami deposit form a part. In the vicinity where sample A was collected,
the temperature at 6.4 Ma was presumed to be 240 50t. Therefore, a period of
about 2.4 Ma was required to cool these rocks from 240 to 105t.

In short, smectite was converted into illite-smeetite mixed layers, in which the
lilite ratio is approximately 40 % in the period of more than 2.4 Ma.

500 -
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H oitheld (Oca et al.1s85)
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Fig. 8 Thermal history of intrusive body and sample A

Water Chemistry

The chemical composition of the rocks distributed in the Murakami area is mostly
rhyolitic, and the tuff, now converted into bentonite bed, is of marine origin.
The geological evidence leads to the idea that the chemistry of the water related
to illitization was very similar to that of seawater af ter it was modified by
interaction with rocks of rhyolitic composition.

The hydrogen isotopic composition (D/H) of water, in the form of hydroxyl groups,
in the illite and the saectite-1111te mixed layers, were measured, and from this
an assessment of the water involved in illitization was made. The results
supported the idea noted above.

Provisional Calculation of Activation Energy

The activation energy for illitization at the Murakami deposit was provisionally
calculated on the basis of the estimated thermal history. The calculation
procedure was already described in Kamei et al. (1990). Using the revised cooling
rate of.60 t/Ma and a period of 2.4 Ma. the activation energy is approximately
27 kcal/mol. This value is close to that obtained by Roberson & Lahann(1981) of
approximately 30 kcal/mol. The water used for their experleents contained 400 ppm
K + and 9400 ppm Na * , the chemistry of seawater. A similar water chemistry can
be inferred at Murakami.
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6. SUMMARY AND FUTURE PROSPECTS

Table 9 summarizes the present state of PNC analoooe studies on engineered barrier
materials, and Figure 9 shows the framework of our analogue studies.

Natural Analogue Studies (Long-term)

Investigation of Alteration Phenomena Studies on
on Analogue Materials Candidate Materials

~. (Short-term)
Laboratory.

! Examination of Environmental Conditions'
. (Time Intervals, Water Chemistry etc) : (andField)

$ Experisents

Support Experiments (Comparison of '.
Compositional or Conditional differences) '

. . .. . . .

Integrated Evaluation on Long-ters Durability
of Candidate Engineered Barrier Materials

Fig. 9 Frar.cwork of analogue studies on engineered barrier materials

Our natural analogue studies have three. components:

1) investigation of alteration phenomena of analogue materials,
2) examination of environmental conditions (time intervals, water chemistry etc),
3) support experiments

The validity of the analogue study is determined by the selection of alteration
phenomena of analogue materials out of various natural phenomena acting on
historical materials from the point of view of best analogical fit.' ~

<

An examination of environmental conditions occupies an inevitable part of the

D study. Time intervals, prevailing temperature, and water chemistry related to the
alteration are key items.

-- _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 8. Alteration behaviour of cement fabrics

(i) MATERIALS STUDIE0
@ SITE Kanagawa-Manazuru Yokohama-katabira

@ SAMPLE Concrete of Railway Concrete of
,

MATERIALS Tunnel Wall Estuary Wall

(2) ENVIRONMENT
@ Temperature 1 3 t 1 5 t
@ Surrounding Lapilli tuff Soi1

Materials
@ Water Content 40 96 33 96

@ Water Chemistry Ca - NO:(HCO:) Na C1-

(3) PERIOD (yr) 6 7 6 1

(4) RESULTS OF Ca depletion C1 permeation >10 cs
ALTERATION <few aa CACO formation >B cm

CACO 3 dissolution >5 cs

O
Table 9 The present state of PNC analogue studies

on engineered barrier materials

Barrier Materials Estimation of
Components and Mode of Period Estimation of Environmental

(Candidate Occurrence (yr) Period Conditions
Materials)

Waste Form Scotia Tephro- From Recent

(Borosilicate (Pyroclastic 102~108 chronology Cliastological
glass) Fall Deposit) Conditions

I
Buffer Contact Radiometric Closure Temperature

(Compacted Metamorphosed 105 ~10 ' Age of Rartiometric Ages
Bentonite) (Natural) Determination Geological and

Bentonite Geochemical Data

Overpack Industrial From Present

(Carbon- Materials 105 ~108 Documents Embedded

Steel) (Pipe) Conditions

Industrial From Present
Backfill Materials 101 ~102 Documents Embedded

(Concrete) (Components Conditions
ofFabrics)
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Support experiments are indispensable to the study in order to enhance the wider
applicability of the natural analogue. Comperison of differences in
composition or condition is the key issue for labor tory support experiments.a

Such experiments for the comparison of compor tior.81 differences between
basaltic glasses and candidate waste glass have al'eady started, and the results
to date indicate that there is no significant recogr.izable difference in the
leaching rates.

From a combination of the natural analogue studies outlined above and laboratory
experiments on the candidate materials, an integrated evaluation of the long-
tem durability of candidate engineered barrier materials can be conducted.
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i Key Technical issues for Commercialization of FBR Power Plants
i

Key Technical issues Target of Development

Long life high periormance fuels * Rel.able fuel with its burn up above 200,000 mwd 't

High performance core for large- * Optimization of a high performance core for 1.500MWe plant
'

scale FBRs

Plant service at high temperature Structural material resisting higher temperature (over $50'C)

Optimization of heat transport and * Optimization of systems' layout to reduce the size of reactor building
fuel handkng systems . Development of compact and rehable components

.

Optimization of rtactor contain. . Realistic estimation of a rise in pressure at severe accident
I ment design

Licensable evatuation model and standards of seismic isolation designa

Seismic isolation*

Establishment of safety logic and corresponding protection systemElimination of secondary heat -

D0velopment of reliable double walled tube type steam generatortransport system *

Reliable decay heat removal Passive decay heat removat system of natural convection,

system

Fully automatic plant operation using the artificialintelkgenceAutonomous plant operation .

( AI) technology

Safety design and evaluation with an adequate marginOptimization of safety logics *

.

Artist's. View of a Commercialized FBR

I
!
. l

|
i

.

I' \. . , ,

' p. -} 'q y_ ,

i ; @-

Y -
.

$h
N

"%yg1 Reactor vessel . 4.

2 Core ,
;3 Shield plug ,,

w I4 Control rod drive meenanism p
5 Refueling machine

I*

6 in cell crane % '

7 Spent fuel storage rack
8 Reactor coolant pump

''9 Reactor coolant pipe A
10 Steam generator '

,

11 Air cooler
-

|
,

12 Dump tank ,

''13 Water' steam pipe j
14 Operation floo' ,

15 HVAC system ,

16 Seal hellows
17 Advanced shut down mechanism
18 Heat excnanger for residuai heat remova! .g.

|19 Ceramics liner -

20 Seismic isolation oevice
*. e.% . . .
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Developing Plutonium Utilization
i Technologies is a Key Role of PNC j
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lin order to realize the full potential of nu- from light water reactors (LWRs) to fast
|clear power, it is essential to utilize pluto- breeder reactors (FBRs). PNC is carrying '

: nium and establish the nuclear fuel cycle, out extensive R&D programs in various |

To utilize plutonium as an energy resource, elements of the fuel cycle.
|Japan is pursuing a strategy of shifting

'
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TECHNOLOGIES DISCUSSED AT PNC-OARAI,

- Decommissioning Technology for Nuclear Fuel Cycle Facility in WDF
- Separation and Removal

- Decontamination with Melting <

- Electopolishing I
- Electropolishing II
- Ice Blasting Decontamination
- REDOX

- Radiation Control
- System Engineering
- Waste Treatment

Remote Handling
- Dismantling Plasma Arc Cutting
- Monitoring- Radiation Image Display i

- R&D of Fast Breeder Reactors (FBR)
- R&D of Advanced Thermal Reactors (ATR)
- R&D on Fuel Recycling
- Development of a Heat resistant and Angle Beam Type Electro Magnetic Acoustic

Transducer
- R&D on Plutonium Fuel

|- - Iow level TRU Bearing Waste Management Technologies
- Incineration

i --
- Acid Digestion

! '
- U-Contaminated Waste Incineration

( - TRU- Contaminated Waste Incineration
- Cyclone Incineration
- Waste Incineration

- Decomposition

| - Dismantling
|; - Pir.sma Arc Cutting
L - Laser Arc Cutting

- Immobilization
- Microwave Melting
- Electro Slag Remelting

L - Hip Solidification
- Dehydration and Solidification with Microwave
- Hypothermal Solidification

| - Cementation
| - Plastic Solidification
'

- Bituminization
- Krypton Immobilization

8
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'v The in service inspection (!$1) system of fast cooling. If conventional UT probes are used in this
breeder reactor (FBR) is required to be miniatuetted case. the IS! ?qulpment might be large because it

and rationalised because of the severe environmental needs the adottional couplant equipment. The

conditions around the reactor vessel of an FBR during inspection systec applied EMAT satisfies all of the
!$1. A new ultrasonic testing methods using an above requiremer.ts. The D4AT is a couplant free sensor
electro-magnetic acoustic transducer. (Di AT ) has been and has potential of high temperature use, as

dsveloped to apply for the !$1 of the FBR reactor described in the next section.
vrssel in a practical manner. Tne new method can The baste design conditions for the EMAT are

generate directly ultrasonic waves in the materials shown in Table 2.
without the couplant such as oil and water, through
the interaction of a magnetic field and eddy currents.
The high performance EMAT has been developed. So the Table is Environmental Conditions
inspection system wLth the EMAT will be able to get
compact. because it needs no couplant supplying and i

ec11ecting equipment. ITemperature (*0) : applex.200

The developed "DiAT" can be available up to 240*C
and detect 201 s11t in depth artificial flaw in Radiation dose rate (R/hr) : man.1000

austenttic stainless geel which wall thickness of
50mm under 240*C in laboratory. Transmission cable of Access space (:n) : 300

forty. meters was applied for the DiAT to consider the
actual interval between an inspection point and the $lgnal transalssion length (m) max. 40

alsnal processing equipment.

For presentation in I AEA Specialist's Meeting on Table 2: Basic Design Conditions requirements
"Expertence and.Further improvement of In-service
Inspection Methods and Programmes of NPPs with
Particular Emphasis on On-Line Techniques" Subject i Heat affected tone of weld

(austenttic stainless steel)

1. INTRODUCTION
Detectability 501 slit in depth at wall

/N thickness of 50m

| \ The ISI will be done in the narrow space between (In laboratory. 201 sitt)

( / the reactor vessel and the guard vessel of a FBR under'

the condition of high temperature and high radiation Operating temperature 200*C. 100 hr'
field as shown in Table 1. The probe is required to be ' and operating time
compact for remote inspection and to have the
excellent property under high temperature without



O
2, P4!N01P1,E AND STRUCTURE OF D AT 3. DEVEL0 MENT or D AT AND EVALU4f!M

A principle of the NAT is shown in Figure 1. The (1)!NVESTICAT!0N OF SPECITIC ATIONS OF DiAT AND
EMAT consists of a set of magnets array and coll. and SELECT!0N Of OPTIMVM CONDITION

the high frequency current in the coil generate eddy
The speelfications of EM AT were investigatedcurrent,,in the surface layer of the materials. Lorents

to?ce F le generated by the interaction between the under the actual environment conditions and baste
r;+gnetic field and the eddy current. And L.orents force design requirements for the DAT are shown in Table 3
F is defined by the following equation,

7*J=8 Table 3: Specification of D4AT

where 7 to eddy current and I is eagnetic flux
density. The direction of 14 rents force depends on the gg g,
fesquency of eddy current, and vibration of a material
results in generation of ultrasonle waves. The Refrution @ %) : M
thickness (t) of one magnet piece is given by the
following equation' FWW W) m N m t)

C Operating Temperature f';) : 200 (max. 240)
t= 0)

2f sih 6 Transmission cable length (m) : 40

where C la sound velocity
f is frequency
e is refraction angle ULTRASONIC WAVE MODE In the case of the

inspection for the heat af f ected tone (HAZ) of we16ed
E" "* " * " " * #*"* * * "
acde is ne f the a st Laportant fa'ctor on designingThe ultrasonic wave generation and detection

mechanism of shear horizontal (SH) wave angle bean * ## ' *** * * "I" * I '"I # N N
DiAT are shown in Figure 1. In the opposite way, in wan was WW by nesa a n .

detection, ultrasonic waves near the surf ace of the ns s van cwactuistics test. SH vsu
test sample teside s the coil and electronic ps s soun u y in MAZ. AM me Mu M wau
oscillations are produced. By the interaction between "" ** " * "" "I **
external magnetic field and vibration force, electrons '" #* "*''' **"** " "*'* ** "
flow in the direction 't the force generated and *ns a on a n n on a boundary of a
produced alternative curr. in the surface of the. ,,
saterials. The current induces a voltage in the
dstection cell on the test piece.

REFRACTION ANOLE: The D4 AT 13 required to detect
primarily a defect in the inner surface of the

M88Mt etainless wall. Because of the wide heat affected sone,e f
/ / of welded part, the angle beam function is necessary,

t[j '
' //

f or a probe, especially applied for heavy wall/ /

thickness such as reactor vessel. The refraction ar41e'
'

of 60 degree was selected for the DiAT by experleent.

S N / /g
FR EQUEN0Y : Generally, the signal level obtained

, , j'' from an DiAT la very low. Especially, a flaw detection; ,e

| g, .1 Co*l , ability of an D1AT in applying for inspection of non-
,

'

g / magnetic materials is inferior to that in applying for'
. ' ' ' '] magnetic materials. The reactor vessel of FBA ' M;N."J '*

I F * * was applied f or non-magnetic stainless steel.

| ! , ,

/*Cj |

p Therefore, the optleum frequency was investigated. As
,

* T v , '"' - a result, it was confirmed that the EM AT had the*

d
t-'] ' hignest signal level at the frequency of 700kHz.Do '

,

/i i
HIGH TEMPERATURE APPLICATION: The D1AT for high

! Bo: Magnetic flux Density temperature use of 200'C has been developed. High
SH waves J: Eddy current performance heat resistant parts and components were

developed shown in Table 4 The sheet type coil is
F: Lorenta force coated poly-imide film. The magnet assecoly is an

p l. Current in coil array of tnin So-Co magnet pieces. In this case,the,

6. Refraction angle thickness of a magnet (t) is 2,4m.

t: Thickness of a magnet Figure 2 is the outerview of the EMAT and F1gure
3 snows the inner structure of the D4AT applied for

F1gure 1: Schematic diagram of ultrasom.e generation experiment. This DiAT is the argle beam D1AT for high
by SH wave angle beam EMAT temperature use.

1
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o (2) DETECTION OF FLAW
6

Case #
~

/ The flaw detection ebility. of the developed DtAT
was confirmed by expertmeat. As shown in figure 5 tr.e

~ qNyg OC EH AT was placed on the outer surf ace of the test
5 specimen, which has the artificist allt type fisw at

' the inner surface. The test spectLen le made of thee
,

Cable fatw e austenttic stainless steel as same as the react:r'r
i

-- i N vessel of FBR,
, ,

4 tener case15
Mag **t ' / P One of the typical results of flaw indication

0 **' pattern is shown in figure 6. A slit type flaw, 35amProtecte plate
in length and 20% of wall thickness in depth, in t .e
heat af fected zone could be clearly detected with the

| Figure 3: .Schematie diagram of structure of prototype alsnal to noise ratto ($/N) of over 2.0, under tne
both conditions of room and high(240'C) t empe r a t u* e .

| EM sonsttivity obtained was kept continuously for 1:0
hours at 'he temperature of 240'C.

t
' Tablent Materials of Elements of D4AT

(3)$1CNAL TRANSHIS$10N PERFORM ANOC

ELD (ENTS : MATERIALS The EN AT applying f or FDR reactor vessel :s
- required to have excellent property of the sigt.41

Co11' s Poly-imide sheet cott t r ansait ssion f rom itself to signal processing
equipment at intervals of 40m. Tne output s 1 g r.31

Magnet i Sm-Co(Curie point 620 *C) strength from the EMAT is very low, furthermore it

Cable : Teflon insulator

Weld Metal
'

JEMATI
A40LE IN0! DENT OF SH-WAVE DiAT: The scund field

"" T
~~

(Height 10x2096 Flaw. SH waves |of the EMAT was measured and confirmed its angle
Incident function. Figure 4 shows the sound field at a

the distance of 100mm from the center of the D4AT. The __(/ __ Test specimen *"ID

points marked *** snow the e tasured sound intensity of Austenitic stainless steel
transmitter and "o* snow that of receiver. And the
line shows its simulation result. Close agreement
between measured and simulation value was obtained. Figure 5: Test configarc.on for detecting the flaw
and the center angle of the sound field was 60 degree.

~._ . . _ .. __- - _ _ - . . _ _ - . _ , _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ .____ ___ _ __
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impedance transformer
40m witn the low heat resistance ar's coil and cable.,_

Test specimen
| , , , .

especially electrical insulate'r. The maximum operating
) .

temperature of the IM AT depends on that of the<*

,1 g'! electrical insulation eaterials. It is necessary tot

EMAT c ao's I h improve these materials for realtatng higher
(, )

'

temperature use,

j DESIGN PARAMETERS: The specifications of the DiAT

Grand line y for FBR reactor vessel were decided through seco
experiments. It was confirmed that design value agreed

High temp.(240*CI Room temp. with measured value well. Design parameters depend on
the conditions of an inspected material. For example,
In the case of applytr4 for the thin wall inspectionI .

such as piping, refraction angle and frequency of'

Figure 7: . Test configuration for signat transmission
ultrasound should be selected optimum value,

attenuate through the long transat ssion cable.
Therefore, signal impecance matching between the DiAT DETECTABILITY: The requirements of flew detection

and the s ignal processing equipment is needed. ' Test ability is 20 5 slit in depth in austenttio stainless

-configuration for signal transmission is shown in steel under high tempe'ature of 240'C. The results of
Figure '. . The attenuation ratto in transmission inne the researen satisfied with the target. We could get
under high temperature of 240*C was higher than that the result that the flaw signal level in high

in r"sm temperature as shown in Figure 8. temperature of 240'C was about 3dB lower than that in
room temperature.

(a)CVALUATION
APPu! CATIONS In remo't e operation, the flow

HICH TEMPERATURE OPERATION: Minimum Requ1 resent signal level 1s .atie nua t ed thr ough the long
of operating temperature J s 200 *C for 100 hours. It transmiaston cable. But impedance matching is

was confirmed by the experiment that the D1AT could be ef fective, it could transmit the flaw signal without a
operated up to 240 t for 100 heure over. The element amp 1 trier.

- - - _ _ _ _ _ . . - _ _ _ _ _ . . _ _ _ -_ _ _ _ _ . _ _ _ __ . _ _ , - _ --
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Mitsubish! Meavy Industries, Ltd. Technical
'4. CONOLUS!ON Rev.24,2,100-106(1987)

. SH wave angle beat D4AT with hign t,emperature use (2) Do l .T . and K.Mor t moto . T .Sak amot o , K . Ar a ,was developed which is applicatile to the reactor
vessel inspection of F8R. It was confirmed in H.Rindo, K.Nakamoto, " Development of H1sh

Temperature D4 AT" , Proc. Autumn Convention AIS
laboratory that the D4AT could be operated up to 240'C Japan (1986)(in Japanese)for over 100 hours, the flaw detection ability was 205

I slit in depth artificial flaw in austenttic stainless
steel wall thickness of 50mm, and forty meters of (3) Dol,T. and K.Morimoto, T.fakamoto, K. ara,

H.Rindo, K.Nakamoto, "DEVI LOPME NT OF HIGH
signal transmission cable could be applied. TEMPERATURE EM AT" ASM 9t t Internaticnal

Conferance on N0E in Nuclear Ir dustry, (1988) ,
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1. INTRODUCTION
huelear facilities such as power reactors, reprocessing plants and fuel fabrication

plants are generally said to have a 11:1ted life of up to 30 or 40 years. When they are
r

f
superannuated, these f acilities have to be dissantled and removed safely, and wastes fros
such dissentling sust be treated under appropriate control. These operAttons are j'

f
cosprehensively terned as 'decessissioning'.

Power Fesctor and Nuclear Fuel Development Corporation (PNC) has 80 far dedicated |

|

|.
itself to the technical developeent cf fast breeder reactors, reprocessing techniques and |

f
MOX fabrication techniques. Prograte are based on national policy of plutonius fuel
recycle. PNO is now developing fuel cycle f acility decossissioning techniques.

At the Waste Dissantling Facility (WDF) located in 0 ar:1 Engineering Center (OEC).
PNC is eager to validate its technical developeert efforts aimed at the trectment of
surf ace contaminated large site vastes frca pcet irradiated FBR fuel and asterial

f exasination(PIE) facilities. -
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2. DUTLINE OF IDF .

The plan and the vaste stress cf @F are shown in Fig.1 and 2. The k'DF is
ferrooonerete building with three storias and one basesent. The building area is 1,700 a'
and the total floor area is about 5,600 a'.

The vastes are classified into three estegories such as high radiation level a
vastes (surface radiation level 250 ares /h), low radiation level a vestes (surface

,

|! radiation level: < 50 area /h), and B,y vastes. The high radiation level a vastes
are received through the overhead hatch of the a vaste loading cell.

| The vastes are then sent to the de.contaminatinn cell via an air lock chasber and |
unpacked by means of master slave manipulators. After sensuresent of the dose rate and

|

| surfacs contamination, the vastes are subjected to surface decontamination by an ice |

| blasting process. Thereafter, they are transferred to the dissantling cell and are cut j
4 into pieces with a plassa cutter and a hacksaw (Photo.2 and 3). Cospressible vastes are I

further subjected to a compressing process (Photo.a) and then are packed in metall10 i

| containers.
,

| The low radiation level a vastes are brought .into the soneptance hall and then are
transferred by a cart to the decontasination hall, where the vastes are unpacked and dose
rate and surface contasination are seasured directly by the workers wearing airline suits.r

f Then the vastes are decontaminated by an electropolishing process, Thereafter, the eastes

| are dissantled with the plassa cutter into small pieces and packed into containers. The
'

j hall is constantly sonitored from the 2nd floot control room during these operations.
The B ,y vastes are introduced directly into the B , y dissantling cell from the

overhead hatch of the cell and out into small pieces by remote cutting techniques. The
high radiation level vastas are packed inw metall10 containers and storu, into casks for

; transportation. The low radiation level vastes are sent to the S .7 loading cell, and
i after sorting and classifying they are packed into druas. The process flow sheet is
I shown in Fig.3.
!
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Table.1 $c4cifiestion of Caris

. n.mut, , , n u ire s tp. i.-.m j . u w.au n. un cu ca
nt.ry, y u.;,;.e i.g.,,;.. ..g .: p .p,g.: Pc.;4, ,

,- ior i % ,, w,y. t. m , c m r.t. m i an.u
5"'"1 wt iu , c m ,.t. m, c - r.t.

coran, iw i u, me.t.
hall /
wt ag ry n..tn ggry me.in,

nMr Si2 W $it 3Db
Air tighties. < 0.i vtli /Mr | kes.tiv. Pre..ar.

Table.2 Specifiestion of equiseent

EOUlPMENT SPEC 1fICATION

(PROCES$) Cutting1) Piresa Can : Ar.We*

Current i Max. 250 A*

Capacity : SUS 70 as*

2) Hoeksaw Cutting Capacity : SUS 200 es*

3) Compression pe laxial Press*

Ject i 9# x 320 as*

recity i Tona

4) Press Cutter * Object 200x 1000x 8 na
* Catacity : 400 Ton

Conveyor ; e : Motor D ive with Chain
acity : Max. 2.0 Ton

2) Transfer Car * Type t Se f Drive with Motor
Se f Drive with Linear
No or

* Caracity : H x. 2.0 Ton

(AIR LINE SUITS)

kNer ' f ' on Assentl.)l
"' I'". Tes : I t'Hus[dity1 2 0N~

,

(REMOTE HANDLING)
1) Haster 51 ave + t y r.e Cas T ht Rugged * DutyManipulator * Hahdling Max. Kg

Lead Max. 3 Kg
ig* Nustier

2) Power iandling : 67.5 Kg (All Position)
*!OOlder 450 kg

"
.

Hock Load* * Nutter i3
(* 3) In-Cell Crane * Caraelty . Max. 2.0 ton

'

I

|
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3. R 8 D STRATEGY OF 0/0 TEDN100lES
Technelegy needed for areas, er. nuclear fuel cycle decessnestonirg eterations have

teen identified and Jr10ritized '.sle,g the results of inst pc er resetor de: stissioning
studies fer eaet enjor deccaratstoning activity. (Fig.y

In ces;arison with resetors, the

decot:1erwntrg of nuclear fuel cycle f acilities
tas distinctive features that objects to te ,

.

reteved are contarinated with TRU nue11 des and* "
| their conteelnation cer'ditions, structure. g

configuration and roteriale vary.
These factors have been considered in

developing decertissioning techniques for FNC's wf c
*

nuclear fuel cycle facilities. Cafe and effective ,

decots.lssioninE of nuclear fuel cycle facilities g
with 21nteur Seneration of secondary wastes and
cest would t>e achievable with an integration of

the techniques discussed tellow.
Fig.4 Development of Technologies on
0/0 of Nuclear Fuel Cycle Fteilities

4. DEYELOPtE4T OF DECONTMINAil0N TEONIQUESo% Decont6mination techniques are classified into two groups, namely, 'Prisary/

t

decontattuation techniques * and 'Cotplete decontamination techniques'.(See Fig. 5.)"'

The forter envisages the renoval of loose contesinants to reduce the exposure dose .

rate involved in handling nuelides and to prevent spread of contamination. The letter sits
at the absolute reduction of radioactivity down to background level.

The WDF is now developing an ' lee blast decontamination process' as a means of

primary decontae.1 nation as well as an 'Electropolishing process' and a ' REDOX process' as
'

a means of cosplete decontamination.

CATUITY l MDWC.9I 100E 5':I '!EWI2E
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Fic.5 Decontamination' Techniques and Hechanise
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4-1 les Blast Decor.tasination
lee blast decontasir4 tion is a surface decontamination process using ice and dry ice

||
j sized particles made by pelletizer, which are blasted onto an object to be decontasinated

wing a carrier sedius such as compressed air. ;

|
This process features the utiliz.atic n of blast impact energy and low tesperature to ,

j remove nuclides, coatings and oils for improved decontasination efficiency in cosparison o

|
with that of a spray process with f ar less secondary waste generation.

! The impact energy producted by a blaster in the VDF (with compressed air rated at 6kg }

| /enf) come up to hundreds of kg/caf.

|
Fig.6 is a conceptual illustration of ice blast systes. The systes consists of a

j pelletizer and a blaster. Only a saintenance-free flexible pressure hose and a blasting
i nottle are installed in the cell.

y i c ..,

| 'j/
io,,...-.....

fj |

,

. . . . . . .......w.-

: 4 |
,

.. . _ .
,

} M
s.

.| a',t,. ,

'

,. Oco. >

/
, '

,,m,g i L

I i \\ * t9 '-
. ' * * ' ~

" 2, .. Ar .-

|
Fig.6 Ice Blasting Decontas'instion System

The pelletizer is capable of producing blast particles at a rate of about 200kg
/h.(Photo.6) The particles are made by converting liquefied carbon dioxide into a fine

|
powder through adiabatic expansion and then compacting these into column shaped particles

I of kan disseter and Ses length. The
pelletizer is provided with a water supply
systes, which can six up to approximately

.

,

201 water (ice) into blast particles. The
!

objective o,r sixin6 water into blast
particles is to increase the hardness of {

blast particles and to facilitate transfer -
ofnuclidestotheliquidwastestrs3m(

j durin6 decontasination.
The evaluation of test results obtained

so far has verifiej the validity of this

decontamination process. In cosparison with

pressurized water processes, this sethod
holds down the secondary waste generation

to the order of one tenth and achieves h 4 j

higher decontasination levels.
Photo.6 The Pelletirer

.
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Hence. this process will be given inertased it;4tus for development as an effective pristry

| decontatination process that trostses wider applicability and further improved
i secontasination efficiency.
;
;

{ 4 2 Clectropolishing Decontseinstion
I This is the tpplication of electropolishing, a ccaten industrial technique f or
|

|
surface processing of tetala, to nuclear decontamination,

in this process. as the surface of contatinated setal dissolves, nuclides will sove
into the electrolyte. Theoretically, a decontamination efficiency se high as B0 level can

{ be expected.
The WDF started develeping this process in 1982 and selected a $$ aulfuric acid

solution as the electrolyte in corsideration of its electrolytic propertles such as
polishing efficiency and unifors dissolutility as well as after trep*.sent of spent
electrolyte. WDF sets up a detonstration decontesination systes (Thoto.7) Ah a

Decontatination Hall.
! The basic concept of tiectroplishing systes la illustrated in Fig.7.

6 6' + 6 gp
1 1 ,

* ,*

71- ;
,,

-
1 p r

j,

M l ~.,,; -

_._ '~~

| [
,

".<' -
'

s
i , ,

g, |.
,

$|.. h
>| [**"* -

..h j5 "' , , , _ , ,
.

._

t=m m tv am
_

. . -

Fig.7 Schematic Diagram of Electropolishing
Photo.7 Electropolishing Decon, system'

Decontasination will take place with the application of positive charge to metallic
wastes in a conductive electolyte because the charge will displace the setal surface into
the electrolyte as cation. Also, successive electropolishing operations will lead to an
increased retal icn concentration in the electrolyte, decreasing the polishing efficiency

'

down to 1/3 to 1/18 of the initial value when the concentration rises to 30 g setal
i

ion / liter or more. Finally the spent electrolyte itself beoores waste, in order to recover

such a spent electrolyte for reuse, an electrodeposition technique which is reverse to
|

electrolysis is used to recover retal ions free the 4;ent electrolyte. A critical element
of this technique is pH control, which can be achieved by providing an electrolytic
diaphragt between the regenerative cathode and anode which selectively allows the
permeation of the rulfuric acid ion ($0.8*).

From the daoontatination of wastes derived from irradiated FBP fuels VDF has
_ _ _ . _ . _ . _ _ . _ _ _ -_ _ _ - _ _ . - _ - _ _ _ _ _ _ _ _
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confirsed the high ef ficiency of this decontamination process (Fig.8). The WDF's
cc>ttarative evaluation cf this process versus ultrasonic cleaning has verified excellent
eff 2elency of this trocess (Fig,9) as demonstrated by the distribution of contaninstion
and the LEM etservation of polished metal surface. The sulfuric acid electrolytic

cecontamination which can remove effectively the contasination estedded in the grain
t.oundaries of setals. As particulary effective.

# **
to o O Totes e,

' yle . ,.t.,,,- .

e . ~.,.....,,
8 * (D L )

* -
* 0b in. ..

*
,

O

1 %[
'

te-e Ultrason.c Resmg -. o,ctro PotsNng,
'

' '
'

s y q ,
., . m..

g,
}

..

,, ie - .

o'

[t, } 10-' -

. O

, ' 'to . ,
*

. t
.,,*
, ,

-...

g g". 1 i I e A1 i t i t ig
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Fig.8 Relationship A.R.1, and DF Fig.9 Decontamination Effact by Ultrasonic
Rinsing and Electropolishing

4 3 IED0X Decontamination
This is an electro chesical decontamination process, where the dissolution of metals

,

and contatinated wastes As accelerated by the addition of quadrivalent cerlus ton (Ce({V))
to nitric acid to fort a strong exidizing agent. Reduced cerius lon (Ce (lD)) is oxidized
into quadrivalent cerius ton by electrolysis to regenerate the exidant. Its principle is
shown in Fig.10.

Unlike electropolishing
Dec ontaminatic n ne_ reneret.on decontastnation, this process has its

electrolytic and decontasination steps
o,i m . t. . s ... a.sweie et ermi 1ea 1 ee arated. S1 nee ita

=|' = * .. t 3.. decontamination is based on the electro-
chetical reaction between solution and

"} f e...
'

',,.A , 7,c,. .

; ( ;' -[ [ eetallic surface, it resulted in a high DF

\ w .cc m- %- \ .,- and unifora dissolubility.I '= a ,

u > u a

Fig.10 Principle of REDOX Decontamination
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The VDF has 14en operated as a cold decontaannation napertsent ayates (with a 100-

{ } liter decontamination tath) since 4t5 and has verified the valtdtty of its highly
unifort assolubility in polisWg tuta on plates and valves with different surfact
roughneeses.

Thia trocess, bewever la not free from trebless due to the strong acidity of
quadrivalent cerlut len. S.;ch probleaa include the selection and evaluation of the
equittent cosponent materials and the treatment of aient decontamination solutions. These
will be solved through satsequent studies plus hot testa to be cor. ducted on actual tastes.

5. DEVEl(PIOff 7 DlSNANTLIFJ TEONICLES
rac111tles, eachines and equipment used in the nuclear fuel cycle are diverse in

construction, configuration and asterial. Thus. it la essential to evaluate the
applicability, safety and efficiency of distantling techniques under development,

In its efforts to develop diasantlitg operations the VDF places greater esphaels on
plasta cutting technique which has wide applicability to many components. In the VDF,
large-stae vastes generated in OEC have been cut by a plassa arc or a hacksaw, and '

operation of the plassa torch with a taster slave manipulator and preliminary plaate
cutting robot have been demonstrated. In the saae way, various sethods, peripheral
techniques and remote control techniques for diamantling are being develored.

5-1 Plasma Cutting Robot
In order to dissantle large site equipment and nachines of c0aplex configuration

installed in high radiation and hhh contamination areas, it is essential to use remote
control techniques for autenatic, efficient and safe diamantling and renoval operations.

In 19B4 a plassa cutting robot (Photo.8)

was installed in WDF. as a todified version of
industrial .Soto, as a link in the development

.'' retet.e control technology to verif y itsI '
e

usefulness in the dissantling of wastes froa
'

operating plants. This rebot was based on a

I teaching playback sethod. in which a cutting
..

path on an object is preliminar11y taught to the
*

robot and cutting is made to the given cutting

path. If the object to be cut has a cosplex ~

configuration. Its teaching procedure takes auch
time. To selve this probles, some notable
improvements have been tade.1.e. the addition
of a voltage are sensor which will feedback
voltage fluctuations to the robot during
cutting for autetatic operation. In addition a
non-contact' type laser distance sensor, a j0y

stick and a taster are (Photo.9 and 10) have
been added,.

Photo.B Plasma Cutting Roboti

|

- - - - - - - _ - - - - - ~ ~ ~ - ~ ' - - --_ _
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Based on the dissantling method, algorise and many other design factors obtained from

the VDF robot, a small stre portable robot ter deocaalastoning use is now being developed.
Its design concept is shown in Fig.11.
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Fig.11 concept of D/D Plasma Robot
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I I 6. DEYD.(FtEV (F K)NITORING TEC*l0IS

Ef ficient and safe decessissioning operation addresses taportance to sonatories
techniques ty which to determine the quantity and distribution pattern of contatinated

nuelides.
PNC is developing a radiation image display (RID) which could be replaceable the

conventional smear method and direct sevey sethod and provide a reliable and quick neans
of evaluatir.g the distribution of nuclide contatination by resote control.

6-1 Radiation leaps Display (Rio)
To improvt sessuresent and evaluation efficiency for decessissioning, to decrease

radiation exposure during the verk and also to improve the reliability of sensurement
data PNC has been developing a radiation isage display capable of remote and automatio
sensurement and image display of the distribution of radioactive substances.

Its operating principle is to run a cellaateo y ray detector and distance seter to
scan across a contatinated object to be sessured and obtain radiation infortation and
distance information, from which a cceputer Will create a picture of the distribution of
radioactive substances (evalut.tlen picture) cospesed of 1.500 to 9,000 plots divided into
ten color levels and then will display the picture on a TV sonitor as a synthetic isage.

The sensuresent principle is illustrated in Fig. 12. Photo.11 shova the prototype

equipsent No.1 sanuf actured in 1966.

' Table.3 Specification of RfD No.1
.

ITD4 RID (l)'

Cal (TI).PD
7 Detector

( 2B x 50(sa)
. ee- , ,,

Shielding Haterial Tungstenu M -

j f
,

# Shielding Thickness S0sa

| If * *' [, ,

Shielding Power 1/100<r" h"d (7 nergy:1HeV)E#*
| mm 1 i

,/
"- Detector Weight 50kg

-

|- &'

Detector Disansion 300(W) x 350(D)

Cable Numbers 5

en.c. , , , , ,

" Heasurement Time 10.15.30,60 sin

Calculation Time 3ain
-

~~
ce

Fig 12 Composition of Radiation image display

- -_- _-___--_ - - ~ *-C -,.- ___
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! Shoto.11 Radiation lease Display Unit

.

Photo.12 shows the results of seasureaants on a liquid waste tank. The TV sonitor
above the entire seasurement range. The evaluation picture gives a counting value at each

! plot in ten color levels (red-yellow e;reen blue non color)with the largest counting value
of the plots in the picture pieced as the upper limit. The synthetic image of both the -

:

j screen and the picture provides information about radioactive substances deposited on the ;

| botton of liquid waste tank.
|

|

|
i
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Photo,12 Example of Liquid Weste Tank Beasurement
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| The applicability of this equipment was evalu% i" *t ade on va8tes and a
11guld waste tank. The results obtained froe the test **"n below:!

f (1) tasurc e t of mastes
The sessurement results of |

'

I a 200-liter drus containing
processed wastes are shown in

~

! Photo.13 f
,

f
The evaluation of the ,

|
result clearly indicates the f

location of radioactive |

tutstances existing in spots.
.

i

r

|

@ Sealed position of radioactive substances
,

d

'

|
I Photo.13 Result of 200-liter Orta seasurement |

.

(2) Nasur(et of a liquid waste tank before and af ter decontamination
I

| A tank containing liquid viste from the cleaning of FBR fuel assemblies was'

decontaminated with high pressure water. Thi,1 decontamination process van evaluated by
this equipment. Images obtained before and after decontasination are shown respectively in

|

i ;

Photo,1h. The seasurement was done over 30 sitiutes and from a distance of 3.5 meters.
|

|
It is noted that the high pressure water decontamination carried highly contaminated '

deposits, which is observed at the (,op of tank before the decontamination, to the bottos
of tank.

. - -
| .. .

, g4.

~ *

. k. . : Ia
"
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'
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. (a . .

' . * \ ' t; . . $# ,
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~

,
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. msmmm i. . .
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Before decontamination After decontamination
.

The display of high level contesination @ shif ted to the display of

low-level contamination @ and @ .
c

Evaluation of Liquid taste Tank before and after DecontaminationPhoto.14

|

|
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_

| 7. C O N C L U S l 0 N

Ve vili continue tne development of decontamination and dissantling technologiesi

undertaken by VDF to establish techniques that can validate the safety and econcay Of
| various nuclear fuel cycle facilities,

i

i
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i
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Alf 8el View of Toke Worms 0 The Tokaa Rsprocest'a6 Plant $Plutoraum Fuel Facd$es et Toka.

i An essential element of fuel for new reactors such as the
~

'

j ATR and FBR is plutonium a by product of nuclear reactor smaus
.

.

j j operallon that can be recoscred from spent fuel. The plu-
., JS

lonium b combined with uranium 10 form rmsed o:ide - ('
'

:
; j (MOM fuel.

| \ P
i Since MOX fuel consists of both uranium and pit to- (8
| | nium, an effectise non proliferation measure is to mix the

..

; e
; two and consett them to oxide immediately after estract.

ing the plutonium. ' ^
- [

'

' 9
| PNC des cloped its ow n proccu. called the "microw as e.

.

~

) ; heating direct dentitation proccu." to carry out this co. .

j consersion. It has been used since 1979 at the Tokai C $' - ;-- '
'

,

Plutonium Fuel Fabrication Facilit) (PFFF). The Total
_ . _

, -

I Plutonium Consersion Development Facility, with a daily u
| co consersion capacity of 10Lp MOX. u ent into operation uranium pivionium maec once (uoxi poweer

in 1983. using plutonium nitrate and uranium nitrate from '

the reprocessing plant to produce MOX powder for ATR '

Fugen. FilR Joyo. and FBR Monju.

i

..__ _ _ _ ____.__ _ _ _ _ ___.____ _ __ . _
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"Monju"is a 280MWe Reactor Cooled by
Liquid Sodium in Three Loops
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jCutaway view of Isr- o

FBR Monju g
1 Core 1 -

|

2 Acactor vessel
' '

3 Control rod erwe mechanism -

4 Fuel handling machia
5 Shield ng plug
6 Guard vessei
7 Intermediate heat enchanger N
8 Primary main pump
9 Primary heat transport system piping
10 Secondary heat transport system pipino
11 Containment vesset
12 En vesset transfer machine
13 Secondary main pump
14 Evaporator 20 Steam turbine e
16 Superheater 21 Condenser
16 Auxiliary coolant system / Air cooter 22 Generator
17 Sodium water reaction product tank 23 Transformer
16 En vessel storage tank 24 Polar crane i.

19 Steam, teed *ater system piping 26 Vant stsek
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MONJU Plant Parameters -

Reactor type Mined omede fuel, sodium cooled, Secondary sodium temperature !>05 '325'C
tast neutron breeder reactor, loop type (IHX outlet' inlet)

Thermal power 714M W Type of steam generator Helical Coil. Once through unit type
Electrecal power 280MW Steam temperature (Tu >ne anlet) 483'C
Fuel material PuO, UO, Staam pressure (Turbine anlet) 127 kg cm's
Discharged fuel average Refueling system Single rotating plug with f;ned-
burnup tale 80000 mwd't arm fuel handling machine 0

Breeding ratio t2 RetveMg intervai 6 months
Number ei>eeps ?
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R&D for Advanced Power Reactors
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Aerial vin of O erai tngineerir$ Center
Although conventional light water reactors will con. "'

ftinue to provide the majority of Japan's nuclear generated
] electricity into the next century, the governinent has

-

[
i designated the development of fast breeder reactors as a
'

top priority. PNC is working toward this goal with the .

deselopment of the Joyo and Monju FBRs.
Because they utilize uranium resources so efficiently.

FBR$ represent the ideal nuclear power source for japan's
future. The FBR, w hich can be fueled by plutonium recov.
cred from spent fuel,is often called the " ultimate reactor,"

;. It not only generates electricity, bul actually creates more ',
I fuel than it consumes by conserting U 238 in the fuel to

Pu 239. Afler the ycar 2030, the FBR is eapected to take - Mg
.e pment o computer one . . cooe for maior airveivres o's e

over as Japan's chief source of nuclear (nergy. ''**''' "5"' **8 'ersiea componenti
PSC's role is to carry out R& D to develop commercial.

scale FBRs that are competitise with LWRs in terms of
safety and economy.
This work insolves many new technologies, such as the

,
r6

use of uranium plutonium mixed oxide (MOX) fuels and ^

the use of efficient yet chemically actise liquid sodium . (g
.

coolant. ^

-
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MOX Fuel Productionat PNC tuerch 10901

100te -

9
~

,

I

e -:-
. , |

j Our work in this area began with basic re- |
' searchon plutoniumhandling MOX fuelprop- '

|y
I"

erties, and fuel fabrication at the Tokal Pluto--

nium Fuel Development Facility (PFDFL |
Technology developed here was confirmed on >

a larger scale at PFFF. which began produc- |t -
:

ing fuel in 1972 and has supplied fuel for |
<

}6 experimental FBR Joyo and prototype ATR
50 Fugen. Initial core fuel assemblies were I

- -

completed for Joyo in 1975 and for Fugen in
'1978,

a -- -- -
The nest step is the demonstration of mass

,

'
production technology in the Tok si Plutonium
Fuel Production Facility (PFPF), which will ;

3 ~

supply large quantitles of fuel to FDR6 Monju
and joyo and to the demonstration ATR, The ;

FBR fuel production line at PFPF started

I1. .__

1993,

i
I ~ ~

operation in 1988 with a capacity of $ tons of
1

MOX fuel per year, Another line now under '

construction will supply 40 tons of MOX fuel
i

,,,,
,

per year for the demonstration ATR and other
plants. it is scheduled to start operation ing
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O
1 Mission of Oarai Engineering Center

@ Research and Development of Key Technol-
ogies Associated with FBR & ATR Power
Plants (Plant Systems, Fuels and Core,
Sodium Technologies, Components, Safety,

etc.). -

.

:

''

(1) Design Studies for Framing Plant Systems
with Safety and Economic Competitiveness

O
(2) Research and Development on Base Technol-

ogies and Innovative Technologies

(3) Research and Development Using Experi-
"

ences Obtained through Construction and
Operation of Joyo a: donju, and Fugen.
.

-

8

@ Research and Development on Fuel Recycling

Research and Development on Decommis-
sioning, Nuclear Criticality, etc. of Fuel Re-

O y ing Facilities '

\
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2 Outline of Oarai Engineering Center

(1) Scherna of Oarai Engineering Center
(Location of Facilities)
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Site Area : 679,663 m2

No. of Main Buildings : ~50
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1

'

,
'

,

C -(2)1 Organization of Oarai Engineering Center

a

Health and Safety Division

Administration Division

.

4

Technology Development Division '

h - ng eering' Center System and Component Division

Director Masao Hori' '

,

Fuels and Mate,-ials-Division

Experimental. Reactor Division-

Safety Engineering Division

_

. _. ._ - . .
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(3) Chronology of Oarai Engineering Center g

o Oct.1967 Foundation of Power Reactor and
Nuclear Fuel Development Corp-
oration

o Dec.1969 Initial Nuclear. Criticality in the
Deutorium Criticality Assembly
(DCA)

o Mar.1970 Establishment of Oarai Engi-
neering Center

o May.1970 Start of the Fast Experimental
Reactor "Joyo" Construction

o July 1974 Start of 50MW Steam Generator
Test Facility Operation

o Apr.1977 Initial Nuclear Criticality of
'

"Joyo"

o Nov.1982 First Nuclear Criticality of
"Joyo" Irradiation Core (MK-II
Core)

| o Sep.1984 Completion of the Fuel Cycle $
| ' Loop' Using "Joyo"
,

1
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, .

Cv)i
o Feb.1987 Agreement between "Joyo" and

" Phenix" on Exchange Irradi--

ation- of Fuel Assembly
,

o Mar 1989 Contract of Technical Coopera-

y tion Agreement between PNC j
andt JAPC for Research and ;'

''

-Development of the Demonstra- ,

tion Fast Breeder Reactor. ;

.

- o DEC.1989 Achievement of 40,000 accumu--'
1

--
lating hours' Operation for--

> y~N,
u ,,Joyo,, .

'

,

t

i

i

.

) s'

<

O '-

!

e

4

$

O'

. . - . . .. . . .
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3. Research and Development of FBRs g

(1) Extensive Preparations for the Protoype
FBR "Monju" Operation on Items As Fol-
lows

o Planning of Start-up Test Program

o Research and Developnient for Opera-
tion, Maintenance and Repairing

o Training for "Monju" Operators

(2) Cooperation for the Demonstration FBR g
Cooperation Based on Technical Agree-
ment between PNC and JAPC

@ Application of Operation Experience on
"Joyo"

(6 Application of R&D Results-Obtained in
Oarai Engineering Center

@ Conduct of R&D Associated with the
Demonstration FBR by Utilizing Techni-
cal Capabilities of Oarai Engineering

h||Center

|



_ - _ -------- ---- -- --- ---

l'(
(3) Research and Development for Commercial

Type FBRs

CD Framing of Concepts for Commercial
Type FBR Plants

o Conceptual Design Studies for These
FBR Plants

~

.

@ Research and Development of Key
Technologies

() i) Development of High Performance
Fuel -

ii) Development of Large Reactor Core
with High Performance

iii) Development for Higher Temperature
Service of Plant System

.

iv) Rationalization of Component, Piping
and These Layout

v) Development of Rationalized Reactor
Containment System

vi) Development of Seismic Isolation
Structures I

- _ _ _ _ _ _ - _ - _ _ - _ - - - _ _ _ _ _ _ _ - - _ _ _ _ - - - _ _ _ - - _ _ _ - _ _ _ - - _ - - _ _ - - - - _ - _ _ _



O
vii) Development of Plant System without

Intermediate Heat Transport oystem

viii) Development of Decay Heat Removal
System with High Reliability

ix) Reduction of Radiation Exposure
during Maintenance

.

x) Establishment of Rational Safety Logic
.

@ Utilization of "Joyo"

i) Modification to a highly Efficient
Irradiation Facility $
ii) Development of Advanced Technology
and Concepts

.

4

0

-
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,a j

O
i,,j 4 Research and DevelopmentTof Advanced Thermals

Reactors (ATRs)

J

(1) Cooperation to the Demonstration ATR
(Oma Nuclear Power Station in Aomori
Pref.)

o Conduct of Tests to Ensure ' Designing of
the Demonstration ATR under Contra ~ct:

'

with Electric Power Development Corpo-
ration .

h (2) . Research and Development of Base Techno-
logies

,

o Conduct of High Performance Fuel De-
-

velopment, and of Safety -Research As-.

L sociated with Severe Accidents
<

|

.

.

L

m

.

U

_ _ _ .__
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5 Research and Development on Fuel Recycling g

(1) Research and Development on Fuel Recycl-
ing

@ Conduct of Development concerning De-
commissioning Technologies Common to
Fuel Recycling Facilities-

@ Conduct of Research Concerning TRU
Transmutation Treatment Technologies by
Utilizing FBR

o Planning of Transmutation Demonstra-
tion Tests in the Fast Experimental
Reactor "Joyo"

@ Conduct of Research for Waste Disposal
Technology

(2) Research on Nuclear Criticality Safety

o Conduct of Research Concerning Nuclear
Criticality Safety Necessary for FBR Re-
cycling Facilities by Using DCA

1
i

O
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L

o
1) :6. ' Frontier' Research
u ;

!

Conduct of the Following ' Frontier' Research
-

Subjects for Innovation and Improvement of
Advanced Power Reactors '

(1-) Research for Nuclear Reactor Materials
,

t

Io New Materials Resistant to High Tem-
perature

,

1

- o New Materials- Resistant to Neutron
.

$] Irradiation

(2) Research on Artificial Intelligence Technol -
ogies for Nuclear Reactor Plants

" '

o Conduct of Research and Development-
for Nuclear -Reactor: Plants 1with Arti- .

ficial Intelligence Systems-

o Demonstration Tests of Artificial Intel-
.

ligence Systems in.Joyo.
y

i

n
V - - . - .- . _ --



. . . .

(3) Diversification of Plutonium Utilization

o Conduct of Research on FBRs Using
Advanced Fuels, Small- and Medium-
Sized FBRs, Inherent Safe FBRs, etc.

-

.

O

.

9

-
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O 7. Facilities for Research and Development in
Oarai Engineering Center

Precent Facilities under Operation ;

(1) R.eactor Facilities (Joyo and DCA)

(2) Test Facilities for Post-Irradiation -

Examination
,

,

(3) Test Facilities for Developments of
'

Components and Structures

(4) Test Facilities for Safety Research

O (5) Test Facilities for Fuel Recycling

(6) Administration Facilities for Health
and Safety

.

-@ Total No. of Facilities : 34
.

O ;



O
New and Modified Facilities under Planning ;

(1) Expansion of the Fuel Monitoring Facil-
ity for MONJU and Other Large
LMFBR Fuel Assemblies

(2) Modification of Joyo for Improvement of
Irradiation Capabilities and Demonstra-
tion of Innovative Technologies (Joyo
MK.III Program ).

.

(3) Modification of DCA for Research of
Nuclear Criticality Safety g

(4) Construction of a Information Center for
Advanced Utilization of Computers

(5) A Safety Test Reactor " SERAPH"* for
FBR ( Under Investigation )

.

....... .........................................____.....................

>< Safety Engineering Reactor for Accident g
Phenomelogy
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:

Technical Draft for Comments
-

R D & D Program

on
.

Low-Level T R U Bearing Waste

Management Technologies

b
.

.

.

?l .

'

;)

l'
March .l, 1.9 9 0

:]|

)
.

Power Reactor and Nuclear Fuel Development-Corporation

1]
(PNC)-

Translated into English and Prepared

Radioactive Waste ementProject,PNC

's February 1990
for

the U.S. Department of Energy'

* .
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Technical Draft for Comments-

R D & D Program"

~'

on
.

Low-Level T R U Bearing Waste

Management Technologies.
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1. Incineration

Incineration technology is to oxidize combutibles such as paper , clothe, etc. and Cl-

contained wastes such as PVC by heating or other means, in order to reduce the waste vol'se

and to transform into inorganic materials.
.

m Acid Ditestion (Tokal)

Cold engineering test has been conducted at Pu-contaminated Waste Treatment Facility

(PWIT) for volume reduction of Cl-contained wastes generated at P0X fabrication faciltles

etc., and for recovering Pu with acid digestion process characterized by low-temperature

treatment. R ese test results will be reflected to future WU waste treatment facilities.

O.

m U-contaminated Waste Incineration (Waste Plants Operation Division at Tokal)

- Vertical fixed-trid fueled incinerator is under hot operation, which object is to

reduce the volume of combustible U-contaminated wastes ganerated at U handling facilities.

Re operational experiences and know-how will be utilized to the design, construction and

operation of U-contaminated Waste Treatment Facility (UhTF).

131 WU-contaminated Waste Incinerator (Waste Plants Operation Division at Tokal)

tbvirc-trid incinerator is under demonstration operation at PWIT, which object is to

reduce the volume of EU Wastes generated at 30 handling facilities. The results will be

reflected to the design, construction, etc. of the Im-level Waste Treatment Facility

(IRIT).

O
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(4) Cvelone Incinerator (Tokal)

Self-burnire evelone incineration technology which is characterized by ustrg good-

corrosion-resistant electro-melted Alumina for refractories, and non-moving parts, is

under demonstration test at Ph'IF, b order to establish the technology of the volume'-

reduction with incineration for Cl-contained wastes generated fron M0X fuel fabrication

facilities, etc.

. . . . ..

(5) B7 Waste incinera_t.o.r (Tokal)

yovinc-grid incirerator is under construction to reduce the volume of B 7 wastes from

Tokal Reprocessing Plant. - -

o

.

.

O
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2. Decomposition

Decomposiontion is to transform organic materials into stable ircrganic form except

oxide by heatirg, etc.

.

m Immobolization of Srent Solvent into Inornnic Stable Form (Tokal)

RI tracer tests of the advanced technology characterized by incorporatloa of synthetic

mica or hydrated lime and pyrolysis are being carried out to inorganize spent solvent.

O

.

O
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37 Separation and Removal
. _. -

Redioactive nuclides in liquid waste shall be separated and removed by chemical methods

such as filtration, precipitation, etc., in order to change the liquid waste into non-

radioactive or lower-level waste.

m Pu Recovery frcm Incinerated Ash (Tokal)
. _.

In order to reduce the volume of Cl-contained waste from P0X fuel fabrication

facilities, etc. and to recover Pu.etc., adhered on the waste, tests of acid digestion

characterized by low temperature treatment are currently teing carried out at PhTF. The test

results will be reflected to future TRIJ waste treatment facility.

m CP Separatlort Removal Technoloev (0-aral)/

Radioactive corrosion product (CP) separation / removal process with hollow film and

reverse osmosis is under design at "Joyo" Waste Treatment Facility. The objective of the

process is removal of CP contained in liquid waste from fuel washirg. The results will be

reflected to camercial FBR project.

(3) Separation of long-lived Nuclides frcn Im-level Llauld Concentrate (Tokal)

In order to dispose of bituminized wastes frcm Tokal Reprocessirg Plant in shallow land I

burial, long-llWd nuclides contained in waste concentrate are planned to be separated and

removed as pretreatment of Bituminization by ferrite treatment, precipitation, lon-excharge,

etc. The results of cold tests obtained are currently evaluated, and the achievements will i

be fed to Bituminization Facility (AspF) for practical use.

!

O,
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(4) Nuclide Separation from Spent Solvent (Tokal)

This technology is to reduce the radioactive concentration in the liquid waste b310w

the regulatory level of sea discha p , by separation and removing the radionuclides in

phosphoric-acid liquid waste with coprecipitation-ultrafiltration, etc., af ter

inorganization of spent solvent into phosphoric acid waste using hydro peroxids 'he results

will be reflected to the design of IXIT.

(5) Nuclide Separation from low-level Liauld Waste (Tokal)

1heobjectiveofthetechnologyisthevolumereductionoflow-levelconcentrated

liquid waste, etc., generated in Tokai Reprocessing Plant. 1he technology will enable to

reduce De concentration of the radioactive nuclides in liquid waste below the regulatory

level of sea discharge, by adsorption, coprecipitation-ultrafiltration and lon exchange.

Cold basic test using simulated waste is currently implemented, and the results will be

reflected to the design . of IRIT.

(6) Iodine Removal frce Spent Solvent (Tobi)

In order to reduce lodine concentration discharged to the eivironment, hot test of

recoval(adsorption, etc.) of lodine contained in spent solvent,1BP and dodecane is

currently being conducted. 1he results will be reflected to Solvent Waste Treatment '

Demonstaration Facility (STF) for practical v.,e.

|

9

,
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4. Decontamination

Neontamination techrology enables to rerove radioactive nuclides adhered on solid

wastes by chemical or rychanical methods. The objective is to change the radioactive solid

wastes into ron radioac'.lve or lower-levC, wastes.
,

.

01 Pkit Neontamiretion (Tokal)

Melt decontamination can achieve the volume reduction and ccontamination of metal

wastes, simultaneously. The electro-slag melting is currently under cold and hot testirg at

PWTF for volume reducticri and stabilitation of TRU contained metal wastes. The test

results will be reflected to the future TRV waste treatment facility projects such as IM,

Hull Waste Treatment Facility (hW), etc. . - -

O
)

" m Electropolishire I (Tokall
' Electropolishirg will be util! zed to decontaminate the surface of metal wastes for

volume reduction of 1RU containinatec metal wastes generated at reprocessirg plants and POX

fuel fabrication facilities. llot test is currently beirg carried out ustrg active metal

wastes, and the results will be reflected to the practical use for 1RU waste voltrne

% reduction hereafter

O
l
:

.. . -. .

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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(3) Electretolishing II (0 eral) -

Electropolishirg is removing the surface layer of metal wastes electrcchenically as the

wastes for anion in electrolyte. Cold plant-scale test and hot besic test of

electropolishirg is currently betrg implenented so as to develop the reuse technology of

depleted electrolyte and the electrodeposition technology separatirs eluted metal lon from

ecid, as increasing the concentration of eluted metal lon in electrolyte, 'Ihe aim of the

tests is to make life of electrolyte lorger.

'

W Redox (0-eral)

Redox decontamination is expmted to be advantageous technology for miscellaneous waste

decontamiration, tecause of its applicability for canplex shaped metal wastes and high

decontamination effect. Utilizing Cc(IV) in nitric acid as strong oxidizirE agent, it is

currently under development through cold ergineerirg tests, etc.

,

9
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m Ice illestirsu.0 eral) ;
'

lee Blastirg has teen developed as the decontamination technology in which water and

dry ice are sprayed on to waste surface usfrg ele as the transfer nedle. It is rtyarded as

g:od prinery decontamination technology tecause of generatirs small quantity of secondary

waste, and hot test has been conducted usfrg actual waste, et the Waste Dismantilrg

Facility (WDF) since Fy1984. Ice blastire will te applied note extensively for

decontamination use of in-situ (quiptent surface and concrete, etc. almtrs establishwnt of

decomissionirg purpose, hercaf ter.

O
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S. Disnantilrg

Dismantilrg is the cuttfrg or sectionfrg tectnolcty for large solid wastes by the use |'

I

of thercal and or mechanical techniques, in order to facilitate the handllrg of solid Kastes.
,

m Plasma-ere Cuttina (0-aral)
,

Plasma are cuttirg method, and related recovertre methods of eerosol and dross, etc.
,

are under development as rerotely dismantllrg technolcgy for large TRU-contaminated solid

waste to obtain good efflecincy of work, execellent dismantilrg capebility and extended
.

applicability.

In particular, autunatic arc-cuttirg rotot has been designed and fabricated for

dismantiltg in-cell equipments 'the achievements will te reflected to R&Ds of 7EU waste

treatment and decorrnissionirg technologies. *

| |
.

I

m laser Cuttire (0 eral)t

|
Laser cutting technology, which is suitable for recote operation, tecause of generatirg

less ancunt of aerosol or dross and teirg applicable to broad materials for cuttirg, is
|

under developnent as the advanced, promisirg dismantilrg technolccy for large equipments, etc

Especially, the basic research has tra implenented on the cuttirs performance of 0> |
laser, power transmission characteristics, etc, and application for the decorrnissionirg of

.

fuel cycle facilities is planned, increasirg laser power step-by step, hereaf ter. !

4
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6. Imobilization (Stabilization)
' ~ ~

imobilization is waste stabilization technology by which solid waste includirg

incineration ash and cut scrap, liquid waste and gaseous waste are solidified by wastes

mixirg with matrix, meltirg and so on.

m Micro waveIkitire (Tokal)
'

Micro-wave meltirg technology is characterized by homogenized heatirg(meltirg). Cold

and hot dcmonstration tests of the technology have teen currently implemented in order to

stabilize ard to reduce the volume of incineration ash or residue arisen frcn incineration

and/or acid degestion. The test results will be reflectad to the future 1RU waste

treatmant facilities such as Lhv for practical use,
.

(2) Electro-sletRemeltire (Tokal)

Electro-slagging technology is characterized by achieving volume reduction and4

decontamiration sinr:ltaneously. Hot demonstration tests are now implemented at PRfF for

volume reduction and stabilization of 1RU-contaminated metals. The results will be utilized

for the future TRU waste treatment facilities such as LkW and HWW for practical use,

O
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(3) HIP Solidificatton (0-eral)

Cold test of solidification by Hot Isostatic Press (HIP) method is under prcgress. De

HIP technolcgy is planned to te applied for volux reduction and stabilization of hulls aJd

other metal wastes erlsing at Tokal Reprocessire Plant, and the achievenents obtained from

the develop;ent activities will te utilized for the facility design of li&.
,

''
. . .

I
J

i
I.

m Dehydratire and Solidification with Micro wave (Stabilization) (0 eral)
1

Dehydratirg and solidification technology which converts the fuel washirg liquid wr.ste ,

of "Joyo"(high alkali property including corrcslon products), Into glass like blo:K safely
)

with simple facility, is under development. The results will te utilized to reconstruct J

the existent waste treatment facility.

15) Solidification of Senareted Nuclide Residue (Tokal) -

In order to stabilize the separated nuclide residue removed from low-level liqued waste
'

and spent solvent, an advanced solidification process is to te developed. In the present,

solidification technolcgies is urder investigation, and the resul+s will te reflected to the i

design of IRTF.

I
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@ Hydrotherinal Solidification (Tokal)

In order to solidify uncombustible residucs, includits incineration ash, spent silica-

gel, waste sand and spent lodine filter elements erlsfrg from Tokal Reprocessirg Plant,

solidification process applied hydrothermal reaction (Temp:100t. Press:300 kr/an') is under

cold basic testirg. The results will be reflected to the design of LWTF,

m Cementation (Tokal)

In order to solidify uncombustible residues, includirg incineration ash, spent stilca-

gel, waste sand and spent iodine filter elments arisirg from Tokal Reprccessirs Plant, i

i

Canentation usirg conent-glass, low hydrated cement, silica coment and portland cement is

under basic testirg. The results will be reflected to the design of LWIF

[81 Krypton Imobillution (Tokal)

In order to imobilize gaseous Krypton recovered fran off-gas flow of Tokai

Peprocessirg Plant, Krypton is planned to be Ionized and imobilized in metal. Cold basic

tests are currently beirg implemented and the verification of process principle has been

completed. 'Ihe results will be utilized in Krypton Recovery Development Facility (KRF) for

practical use,
l
I

.

I

@ Plastic Solidification of Spent Solvent (Tokall

In Solvent Waste Treatment Development Facility (STF), separation of TBP fran spent

solvent from Tokai Reprocessirg Plant and its plastic solidification is under develognent

operation to demonstrate the stable operation of.S7F.

.
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03 Flame Ritardation of Bituvn (Tokal)e

The techrclogy of flanc retardation of bituacn by addirg reagent tcfore bituminizatim,

is telry tested (cold, laboratory scale). The results will te utilized for the operation

improvement of Bituminization Faellity (AspF).

09 Bituminitation (Tokoll
'aIn order to deconstrate the bituminization process for liquid weste erlsfrg from Tokal

Reprocessite Plant and the storege of bituminized wastes, develognental operation has teen

continued at AspF,

.

O

-



_ - , , _ _ _ _ , _ . - - - - , - - - - - - - , ,

j''~
'

v.

'
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

_

Ilts
c1

[n[trjetfital Itit8rth (O-'

*ASIIFlaw Fttardatic9 7' ' ' ' '

oflitumen C/IC

_

f

C

-

4

4

C
0;>tration for, Devtleteent

litusinitation-

g\v/ ,
o

1
'

1
~

-,

3

1

1

o] g'w

)
,



-- .--- _

|
1

O

7. Solidified Waste Characteritation

In order to establish the datetese for quality assurance of corditionitg prccess and

disposal, machanical and chemical characteristics of sollof fled wastes are planred to te

evaluated. -

m Evaluation of Svthetic Minerals Produced et PkTF (TokaM

Solidified waste characterization such as leachability, etc., is conducted for

performance assessment at PhTF ustrg actual wastes to establish the safe and rational

storcse and disposal of molten waste of incineration ash, etc. In addition, nuclide leach

mechanism will te evaluated by observation and measurement of nuclide stability, taking

account of disposal conditions. The results will be used to determine the conditions of

solidification process, and to establish waste characterization dattbase.

m_ Evaluation of Metallrgots produced et PkW (Tokal)

In order to establish the proper management of metal irgots produced from electro sleg

remeltirt at PWTF, meterial properties includirg irgot compositions ard distribution of

nuclide corcentration are beirg measured in cold and hot experiments. The obtaired data

will be used to determine the meltirg conditions of metal wastes and to develop the

standards for reutilization of retal wastes,

m Compressive Strereth Measurirr Test of Plastic-Solidified Weste (Tokal)

Non-destructive compressive strergth measurirg tests are planned to control the spant

solvent treatment process at STF, and the obtained date will te reflected to the operation

of STF,

O
1

.. .
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m Evaluation of Bitumn (Tokat)

Mot evaluation test of bitiminized waste and plastic-solidified waste is belrg

implemnted to verify the soundness durirg the lorg term storage at 2nd Bituminized Waste

Storage and dispasal. The results will te reflected to the plans of storage facilities ard

repositories

(5) Surface Contaminstion Measurement Test (Tokal)

Surface contamination measurement tests except smear metrod are planned to be

implemented at 2nd Bitminized Waste Storage for contamination control of bituminized waste.

The results will te utilized for practical use in AspF, and Shippirg Facility, if necessary.

(6) Verification Test of Solidified Waste Hcnmeneity (Tokal)

Verification test of solidified waste honogeneity by non destructive measurement is

planned for quality control of b!tu:en waste at 2nd Bituminized Waste Storage. 1he results

will te utilized for practical use in AspF, and Shippirg Facility, if necessary.

.
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8. Source Term
~

Source term has to te established for obtainirg the tesic data for performnce

assessment of waste disposal.

m b'DA (Tokal)

b'on-destructive assay nethod incorporatirg 7 activity measurement and neutron

measurement is under developnent at PWTF in order to determine proper classification

standard for 1RU waste management. The obtained results will te utilized for evaluation m

nuclide inveritory and for establishirt classification standard value in TEU weste treatmen.

processes.

.

m Scarmt for Solidified Waste (0 arall

Solidified waste scanner which enables automatic measurirg evaluation is currently

teirg investigated at Waste thnagement Section at 0-eral. Theobjectiveofthestudyis

quantitative and qualitative evaluation of total radioactivity arxl nuclides of glass-like

solidified waste which incorporates redloactive corrosion products (T). The results will

te reflected to modification of "Joyo" Waste Treatment Facility.

O
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9. Facility thnege ent

P6Ds for appropriate operation of waste handllrg facilities.are sumarized.

W PVIT Operation Suprortirc Systm (Tokal_)

Operatirg supportirg system on the basis of krowledge database is currently teing

develo pd at P & . The objectives of the system are the improvement of the safety and

reliability, and are the establishment of long-term stable operation of Pu contaminated

waste treatment process by integratirg data related to design, operation and maintenance.

It is expected that the facilities can be operated and maintained without skilled ergineers

by the support system. The results will be applied to the future waste treatment

facilities such as IXTF and }MF.

'

m Autonetton and Rmotization of a Hall (0-eral)

By automation and remotization of the facilities in a Decontamination Hall and a -

Dismant1trg Hal1 of Waste Dismant1ing Fact 1ity(kDF), f1ogman work, man hour and waste

treatment cost have to be reduced as well as improving safety.

In FY19BB, the sysytem optimization was studied. Ir. FY1989, the tesic design has been

carried out to take shape of the whole system. The obtained results from this will be !

reflected to the future decennissionirg projects of nuclear facilities.

(3) Hull Retrieval Technolccy (0-aral)

In order to retrieve the Hull cans piled in water pol of High Active Solid kaste

Storage (iRShS) located in Tokai, the remote system comprised of underwater robot and large

manipulators is currently under conceptual design. The results will be utilized for Hull

treatment in the future Hull Waste Treatment Facility (H'G).

_ _ _ _ _ _ _ -
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(4) Radiation 1 mate Display (RID) (0 erBij.

Radiation image Display (RID) which visualizes the distribution, quantity etc. of

radioactive substances is currently teing developed, as a part of development of radiation

measurement technologies which aim efficient and economical operation of decontamination and

dismantilrg (D&D), measurire contaminants and dose prior to determinirg D&D method.
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10. MJscellareous -

|

(ILTreate nt of Alcobnlate Lluuld Waste (0 aral)-

Advrtnced treatment technologies such as the catalytic oxidation method or the embrane

treatment method is under investigation in order to treat the alcoholate ,lguld waste |

|

generated at "Joyo" Weste Treatwnt Facility durirg washirg of fuel gripper. 'lhe

intornetion obtained will be reflected for practical use at "Joyo" Waste Treatment Facility.

1

.

Ia Puriflestlen of Recoverd Xenon (Toksi)

Xenon contained in off-gas of Tokal Reprocessirg Plant is planned to be seperated and

purified t>y adsorption for reutillzation. The basic test .ls currently being carried out

and the results will be reflected to IIF ' lor practical use.

te minimis level Kpfs,urment Techntaug-(Tokall13) s

Since the de minimis level is raluird to be decided to estab!!sh dispasal system of

1TtU waste which is arisen frm P0X fabrl:ation facilities, reprocessir.g plants and

deccmissionire, related neasurenent techniques have to.be developed. In the present, t!e

measurement techniques are under inves.lgation evahetion. 'lhe results will be reflected to

plannity of the future waste management system.

t,p Entrusted Research of '' Hot Treatment Tes: 6f Ooncentratg! Llould Waste" (Tokal)

llot test of dry pulverization of concentrate! liquid waste from reprocessirg plant is

under authorization procedure e* AspF.

The test results will be used at Low-level Concentrated Waste Treatment Facilley of'

Shirokita Reprocessirg Plant.

.
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TECIINOLOGIES DISCUSSED AT JAERI Takasaki Radiation Chemistry Research
Establishment

Amidoxime Group Containing Adsorbents for Metal Ions Synthesized by Radiation-
Induced Grafting

- New Type of Amidoxime Group Containing Adsorbent for the Recovery of Uranium from
Seawater

BIBLIOGRAPIIY OF LITERATURE RECEIVED UtOh* TAKASAKI RADIATION
CIIEhilSTRY RESEARCII ESTABLISIIhiENT

'Amidoxime-Group Containing Adsorbents for Metal Ions Synthesized by Radiation Induced
Grafting *, Written by J. Okamoto, T. Sugo, A. Katakal and H. Omichi. JAERI, Takasaki
Radiation Chemistry Research Establishment,11 pages.

s

'A New Type of AmidoxinwGroup-Containing Adsotaent for the Recovery of Uranium
from Seawater", Written by H. Omichi, A. Katakai, T. Sugo and J. Okamoto. JAERI,
Takasaki Radiation Chemistry Research Establishmen'.16 pages.
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Energy Researth Institute, Tokasaki Radiation Chemistes Reeearch .

Establishment, Takasaki, Gunma 37M2, Japan ,
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Synopsis
i

Amidosime-group.containing fibroue edsortante for unetal lone won ryntheslead by radio-
tion induced grafting of acrylonitrile followed by amidotimation of cyano groups with by- .

.

drorylamire.The degree of asandosimation and the distribution of amidorime groupe na h
fiber won follwed by means of electron probe X ray macroahalysia. Thq@enney of adsorbing
enetal 6ons was inersesed by abline treatment of the adsorbent at high temperature for a
short period befon use.The order of odeorpuon for various bivalent zwtal none wee Hg > Cu
> NL > Co > Cd. Fruen h distrhtien pattern of metal lone in h fibrous adsortent, the
odeorption was found to be controlled by W diffue6an of h solution contaialog setal none
(neide W adsorbent. It wee found that confining amidoxinw groupe superacially and making
short chain length of grans were effectin to obtain a high degree of adsorption.-

.

INTRODUCTION

A variety of adsorbents for recovering metal ions dissolved in water or A
seawater has been reported.b8 Especially, adsorbents containing amidoxime I.
groups which make chelate complexes with uranylions are noted for the ?

.

recovery of uranium from seawater.*18
These amidoxime-groupcontaining adsorbents are synthesired thm.igh

the reaction of acrylic resins and hydroxylamine, b amidoximation, how-
ever, often causes a dimensional instability of the resin when used in
aqueous solution because of large swelling in water.58 When the acrylic
resin is made from a copolymer of acrylonitrile and a crosslinking monomer
such as divinylbenzene to reduce the swelling, on the other hand, the ability
to adsorb metal ions decreases tremendously.H One of the causes is the
decrease in the free movement of amidoxime groups due to the croselinking
among polymer chains. Therefore, both the stability to swelling and the
free movement of the functional groups are essential to the adsorbent yhich
is used in water,

The radiation induced grafting is known as a method for introducingt

functional groupe in a variety of polymers and inorganic substances.ta As
polymer chains containing functional groups are chemleally bonded with
trunk polymers only at their chain end, a free movement of the polymer
chains is maintained by this method. When a hydrophobic polymer is used-

as a trunk polymer, the part swollen in water can be restricted only to graft
chains. Therefore, the two essential conditions mentioned above are nat-
isfied by this synthesizing method. In addition, the distribution of the in-
troduced functional groups is easily controlled by eclecting reaction

Journal of Applied Polymer Science, Vol M 2967 2977 (1965)
@ 1985 John Wiley & Sons, Lae. CCC 00218958/86/0729671190000
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conditions such as irradiation dose, done rate, temperature, and maction 5
time. However, the studies of synthesizing adso:bente for metal ions by '

radiation induced grafting have been little reported.
In the prescat study, fibrous adsorbents containing amidoxime groups '

were synthesized by the radiation induced grafting of acrylonitrile onto
fibers and adsorption of heavy metal lons such as copper ions were at-
tempted.

EXPERIMENTAL
Fibers used for synthesizing adsorbents are listed in Table 1. The fiber

(ca. 40 pm in diameter, and 15mm long) rinsed with acetone and dried in
a vacuum oven for 16 h was packed in a putyethylene bag under nitrogen
atmosphere and was irradiated wtih an electron accelerator (Dynamitron,
Model IEA 3000 25-2, Radiation Dynamica) operati,g at beam energy of 1.5
MeV and a current of 1 mA at room temperature. In order to reduce the
heat accumulation on the sample along with the irradiation, the polyeth-
ylene bag was conveyed back and forth under the window of the accelerator,

at a rate 2.3 m/ min. The dose rate was 1 Mrad / pass.
The irradiated fiber was installed in a glans ampoule and was evacuated-

for 5 min followed by the introduction of purified acrylonitrile under a
nitrogen atmosphere. The graft polymerization was carried out at 25T.
When acrylonitrile was grafted in vapor phase, the fiber was separated

7
from liquid acrylonitrile with a perforated plate. After the grafting, ho- i
mopolymer and unreacted monomer were extracted with N,Ndimethyl

.

formamide. The grafting yield was obtained from the weight increase based
on the initial weight.

The amidoxime group containing fiber (AO fiber) was obtained by heating
grafted fiber with 3% hydroxylamine solution (methanol / water = 1/1) at

. pH 7 then rinsed with methanol and dried at 40*C under a r-duced pressure.
The amount of amidoxime groups was measured by elemental analysis.

The distribution of amidoxime groups combined with metals in the cross
section of AO fiber was measured by means of a JEOL electron probe X.
ray microanalyzer (EPMA), Model JXA 733.

About 0.5 g of AO fiber was immersed in 1 L of metal ion (0.1-0.2 mM).
containing Clark Lubs buffer solution in the pH 2 7 region at 300 for the
prescribed periods. Then the fiber was rinsed with water and was dried in
a vacuum oven. A concentrated sulfuric acid was added to a pStinum

'-
,

TABLEI
Fibers Used for Synthesizing Adsorbenta

No. Materials Producers

1 Tetrafluoroethylene-ethylene
copolymer [ poly (TTE-E)) Asahl Olaes

2 Polypropylene (PP) Ube Industrm
3 Polysmide Teijin
4 Polyethylene (PE) Mitsul Petrochem.
5 Polyestar Teifin
6 Carbon fiber Toray

0
,

_ _ . .
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;~
'~crucible containing the fiber and was evaporated to dryness.This procedur5

was repeated three times. Sodium carbonate was added to the ash of Aber,
which was calcined at 550*C and melted. Then 1N hydrochloric acid was
added to dissolve the melt. The amount of metal in the hydrochloric acid
solution was measured by meansi of a Jarrell Ash atomic absorption spec.
trophotometer, Model AA.845.

RESULTS AND DISCUSSION

|
.

Grafting
I

Grafting of acrylonitrile was attempted onto the preirradiated fibrous'

raw materials as shown in Table I. Figure 1 shows the grafting yield at'

different reaction time. A relatively high grafting yield was ebtained with
poly (TFE-E), PP, and polyamide. Especially, the grafting yield with

,

poly (TFF E) reached ca. 60% in 24 h. The grafting yield with PE, polyester,
I and carbon fiber, on the other hand, was less than 5%, which is probably
i due to the low radical concentration in these irradiated polymers. From

the results in Fig.1, the following study was carried out mainly with
poly (TFE-E). Moreover, it has a high heat stability and a sufficient resie
tance to chemical reagents such as base and acid solution due to C--F bonds
in polymer structure. ,

Fisce 2(a) shows the effect of diameter of poly (TFE-E) fiber on the graft. !

ing yield.The smaller the diameter, the higher the grafting yield, The rate -

of grafting obtained from Figure 2(a) was found to have a simple relationship
with specific surface area of the fiber whleb was calculated from the fiber
diameter as shown in Figure 2(b). Theee resulta are due to the feet that
grafting is controlled by the diffusion of monomer into the fiber.''

As shown in Figure 3, both the grafting rate R, and the final grafting
yield G increase with the increase in the irradiation dose D. If the polymerf
radical is produced in proportion to the nth power of D, that is, (R.]

,
,

.

* so ,

1

S0n

6 *

i
I {% , *

$ so
'5

to , ,

! &
'

o to ,

Mi

2

i o o 3 ,o p

Reaction Time (hr)

Fig 1. Graning yield of acrylonitrile onto preirradiated fibrous materials. The numbers
are the same as shown in Table 1. ,

.
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Specific Surfoce Area (m'/g) to'

(b)
Fig. 2, Effect of diameter of poly (TTE-D the on (a)gra&g yield and (b) rate of grabg.

(a)- (0) 40 pm; (@) 100 pm; (0)160 pm; (e) 200 pm; (0) 250 pm. =

= k,Da, where (R.)is the radical concentration and k,is the rate constant
for initiation, respectively, R,is expressed as

R, = A,[R -) [M) = 4,4,Da[M) (1)

where 4,is the rate constant for the propagation and [M]is the monomer
concentration in the reaction site,'.espectively. The final grafting yield G,
at t = f is obiained by integrating eq. (1) from t = 0 to i = f :f

f

(' tf

G = J , R, dt = 4,4,Da[M]tf f (2)

Equations (1) and (2) show that both R,and G are proportional to D a. Frome
f

the results in Figure 3, n is estimated as ca. 0.5. The result that R, is'

proportional to DS agrees with the previous work in which styrene was
grafted onto the preitradiated TFE Teflon."

From the dependency of grafting rate on the reaction temperature the
apparent activation energy was estimated as ca.13 kcal/mol, which is

O
.

, , , , , , , , , .in i. - " " "
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Fig 3 Effect of irradiation done on rate of grafung (t) and final griMng ywid (O).

comparable to the previously reported values for a variety of radiation-
induced grafting."

Amidoximation

As own in the experimental section AO fiber was obtained by con-
*

verting eyano groups of graft chains to amidoxime groupe. Figure 4 shows
the effect of temperature on the amidoximation of the grafted fiber with

* verage degree of grafting: 54-68% At 400 the conversion after 10 h was !
a
still less than SE The temperature was raised until it reached the boiling
point of hydroxylamine solution (ca. 80T). The conversion reached more

-

than 60% after 6 h.The activation energy for amidoximation was estimated
as 12 kcal/mol from the Arrhenius plots of the conversion as shown in
Figure 4.

The distribution of the amidoxime groups in the cross section of AO fiber
was measured by means of EPMA. Figure 5 shows the distribution of ami-
doxime groups when the period of amidoximation was changed from 1 to
6 h at 800. It is clear that the amidoximation gradually proceeds from the ,

surface to the center of the fiber and that it takes more than 6 h to obtain -

a homogeneous distribution.

L

$ 60

. 6 /
b40
E

O
.

g 20
E

O
O S 10

Reaction Time (nr)
Fig. 4. Effect of temperature on amidoximation of the grafted pol 8TTE-D fiber (grafung

yield = 54-58M (0) 47C;(O) 6cC;ie) 80C
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L . . . . .. . . . . .

Tig. 6. Detribution of amidozime groups la tiw enes emetion of A0 fiber measund by *

means of EPMA; reaction time 001;(b) 3,(c) e,

figure 6 shows the temperature effect on the width of distribution of
amidoxime groups in AO fiber obtained from EPMA measurement. When
the temperature is high and the reaction time of amidoximation is long, e

the distribution becomes widespread. The almost linear relationship of the
width with reaction time indicates that amidoximation in the center of the

'

,

fiber proceeds at a similar rate as on the surface region. The activation
energy for spreading amidoxime groups in the fiber was estimated as ca.
101.al/mol. 'inis value is in fair agreement with the above mentioned o.
activation energy for converting cyano groups to amidoxime groups, I se

'

Such thermodynamic similarity between the conversion of amidoximation i a
and the spread of distribution of amidoxime groups inside the fibar is more i

clearly indicated when these values are plotted against each other as shown o
in Figure 7. Clearly, the conversion incremens in proportion to the increase 0.
in the width under all the present experimental conditions. Therefore, it ir ,

is reasonable to any that the amidoximation occun homogeneously at least j
within 20 m from the surface of the fiber Probably, cyano groups of graft ac

chains exist homogeneously in the fiber and as soon as the hydroxylamine tr
solution reaches the cyano groups the amidoximation occurs. In other words, in
the reaction is controlled by the diffusion of hydroxylamine solution in the (b
fiber.

t
3

20 '

a

.b.
!o.

i
<

in

h0o $ to

React on lane W)

Tig 6. EfTect of temperature on the width of distribution of amidorime groups in A0 br. r,
h eymbols are the same as shown in Figurs 4. gor ,

O
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60-
'

E -

$ 40
{ b

v .

o
! 20 .

o

I .<

o to 20

W4th gf AmiW0ss#4 (f ytf ff ten $gf 0Ce(pm)

Fig 7. Relationship between the conversion of amidonimation and the spread of distribution
of amidonime groups The symbols are the same at shown in Figure 4.

Adsorption of MetalIons

The dried AO fiber did not adsorb metal ions at room temperature. One
of the causes is the insufficient swelling of the fiber in metal ion containing
solution. The hydrophilicity of oly(TFFeE) fiber itselfis virtually negligibleF
and amidoxime groups are not so hydrophilic.''

Heating of AO fiber in alkaline solutin was found to increase the swelling -

of AO fiber in aqueous solution. For example, the contact of AO fiber with
0.5Npotassium hydroxide solution at 20*C for 8 h elicited 30% augmentation
in the water uptake.

The increase in hydrophilicity of the fiber is expected to increase the
adsorption of metalions. Figure 8 shows the effect of temperature of alkaline
treatment on adsorption efficiency expressed as the percentage of amidox.
ime groups used for complexation with copper ion. It is clear that raising

,

the temperature increases the efficiency. Although the efficiency abruptly

; 50' g t
I
- dC

!
$ 3o v

; 20 .

m,

lo

C
3 S io 1$ 20 25

Reaction Torne (hr)

Fig 8 Effect of temperature of alkaline treatement of AO fiber on adsorption etnciency
for copper lon: (O) 2t7C; (3) 50'C; (e) 70'C.
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increased when the fiber was treated with alkaline solution for a short
period, the elongation of treatment period was not so effective to increase
the ernciency. As shown in Figure 8, the efnciency levels off when the
period is more than 8 h. In addition, the long contact of AO fiber with
alkaline solution at high temperature should be avoided to reduce an un-
desirable decomposition of amidoxime groups.5* It was found that the treat-

-
ment at 80*C for 10 min was the optimum condition to keep a high adsorp-
tion capacity with less decomposition of amidoxime groups introduced into
polytTFFrD.

When a sufficient period of ade.orption was maintained, the adsorption
of copper ion increased in proportion to the amount of amidoxime groups
in the alkaline treated AO fiber as shown in Figure 9. From the slope, the
number of amidoxime groups necessary for fixing one copper ion by com-
plexation was estimated as,on the average,3.3. As amidoximes are supposed
to be bidentate, two amidoximes may be used for chelate formation with a
copper ion which makes a square planar chelate. Therefore, the number
3.3 indicates that more than one extra amidoxime which does not directly-

participate in the chelate formation exista. Probably, the graft chains con-
taining amidoximes have a loop structure, which makes it impossible that
some of the amidoximes which exist in the middle of the loop take part in
the chelate formation.

Figure 10 shows the effect of acidity of metallon containing solution on ,

the adsorption of Hg +, Cu8+, and Cd5+, About 0.1 mmel of Hg8+ was8

adsorbed per 1 gAO fiber at pH 2, while no adsorption of Cu8+ and Cd8+
was observed at this acidity. Cd*+ was not adsorbed until pH was beyond 4.

The amount of adsorbed metal ions increased with the increase in pH
value. A steep increase was observed in the case of Hg*+ and Cu'+ when
pH was more than 5. However, when pH was beyond 6 a precipitation of F
Cu was observed. The order of adsorbing various bivident metal ions was

Hg > Cu > Ni > Co > Cd

which agrees with Irving-Williams order.5'
Figure 11 shows the distribution of copper ions cornplexed with amidox-t

ime groups at various contact periods. It is apparent that the migration of

2

{ts
_

% to -

Ij o.S.

'a" 'o a a e

Concent. of Anudome Grouotmee/g)

Fig 9. Relationship between the amount of amidos.ime groupe in AO fhr and the amount
!

of adsorbed copper ions.
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Fig . 10. Effect of acidity of metal lon<ontaining solution on the adsorption of various
bivalent metal ions

copper ion through the amidoxime group layer is slow. It took about I day
to obtain an almost homogeneous distribution of copper lons in AO fiber.
The rapid increase in the population of copper ions on the surface region. *

on the other hand, suggesta that confining amidoxime groups superficially
on the adsorbent fiber is effective to obtain a high adsorption ability. This
assumption was confirmed by the result shown in Figure 12 where the
distribution of amidoxime groups in AO fiber and the adsorption amount

~

. - ,f W .y..
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#',< \
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(a) (b) (c) t
t

oO
(d) (e)

8 Fig.11. Distribution of copper ions complexed with amidozime groups at various contact
periods (a) 1 min;(b) 5 min;(c) 10 min;(d) 20 min; (e) 24 h.
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of copper ions were compared between two types of adsorbents--one made
by surface grafting with acrylonitrile vapor and the other by homogeneous
grafting using liquid acrylonitrile. It is clear that amidoxime groups in the
surface layer (within 10 pm from the surfsee) provide about twice as much
adsorption of copper lons as the homogeneously distributed amidoximes do.

Another possibility of obtaining high adsorption ability is shown in Figure
13, where AO fibers with aimilar grafting yield and therefore an almost
constant amidoxime amount obtained at different irradiation doses were

B
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I
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5
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h 5 o a

trrodiolion Dose (Mrod)
Effect of irradiation done for gramag eerylonitrile on adsorption of copper lens.Fig.13.
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used. By increasing the irradiation dose, the number of trunk polymerning
radicals which can initiate graft polymerization increases. As the gral th of
yield is the product of the number of initiation radicals and the engi ld
the graft chains, the result that these AO fibers have similar grafting y e
indicates that the graft chain lengths are different according to the differ-
n ce in the number of initiation radicals. It is clear that the AO fiber ofides a higher
shorter chain length for irradiated with higher dose) provhi h more

adsorption capacity for copper ions. Probably, the shorter c a ns avenexibility of the movement of amidoxime groups for the complex formation.

AO fiber has high stability to various kind 9 of treatment. For example, hydroxide solution at
with copper ions.

'

when dry AO fiber was treated with 2 5% potassium 80*C for 10 min, the diameter increased only 4%, which proves that AO

fib-r sweils little in alkaline solution. No further increase in diameter wasobserved when the alkaline treated AO fiber was contacted with water at30'C for 24 h, while a considerable amount of water uptake (ca. 30%) was
observed as mentioned above.Thus, this new adsorbent produced by radiation induced grafting provesi bility for

k
very effective for the twe in water because of high adsorpt on aheavy metal ions and sufficient stability under various conditions.i
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A New Type of Amidoxime Group-Containing Adsorbent- |

- for the Recovery of Uranium from Seawater

H, OMICHI, A. KATAKA1, T. SUGO, and J. OKAMOTO

7 AKAsAYJ RADIATioH CHIMISTRY REsEARCH ESTABL!sHMERT
JAPAN ATOMIC ENER0Y RIsEARCH INsTITttrE
TAKAsAKI.otJNM A 3412. JAPAN

Abstract

A r.ew type of adsorbent containing amidomirne groups for the recovery of i

uranium from seawater was synthesited by the radation induced graft polymertta.
- tion of scrylonarile onto polymeric riber fouowed by amidoximation wtth hydrosyl-
ambe. When amidoxirne groups were introduced superficiauy on the fiber, the
amount of uranium adsorbed by the amidoxime groups was higher than that with

. [%h the amidoxime groups introdaced homogeneously in the fiber, The introduction of

( j- the poly (acrylic acid) chain and the increase in temperature and now rate in the
' - adsorption process were effective in increasing the amount of adsorbed urartiunt

"

Ahhough alkali metals ar.d alkshne earth metals were found in the adsortut, the
3

concentration factors for these metals were less than 1/10 of that for uraniunt The
present adsorbent had a high stabibty to various treatments such as contact w1th
alkali and seawater,

k

INTRODUCTION

Separation of uranium from seawater has been studied with various
kinds of inorganic (1-3) and organic adsorbents (6-15). Among them,

- amidoxime group.containing polymeric adsorbents are noted because of
the high loading of uranium and the rapid adsorption, rate. Rec.ntly, a

- fibrous adsorbent containing amidoxime groups synthe' sized through the
amidoximation of a commercially available acrylic synthetic fiber .with
hydroxylamine has been usedi It has been reported that the fibrous'

adsorbent has much higher adsorption ability for uranium when compared ,

with a corresponding bead type adsorbent (16).

163'
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The fibrous adsorbent, however, has poor mechanical stabibty when it is
contacted with alkali. This is supposed to be due to the hydrolysis of
residual eyano groups in the polymer chain, which brings about the -

swelling of the whole fiber and a decrease in mechanical strength.
Therefore, in order to synthesize a more stable fibrous adsorbent, a
controlled amount of amidoxime groups should be introduced in the
prescribed part of the fibrous material without changing the original
mechanical strength. Radiation induced grafting is a convenient method
for such a purpose.

When a polymeric substrate is irradiated with "Co y. rays or electron '
beam, about 10" radicals are produced in 1 gram of polymer. The graft
polymerization of a monomer is initiated by using these radicals when the
monomer is introduced to the irradiated substrate. The number and the
length of graft chains are easily controlled by irradiation and polymeriza.
tion conditions. For example, the number of graft chains has roughly a
linear relationship with the irradiation dose. The chain length is affected by
the reaction time,the temperature,the presence of chain transfer agents in a

-

monomer solution, etc.
When acrylonitrile is grafted onto fiber followed by amidoximation, a

fibrous adsorbent is obtained. This adsorbent has the rescribed number
and the length of amidoxime group containing graft chains which are
connected with t'he trunk polymer fiber only at their chain ends. It is said
that about one graft chain is connected with one trunk polymer on the
average (17). In other words,the chemical modification of a trunk polymer
by grafting is restricted to a very tiny region of the trunk polymer.
Therefore, the chemical structures which were previously possessed by the
trunk polymer are well maintained even after grafting.

It is another advantage of the radiation induced grafting method that the
~

graft chains can be introduced to any part of the substrate-for example,
only in the surface region, the inner part, or in the entire substrate.
According to the distribution of graft chains containing functional groups,
the ability to adsorb metals is expected to differ. tt

In the present paper, several types of fibrous adsorbents containing
amidoxime groups were synthesized by changing the grafting condition of
act'ylonitrile onto tetrafluoroethylene-ethylene copolymer fiber and were
applied to the recovery of uranium from seawater.

EYU9tMENTAL

Fibrous adsorbents containing amidoxime groups (AOF) were prepared
by the routes shown in Scheme 1.

.

O
- . . .
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SCHtut 1. Synthesis of AOF by ndistion-indue.d tratting.

1

Tetrafluoroethylene-ethylene copolymer fiber (40 pm 4,15 mm length)
was irradiated with a Radiation Dynamics electron accelerator, Dynami-
tron, model IEA 3000-25 2, under nitrogen atmosphere at room tempera-
ture. The irTadiation dose was estimated as 10 Mrd (100 kGy). The
irradiated fiber was introduced in a glass ampute containing purified
monomer under nitrogen atmosphere.The graft polymerization was carrie.d

_ _ _ _ _ _
. _ .
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out at 2','C. After grafting, the homopolymer as well as the unreacted
monomer were extracted with solvents: N,N dimethylformamide for
acrylonitrue homopolymers and water for acrylic acid homopolymers.
Whn both acrylic acid and acrylonitrDe were introduced to the fiber,
acrylic acid was grafted as the first step, then the grafted fiber was
inadiated again followed by the introduction of ac ylonitrUe as the second
step of grafting (18). The cyano groups in the grafted fiber were converted
to amidoxime groups through the reaction with hydroxylamine (3%
methanol / water 1:1 solution) at pH = */, The conversion was determined
by elemental analysis. The details were reported in a previous paper (19).

The distribution of amidoxime groups in the cross section of the
amidoximated fiber was measured by means of a JEOL electron probe x-
ray microanalyzer, model JXA ~133.

The adsorption of uranium from seawater with AOF was carried out by
the following four processes:

1. Batch process: AOF was mixed with seawater in a vessel under
vigorous agitation at 25 i 1*C for the prescribed period.

2. Semibatch process I: The seawater in the batch vessel was inter-
mittently exchanged for fresh seawater,,

3. Semibatch process 11: Seawater was supplied continuously to the
stined vessel.

4. Fixed bed process: AOF was packed in a column (10 mm 4,10 cm
length) and seawater was continuously supplied.

The desorption of uranium adsorbed in 0.1 g of AOF was accomplished
by contacting the fiber with 25 mL of sulfuric acid for I h at room
temperature. The amount of uranium complexed with arsenazo III was
measured optically (20) at 665 nm by means of a Shimadzu spectro-
photometer, model UV 100 02, Metals other than uranium were deter-
mined by means of a Jarrell Ash atomic absorption and flame emission
spectrophotometer, model AA 8200, t-

RESULTS AND DISCUSSION
.

Preparation of Adsorbents
,

As mentioned above, one of the advantages of the grafting method for
synthesizing adsorbents is that any amount of functional groups can be
introduced to the trunk polymer fiber by selecting proper irradiation and

O
_.
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Fic.1. Effect of concentration of arnjdoxime groups in AOF on the adsorption of unnium
from suwster: AOF 0.1 g, seawater 10 L,in the semibatch process I at 25'C.

grafting conditions. Several kinds of fibrous adsorbents containing ami-
doxime groups up to 6.5 meq/g were synthesized b
time. Figure 1 shows the results when these AOF'y changing the reactionwere used for uranium
adsorption from seawater in semibatch process 1. As 2 L of seawater was
exchanged with fresh seawater for 5 d, the total amount of supplied
seawater was 10 L. The amount of adsorbed uranium increased in
proportion to the increase in the concentration of amidoxime groups in
AOF Such relationships have been observed in various amidoxime group.
containing bead type adsorbents (9).

Although the results in Fig. I show that the adsorption of uranium is
facilitated by increasing the amount of amidoxime groups in the fiber,it

'

should be pointed out that the amidoxime groups used for adsorption of
uranium from seawater is only a small portion of the total amidoxime
groups introduced in AOF. The molar ratio of the adsorbed uranium to
amidoxime groups is of the order of 10". Even if four amidoxime groups
are necessary to make a chelate complex with one uranyl ion (21), the
number of the amidoxime groups used is estimated :s ~1/2500 of the total
amidoxime group:.. In other words, the present adsorbentg shown in Fig. I
can,in theory, adsorb 0.5-1,5 mmol uranium per i g adsorbent. This value

- is reasonable when compared with the previous work by Schwochau et al.
(21).

Two types of AOF, AOF.L and AOF V, each containing ~5 meq of
amidoxime groups per 1 g of fiber, were synthesized by liquid. phase
grafting ano vapor phase grafting of AN, respectively. As shown in Fig. 2,
the distribution of amidoxime groups in the cross section of AOF-L

_ '
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Fic. 2. Distribution patterns of amidoxime stoup ki the cross section of(a) AOF Y and (b)
AOF.L Do and D, are the outer and inner diarnsters, respectively,

observed by means of EPMA is homogeneous. On the other hand,in AOF.
V the distribution is heterogeneous-mostly restricted to the layer wnhm
10 nm from the surface. Because uranium in seawater is s'dsorbed in the
thin surface layer of the adsorbent (21), only the amidoxime groups existing -

in the surface layer are supposed to be effective for adsorbing uranium.
The concentration of amidoxime groups in the thin surface layer of

AOF L was compared with that of AOF V The ratio between the two
amounts is given as

[ U

So - S, / F = (F /F ) 'Db - D)hI
F i (1)i go ( 3 *3 /

where T and 7 are the concentrations of amidoxime groups for AOF Li 3

(5.1 meq/g) and AOF V (5.0 meq/g), respectively, and Do and D, are the
outer and inner diameters of cross section, respectively, as shown in Fig. 2.
So and S, are the corresponding areas. By introducing Do = 80 pm,
D, = 60 pm,F = 5.1 meq/g, and F = 5.0 meq/g,the ratio was obtained asi
0.45. This result indicates t*iat the concentration of amidoxime groups in a
unit surface layer of AOF V is twice as large as that of AOF L According

O
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Fic. 3. Adsorption of uranium from seawater with (o) AOF.V and (6) AOF L in the
serrubstch process 1. ,

1

to the results in Fig.1,therefore,the adsorption of uranium with AOF V is (
expected to be twice as much as that with AOF L However, Fig. 3 shows

,

*

that the adsorption of uranium with AOF V is slightly higher than that with
AOF L This is a rather unexpected result because we observed that the
adsorption of cepper ions from a buffer solution at pH = 6 with AOF V
was about twice as much as that with AOF L(22). In the case of adsorbing
uranium from seawater, the functional groups existing on the surface layer
are occupied by various kinds of metalions other than uranium and are
quickly covered with organic substances such as seaweeds. Therefore, there
are fewer residual functional groups which work for adsorbing uranium
ecmpared with those functional groups existing inside an adsorbent like
AOF.L In the latter case, the surface layer may work as a filter for these
obstacle substances. ne result in Fig. 3 indicates that an adsorbent which .

is effective in a pure solution is not always c'fective in seawater. nerefoie,
the following experiments were carried out with the homogeneous adsor-
bent AOF L

Figure 4(a) shows the amount of uranium adsorbed frem 2 L of seawater
with 0.1 of three types of adsorbents, AOF 1,11, and Ill, *hich were made
by liquid phase grafting. The compositions of the adsorbents are sht.wn in
Table 1. AOF 1, containing only carboxyl groups, did not adsorb uranium
at all. Referring to the report that poly (acrylic acid) can make a chelate
complex with uranyl ions under acidic conditiori(23), the present result
may be partly due to the insufficient pH value of seawater for chelate
formation between carboxyl groups and uranyl ions. 'At pH = 8,

i
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Flo. 4. Amounts of uranium adsorbed in (a) the batch process with (*) AOF 1,(0) AOF II,
and (O) AOF ID, and in (b) the scrnibatch proccas I wnh (*) AOF Il and (0) AOF Ill. ,

6

TABIII
Co.mposition of Adsorbents AOF

Concentration of functional groups (mmol/g)

Adsorbent Carboxyl Amidoxime

AOF1 52 0
AOF !! 0 3.1

AOF !!! 1,9 3.4

O
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- poly (acrylic acid) dissociates into carboxylate anion, which may be
undesirable for chelate formation.

When AOF ll and 111 are compared, AOF.lli adsorbed more uranium
in spite of the fact that the amount of amidoxime groups in AOF.lllis less
than in AOF ll.Therefore,the higher adsorption with AOF 111is supposed-

to be due to carboxyl groups. The effect of carboxyl groups on uranium
adsorption was more clearly indicated when the molar ratio of adsorbed
uranium to amidoxime groups was plotted against the adsorption period as

__

-

shown in Fig. 4(b). AOF.Ill adsorbed twice as much uranium as did AOF.
- 11, The effect of carboxyl groups on uranium adsorption with AOF is

explained as follows: As already pointed out (14), uranyl tricarbonate,
which is the major form of uranylion in seawater at pH = 8,is converted to
bicarbonate when the pH value is lowered. Therefore,it is probable that
poly (acrylic acid) graft chains locally decrease the pH of seawater sorbed in
the adsorbent, which promotes the conversion from tricarbonate to

__3 bicarbonate. This conversion may be accompanied by a new chelate
- formation with uranyl bicarbonate and an amidoxime group in the vaunt

site. In other words, the presence of carboxyl groups is thou5 t to have ah
i

_
synergistic effect on chelate formation between amidoxime groups and
uranyl ions.
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Fic. 5, Effect of temperature of scawater on adsorption of uranium with AOF in the batch
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Frc. 6. Effect of cachanse iste of 2 L of seawster on adsorpion of uranium wkh AOF.!Il in
the semibatch process 11 (4) every I d,(9) 2 d, and (O) 4 d.

Adsorption Method
<

"Ihe adsorption of uranium from seawater with AOF was carried out at
15 to 35'C. Although *he equilibrium amount of adsorbed uranium did not
change, the initial rate of adsorption was increued by increasing the
temperature as shown in Fig. 5. From Arrhenius plots, the activation
energy for adsorption was estimated as ~8.8 kcal/mol.

The results in Fig. 5 indicate that a higher temperature is preferable for
the recovery of uranium from seawater with AOF. Especially whergthe
adsorption-desorption cycle is carried out at short intervals, such a large
initial rate is desirable.

As shown in Fig. 4(a),the amount of adsorbed uranium levels off after 7
day's adsorption in the batch process. About 0.1 g of AOF III recovered
more than 80% of the uranium contained in 2 Lof seawater.The saturation
of adsorption is, therefore, supposed to be due to the depletion of uranium
in seawater contained in the batch vessel. In order to clarify this
assumption, seawater was exchanged with fresh seawater every 1,2, and 4
days in semibatch process L Figure 6 shows the amount of adsorbed

O
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Ill in (O) serrJbatch process I,(6) semibatch prouss 11, and (C) faed bed process.

uranium thus obtained. When the results in Fig. 6 are compared with thot,e
in Fig. 4(a),it is clear that uranium adsorption is facilitated by exchanging
seawater. The adsorbed urariium was at most 50% of the total uranium in
seawater, even if the exchange rate was smaU.This result indicates that the
depletion of uranium was fairly avoided by this exchange procedute

Uranium adsorption did not increase in proportion to the excharge late
of seawater. Doubbng the exchange rate brought about only a 20 to 30%
increase in uranium adsorption. This adsorption behavior was observed
when the now rate was increased in semibatch process 11 and the fixed bed .
process. As shown in Fig. *l, the increase in uranium adsorption level's off
when the now rate of seawater in semibatch process 11 and the Exed. bed
process increases. It is interesting that the amount of adsorbed uranium
obtained in semibatch process 1 is virtually the same as in semibatch
process 11 and the Exed +ed process. This is probably due to the slow feed
of seawater. For example,10 L/d of Dow, adopted in the present
experiment, corresponds to only 8.8 cm/ min ofline velocity, which means
that at least 2 s is necessary for one drop (~0.2 mL) of seawater to get out
of the column.Therefore,it is supposed that the Dow rate in the continuous
processes is slow enough to assure a suf0cient contact of AOF with
seawater as observed in the batch process with vigorous agitation.

__-__-_________ ________________-_ __ _ _ _ _ _ _ _ _ _ __ _ ___ _ _ _ _
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Characteristics of AOF

11 has been reponed that alkaune canh metals disturb the recovi.ry of
uranium from seawater (24). The smaUer uptake of these metals is desirable
as adsorbents for uranium. Although alkali metalions and alkabne canh
metalions were reponed to have smau affmity for amidoxime groups (10),

O
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TABLE 2

Fatural Abundance of Vanous Metallons in Seawater.and Concenirston Facte s (CF)
Based on Adsorpuon mth AOF

Abundance k seawater
Metal ion (t 0 C/ /<

U 3 x 104 l.3 x !O'
Zn 5 x 10 6 ) o x 30s
Ni ? x 10-' 2.0 x 10)
Ca 0di 29.

ms 1.3 6.J
Na j o.g 0 34
K 0 39 0. 0

e

a considerable amount of these metals was found in AOF after contact weh
seawater. Figure 8 shows the amounts of (a) elxali mettis and (b) alkaline
carth metals in AOF Ill at diffe'ent adsorption periods in the fixed bed
process.-The amount of such alkali metals as sodium and potassium
gradually increases with an increase in the adsorption period (amount of
seawater). The amount of alka!ine earth meta's, en the ot'ner hand, levels off
quite soon, as shown in Fig. B(b). From the distribution patern of Mg and
Ca in AOF as shown in Fig. 9,it is clear that these alkaline eatihs ' locate

,

ordy in the surface region of the adsorbent even if AOF are contacted with
seawater for a long period.

The equilibrium adsorption of Mg was ~2 mg, which is at leas 10 times '

that of uranium. However, this large amount is due to the ;arge content of
.

Mg in seawater. Table 2 shows the natural abundances cf various metal l

ions in seawater,and the concentration factors (CF) indicated are the ratios

of the concentration in the adsorbent to that in seawster. It is clear that CF
for uranium and some transition metals is over 104. Or the o:her hand, CF
for alkalis and alkaline earths is less than 10. These Jesults indicate thLt2

amidoxime groups in AOF have a hieh selectivity for heavy metalions. '

The adsorbent AOF made by the radiat;on induced grafting method has
some characteristic polymer structures when cernparst) with th: corre-
spending adsorbents made from commercially available acrylic synthetic

,

fiber. First,the graft chains which contain amidexime gtcups are connected
'

with the trunk polymer fiber only at the chatn ends. Therefore, the
mechanical properties of the trunk polymer itselfis mostly unchanged,even *

after grafting. Second, swelling occurs only in the amcphous region of the
trunk polymer because grafting is restricted so this region (17). This
heterogeneous swelling behavior brings about a small dimensional <hange
of the adsorbent when it is contacted with various so!utions such as alkali,

O
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Char ge in D.ameter of AOf by Contact with vamns twids

j- - -

bcuid Dtart etet (wm)
. , - .

bngsnal AOF 66

A!ktlf 70

Sea..ner* 72
,

*2A Ko}i solution,10 min at 90'C.
*24 h at ;;0'C

l

acid, and seawater. As shown in Table 3, the increase in diameter of AOF
by contact with these bquids is less than 10% on the whole This
denensional stabihty is very important when the adsorbtnt is ised
repeatedly through the cyde: pretreatment with alkao-contact with
seawater--acid desorption. A preliminary study showed thi the decresse ,

in adsorption of utardum and the dirrensional change of AOP are both
negbgible up to cycle'Cve. Further details will be presented in future
pubhcations.
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)
TECIINOLOGIES DISCUSSED AT PNCCIUBU WORKS

- National Analogue Study on TONO Sandstone Type Uranium Deposit in Japan

BIBLIOGRAPilY OF LITERATURE RECEIVED FROM PNC CIIUBU WCRKS

' Field Tour Guide for Dno Mine Gallery (Tsukiyoshi Deposit),' PNC Chubu Wcrks,28
pages.

' Natural Analogue Study of Tono Sandstone Type Uranium Deposit in Japan,"
Written by C. Sato, Y. Ochial and S. Takeda. Waste Management and Raw
Materials Division, PNC-Chubu Works,11 pages.

' Natural Analogue Study of Tono Sandstone Type Uranium Deposit in Japan,"
Written by T. Seo, Y. 041a1, S. Take4 and N. Nakatsuka. PNC-Chubu
6 pages.
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STOP 1 ; Ergineered Barrier kterials Field Tests

@jectives

(1) Evaluation of chmical durability of este glass under field conditions.

(2) Evaluation corrosion tchavior cf overpack raterials under fleid conditier.3.

(3) Establishrent of encrimntal eethcds of field tests for encinocred tarrier
raterials.

Test item

(1) Hydrological chara:terization of field test site:

- Sampling and analysis of ground ater com;osition.

- Pericdic ronitoring of ground ater;

pH,Eh,[0,condu:tvity and tem;erature neasurenent.
i

1

- Groundwater ficw reasurerent. |
1

(2) Enginwred barrier roterials corrosion tests under field conditions: )
- leaching test of simulated waste class:

(ClassMl93, Tm;erature 19t, 50%)

- Corrosion tests of candidate overpack materials:
(Stocimen: elld steel, cast stml, copper, titanium alloy (ASTM 017T1),
hastelloy C Tem;erature:19t)

- Evaluation of specinens:

Corrosion rate (weight loss), analysis of alteration layer and
corrosion pmjucts(SEM, XRD)

Result

(1) Hydrological charaterization of field test site:

- Tono ground ater chmistry ($m Table 1);
Na HCDt Type

- Hydraulic conductivity at Tono test site:
10 "~10%/sec

(2) Corrosion tchavior of engineered barrier raterials under field condititions:

- Waste grass (RTl98) leach rate as a function of tmperature (See Fig.2):
The activation energy (65U) of waste class alteration caluculated

from field leaching tests was quite similar as that obtained frm a
soxhlet test in 1atoratory.

,

- Overpack raterials waight loss as a function of time (See Fig.2):
Weight loss of test specimens (mild steel, cast steel and pure

copper) in fleid tests at Tono test site were smaller than those in
laboratory tests using Tono groundwater,

j Very Icu corrosion rate at the field tests was obtaintx! for Titaniut
:.. ,ii. .m e i ...



Table 1 Cata cf Iceo grepridester chesistry
_ - . -

r'~N 1stfestSite 2nd fest site
| ) -

'v' Tee; (t) 19 19

p !. 9 - E l &~9
th (si) 242 - 2H 16? - 260

Cc d. (us/:4) 244 - 250 200 - 300
DD (pps ) <1 <1

ka- 46. !(et/ t ) 65. 0(et/ t )
K' O.32 3. 0

Ca'- 2.04 11.0
Wg'' O. 04 ND

Fe" O.024 < 0. 3
Al'' l. 2 06

Cl* 1. 0 (e t t ) 1. 5(st/ t )/

50.'' O. 7 1. 2

F* 8. 7 5. 4

F0.'' O. 07 >D

HCO.- 90 140

CO '- 11 <3

si 6. 5 (et/ t ) 6. 5(et/ s )
B 0. 3 0. 3

T Fe < 0.12 < 0, 3

f}
t ND: hot Ottected

.

.

g 100 $0 40 20 (T )

d 1 i i i i

*
Activation Energy (KJ)

t! s

D- 10~4
-

'
Fleid tests 65s

s
s 's $cahlet tests 63s* 's.

e.J s
Ngg

m 's
s 's

'C

h.6
--

'
-

"

\~

| Fleid tests (Teno Mice)^

(N sorhiet tests------- -

( ) . , , .

s''/
2. 6 3. 0 3. (

1 0 '/T ( 'K ')

nice i nsa ens em iem ,,a ,, , r, :. .: e n-n c. e
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STOP 21 General Prorasse and Wort Scope on Natural Analope Studies -

Objectives
|(

(1) Contr!bution to validation of elgration n:dels in natural tarrier for ;

lor 4 tern safety assessment.
'

-To understand gecchemical basis related to migration and fixation of

U series nuclides for long tem prediction models.

(2) Contribution to the site investigation process.

-10 develop the methodology and equipents for the characterization of

suitable geological environment for isolation of radioactive astes.'

, ,

(3) Contribution to establishment of public acceptance.
;

*'
-To support the feasibility of gelogical isolation of radioactive

estes in Japanese geological environment.
.

Work Scope .

The follcm.ing studies are in progress to investigate fixation migration
'

of U series nuclides,and its relevant geological and geochemical enviroment. ;

(1) Migration and retardation studies uranium of series nuclides.
,

-Uranium series disequilibria in ore zone and around the Tsukiyosi Fault. 3

-!n situ distribution coefficients ,

-hatrix Jiffusion into granite boulders in ore zone,'

-Transportation to biosphere.

(2) Geochemical study of groundwater.

'

-Geochsaical parameters.
-Characterization of natural colloids. -*

,

-Gecchemical modelling of smundwater. L

-_ 3) Hydrogeological_ study at Tono area.(
'

--Hydrogeological parameters.
-tbdelling of groundwater flow systm.

(4) Gmlogical and geochronological study.

[ -0:currence of uranium derosits. '

t -Geological history of Tono area.
-Mineralogy of host rock.

,

(5) Migration modelling.

-Data bas.e of above studies.: .,u.. .. . .s,..

. .- - -- _ _ -._.. _ ,-._, .m.-._. - ._. ..._ .___...-...-,- .,...__,. , , - . . , . ~ - . . _ , _ _ _ _ . . . . . , . , . _ . , . _ . -



. _ _ _ _ . _ _ _ _ _ _ . . . _ . . _ _ . - _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ ~_

Rensrks_

(1) General and 0:onceic gmlop have twn studied i.e. stratigra;iby,

teological structure, teletical history, ore distribution, ore grade

ore charcteristic, mineralogy of host rcck, etc.

(2) There is no evidence of migration of uraniu'n series nucides such as

'"U, '8'O and '''Th for a reticd of at least I million years.

(3) 886Ra has tan migrated over a distance of several meters br recent

thousand years.,

(4) The chemical and isotopic comp:4ition is charcterized in correspondence

with the stratigraphy.

G) The tritium concentration in grounkater shtm that shallcM t.roundeter

is directry rocharted by rainfall and discharge very quickly and the
,

deep groun kater is r,tatte t.

O

,

1

! .

f- .

9

- . . . _ . -
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p'I .m ,x
s / s
| 1|JQ '

Matur-al Analogue Program f ri Tono Ue ani um D e p o s i t s___

Il
.

Contribution to Pielle Acceptance Centribution te vallde!2 prelictive sedels

To &sexistrate the fensibill y of tin To clarity the Wical precesses emi peraseters

| Objectives :

selogical isolation of radienctie for the validation of the Pfervence -,--c.,t

unstes, aridels materning natural barrier.

I I I I
Itees fr

l Hisration tfrough . Favorable geochemical Effect of tectenic Transport te bleschare*

. Evolueticn sreperties sovesant
<<a

db dk

i 1P 1F 1P 1P

# elated Miyation of wante ints lieschmical aM IWielegical Mirstlen of tranla (Fanitse series nuclides
1 Itatwal M r anite and sedisentary conditlam for wanitse series nuclides alens dispersed in the bleschere

Analogue rocks desesit the TstAlyoshi fault around Timo deposits

;

!

1r qf if iP

Mlration of tranitse series liesdiePIstry In IstAlyeshI Study Of Tst&Iyoshi ore body | Envirereurital study of
j nuclides we body ner the Tm&lyoshi fault [tranim series ini

'

D lbtriz diffusion into 1) Mmical par: peters 11 Continuity of Uranie 1) Soils
the granite telders grade.

D Migration in the D Hydrological parameters D Surface waters
Details of sealimentary rocks 3 Disequilibritse

{ Analogue 3 Distribution 3 ftineralogy of bed reck 3) Water to drink
(Studies coefficient 3? Dole of clay in the

O Disequilibrium 4) I!ranim eineralization fault O Fis .ts etc.
.

4) Age of the fault )
5) 7:igration rate 5) Age of eranive deposit i

S livdrogeological |

6) Role of colloid daracteristics

.

'& _ - _ - _ - _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - _ - . _ - _ _ _ _ . .
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STOP 4; Geochemistry of Katral D-Th seles kildes

(Dise,allibrim of Uranlm series klides)

gbjectives

(l) To estinate the time scale and spacial sacle of migration of U series

nuclides in sedimentary ore zone and fault zone.

(2) To identify the minerals on which U series nuclides are fixed.

(3) To understand the geochmical rechanism related to migration and !
fixation of U series nucides for long tern prediction mdel.

Works !

The measurment of U series disequilibrium and analysis of asscciated

minerals are in progress concerninig the follcuing samples.

(1) Three dimensional grid samples in fresh ore zone of gallery.'

(2) Twa dimensional crid samples in fault zone of gallery.

(3) Drilled core samples in ore tody alora. the direction of ground 6ater flw.

(4) Drilled core samples in the vicinity of fault zone.

Results

(1) Uranium has not tan micratW over distances of 1 m for at least
recent1millionyears.

(2) "'Ra has bocn leached over distances of 1 m for recent thousands

years.

(3) Radioactive disequilibrium is observed within a few meters along

faultzone.-

(4) Uranium is associalai with various materials such as zeolite, clay

titanium capound and organic carbon.

O
.
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site 5 i Wine-by Emeriaents an heavation Responses

Objectives

(1) Preliminary stub on the mniterira s)stm of excasation respantes.

(2)Icst and evaluation of the instruents and nethods which ue currently

available for the reasuttrents of rock rats lehavior.

(3) Aquisition of the secrechanical and hydraulic data on excavation responses

for the preparation of the further er;erinents in the actual dcep |

underg.round research lateratory.

*
1

l

Works

(1) Pilot boring for the initial investir.ations.

(2)lateratory tests on the loring cores.

(3) Geological spp;ng.

(4) heasurcrents of the pourwier pressures.

(5) Permeability acasurements.

(0) W.asurements of the rock mss displactsvats.

(7) tk>2surements of the axial stress of rccktolts.

(S) Porehole loading tests.

(9) Scismic tomgraphy.

00) In situ stress measurements

CD Croundeter level sonttoring.
'

:

03 Comparison of the actual rock rass displacements with the predicted ones by,

theF.E.Mmodel.

.

!

{
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Results

(1) Ecck rats dir.pla:trent es almast terwir.attd when the ex:avation f a:4

prtccuded atout 2 tines of the drifi dianeter fr:n the ecaturing icint.

('i) In situ stress es not isotropic.

(3) Perw.atility reasurcrent was im;ossible at the zone of 0.51.b frm the drif t

fece of ter the drif t crcavation.

(4) Seistnic survey sur.testr.d the low velccity zone of 0.8m thickness around the

drift.

(5) F.E.H. simulation result as consistent with the actual peasuttrents assumlnt

the excavation influevcod tone of 1.(b thickness around the drif t.
'

.

e
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STOP 6: Shaft Excavation Project
,_

t

(,)
Objectives

(1) Evaluate the mcchanical and hydrolc'gical characteristics of rock mass

which is influenced ty the shaft excavation.

(2) Evaluate the change of hydrological condition around the shaf t.

(3) Dtvelop the repository design and the performance accessment of geological

' isolation for nuclide transport.

Works .

(1) Measurement of the mechanical and hydrological changes of tone influenced

by the shaft excavation.

,.9 i?) Numerical model development of the groundwater flow around the shaf t.

\*~>) (3) i:stural analogue study.
.

Remarks

(1) Following items are ;epared as the pre-excavation monitoring ;
.

(DTensiometersandpietometersforthemonitoringofthesubsurface

water flow are installed.

G Boreholes of up to 200m depth are drilled and geophysical loggings,
,

BTV-monitoring and permeability measurement are performed.
.

@ MP systems are installed and the multiple pietometric pressure'

measurements are being performed in the boreholes.

(2) Shaf t excavation was started in January 1990 and its present depth is 96m.

During this period, some property measurements of disturbed tone has been

c
e

u
,
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SCH,EMATIC FIGURE'OF

PROPETY MEASUREMENT OF DISTUBED ZONE (1)
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SCHEMATIC FIGURE OF PROPETY MEASUREMENT OF DISTUBED ZONE (2)
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Hydrogeological Investigation for Aglonal Gre.:ndwater New

Otjectives

(1) Desele;*ent of nethedology at:' equipment f or anal >rir.g the groadwater

flow relevant to rechanism of radionuclide migration.

- Te deselop method of h>drological.h>droge0 logical and

h>dreceothemical investigation.

- To develop eaulpnents obtaining data relesant to h>drological,

h>drogeological and h>drogeochemical characters

(2) Deselopment and validetion of groundwater flow models for long term

saf et> assessment.

- lo understand hydraulic and h>drogeological characters related to the *

3D migration model in the regional area (12Le x 15kmx depth 1,000m)

including Tsukiyoshi l!ranium deptsites.

- To develop regional three. dimensional hydrological models.

- To validate relonal three dimensional hydrological models by hydraulic

data obtained on hill slope (surf ace and subsuf ace) hydrology 6nd in

borehole and drift.

(3) Contribution to estabishment of public acceptance,

- To support the feasibility of hydrogeological isolation of radioactive

waste in the Japanese rainy environment.

Works

The following studies are in progress to investicate hill slope hydrology,

hydrogeological characters, And it is also to develop the hydraulic equipment

and to establish the model.

(1) Investigation of hill slope hydrology.

- 1,ineament analysis by 1.ANDSAT.

- Vegetational and morpholog,icsl analysis by aerial photpgraph.'

- Geological and topographic interpretation by mapping.

- Zebra map and drainage interpretation by topographic map.

. . . . . . _ - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -
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- Intestigation of surface hydraulic characterl28 tion of

e apotrenspiration, river flow and precipitation.

- 5(asurerent of speci';c discaharge and electric conductivity.
'

(2) Hydrogeolcgical cha acters.
;

2 1 Core legging

- Iraestigation of fracturo characre.itation(fracture pattern, filling

materials,RQD etc.)

- Measurement of physical proper ties (effective porosity, density and

|hydraulic conductivity etc.)

2 2 borehole hydraulic investigation |

- Measurement of hydrhulic parameters (hydraull? conductivity, pore

pressure and groundwater flow velocity by tracer test).

- Ceophysical logs (sonic log, neutron Icg, BHIV and RADER etc.).

- Measurement of groundwater physico chemical parameters (Eh, pH,

electric conductivity and groundwater composition etc.) and ground-

water sampling.

2 3 Hydraulle investigation in drif t

- Geological analysis of f racture system.

- Measurement of hydraulic parameters (hydraulic conductivity. pore

pressure and groundwater discharge etc.).

- Enporation analysis on tunnel wall.

- Geothemical analysis of groundwater composition and filling materials
'

infracture.
I

(3) Deselopment and validation of 3D regional hydrogeological models.
(TACSAC CORD developed by Dr. WATANABE, SAITAMA tQlVERCITY)

,

- Data base of above studies.

- Validation of regional three dimensional hydrogeological model from

hydraulle data obtaining on hill slope hydrology, and in borehole and

.drif t.

- PNC Tracer Test System.

. .

. , . .
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(4) Deselopment of hydraulic equipeMs.

- FNC Aquif er Test S> stem.

- PNC Lo Pressure lugeon Test S> stet.

- H)draulic festing 4 chine (Laboratory Permer.tility Tet.t).

- PNC BA1 Crounbater Sampling System.

- PNC Tracer Test System.

- PNC Cecchemical Logging System.,

Resutts_

(1) Based on core observation, most of the fractures are classified as four

tnes as follc+s. (DPlaner type,@lrreguirir type, @ Curved t>pe,

@ Stepped type (Fig.1),

(2) in Situ hydrulic conductivity in the granite it, approximately 10 '~10 5

cm/s at fracture-predominants parts,10 ''~10 *cm/s at fracture-

predominant parts in case of occurence of fillint minerals in fracture,

and 10 '~10 'cm/s at fracture poor parts measured by PNC Aquifer Test -

Method (Fig.2) .

(3) In-situ hydraulic conduct!/ity at fracture predominant parts in the

granite tends to descrease with depth as areas in some other countries
.

(Fig.3),

(4) H)drogeological models has been developed for groundwater flod in the

sedimentary rock and the granite, considering the recharge of water f rom

the overlying high permeability Seto Grwp, the geochemica' enalysis of

the surf ace water and the groundwater, the geological survey, and the
,

in situ hydraulic test (Fig,4),

l

'

,

,
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katural Autogue Study of femo Sae dotone type Drealus !=pceit la Japane

C. 8 ate, f, Ochial and 8. Takeda
Waste Managoesat and hov heteraal DeVietee
Power neacter a.44 Butlear Fuel Developoset Corporation ( ppC )

.h!BAIX

Sendetene type urante depeelt, located la Tone area, coatttt ?,tet of
Japaa, hea beso recognised as a potentiellt useful saalogue at deolog.
Ital lee 14 tion of radioactio westee in Japse. N uraalm deposit
occure as the strettform which to less than 130 e la depth and belre
t's veter table. The studies area le not far free lahabitaet.
Prellatsary study has been unde.teket en migratise of natural uraalm
earles nuclides and oc bydregoocheatstry la Todtyeebt ere body. m
radioactivo diseguilibrium study of dt!!! eere above that the ew1116gs

, g rim has beta e?cest kept within the ore body. N bydrogeothesitel
sirdy has re .i.d th.i there are thr.e trpee of ground.ei.e el.seif t.\ fNs ed la serrespondence with the stratigraphy and high+41ka11ae.fluoriae.
wished greurutvetor le confined inte.poleowtathered basessat granite
and permeable boda la the ore horteso
The als of this study is to revwl the geological, geochemical and by.
dregical eenditicae which is favorable to keep vraalm series ovelideo -
undistur; 3d for a certata period of time, and to prove the feesthility
of rederground dispoe-) J redisective wastee la Japan where geologie.
al eevireameet la cosW heted and unstable.

1. 1strejuet'ee

Jepassee Selsed arch de a part of the circum- cific emb$le belt and
not coastested to have pestegier*, ts. ability as the les such as Precambitaa
ehtold. gewever, geological toelette of high level redjesctiew voete hos
been recogsteed to be basically feselble la Japan by messa of a combinetten
of easiesered sad matural barriers. Occurresce of uraalm deposit es astur.
al stalegwe la thought to support the verificattee of peelegical feelettes
eyeien,

Ursale depriette tarluding small bedies la Japan, moet of which are
esadstone-type hosted 14 Tertiary eyeten overlytog erstaceous graaltes,
have bese reviewed free the point of osturel analogue. As e result. Tomo
deposit me choses as the most favorable ces for the felleving reseoos, (1)
it to the only ventaed deposit with miaable ore grade. (H tt has e else

whleb is roughly equ valent to that of the repository (3) it is poselblei

to investl688* the taflusses of f ault and grovadwater en auclide migratico
and (4) aaer information to streedy eval 14ble(1),(2),(3),(4),(5).

A bevodery betvaen oxidised and reduced some which to teemos to roll

461
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aey have beta deatment duttog sad af ter the deposities. It le particularlyfroot type depeelt le not observed to this dereelt. A toductag enviteame tn

Lepettant la natural analogue study to la ettgete the geological
taal and hydregical condittens which to fevetable to keep ureaf, geothem-

to thetecte/isetten so well as te edidattee of aedel fet perfaucittee uttleturbed. Product of this study eleo aske e contributtee to et-
.,earles

une nt.
orm ace as u -

bydregoochemistry la foukiyoshi ore body of Tone depeelt te etder to diPre11ainary study vos tettled out en aatdy sucitsee distribution and
se the evalldbility of asturd emelogue study la th10 depeelt. scu-

3. j;ggbmint %t1_gg

Tono erae te located in 3$0 km eestnweet of Tdye. la thte stes
mentory tetka of Ittocese age overlie unconfereably tretaceove stenites(Fts, sedi-

1). N romerkable structual featute of utamia eteurteate le paleechannel
el fue arealien mineralteatten to in N lowet part of tertiary fluvial eed-coattel on the plane of uscenternity. N eost feverable some in the chaan-

.

taent of Tekt Croup which is temposed et etteelt aandstone, taffaceous es
dettas, Serbeteteous audstone and conglemstete. N depth of eraalue occe-
teoce to lose than 130 m (713 1.3). ur=

tatterietically secospented with emelite, clay minstale, carbonacehe depeelt to claestfied late easdetene type. Most of ureAlue to che-

or et al (1). Very eas11 emount of utsalatte and soffialte oro eburved.ous mett-

hoe stoaines depeelt coastete of four ere hdise emmely TeAlyveht
Misene. Utseaha and Jeriajt. tea 1yeekt ett body te roughl
to stee with thickasse of 1 to 3 m. Nie te e teverse foul ~t'Essee Touuye

.
t M00 m by__500 m

and gallery for emptorettom have been taomettscted la the alddle part of theshi Fault.3-W. 60-70'8 with a throw of 33 a.vktth cute the are body. Shaft
.

ese body. pressat astural anelegue stody to undettaham withis feukiyeektete bede.

3. Ntttbutten of htural tiranium bc11 des

the selbr7 and drill core withis the ore body.N pre 11alAery studies was made for era samples which were taken free
3.1_f asch and tecettee
(1) saeples ta the sellery

tions are abown la Fig.3.4. N tedtetribution of re iteevelides ef terb eseplee wre cellected la the emploration sellery, and their hee-
tructies of the sellery le assumed for esophe(no.l t0) takes free thecoas-
f ate of the gallery. 5 eagle No.11. La the outette of et s ur-

tedioactive essaaly acteepanied with a fragment of carboaleed wt ere body, le a
(11) Drtal core complee ood.

its neighboute et upstream and midottest ta theanel strDttil core oaesples were taken from the urealue aturalleed eene end
udy. N locettens of the drill boles. 562 and Al-12 are showa la Fig.3.uctures of the ore
3.1 E neraient

esegles withis are some nataly tenetet of quarteN mineslegy of semptse in tk gallery are eheva ta Tele 1. N
.

anotnorilloalte, calcite sad heulandite. Lew amou,nt of iten ezidu as liplagioclase, kee11atte.
alte are slee prenat. la e few eaaplee(po.5.6.1) seesodery erealas mineran-

a3s se anderosatte and alppelte are observed which may han misere11eed due-

to eatdetion af ter conetructies of the gallery. Saegle No 11 coet te ae e.

a6)

O
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large quantity of sulf ate a.turale se jerosite sad gypeum la addittoo to
mostmorillealta, haeltalte and carboatsed wood. Autorettography sad radio 1
usegrary abow vranium does not esist la carboatsed wood but is clay alaere. ,

>la to this partleder sample.
ISscept for small amount of pyrite, the mineral composities of the dri. '

11 core samples is slailer to that of the gallery samples No.1-4.
|

3.3 patural Uraalum Series Diseaui11brium J

(1) Sangles f rom the gallery
Assey of D-233, U-234 and n 230 were carried out by siphe spectromet.

ry. ke-126 and Pb-210 were mondestructively analysed by bish pure gersaatua
detectov. In the gassa-ray asseurement, saale was kept is sealed container
for three weeks and U 2): was calculated f rom the 63 hof assas rey of the
abort lived daughter n-234

We results of esesy are presented in Table =I together with the vraat.
un contente. The reistive activittee of D-233 U 234 and n.230 are pletted
la ternary diagraa rig.$ (6). According to their radioective dieetstilbrim
etstes, the following geochemical proceeets which cause redistributtons of *

uranium settee suglideo can be tafered.
No.1: U-233, U-234 and Tb 230 are almet te redinactive equilibria. This
means that the age to elder thaa et liaet a million years. Os the other
hand radium to slightly teached cut by reduced groundwater fairly recently.
No.2.4.10,Lis Dreatus, pref erentially 0-234, and radius is partially luch.
ed at probably by estdtted groundwater. While loss tived daughter Th-230

[T whieb is slaaet immobile to present is escoes state.
f I No.3,5,6,7,3,9 Actualation of urealue occurred f airly recently by seconde.

(/ ry ins.ev of vraatum, is which escese of 9-234 was costaland by alpha reco.'

L1 procene.
(11) Drill core complee ,

The 0-2H/U-233 and n-230/U-2M activity ratios are shows la rig.6
together with vranium contest and geologic celua. Were are ao sigstlicant
f ractionations betwesa these nuclides la the two drill seres f rom upstrena
and sidatresa of the channel structure of Toukiyoshi ere body. towever, the
results of gN-2 cores suggest partial uranium 1eachlag had occurred just
above unconformity.

3.4 jgleetive Phase tasarattaa
Sequential estractica techtigues were applied to identify the phases.

of uter.tua series nuclides la ere. The following five f ractions were seper-
eted se identicable phauen eachseseoble, bead to carbonates, bond to iros
osideo, bond to organic matter and reeudlai (7). f.eachtes procedures and
reagosta are summarised in Table-II, eed the resulte obtained os samples
f rom the gallery are abows la Fig.7. A 18:30 portion of ureatua le associa-
ted with carbonates and tree estdes, even though total of tree and carbona.
se Le less thaa 6 percent to wetsht for all of the saagles.

Compleasatary measureneste as alpha spectrum and I. rey dif f raction are
not yet performed on the ladividual leachetes and on the residuate fello+
as each astraction.

4. 27dronecedalettf

Crantua in teso deposit could be originated f rom the basement granites
and transported by circuloted groundwater through permeabla host rock. The
uranium deposit is assumed to be enriched by repetitione of leaching- and
fixing cycle between boot rock ned groundweter (3). The present ere horissa
11ee below water table and mostly la aquiclude.

*
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N genstal ettettsterby of foso erae le composed of Tekt Croupnaat C.,
and Sete C. la ascentiag order. Crovadvetor semples were collected, leise-

f rom each geological group for chemical analyste (Table 111, pig ) )
ao La correspondence with the stratigtephical depth. N steadwater inNte to a sigallicant imeteue la pt, bicarboaste, eodium and fluott-

..,

Yoki CTout whore uisalue to depos1tod la eleoeif ted*cheattally as Re aCO
type. N kigh level of these tone sense to be caused by apag ter - 3
um analytte suggest that the groundwatet le steanate for acts thaa 50between water sad the minerale la boet teck (4). The feeslts of t l i
ta.: s interac-

it-

however, the grevadwater La Tokt Creut doces't contata highet lentTests,

naus La contrast to higher bicarbonate contest. N uranium concestrationof ura-
is alacet as esmo as that of surf ace wetet.

for a long taas and the hydrogeochealcal environamat is reductagNoe resulte avgaest that the groundwater to ere borties le stagnata
.

3. Diome end Future studiee_

N teoults of preliminary study are ouemmerised as fellowes
(1) & qatte minor dieequilibrius of uraatuin eerles nuclides 14 obserthe ore body, ved La
(1) A large porttee of uranium esist ta the thres fractions of carbtros esades and nachangeables. onate.
(3) Nee types of groundwetar le identified la correspondence with thtatigraphy of foso arsa. e et*

(4) N grovadwatet of ete some to characterised by high content of bi
emete, eedia and fluorine too agaiset the low content of wraalun andcath +tritte tom.

reveal the feverable environment for the repository and to dennastrate theNee reeslte suggest that tkle natural analogue atuair is avalloble to
feasibility of the geolostr,a1 f eelettoo se well as to understand the sue 11des sagrettoe by groundwater. -

Nretore, the future studine should taclude the felleving subjects to
contribute the assessment of radioactive waste topository attest
(1) betailed study se nuclidea distributtes within and aromd the e
(1) betailed geolegical and alaeralogical study vith a eerbaats en urte body.

occurrence. aaban
(3) lavestigattes os colloid formation and transport.
(4) Further study en hydrogeology and hydrogeochealetry locludtag deeat of La-aitu asasuraaset techalgue. velopa -
(3) Tal14ation of developed model for euclide migrattom.

.

ty and Dr. T. Nrano and Dr. M. Tanakawa of Power Esector and nucteThe autbers wish to thach frof. Dr. T. Mahaalshi of ganaseve Univetot-

Development Corporaties for valuable avaseettoa. et Twel
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fable-l. Activity tettee, staalwa contestrettees sod minerals ;

is the saarles free the sellery
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8 "m- 8"as Us cesemple

wei. wi n e.s i e ce>, , , ,,

I 1. O I 1. 01 0. t 6 1. 09 0.175 es . Pl . Lee , tel

!- 0. I 4 1. 41 0, t 0 1. O ! 0.100 Q . P1 e te , b
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1 1. ~ 1 1 9. I 4 1. 01 1. 06 0.063 Qs , Pi . %

i 1. 00 9. I l I. I t 1. 08 0.0FI Qs . Pi tal *

9 1. 01 0. ? ! I 11 1. 03 0.080 Qa . fl . het . Em .

10 0. 94 1. I ! 0, 81 1. 03 0.061 Q ,. Pi . neet , tm . I , tal

11 6. 96 4. 94 0, t 6 1. 05 0.f00 neat e see . Pel . Jer .EnL es -
I )|

(e) Qs : searu PI : Pleslwlene . lee taellette . meetimentarlileelu

Cal Calelle e tao taille (nevisodite) . Pol : Perdseer

Jar : Juesite . Cn Snese

Table-11. Sequential entraction procedures for
eclective phase esperaties,
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h endes e251eok kualenal Asttatte.

O at

daad te (113018.0. %f (1) Et.08
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Q)302.0 3mf (2) Et.tl
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NATURAL ANALOGUE STUDY ON TONO SANDSTONE. TYPE
j URANIUM DEPOSIT IN JAPAN,

4

'

T. Soo, Y. Ochiel, S. Takeda, and N. Nakatsuka
,

i Power Reactor and Nuclear Fuel Development Corporation '

Toki City, Japan;

ABSTRACT geological, geochemical and hydrogeological
conditions that have been contained uranium

The Tertiary Tono sandstone type uranium deposit successfully over geologic time, and to verify tne
is recognized as a potentially useful analogue for the fundamental process of safe isciation of radicactive
geological isolation of radioactive wastes in Japan. wastes in a Japanese geological environment

,

The study of this natural analogue is being carried out Since 1986, PNC Chubu works has conducted a
to acquire information about the geochemical natural analogue study on the Tono uranium deposit.
processes _ that relate to the containment and The main site of this study is limited within the
migration of uranium series nuclides over geologic Tsukiyoshi ore body, which is the largest ore body in
time. There is no significant migration for uranium for the Tono uranium deposit. It is remarkaue that the ore
the samples investigated as the result of radioactive body is apparently cut by a fault that is available to
disequilibrium study. The hydrogeochemical study investigate and to evaluate the effect of faulting on
suggests that the goundwater in the ore horizons is uranium series nuclides migration.
very stagnant and reducing The main areas of the natural analogue study in 1

'the Tono uranium deposit are as follows:
INTRODUCTION (1) Investigation on occurrence of uranium

series nuclides in a geological environment.
Research and development of gelogical disposal (2) Investigation on migration of uranium series

. for high level radioactive waste have been conducted nuclides along a f ault,
in accordance with a program announced by the (3) Investigation of hydrogeochemistry and
Atomic Energy Commission (1987) in Japan. To hydrogeology of groundwater.
implement gelogical disposal, it is essential to take (4) Evaluation of the role of co'loids in the
account of the geological features. Japan is located in migration-retardation process.
the Pacific tim unstable mobile belt, and its ;

| hydrogeology is characten2ed by a large amounts of . DISCUSSION
| rainf all However, geological disposal has been Geology |
l considered feasible in Japan by means of a |

.

multibarrier system of enginected and natural The Tono area, the largest uranium ceposit, is '

| barriers. In order to validate predictive modF'J for located in central Japan, approximately 350 km
,

' safety assessment of a geological disposal system, southwest of Tokyo (Fig 1). Since the deposit was !

the natural analogue study provides invaluable discovered in 1964, more than 560 holes of 50 m grids )
information and understanding for similar processes have been drilled. The 130 m os * shaft and galleries |

occurring over geological time and large spatial scales for the exploration tests h.e already been
,

in a natural system. constructed in the middle of the ore body. ;

The main purpose of this study is to clarify the The area is underlain by Tertiary sediments on the

|
|

353 |

|



,

conglomerate and several distinct parts of the uppe,
beds are the principal uranium bearing units.a

I The Akeyo Formation consists of fine to mediurnp grained sandstone and mudstone containing many,

marine fossils The Oidawara Formation, composed n,w . .

j, '

, siltstone and mudstone, is deposited in the deep,,'
,

kMy marine than that of the Akeyo Formation 7.,~V ,. *

C 6 Mizunami Group is unconformably overlain by c!ay'
I. . g*

.o.. .n . sai . y 4) sand and gravel beds of the Seto Group in phoe,.,
,);,M~ age (Fig 2).*'n* *

.
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Fig,1 Schematic geologic map around the Tono area Fig 2 Schematic cross section of the Tsukiyoshi ore

and the location of the Tono uranium depos:t. body ano sampling point.: c f rock and water.
basement rocks, which are composed mostly of (1) Seto Group, (2) Akeyo & Oidawara Forma.cn
granitic rocks ranging in age from the late Cretaceous (3) Toki Formation, (4) basement gran:te,
to the early Paleogene period. Tertiary sediments are (5) ore body,(6) sampling site for gnd survey,
composed of the Mt2vnami Group and the Seto (7) samphng points of water.
Group. The detailed regional geology is given Itoigawa
(1974), and study of the uranium deposits are given in Uranium Mineralization
Katayama et al. (1974).

The Mizunami Group sedimentation occurred in a The Tono uranium deposit consists of several c e
basin, which developed in the first stage of the bodies, the largest of which is the Tsukiyoshi ore boc,
Miocene transgression The sequence is formed of as shown in Figure 1 The Tsukiyoshi ore body is t e
IGcustrine sediment which is overlain by marine Tono uranium decesit in a practical sense because
sediment and divided into three formations, The lower other ore body occur as satelhtes.
Unit has been correlated with the Toki lignite bearing The Tono uranium deposit contains 4000 tons cf ;

contairied U 0s t an average grade of 0.05% U 0s t
|

Formation, which is unconformably overlain by the 3 a 3
Akeyo Formation and the Oidawara Formation. The is about 3400 meters in length and 500 meters i, e
general dipping of formation within the basin is from 0* average width, with a thickness of 1 to 3 meters. Tre
to 10'. cre body is 100 meters to 150 meters in deep

The Toki lignite bearing Formation consists of The uranium deposit is located in the basal part cf }
arkosic sandstone and mudstone with tuffaceous the Miocene sediment and its distribution is typrally '

materials, interbedded with granule to pebble controlled by palecchannel structures of the plane cf
conglomerate. The sediments often contain unconf e rrmty on the basement. The uranic
carbonaceous and coal materials _ The basal part is minerahzation occurs as layers and is hig nf
conglomeratic and consists of angular to subangular concentrated in the rnidd!e part.
granite and quartz porphyry gravel. The basal The uranium mineralization is classified into two
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types: by ~ the dif ference of host rocks; the.
The uranium contents of these samples ranges -

i

V^. conglomerate type and the lignite bearing tuffaceous
from 0.01 % to 0.049 % V 06'in every block. The;

_

3

sandstone type, in the case of the former, uranium is thorium contents are less than 10 ppm, The data'of -J

adsorbed - either 'in clay minerals such as 2360/234U vs. 230Th/234U activity ratio are plotted in

(nontmorillonite or in calcite within the matrix of fine to pig,4, and the data of activity ratio of the whole rock
-coarse sandstone and siltstone, in high. grace cres. (1m3) is also plotted for compdrison, Although a slight
'the uranium is . characteristically associated with deposition and leaching of uranium have occurred in
2eolite, which belongs to_the heulandite Clinoptilolite some samples, the total activity of these nuclices is

group, in the case of the latter, uranium is adsorbed in completely in equilibrium in the whole rock. It appears

carbonaceous (naterial which is rich in coal materials.
A very small amount of primary uranium minerals such

|
o

as ut ninite and coffinite are associated with pyrite
. and carbonaceous materials. According to fission Nitrack data; this sequence indicates an approximate

4 ,,,age of 5 20 million years for the sedimentation. The
,o

age of _ mineralization is estimated to be about 10
. -

,

million years it is inferred that the Tono deposit is the ., ,e .

b4 . , .*

eqigenetic deposit- , , 'M = * ' -In the Tono area, a reverse fault called the j i.

Ih .*. * . *Tsukiyoshi Fault, runs along the central part of the | .
.

'

channel and cuts the ore body, The fault strikes E W 5:

and dips 65'to 70*S, with a replacement of 35 m. The not. >> .

Tsukiyoshi fault occurred before the deposition of the u
o: 2 3. 2 3c, . 2 3c,, ,1 u ,Seto Group.
e :n.1. st.o n. . t. i t.3

' Migration of Uranium Series Nuclides
u- ("N . " " '' " '8

'

i= ( l Sato et (1987) discussed that there is no significant
fractionation among 238U,234U and 230Th for the two ucamu al

drill core samples in upstream and midstream of the Fi 4 9 2% 24 2% w
channel structure of the Tono uranium deposit. the sam! pes in the grid survey,

.

As _ shown in Fig.2 and Fig.3, a grid survey was
carried out. The large block specimen of Im3 was
sampled by dividing it into blocks 25 cm x 25 cm x 25 that these uranium series _nuclides have not migrated

cm in the fresh ore zone The total of 64 samples were more than im in the last one million years.

analysed individually to investigate the migration of In the same way, as shown in the disequilibrium

--uranium series nuclidesi diagram of 234U.230Th.226Ra (Fig 5), the depletion of
226Ra is observed in the most of samples and there is
no enrichment of 226Ra. The total activity ratio of

' %- n . 226Ra/230Th in the whole block is 0.86. From this result,
it might be inferred that the radium has been leachedi Ha

recently by reducing groundwater over a distance of
/ Q.gr g"Q '~M ,,-}in

A

several meters.
g 1.c. u.n .'a ' The mineralogical and chemical composition for

,

[f
C* ll" Y Ia

''' '
.

v -

U'"h these 64 blocks were also investigated to reveal the7 or. son.
t* JC im mineralogical and the geochemical condition where-

uranium is_ preserved' for long time. The mineral-
assemblages of samples have large amounts ofa ucunes A

.'

Y.'n'. . quartz, k feldspar, -plagioclase and small amounts ofI '
j(-. y ~ .s -N.., ; .g.i2 heufandite, kaoline minerals, smectite and others.- . . e .a.

.

OM - Uranium minerals are:not observed in any separated
.

No.Ye[D 7 fractions. Although there is no evidence of correation

N{Q
. between uranium and these minerals, chemicalj '

--{N l.Tla., analysis show that uranium is correlated to iron,,

n unen.a.
g titanium and cation exchangeable capacity.%N, : Therefore, it is suggested that uranium is

Fig. 3 Sampung site of ore for grid survey in the ga'lery, concentrated in clay, iron and/or titanium minerals.
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and $160 and higher values in pH, bicarbonate,y

c'. Sa. , tsk . 2 5e= e's.os . Sodium, and fluoride.
*

e * .a. na.o cts a t. * 1=> As shown in Fig 6, 60 and 0180 values or
groundwater and surface water samples, which are
important parameters of a groundwater recharging

,,
, ,

[ systems, fall on the iine of 60 - 88160 + 13. This*

* g' [, u , g ,, relation is in the range of the meteoric ongin in the, ,

e 5

southern part of Chubu district of Japan. The OO*
} ..- - .

, ; and 6180 values of the groundwaters in the Toki
f . * , '.* (.,'/ ,', ,' . , lignite bearing Formation are lower than those fori

, ,
R

surface water and groundwater in the Seto Group
e ag ,,

'

over scale of 10 and 1 per mil respectively.
T -

1 ,
32 Consequently, although the origin of these natural..-

,

waters is rainfall, the source of groundwater in the
-

,

Toki lignite bearing Formation is clearly different from
the present rainfall, which is represented by surface

. . , , waters and groundwaters in the Seto Group,,, ,, ,, ,, ,,

usa.uon a a ass go

Fig. 5 Disequitibnum diagram of 23N. 230Th. 224a .g .e 7
for the samples in tne grid svNey.

; j 40

This sampling method seems to be effective for
investigating three-dimensional radionuclide
migration. ,

.

|g *'9
9

* ?OHydrogeochemistry and Groundwater System s

' -soThe isotopic and chemical characterist.'es of
--

y~
,

groundwater and surface water in the area of the . 3 o
' ''g

Tono uranium deposit were investigated. The results ,'
so Qare summarized in Tablet. In correspondence with 4J ,- s

e' - 6[ j*

the stratigraphy, there are significant differences in ''
,the hydrogeochemical Compositions '

o schce utersGroundwater in the aquifers of the Toki lignite- - 'e
. q:oune waters ~

bearing Formation, where uranium is deposited, were
sampled from boreholes in the gallery. Some of the
boreholes are intersectted across the Tsukiyoshi

. F S O O vs SIBO of surface ard sound v.;'ersFa ult. These groundwater samples have similar
around the Tsukiyoshi ore bore body . The

1characteristics, that is, lower values in 3H,60
numcer represents the samphng point given in 1

Feg 2. I

{ Tabte 1 Chemical and isotopic composition of waters I

I around the Tsukiyoshi ore body. The groundwater in the Seto Group is directly j
recharged by rainfall and discharged within a very

{'#*"* "
.7.. O, 2., 2 b E, . I.. N .'j short residence time through the loose sand gravel [beds. The groundwater in the aquifer of the Mizunami

|
Group, except for the Toki lignite bearing Formation.i ei <i e3 ei is e n .es , , . ..

which is overlain by the Seto Group, is more stagnant
I and has characteristics intermeCate between those ofa a ei s : ei - n .es ** sl

the Seto Group and the Toki lignite bearing
Formation> ,s se <a i ei o si . . n ai

On the other hand. the groundwiter in tne Toki
hgnitebeanng Formation is stagnant for a long time in. e. n .. i .#. n 3 ..ne o .n is

the deepest aquifer, and vey hitle recharge of vertical
flow occurs along the Tsukiyoshi Fault The

i es is go. e.g. es a . o .n ea
groundwater is reducing due to the presence of

|
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Table 2. Hydrological parameters mesured in a enil hole.

fForePressure Pe m cality kolosnty and Dire:taen

cens uca rye m n , eon m a-sun vel m er ci rns w.
mi ces sei tes/ seal te*'ses1 i n 'ses

>1046.2-8.5- saltstone -1.1 >10 8 N.c--

( C F-)
s a led - .9.0-14,0 siltstone 7.4* -

( O F.)
33.5 34.5 conglomerate -31,1 -31.3 1.3 x 10 8 3x 10-8 2.5 a 104 sN

( A F .)
>10 ' - - -34.5-39.5 sandstone -28.7 -

( A.F )
40.5 45=5 conglomerate -30.9 28.0 >104 >10 4 > 1 ;- 6 N.c.

(AI)
44.5 53.0 sanditone 28.5 +20.4 9 a 10-8 5x 10 4 >10-8 N.D_

( AF.)
57.0 62.0 s a ncia t ene 47.3 -27.2 >104 4 a 10 8 >10 6 N.D.

(AF)
69.4 14.6 sand. stone 24.9 27.3 2 a 10 3 7.3 x 10*8 >10 4 N.0,

( T.F.)
60.0 05.0 sand. stone - 29.9 >104 5 x 10 8 >10-8 N.D.

( T.F )

O F, : OaSana'a Forrnation A F. :Axeyo Formation T.F. : Tolu Fomaton N D . Not Cest,acle

organic materials irt the Toki lignite bearing ore grade, ore characteristic, mineralogy of
Formation. host rock, etc.

A hydrogeological investigation on the regional (2) There is no evidence of migration of uraniur!

groundwater movement is also in progress. series nuclides among 2380,234U, and 230Th.
Understanding the dynamics of groundwater is On the other hand,226Ra is inferred to have

i

| [m\ important in evaluating the effects of Japan's heavy been leached recentry by reducing groundwate?
i

( ,/ rainfall on the migration of the uranium series, || is more than several meters.
emphasized that investigation of hill slope hydrology (3) The chemical and isotopic data of groundwater| *

is necessary as well as the hydraulic characteristics of show that the shallow groundwater in Seto
deep groundwater to establish a regional Group is directly recharged by rainfall and
hydrogeological model of this area; core logging, discharge very quickly and the deep
geophysical logging and hydraulic testing have been groundwater in the Mizunami Group is
under way. stagnant.

The result of a hydrogeological also indicates that
the shallow groundwater in the Seto Group is directly FUTURE WORK

| recharged by rainfall and that the groundwater in the
Mizunami Group is stagnant for a long time in the (1) investigation on migration of uranium series.

deepest aquifer. nuclides nuclides in order to understand the
The hydrological parameters such as pore geochemical migration processes.

pressure, flow direction and velocity measured in the (2) Investigation on distribution of uranium series
( borehole are in Table 2. There are various values of nuclides along the fault to evaluate effects of

permeabihty which depend on rock type. Almost all faulting on uranium series nuclides migration.
groundwater velocity . values are lower than 10 6 (3) Investigation of hydrogeology and

! cm/sec, hydrogeochemistry to understand the three-

| The Investigation of colloids and other components dimensional water transport pathways and how
| such as rnicroorganisms in groundwater is important they affect nuclide migration.

Lo evaluate the effect on radionuclide migration. The (4) Interpretation of geological events by age
physical and geochemical composition and determination in order to estimate time scale
characteristics of natural colloids are also and paleo environment.

i- investigated. (5) Investigation of the role of colloids and
microorganisms in nuclide migration. These

CONCLUSION studies are under way through cooperation with

(m) national research institutes, universities and
,

() (1) General geology and geology have been private consultants.

studied i.e. statigraphy, geological structure,
general geological history, ore distribution.
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Abstract

Titanium doped o Fe2O with ultrafine deposits of Au was prepared by3

the coprecipitation method, A thick. film sensor fabricated from the above
semiconductor had high sensitivity and excellent se' activity to CO against

,

ethanol and H in the temperature range 30 *C to 100 *C, This unique sensing2

property was found to originate from a high catalytic activity of the mate-
rial, which could catalyse CO oxidation even at a temperature as low as
-70 *C. High resolution electron microscopic observation has revealed that
gold ultrafine particles with a mean diameter of 36 A are homogeneously
dispersed and that they are not merely supported on but strongly held by

O -Ti''. The sensing mechanism and the origin of thethe host oxide a Fe2 3

high selectivity to CO are discussed.

1. Introduction

There are growing needs for selective detection of CO in both domestic
and industrial sectors of society, because it is toxic even at a concentration
as low as 100 ppm. Selective CO gas sensors are indispensable for the detec-
tion of incomplete combustion, the prevention of poisoning in mines, and
the detection of early stages of a fire.

Gas sensors based on a conductivity change of n type semiconductive
oxides, such as ZnO [1] and SnO [2], have been widely used in gas leak
alarms. Several oxidation catalysts have been used as sensitizing additives to
the above semiconductive oxides in order to control the sensitivity and the
selectivity to reducing gases (3,4]. In the case of CO detection, the addition
of Pt (5), Pd [6 8], CuO [7,9], or Pd, MgO and Th0 (10] can increase't

2

the sensitivity. However, since these sensitizers also tend to increase the
sensitivity to ethanol and/or H2 (11 13], it has been difficult to obtain

I sufficiently high selectivity for CO.

' Paper presented at the 2nd International Meeting on Chemical Sensors, Bordeaux,
Fra tiee, July 7 10,1986.

0250 6874/88/$3.50 0 Elsevier Sequoia / Printed in The Netherlands
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We have recently reported that a novel catalyst composed of o Fe2O 3 e

b
and ultrafine particles of gold (UFP Au) with an optimum atomic ratio ,

'

of Au:Fe = 5:95 can catalyse the oxidation of CO even at a temperature as '

low as -70 *C [14). This catalyst exhibits remarkably enhanced activity in |

cornparison with those of Au powder and a Fe 03; when these single com-
pounds were used, the CO oxidation needed much . higher temperatures,
200 *C for a Fe 0 and 300 *C for Au powder. Furthermore, the UFP Aul-3

O catalyst is so stable that it does not lose its high catalytic activitya.Fe2 3

during continuous oxidation of CO for one week in a moistened atmosphere
at room temperature,

it is reasonable to expect that the high catalytic activity of the UFP.
3 catalyst may lead to a high sensitivity to and high selecthityAulo.Fe2O

of CO at low temperatures, if suitable modification of the catalyst can be
made. The present study has been undertaken in an attempt to make n type
semiconductors from UFP.Aulo Fe:0 and to utilize them as a CO gas sensor.3

2. Experimental

2.1. Preparation of semiconductive materials
Haematites (a Fe 0 ) doped with tettavalent metal ions were prepared3

by coprecipitation from a mixed aqueous solution of Fe(NO )3 and each3

Ti(OH)3(OOH), SnCl4 and ZrOCl: with an aqueous solution ofof sic 14,
Na:CO .The precipitates were washed with distilled water then vacuum dried3 O with ultrafineand calcined in air at 400 *C for 3 h. Titanium doped a Fe2 3

O -Ti'') was prepared by a similar coprecipita-gold particles (UFP.Aula Fe2 3

tion method using a mixed solution of HAuCl , Fe(NO )3, and Ti(OH)3-4 3

(OOH). For comparison, the following four kinds of materials were also pre-
O -Ti'* was obtained by the photodepositionpared;(1) Photodepo. Aula Fe2 3

method [15] from a mixed aqueous solution of HAuCl4, ethanol and a dis.
O -Ti'' powder under the illumination by a mercury arepersion of o Fe2 3

lamp (100 W) for 10 h. (2) Au solla Fe2O -Ti'* was prepared by coprecipita-3

tion from a mixed solution of Fe(NO )3 and Ti(OH)3(OOH) with a Na:CO3
3

solution containing Au sol. The gold sol was previously prepared by the
reduction of HAuCl4 with formaldehyde [16]. (3) Impreg Aula Fe:0 -Ti'*3

was obtained by impregnation of a HAuCl4 solution into o Fe:0 -Ti'* par-3
&

ticles. (4) Au/SnO was prepared by coprecipitation from a mixed solution
h2

of HAuCl4 and SnCl4. These materials were calcined at 400 'C for 3 h and
were further calcined at 600 *C for 1 h.

a

- 2 2. Characterization
X ray diffraction (XRD) analysis was made by using the Rad B system

(Rigaku Denki Co. Ltd.).The mean particle diameter of a Fe 0 and Au was3

estimated from half widths of the (104) peak of a.Fe2O3 at 26 = 33.15'
and the (111) peak of Au at 26 = 38.18' using Scherrer's equation (17].

_
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f To observe the fine structure of the material, a high resolution transmission-

electron microscope (TEM) (H.800, Hitachi Co. Ltd.) operated at 200 kV
was used.

*
. .

2.3. Fabrication of thick film sensors and gas sensitivity measurementsn
. . ,

J.! / s. .
'

. An aqueous paste of the gas sensing material calcined at 400 *C was.

^1 deposited on an alumina plate on which a pair of comblike Au electrodes
4 !,

~

was previously printed. Both the width of the Au electrodes and that of the
y' gap between the electrodes are 0.2 mm, and the total length of the electro-

des is 77 mm. The amount of gas sensing material used for one sensor dedce.c

I 2was about 10 mg per em of the alumina plate. The thick film was finally
heat treated at 600 *C for 1 h in air before measurements.The sensor device
thus obtained was set on a temperature controlled hot plate in a test cham-
ber (7000 cm)) that was filled with clean air humidified to 654 r.h. The
change in resistance of the device was measured when a reducing gas, such
as CO, ethanol or H was introduced by a gas syringe into the test chamber.3

The sensitivity is expressed by the ratio of the resistance measureo in air
alone, R air, to that measured in the presence of reducing gases, R gas.

D

2.4. Catalytic activity measurements
Catalytic actwitics of the materials for CO oxidation and H oxidation

2

were measured by using a small fixed bed reactor with 0.2 g of the materials,
which had passed through 70 and 120 mesh sieves. A standard gas consisting
of 1.0 vol.% CO or H balanced with dry air to 1.0 atm was passed through2

the catalyst bed at a flow rate of 66 ml min'8. Conversion efficiencies from
CO to CO or from H to H:0 were determined by the gas chromatographic2

analysis (G 1880, Yanagimoto Co.) of the effluent from the reactor. The,

catalytic activities were expressed by the specific temperatures, denoted as
Tua, at which 50% conversion efficiency was attained, and therefore lower
Tm implies higher catalytic activity for the oxidation.

3. Results '

3.1 Doping of metalions into o Fe:0 3

The resistance of a thick film device fabricated from UFP Aulo Fe2O3
catalyst ( Au:Fe = 5:95 in atomic ratio) was over 10 MD at 250 *C in air.
This resistance value is so high that a precise measurement of the resistance
change caused by reducing gases is difficult without sufficient amplification.

J Therefore, several tetravalent metal cations like Si'', Ti ', Sn ' ;.nd Zr 'd d d

were used to dope a Fe2O by a coprecipitation method in order to increase3

its n type semiconductivity. The resistances of the thick film devices pre-
i pared from the doped o Fe2O were measured at 250 'C in air and the results3

are shown in Fig.1 as a function of the radius of the dopant ions. Titanium
dlon, Ti ', which has r. nearly identical ionic radius to that of Fe +, was found2

to decrease the resistance of o.Fe:0 most effectively. Figure 2 shows that3
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Fig 1. The conductivitc thange of o Fe 0 on doping with tetravalent metal cations. The3

resistance was measured at 250 *C in air in the thick film dnice. (a) Si'*;(b) Ti'';(c)
3 3Sn**;(d) Zr**;(c) dopant free (Fe *). M**:Fe * = 1:99 in aton te ratio.

Fig. 2. Dependence of the conductivity of (. Fe 0 at 250 "C on Tl** concentration.3

the resistance of o.Fe:0 could be minimized at a composition of Ti:Fe =3

3:97 in atomic ratio, Based on the above results, Aulo Fe:0 -Ti"(Au:Fe =3

5:95, Ti:Fe = 3:97 in atomic ratio) has been chosen as the most promising
gas sensing semiconductor to be examined.

3.2, Sensing performance of Au/Ti. doped o.Fe203

Figure 3 shows the sensitivities to CO, ETOH and 11 of the thick. film
sensors fabricated from Au. loaded and . unloaded a.Fe:0 -Ti'' as a function3

of sensor operating temperature. Gold. loaded o.Fe:0 -Ti'' exhibits a signif.3

icantly high sensitivity to CO at temperatures below 100 *C, while having
maximum sensitivities to ETOH and Ha at around 150 *C and 250 *C, res-
pectively. From the comparison with the results obtained for Au.un'oaded

O -Ti'', it is clear that the presence of Au leads to a shift of the tem.a Fe2 3

peratures for the maximum sensitivities towards lower temperatures, and
that this shift and the enhancement of the sensitivities are most remarkable
for CO detection.

}3h ' !
j'\ f'\

| \*\ '
,

\ I
-

,/1 i r',
I

: ic I \ .

,/ |'
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Fig. 3. Dependence of the sensitivities of thick film sensors fabricated from UFP Aul. I
a Fe o Tt** (a). and o Fe2OrTi'* without UFP Au (b) on operating temperatures, har

,300 ppm CO;-- ,50 ppm ELOH; - - * . 300 ppm H . .i
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[' , Fig. 4. The sensitivities of UFP Aulo Fe:Or-Ti'' sensor operated at 40 *C as a function ,

of gas concentration. , CO,-- , ETOH;- - , Hz.-

I+ Fig. 5. The response time of t)FP Auto Fe:Oy-Ti" sensor to 100 ppm CO. -- ,50'C;;

e ,} . 4 0 *C ; - . , 3 D 'C.

At temperatures below 50 'C, an excellent high selectivity to CO against7
ETOH and H was obtained. Figure 4 shows the dependence af the sensitiv- *

-
2

'" ities on the concentrations of these gases at 40 'C. The sensitivity obtained
for 20 ppm of CO corresponds to thore for 1000 ppm of ETOH and for a
much higher concentration of H . Figure 5 shows that the sensitivity reached2 ,

90% of the fmal steady state signal after 40 s for 100 ppm of CO at 40 *C, ,

This response at such a low temperature as 40 'C can be considered to be O
sufficiently rapid.

3.3. Effect of the particle she of gold and of the kind of host metaloxides
on sensing properties.

Figure 6 shows the sensitivities to CO and 1*2 of a Fe:0 -Ti'' with Au3

deposits of different particle size. The sensit' ay as well as the selectivity
to CO is markedly enhanced by a decrease in the Au particle size. In addi-
tion, CO sensing properties are dependent on tne kind of host metal oxide
on which the Au particles are supported. The sensitivity of Au/SnO to CO2

- at 50 *C, also shown in Fig. 6,is lower than that of photodepo Aulo.Fe2O-3

Ti'*, although the particle size of Au on SnO: is smaller than that of Au-

photo deposited on a Fe 0 -Ti''.3

Figure 7 shows the catalytic activity of the semiconductors for CO
oxidation and for H oxidation The same tendency as observed in the gas
sensitivities can also be seen in the catalytic properties of the materials for
the oxidation of CO and H -2

! 3.4. Characterkation of UFP.Aula Fe2O -Ti"3

Figure 8 shows an X ray diffraction pattern of UFP.Aula Fe 0 -Ti'+.3

Several sharp peaks due to o Fe.30 and appreciably broadened peaks due to3' metallic Au can be seen. From these peaks, the mean particle diameters of
a Fe:0 and Au were estimated to be 170 A and 30 A, respectively. As TiO,3

4could not be detected by X. ray diffraction,Ti + seems to be dissolved in the
lattice of o Fe:03 to form a solld solution [18]. Since the particle size of
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Fig. 6, Variation of the gas sensitivity at 50 *C with the particle slie of Au. (a) UFP Aulo-
Fe OrTl**;(b) Photodepo Aulo Fe2OrTi'*;(c) Au solla Fe:OrTi'*;(d) Impreg Au/o-6 F*20 -Ti'*; (e) Au/SnO J.u content in atomic ratio. (a)-(c), Au:Fe * 5:95;(d). Au:/ 3

Fe*1:99;(at Au:Sn * 5:95. (C); 300 ppm CO,(um); 300 ppm H
2

Fig. 7. Variation of the catalytic activity for the oxidation of CO (C) and H (sus) with
2

the particle sin of Au, (a) UFP Aulo Fe2OrTi'*;(b) Photodepo Aulo F= OrTi'*;(c)
-Au sollo Fe2OrTi''i (d) Impreg Auto Fe OrTi'*; (e) Au/SnO2 Au content in atomic

ratio:(a)-(c), Au.Fe = 5:95,(d), Au.Fe = 1:99;(e), Au:Sn = 5:95.

o Fe2O , f.e., 230 A,in Au/o Fe20, waslarger than that in Au/o Fe2O r Ti' *, y3

the doping of Ti'+ might lead to 'the formation of smaller particles in the
.,coprecipitates,,

'

Figure 9 shows the fine structure observed by TEM of Au/o Fe:OrTi'*
.

>
calcined at 400 *C, Since both the XRD pattern and the catalytic activity of j-j
the material calcined at 600 *C were nearly ider.tical with those for the mate. 3
rial calcined at 400 *C, the fine structure of the material calcined at 600 'C
might be almost the same. Gold ultrafine particles are homogeneously dis-

,,

. . .

'

400A A
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Fig. B. X ra) diffraction pattern of UFP Au/o F'2OrTi". (?) a Fe2O ;(4) Au.3

Fig. 9. TEM photograph of UFP Au/o Fe2OrTi'*
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persed on the surface of o.Fe 0 particles of about 200 A in diameter. The
-

3

diameter of 2663 particles of Au in the er.larged TEM photographs was
measured by using a slide callper and their distribittion is plotted in Fig.10.+

t' The mean particle diameter of Au and the standard deviation were calcultged
to be 36 A and 13 A respt ctively. The pertiale diameters tf o Fe30 and of

h5 Au determined from TEM coincided well with those estimated by XRD
3"

'#
and indicate the validity of tae XRD method.,,

't- Figure 11 shows that, typically, at the junction between Au particles
,

,

4 :. - and o Fe:0, the basal plants of hemispherical Au particles are in contact3
'

"

with the surface of o.Fe:0 particles. From tSe interplanar spacing of the3

crystallites, it can be seen that the (111) plane of a Au crystallite is grown
on a o Fe 0 (110) plane. Such a crystd orientation isoften but not alway.3

observed at Aulo Fe:0 junct ons. Furthermore, ultrdine Au particles Are3

stable on a Fe2Oy-Ti*' and did not coagulate under the electron beam rudla-
tion in a TEM, while ultrafine A u particles vacu' m<!eposited on SiO: change
their crystal structure in less thm 0.1 s and occasionsuy meve on tba SiO

2
surface to coagulate with each other (19].

Neither the strongly bound interfacc nor the cristal orientation eculd
be observed by TEM for impreg Aulo Fe2 dO -Ti *, where spherical particles3

of Au were grown to a size larger than 200 A in diameter and were present as
a simple mixture with o Fe:0 -Ti** particles,3

p.n.m g.,.
p4: U y * tm. ~

50 A - cg W. ,. ,
. . . .

a.-Fe2 k-Ti }Au0 w.3

_| : , 2.3sr 7* e

{ yj l.-i

{ **L 3
h2 s2.52 A
: .+>3 i ,

.
K4

'

i
.

'

! 1 0

F !

d> %.n, n, y,y, *
j$b- f,

a n.. 1
.

._

Fig.10. Site distribution of L'FP Au on n.fqOrTi''. Total number of measured Au par-
ticles. 2663. Mean particle size as A, stander,1 deviation; la A.

Fig.11. The fine structure of the interface bet ween Au and o.Fe 0. Note that the inter-g
3

planer spacings of Au(111) and o Fe:0 (110) a re 2.355 A and 2.519 A respectively.3

4 4! Discussion

4.1, Sensing meel.anism

It has been shown that the gas sensing semiconductor, l'FP Aulo.*

Fe2O -Ti**, can selectively detect CO with a high sensitivity at temperatures3
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| below 100 'C (Figs. 3 and 4), Some Pd added SnO sensors (6,8) have also 3
been reported to detect CO at temperatures below 100 'C. Golddoaded
o Fe:OrTi'* has a sensitivity and selectivity comparable to those of t.he ;
Pd/SnO sensor of best performance reported so far [20). However, there is

'

3

a marked difference in the response time between the two materials. The
O -Ti'' is less than 1 min (Fig. 5), while it

| response time with UFP Aulo Fe2 3

| .

is over 10 min with Pd/SnO [6).2

Another big difference is the catalytic activity for CO oxidation; i e.,
I

' over UFP.Aulo.Fe 0 -Ti'*, CD exidation takes place even at -70 'C (Fig,
3

7), while it commences only at ound 100 *C on Pd/SnO catalysts (21].
2

t

Hence, at the temocratures for wh 'h both n' the materials have high CO'

sensitivity, CO oxidation takes Wace vigorously on UFP Aulo Fe2O r T t' * *

but not on Pd/SnOs This differer>ce strongly sur sts that there should be
a substantial difference in the CO sut3|ng mec .anism between these two'

,

materiab.'

,
The activation mechanisms of the gas sensing semiconductors sensitized

by Pd, Pt and Ag have been classified into two types (22]. In the first mech-
anism, the reducin;; ga.>es tee aderbed and activated on the sensitizers, and
then the activated geses react with the oxygen adsorbed anionically on the
semiconductor surfaces. The resultant removal of the surface oxygen causes
an increase in the c >nductivity of the n type semiconductors. In this case, a
high sensitivity is expected to appear as a reflection of a high catalytic activ. ?,

'

ity for 'he oxidation of reducing gases at the same temperature range. : ,

The second mechanism is an electronic one in which the sensitizers 4, f
create such surface states as to directly exchange electrons wnh the semicon- >g )
ductors. The reducing gases are adsorbed on the sensitizers and then donate W

.g:electrons to the semiconductors via the surface states originated from the'

%. isensitizers, which also results in an increase in the cotAuctivity of the n type
semiconductors. In this case, catalytic activity for the oxidt. tion is not

|necessarily needed for sensing reducing gases.
From the relation between the sensitivity and th+ catalytic activity at - :

.:ten.,aratures below 100 *C, the first mechanism wouM be valid for UFP Au;->

9'
,

o Fe2OrTi'', and the second for Pd/R10 . In the latter case, it is likely that2

CO molecules will be adsorbed too strongly on the Pd surfaces [23) to react
with the surface oxygen on Sno; at such low temperatures. This may be
responsible for the very slow response time of Pd/SnO .2 w
4.2. Origin of high CO sensitivity,

Carbon monoxide oxidation takes place at temperatures above 200 *C
on a Fe2O3 [14], where the rate-determining step is the adsorption of CO |

onto the a Fe2O surface [24). Such a catalytic nature of o Fe:0 is re-3 3
'O -Ti'' without UFP Au (Fig. 3).flected in the CO. sensing property of a Fet 3

If UFP Au provides sites for the activation of CO and then facilitates its
'

transfer to the o.Fe2O surface, the fast CO oxidation at low temperatures3

and hence the high sensitivity to CO of UFP Aula.Fe:OrTi'' will be ,

explainable.

, .
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Since the surface of pure gold is known to be essentially inactive to'

most chemicals, including CO [25), it can be suggested that the surface pro-
perty of Au is significantly changed in UFP Au held on the a Fe2O surface.

-

''

3*
The first experimental evidence is the size effec 2 of Au particln shown

m Figs. 6 and 7. The UFbAu particles on o.Fe2O -Ti'* are so small that a3

large part of the constituent Au atoms is exposed to the surface. The number
of constituent Au atoms in an Au sphere with a diameter of 36 A is calcul. '

2
ated to be about 10 , and about 40% of the Au atoms exist on the outermost

>

surface of the particle. The catalytic properties of such ultrafine metal par.
ticles are expected to differ significantly from those of bulk mettl3 (26),.

*

due to an increase in the surface dangling bonds (27) and/or a change in the '
electronic structure due to quantum size effects [28) with a decrease in the
particle size, in fact,it has been reported that atomic Au can react with both'

CO and 0 even at 10 K and that the resultant Au(CO)20: complex decom.3

poses to produce CO at 40 K [29)..,
2

Secondly, it can be pointed out that ' metal-support interaction' [30]
-,

.

may govern the chemical properties of UFP.Au. Electron microscopic obser.y
. vation showed that UFP Au particles were not spherical but hemispherical '

;.

g* ,', .
. /t and ware strongly held on the host oxide of o Fe:0 -Ti *, The activity tod

3yt ; CO at low temperatures was appreciably dependent on the kinds of host
metal oxides; on SnO;, instead of o Fe,0 , UFP Au catalysts did not exhibit-

3Y. high catalytic activity (Fig. 7). Bond et al. [31} have proposed that ultrafine
Au particles supported on Al 0 or SiO: become electron deficient by donat- 3g.

2 3*
}ing electrons to the supports and the catalytic properties of the electron- ,

'f - - deficient Au particles then resemble somewhat those of Pt, which is ti.e p
element to the left of Au in the Periodic Table, y;.

It is well known that CO is adsorbed strongly on Pt in contrast to the 5
t

/ weak adsorption on ' inherent' Au and that CO adsorbed on the Pt surface is
'

A

too stabilized to be oxidized by 0: at temperatures below 150 *C [23]. The
.

;i adsorption energy of CO on Pt is 110 140 kJ/ mole [23], while that on '
+

' inherent' Au is about 40 kJ/ mole [32). If UFP Au becomes electron def.
.

'

icient by donating electrons to the host oxide of o.Fe:0 -Ti * and then hasd,

* 3
intermediate CO adsorption between that of Pt and ' inherent' Au, UFP Au
can provide suitable sites for the CO adsorption, which would facilitate reac-
tion with 0 adsorbed on the a Fe2O surface.2 3

'! 4
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AB$ TRACT
H6ghly dispersed gold catalysts have t>een prepared by calcining the .

coprocipitates ebtained f rom en aqueous solution of SAuCl4 and the nitrate of
Te, Co. N t. or Be. They are active for the osidation of C0 even at such a lo.
temperature as -70'C and tecome more active in the presence of moisture. The
gold particles are hemispherical in state and are nearly homodispersed with a
mean diameter smaller than 10nm. Most of them are strongly attached et their
flat planes to the metal ontde support ethibiting a specific crystal ,

orientation. The chemical shif ts to RP$ showed that the ultrafine gold
particles were electron deficien* The results of DAF$ studies suggested the ,

possibility cf the esistence of gold atoms coordinated with tron atoms.

INTRODUCTION

Cold has attracted little attention as a catalyst because of it. inert
rJaracter and the dif ficu)ttes in prepartrg highly dispersed small portteles.
$ch,ank noticed unusual activities and selectivities of monometallic gold
catalysytt in his revie I). Hooever, gold catalysts have been considered in
many cases not to be competitive with other noble metal catalysts in terms of
attivity. This remates to be true even in the smail supported gold particles?), ,

'
An itsterestifig discovery made recertly is that gold supported on

bo*ostitcate catalyses the caidation of many W.r.* c compou ds t'y nitrogene

dipsides3'8). The reacticas are ef ficient and highly selective and are teing
applied to the detection of butylated hydrozytoluene(BHil Da tre other hand.g

.e have also fou d recently that correcipitation enables as to preme highlyn

.' dispersed gold catalysts and that the combination with the osides of group vi!T
3d transition metals 5-7) ne e16.13ne e,rth met.1sB) m,6,5 vold so act$v, that*

it can catalyre the catdatton of CO, even at -70*C, Thc sove gold catalysts 1

are nD. under may f or the application to the removal of C0 f rom air. the
oxidation of CO in sealed 00g leser and selective CD gas sensors ).9

The present paper deals eith the charact,ertration of the novel gold
catalysts. Spectitcally Au/a-Te2 3 and Au/Be0. through XP$, [rAF$. and flM. The0

.

.

'

- --- _ . . . . . _ _ _
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I ).""mechanism is also disevsted of the oatdation of C0 c*n these ,:id catalysts in *

moistened str at a room temperature.

EXP(RIENTAL

The gold catalysts were prepared by coprecipitation with sodium carbonate
from en aqueous solution of HAvC14 and the nitrates of vertous metals. The
coprecipitates were washed vacuum dried, and calcined in air at temperatures
from 80'C to $00'C. Catalytic activity measurements were carried out in a su lt

,

fiaed bed reactor, with 0.20g of catalysts that had passed through 70 and 120
mesh sieves. A standard gas consisting of 1.0 vol! H2 or C0 balanced with air
to 1 ats. was passed through the catalyst bed at a flow rate of 66 al/ min,

The structures of the gold catalysts were observed using a Hitachi H 9000 '

electron eteroscope operated at 300 kV. 1-ray photoelectron spectroscepte
analyses were made using a $htmad 9 (SCA 750 under a voeuum below 5:10-6 torr.
The binding energies were calculated by reference to that of C1s carbon
contamination peak assumed at 285.0 eV. Mea urements of EXAF5 and 1 ANES were

carried out at the beam line 10B of the 2.5 GeV storage ring of Photon Factory
in the Attonal Laboratory for High Energy Physics (KEr.Tsukuba). Data analysts
was made following the method of Maeda et al.10),

RESULT $ l' '

Catalytic properties of cold catalysts prepared by coorecipitation
Table 1 shows tha catalytte activities of the gold catalysts with different

metal oside supports for the caldation of H2 and CO. The activity is espressed
in terms of the tem erature corresponding to 00% conversion (T1/2). The perticle
sites of gold were calculated from peak half-widths of IRD and in some cases
from IIM photogreghs.

There are two groups of metal ontde supports that can generate remarkably
high catalytte activittes for the onidation of CD at -70'C. They are the
ontdes e f group Vll! 3d transition metals like Fe. Co. and Ni ano the oxides of
alkaline earth metals like Be and Mg. In contrast to the catalytte nature of
pure gold that the onidation of H2 occurs at lower temperatures than that of

,

CO. the above gold cata?ysts can catalyse the oxidation of CD at much lo.er
temperatures. On the contrary to the metal ontde supports alone which are

,

seriously deactivated by moisture the coprecipitated gold catalysts become e

more active in the pre.ence of moisture. In the expertments carried out at 30'C
using the large grain of Au/a-Fe2 3(7-9 meshes) calctned at 400'C under a space0+

"

velocity of 4 104 h-1, the onijation off setency of CO was raised to 100% from
951 by the addition of water in a range f rom 0.6 to 4.0 vol! These
characteristic properties may permit us to distinguish the coprecipitated gold
Catalysts from the Contentional ones which are prepared by impregnettom on Mg0,
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its ontdes of transition metals other than f e. Co. and ht, r aeoly Sc2 30

La2 3, flog. Ir0g. C'2 3, etc. appeared to t,e for less s fective as a support0 0 a

tecause they did not give rise to active catalysts even vnen gold particles'

smaller than 5 no had t.een pretared. Semiconductive caides like Cu0. In0j
1*2 3. Sn02 were relatively good supports to enhtbit high catalytte activtttes

-

- 0

for the entdation of CO. All the at,cve retal entde supports changed the
,

k'
, ,

catelytic r.ature of gold and made it more active for C0 catdation than for H2
catdation, however. at far as A102 3 and $102 SvD>o'tt *ere coacerned. 901d

,

*
retained its ortpinal natura.

The above results strongly support tP4 indtestion by 5ctwe k11) that the
,

4" TABLE 1
Catalytic activities of 9cld catalysts prepo'ed by coprecipitation for the
ostdation of H2 and CO and mean etameters of cold particles.

b Osteet Au content Calc. Temp. T1/g[H2) T1/g[CO) Otameter of
( s ton?.) ('C) ('t) ('C) Au(nm)'

,

f4}") ,. Be0*) 6 200 <0 4-70
fq| Mg0a.b 2 200 67 <-70 <2 /

Ca0a.b 10 200 5-- --.

Sc 5 600 94 60 -

,S La *) 5 200 205 92 very small
,

; T302 5 400 100 63 5
*

2r02 5 400 141 111 very sme11

Cr2 3 5 400 212 155 >300

Mn02 10 400 152 -- --
,

F, 03 5 400 27 <-70 4.1 )f
to 04 5 400 56 .-70 6 f)
ht 10 400 67 < 70 8 f)
Cv0 5 400 154 24 .

In0 5 400 60 >-70d) $
Cd0 5 200 206 21--

*
A1 023 5 300 66 B4 5

IngDJ 5 400 68 ele) 5

510 C) 5 300 1 04 2 04 20
<

2.

Sn02 5 400 54 0 3

Au 100 120 103 295 c.a.20
fe 3 0 400 314 190*

1. Co 4 0 400 139 B1
I h1 0 200 168 147

-

_

a) hydrous ontdes, b) deposttion-reduction c) deposition-precipitation
-g d) 20% converston at -70'C. e) 20% conversion at 1*C, f) by flM

'
*
.
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a
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type of support might play cruicial role in deterstatng the catalytic activ
of gold in reactions of osygen-tearte.g molecules. (specially. in the cases 't'o

gold catalysts prepared by coprecipitation the metal-support interactions could $
-

.
'

l' E I
strinktngly change the tature of gold due to the small stres of particles. '.$
Among a variety of supported gold catalysts. Aw/o-fet 3 and Aw/Be0. that were \,fe i0

the most acti... be.e been choien ei sempies for the further in,eitigation, g
Iffect of._calcinat_!on tem qriture on catairtic activit.r

figure 1 shows the dependence of the converston in Hg osidation at 30'C er4 ;
C0 osidation at -70'C on the calcination temperature for the Au-Fe. 'j 2

coprecipitate. Iigure 2 shows the dependence of 11/2 values for the oxidation f#
of H

2 and CD on the calcination temperature for the Au-Be coprecipitate. The ,

e;ucontents of Au in these catalysts were $ atta!. which had been proved to be Mthe optim m content.u
*

in the Au-Fe coprecipitate, a mantmum catalytte activity was obtathed by . *

,,

calcination at 200'C for H2 osidation. but for CO oxidation it was obtained by[*j*
calcination at 300'C. X ray dif fraction confitined the sample calcined at 200*C

!
as poorly crystalline bematite(e.fe2 3) with no other apparent crystalline

,

O
4,compounds. In

the samples calcined at 300'C only heestite became eere s ' *-
crysta111 ed.

At 400'C. broad dif fraction peaks due to metallte gold appeared.
-

g
W,

,

100 ~is |, . . .

aoo ,
,

,,6,... p- + 3
, r ! 't!*, i \ f C*,

l"
< 300)/ \

.v

i /*' \ ; '
e

60 - |*

c '

e"

g =,c e%E
e-

>

a ~- 3
3 -s .

eo ig '
Co 7 *.

||' y,'s...s\
g

@'.
.

. ,o , 2 to j- =

. . . ,.
., ,

0 , , , 81
0 200 400 000 o 'N ** 800.._

a

'N 600
Calcination temperature. T('C) Calcination temperates ,t*c)

i
Fig.1. Effect of calcination temperature Fig. 2. Effect of calcination
on the catalytic activities of Au Fe temperature on the catalytic
coprecipitate for the caidation of H2 and activities of Aw.Be coprecipitate
CO. A. H2 e t 30 'tl' o s.4. C0 a t .70 'C. ,'O' [n's p

"
n w

A. H2n o. Col D. specific
surface area. The arrows denote
that 11/2 values are lower than
indica ted.
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On the otter tand, calcication of the Au-Be correcipitate at ?DD'C gave a
nasimum catalytic activity fer both H2 and CD e,iidatsoe. The IRD stteret
sto.ed trat the Sample calcined at ?DD'C cor>tateed very fine gold crystal 11tet
eith no other apparent crystalline these. Theemogravn.etric and dif ferential
tternal aesisten showed tFat the support est still in the st ate of amorphout

m h droside at 200*C.beryll:v y

*

i6 Lrthotot tetron trectretttty

in order to investigate the change of the coprecipitates dwritig calcination.
1p5 neatwrtetets were carried out for the toeples calcined at different,

temperstwett, figures 3 (a) and (b) thow the variation of the binding er,ergies
(B() of Aw4f7/; and Au4d$/2 peak narita with calcination temperatu e for Av/o-r

Fet 3 and a /Be0. respectively. The error bars correspond to the0 u

reproducibility of the B( mesturements. Ite dotbed liten in the figuret
indicate the bl valwet that were mestured for pw e gold po. der.r

The dittinct shifts toward higher B[ obser ed for the templet driet at 80'Cv

are about 1 eV fot Au4f7/2 and about i eV for Av4d$/t. Since thouldert etre
ot'terved in the Av4f7/2 and of$/g peaks at around 80 and 90 ev. respectively.
which were very close to the Bli of euric calde(Aut 3). Such onidic tretiet of0

I I 3

25 0.' Au 4f t:2 -

"
(8) | ^w .mr .

(D)245 -
' 6d 8' ' '

',to_ ,
T,

.

C .c .
,

"

U B4 0- o ga.

f ;
' *

- r

[ 83$ . . * *'? . .. '. .. ..- )m :....n!M*.......t.......

Au 46/2 Q,j;g; w , e

3337 -

I
y-

*
To

* '

[336 - -

o o o

335 . . , . . . . . f! . t*.' * . . . . . . . .'
'

"' % "* * *o-

|
,x 2x ax Ax ,, , ,, ,, a

Calcination temperature. T("C) Calcination' temperature. T('C)

Fig. 3. Variation of B( of the maxima of Av4f7/g and 4d5/2 linet
at a function of calcination temperature for 901d reprecipitatet.
(a) Au Fe(1 19) coprecipitate; (b). AJ Be(1-19) coprecipitate.

.
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gold should be et least partly responsible for the large chemical shif ts of theI

samples calcined at low toeperatures. For the Au $e correcipitate cr'ed at
'

80'C. a gradual shif t of the position of the Asaf tests toward lower Bf valuesfor Awif7/p
was observed during analysia. This is the reason why two BI values

This suggests that the toprecipitates deted at 60'Care given in fig. 3(b). The change of chemicat,'
were less stable in Au-Bs system ther in Au-f t system.

-

I gi>g shif t wit' calcination temperature occurs in a narrower temperature reage(80*Cs
!* p1 T 200'C) for Au-Be system than for Au-Fe system (80'Csis400*C). '

300-400'C and the Au-Bef Both the Au-Fe coprecipitate coletned at
6

200'C. that were the most active, eshibited the|
~ coprecipitate calcined at

chemical shif ts of about 0.6 eV toward higher Bt values in Av Af r/r and ed$/t|
'

| peak manima. This indicates that such an amplitude of chemical shif t is closely
j correlated with the catalytic properties of ultrafine gold particles.

the Au-fe correciottate(IAF$ Aealysis of
Figures 4 and 6 show Fourier transforms of 6 weighted IIAF5 estillation of3

i

| Au L)-edge of the Au-f e and Au-Be coproctpitates calcined at dif ferent
temperatures, respectively. In Ftg. 4 the data for Aup03 and Au foti measu ed

r
,

The Au-Fe coprecipitate calcined atf at 300 K are also included for reference.
200*C still contains ontdic species of gold as a main compound of Av. The|

,

| decomposition of catdic species into metallic gold occured at 300'C and was
| On the other hand in the Au Be coprecipitate calctned atcompleted at 400'C.
!

the osidic gold was already completely decomposed.200'C
The coordination numbers. 4. o# a Lu atom in the Au Fe coprecipitate. which

curve fitting analysis of Au-Au peaks in the radial
;
'were ot'tained by

distribution function (RDF), are 4-B f or the sample calcined at 300*C. 710 f or
0Since the ultrafine gold particles supported on a-Fe2 3| 400*C. 9-12 for 500 C.

are hemispherical in shape as observed in tdt (F tg.7). the coordination number|

the diameter
was calculated as a function of particle di meter. From the curve.
of gold particles in the sample calcined at 300*C is estimated to be smaller
than 2nm and that in the sample caletned at 400'C is 1.5-3 nm.

The mean particle diameter determtred directly by measuring the stre of
'

;

more than 2.000 particles in T[M photographs was 4.Inm for the sample calcinedj

The discrepancy seems to suggest a possibility that gold atoms are ,

at 400'C. In order to esamine this possibility. the
coordinated with other light atoms.
"dif ference" technique was applied for the Au L3 (XAF5 signal of the samole
calcined at 300'C to separate the signals of etnor components i). As shown in

l
were

Fig. 6. two peans. one of which could be escribe1 to Au-0 coordination,
in the Fourier transf orm of the residual signa l obtained by

observed By
subtracUng the Au-Au pair and noise signals from the e.easured signal.

O.

.
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subtrac tir9 tre Au-0 pair sigral f rom the residual signal and by Fourier

1
'

transf oreteg. the final RDF could be obtained . The curve fitting of the*

obtained peak on tre assu ption that it came from Au-fe coordination output its E;
m I'

,

distance of 2.48 A. Ibis value is very close to 2.511, which is tre sum of*' ).,

dp+. metal bond radit of Av and fe. Therefore. It is likely that there entst Au-Fe
[' bonds, snost possibly at the interf ate between gold Crystallith and hematite

particles.9 ** * g

|t

\v/ 8 - 300'C8 -

Au 0
4 AW'

Aut 3 40
4 ,,

D i v-- . o, ig
400'C

, ,

E Oried in ,

2 vacuum

N .nn

) 500 'C

"8 . -

16

h4
,

80 'C ;
'

c . -

e ,u n-

f ; 200'C
"

| n

.0 2.0 0.0 2.0 4.0

Distance.R(A) Distance, R(k)

Fig. 4. Fourier transforms of k3 weighted EIAFS
oscillation about Au L3. edge measured at 60 K for
Av.Fe coprecipitate calcined at various temperatures.

.

T r a r se i s.s t on elge, g n mierescory

Itgure 7 clearly shows the specific crystal orientation of gold

crystallitest the Au(lll) place with a lattice spacing of 2.36a is in Junction*

with the hemattte(110) plane having a lattice spacing of 2.52A. This kind of
epttssy-like junction was very of ten observed not only in Au/a Fe2 3 but also0

in Au/Co3 4 and Au/M0 7). The reduction and onidation treatment of Au/a-Fe2 30 6 0

to transfor1n the host ontde(a-Fe2 P'*'I'3 4 -*r-Fe2 3) did not cause any tiny0 0 0

change of the stres of gold particles. These facts support that there should be
a strong bondteg between Au and Fe at the interface.
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4'Fig. 6. Fourier transforms of Fig. 6. The first difference '

k3 weighted EXAFS oscillation Fourier transform of the Au
about Au L3 edge measured at L3 difference signal obtained .,

,

I 300 K for Au.Be coprecipitate by subtracting the Au.Au pair ( ,

eratures. signal from the measured signal.
calcined at various temp $W'
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Cl$N15!ON
In c,rder to este highly dispersed gold catalysts. .11 1 ed. most

It ispreferably homogereously mined coprecipitates. Should be prepared. ,

assu ed that such pecursors could not be prepared by coprecipitation of Aum

eith Cr and Cd. and by depv41 tion-precipitation of euric hydronide on $102

f
sols because the sites of gold particles in the calcined samples were larger

. . ..
th.n 20 n . .

i ,
The stability of onific sold species including euric oside $n the well staed *

| , , ,

coprecipitates depends on the kinds of coveter metals. Ibe onidit species of /
'

'

I ''

f
gold in the Au-Be coprecipitate were stebilised only little end were corgletely
decomposed into metallic gold at 200*C even though no apreciable thermal *t

;

|
change occurred in the matria of beryllium bydronide. On the other hand, in the \,

! Au-Fe coprecipita.. *,he onidic species of acid were much more stabillied and ..

)
were not coepletely decomposed 1 ** h*C. The above difference can be ,

I

!
eFplained by the affinities f Jecies for Petal hydroside'

satrites. In the case of . = stet ottate gold might be strongly i

embedded into the matria of eydrous f erric caide. During calcination.
simultaneously with the cryst 4111:st. ion of nosatite, the osidic gold species ,

i

h incorporated were decomposed int,9 vgy gicy gold crystal 11tes to wne outside
n. assr.

- +.gge
I

| ',
to the surface of hematil6 particles Searching for favorable planes to the

'

strong f tastion. The epitasy-1the jot'' tog'of gold crystallites with hematite in

particles could prevent gold crystallites from further coagulation. ,

'

it should be noted from the corparison between Au/e-Fe2 3 and Au/Be0 thatO .

strikingly high catalytic a:tivities for the oxidation of C0 were generated
-

L

only when metallte gold was present while the oxidation of H2 did not
necessertly need the metallic gold. This might be due to the dif ference in the

1
reaction mechanism. The oatdation of H2 may take place between gaseous hydrogen

! ar' weekly adsorbed onygen2) whereas the oatdation of C0 can be assumed to .

|
occur between adsorbed CO and adsorbed osygen. It is plausible that not onidic
but metallte goid surface is necessary for the adsorption of CO,

The results shown in Table 1 lead us to consider that the catalytic
activities of monometallic gold catalysts f or Hp ontdation are largely
dependent on the site of gold particles, namely the exposed surf ace area of, ,

'

metallic gold and almost indeoendent of the kinds of metal ontde suoports, in
A cortrast to this, the markedly high activities for the outdation of CO were

:obtained only when the stics of gold particles smaller than 10 nm were
supported on the selected groups of metal entdes. The ef fective oxides of the
first group are e-F'2 3* C03 4, and ht0 which can adsorb ouygen to a certain0 0

t

| $ entent and are themselves active for the oxidation of CO. The ontdes of the i
,

'
second group are the hydronides of Be and Mg, where only little of oxygen but a

,

' large amount of water is adsorbed on the surface. Taking into consideretton of
s;

a

ye
.

. , ,
,

. *.
,

.
,.

,

d'
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the enhanc:n, effoetTf water in Au/e-fa2 3 as 11 si the surf ace proport j0 ..

of hydrostdes of le and Ng. It could be concluded that adsorbed ester as well
i
,

as adsorbed osygen on the surf ace of support osides is involved in the
,

ontdation of CO. i

The IP$ studies showed that in the active gold catalysts ultrafine pold
partteles were electron deficient. Hence, they become electrontcally steiler to

,

the metal to the lef t in the Periodic Table. namely Ptl3). on which CD
molecules are strongly chemisorbed. Therefore, the nature of ultraf sne pold b |
,articies i-biii,ed on the s.iected = tai o,$de .ight posiibly be sitera so '

that the sufficient cheelsorption of C0 occurs at low temperatures although,

~' ,

bulk gold surface' does not cheetsorb C0 ).1 '

.,'

Based on the above considerations, the following mechanise can be speculated
,'

'

for the osidation of C0 in moistened air at a room temperature. D.tngtotk
transmutation of catalytic properties of ultrafine gold particles immobili,vd
on e-feg0 , carbon mono 1de and osygen can be cheelsorbed on the surface ofj 3

j gold. The adsorbed C0 molecules react with H O molecules and OH groups on the
'

2

surface of metal oxides to form formic acid or formate ions. The adsorbe8 .N
esygen then reacts with the formate intersediates to produce carbon dientdo. - d f

Without ultraf tne pold, particles. metal est6e catalysts Itke e-Fe2 3.,Co;04O
? are seriously deab_ated by moisture because water ' prevents C0 molecules free

[' adsorption on the' ~ etal sites, tven with hydrous 8e0)d Mg0 where ljttlem

osygen species are ,afsirbed. ,htgh activities were obtathod 1q his fact ' %'

indicate' that osypen is s'c(1'v'at'ed on the gold surf ace and 'is spilled over ta '

the metal oside surface. "
,-
,
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SELECTIVE C0 SENSING k'ITH SEMICONDUCTIVE METAL OXIDES SUPPORTING ULTR AFINE_
GOLD PARTICLES

T. Kobayashi, M. Haruta, and H. Sano
Government Industrial Research Institute of Osaka,
Midortgaoka 1, Ikeda 563, Japan

There has been strong need for the selective and highly sensitive
detection of CO, since C0 is toxic even at a concentration of 100 ppm.
The detec tion of CO with conventional Pd- or Pt-sensitized Sn02
semiconductor sensors is appreciably interfered by the presence of H .2

'a'e base recently developed several supported gold catalysts which are
extremely active for CO oxidation (1-3). One of the advantageous

features of these gold catalysts is that the oxidation of C0 is

accelerated with water and proceeds preferentially with respect to the
oxidation of H . This property has led us to the investigation of the

2
Fe2 3 or Sn02 supporting0selective detection of CO with semiconductive

ultrafine gold particles (UFP-Au) (4,'5).
4

Sem1 conducting materials, UFP- Au/Fe2 3 doped with T1 + (Au: Te:T1 5:97:3O
5Sb + ( Au Sn:Na:Sb=in atomic ratio) and UFP-Au/Sn02 doped with Na+ and

1:99:5:1), were prepared by coprecipitatton (4,5} from an aqueous
solution of metal nitrate or chloride and chloroauric acid with an
alkaline solution (Na2CO3 or NH ). The coprecipitates were wnshed with

3
distilled water, vacuum-dried, and then calcined at 400*C. The thick

film gas sensor devices vere
fabricated (4) from the above

100 semiconducting powder, and they were
g

finally sintered at 550 - 650'C.

/o
cm Gas sensitivity is expressed by theci: 30 -

0 ratio of the electrical resistance of$
a device measured in fresh air with a

$g
V*. / g

A relative humidity of 65 '; to that
.

w

A........A. "'' measured in the presence of C0 or H ,2y.
R-air /R-gas,E3 y-

a Figure 1 shows the sensitivitiesg *j of the UFP- Au/ Fe2 3 Ti' sensorO,
g

$ '10 30 100 300 1000 operated at 75'C as a function of the
, , ,I

m- concentration of CO and H , The
2Conc. (ppm) sensitivity to 30 ppm of C0 is still

H'Fig. 1 The sensitivities of UFP- higher than that to 1000 ppm of 2

0 at Furthermore, the sensitivity toAu/fe2 3 Ti'+ sensor operatedi

70'C as a function of gas 10 ppm of CO is hardly affected by
H*concentration, the co-presence of 100 ppm of 2

(O);CO, (e);C0 with 100 ppm H , The sensitivity of this sensor tended j
2

(M ;H: . (A);H2 with 10 ppm CO. to decline gradually in a continuous



N
,

m
I \ b0

, , -

V

operation for several hours, the !

,100 reason of which might be the |
accumulation of water moleculer i

adsorbed onto the sensor surf ace.0g 30 A Such a decline is a temporary one and-

'
the original sensitivity can be

'

j '

*...'O.
. '' restored by heat-flashing ats 10 3.....**,... temperatures above 200'C.*

> 0 Figure 2showsa similar
/ relationship to that observed inj 3 -

5
{ Fig.1, f or the UFP- Au/Sn0 * Na+ Sb 42

sensor operated at 200'C. While theE 1
i' ' ' -

Oj 10 30 100 300 1000 selectivity for Co is a little
Conc. (ppm) inf erior to tha t in the UFP-

0 4Au/Fe2 3.T1 + sensor, the sensitivity
Fig. 2 The sensitivities of UFP- to C0 is still appreciably larger

.

5Au/Sn0 'Na+ Sb + sensor operated than the one to H2 and it is hardly
2

at 200'C as a function of gas affected by the presence of H . The2
5concentration. UTP-Au/Sn0 *Na+'Sb + sensor can be2

(C);CO, (e);CO with 100 ppm H , free from the accumulation of
2

(a);H , (A);H2 with 10 ppm Co. contaminants like ammonia and water
2 .

surface,molecules adsorbed on the

owingtoitshighoperationtemperatureas200*C,andisadvantageousover
the UFP-Au/Fe2 3 Ti + sensor in that it does not need the heat-flashing inO

the continocus operation.
'

Through the investigation of catalytic properties and microstructures,
.the following conclusions have been obtained concerning the ruling f actors
which determine C0 sensitivity;

(1) The gas sensing properties of semiconducting metal oxides are closely
related with their catalytic activities for oxidation reactions.

(2) Smaller particle size of Au supported on the semiconductors gives
higher sensitivity and higher selectivity towards CO.

(3)-Surface basicity of the oxides might play an important role in both
C0 sensing and CO oxidation, especially under the condition of humid
atmosphere.
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CRIEF HISTORY AND CACKGROUND

Government Industrial Research Institute, Osaka, (GIRIO) was founded in

1918 as a national research laboratory to develop and promote the chemical

industry in the western area of Japan. It now belongs to the Ministry of
,

International Trade and Industry. Glass and Ceramic Material department

is one of five research departments. There is also t. general admints-

trative department within GlRIO.
Since the foundation we have pursued a wide range of studies on glass.

Much of the work has borne fruits and has found application within the

J apanese glass industry. For example, . great advances in the camera

industry have been made using the result of our research on optical glass.

The department began ceramic research af ter the second world war.

Through comprehensive studies on the effects of constituents on the
optical properties of glass, we succeeded in developing glasses with high
refractive index and low dispersion, such as LaK and LaF. The Japanese

camera industry has benefited greatly from this development. Our interest

in optical glass led us to produce a large telescope mirror disc with a low
thermal expansion coefficient. We succeeded in casting high quality discs-

2m in diameter. A bobbin for a precise electrical inductance coli has
made from glass with an extremely low expansion coefficient.

Borosilicate glass is well known for its durability. In the course of

research on this glass system, we have developad the technique of preparing

porous glass with high silica content by phau 'ation and subsequent.

leaching. Comprehensive developmental researci, A continuing on porous

glasses.

Glass has the capacity to incorporate many elements. For this reason,

it may be used for the disposal of high level radioactive w9ste from
nuclear processes. We have conducted research and development in this
field for more than a decade and have established the glass compositions

and melting technology necessary for solidification of nuclear waste. The
,

chemical and technical properties of the solidified wastes were investigated.

We have performed excellent basic researches on, for example, phase
separation; nucleation and crystallization; volatilization; diffusion; electrical
conductivity; mixed alkall effect. As will be explained after, We are now

exploring so-called new glasses.

New ceramic materials have great potential and are currently finding

i

$

f
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We developed cutting tools made of alumina which
Industrial applications,

In the course of ;

show excellent performance compared with carbide tools.
f

I

;

I ,,ur research on MHD materials, we have succeeded in developing a new
|

,{ type of heating element, made of lanthanum chromite, which is commercial.
ly produced by a private company.

f
We have taken part in en R/D project on high efficiency gas turbines

,

*

in f ar.c ceramic project (one of the llSEDAl.

f
und are currently participating

projects), in these projects, out attention has been malnly focused on

|
composite ceramics, composed of a non-oxide ceramic matrix reinforced

Ii

|

f
with ceramic fibers or whiskers to improve the reliability. l

I

Ceramic joining is an important industrial problem.
We have developed

|

many joining methods, most of which could easily applied to large scale
r

production.

Our research interests also include functional ceramics.
We havej

| worked on gas sensor materials and conductive perovskite-type oxides.
Wer

f which are synthesized by
' are currently working on superconducting oxides

So far the results look very promising.
melting process,
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ION CONDUCTING GLASSES

Lithium lon-condeting glasses

Lithium lon conductors are used as solid electrolytes in batteries. ECD
devices, sensors, etc. Glassy solid electrolytes have certain merits
compared with crystalline electrolytes. These are as follows:

' higher lonic conductivity,
' wide composition region,

' isotropy, no grain boundarler,

alower electronic conductivity.

Ll 0 B 0 L1 SO4 systemFigure i shows the ionic conductivity of the 2 23 2

at room temperature. In this system, the conductivity exhibits a maximum

at 0.3Li 0*0.3B 0 '0.4L1 SO , and decreases with increasing Li content.2 23 2 4

This result shows that the introduct.>n of lithium salt enhances the conduc-
tivity , and that there is an optimum structure and Li cont ~t for high lonic
conductivity.' '

\

Preparation of glassy thin films
Thin films formed by PVD or CVD show low resistance and are therefore

sult r,ble for device applications. We are investigating sulfide glassy thin
films which are expected to have high lonic conductivity of the order of
10 3 em-l at room temperature. Glass samples in the system Ll S-GeS2S 2

Li S-contolning films are very hygroscopic,are prepared by sputtering. 2

hence they must not come into contact with oxygen or moisture. Therefore
we handle both sputterir.g target and films in an argon filled glove box.

The film composition is analyzed by ESCA and the sample is isolated from
air when placing it into the apparatus.

Mechanism of lonic conduction

Ionic conductivity is dominated by the concentration and mobility of the
mobile lon. At low concentrations, the conductivity increases as the ionic

concentration increases. However, at high concentrations, the conductivity

becomes saturated. In order to obtain high conductivity, therefore, not
only optimum lonic concentration but also the composition and structure
which give high mobility are needed. Therefore we are currently investi-
gating the structures and properties of lon-conducting glass by means of
Raman spectroscopy; IMA; radio-Isotope tracer methods; dielectric measure-

ments; and pulse NMR. We are examining the relationship between these

2
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! properties and the ionic conductivity.
Roman spectror. copy is used to estimate the structural units of glass,

in lithium borate glasses, we found an unknown structural unit by Raman

spectroscopy as shown in Fig.2. Since lithium has no radio isotope, the

self-dif f usion coefficient is measured by IMA using the isotope exchange
method and by pulse NMR. The value is y,s o,

2 5'Cused to calculate the Haven ratio.
We are also examining the " mixed alkalt

effect" which may be related to
the mechanism of ionic conduction.

6.2
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N O

r -0.0 o o eo
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Fig.l. lonic conductivity in the system L10-2

B 0 L1SO4 at room temperature.23 2
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HIGH LEVEL RADIOACTIVE i

WASTE GLASS |
)

High level liquid radioactive wastes generated from the reprocessing of
l

spent nuclear fuel must be converted to a durable solid form in order to
immobilire the radio nuclides before they can be permanently stored. As

part of a government directive we have for the pbst two decades been
carrying out a research program on the fundamental problems of the
vitrification of spent nuclear fuel. The work is also in cooperation with

|PNC (the Power Reactor and Nuclear Fuel Development Corporation). The

following toples have been studied by our group:
1) We have searched for the optimum glass composition for nuclear waste

containment. Phase separations such as crystallization and ' yellow phase'

separation must be avolded in the glass formation. Screening of the
glasses was done by a Soxhlet leach test.
2) Other solidification process'es have been investigated. These include

hot pressing and batch preparation of glass by the sol-gel method. The

wet gels were first dried and then melted by microwave heating.
3) We have performed corrosion tests on refractory and electrode materials
and have developed new corrosion resistant materials for use in ceramic

met ters. PNC have applied our results to the vitrification of nuclear
waste program.

, Atomic transport and surface analysis in waste glass
in order to assess the long term stabill'y of the glass, we have investi-

gated the material transport properties such as ionic diffusion, electrical
conductivity of the melt, thermal conductivity, volatilization, crystallization,

phase separation and corrosion in aqueous solutions.

An understanding of ionic diffusion in glasses is essential to elucidate
the leaching mechanism. The self-diffusion coefficients of alkall ions and

protons have been measured using radio isotope tracer techniques. The

self-diffusion coefficients decrease in the order Na+> proton >Cs+. Protons

play a key role in the corrosion of nuclear waste glass.
Corroded surface layers caused by water attack have been analyzed by

ESCA and FTIR, which provide information about deposits in the layers and

their dissolution in water. Figure i shows the ESCA depth profile of each

element in a hydrated surface layer of nuclear waste glass which tas been
corroded by a Soxhlet teaching treatment. Alkall metals, alkallne earth

elements, silicon and aluminum are depleted in the surface layer, whilst

_ _ -
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f the concentrations of rare earth elements, zirconium and iron are increased.
behaylor is governed by thermodynamics, whether an element leaches

| 'l he
,,ut or deposits defends on the solubility product of its hydrate.

)

i
>

j
Comparison of the teachability of nuclear waste glasses w .h natutal*j

ginsses

! This project, 'Research on natural analogues for teaching behavior of

|
nuclear waste glass forms', seeks to compare the lone * term stability of4

nuclear weste glasses with that of natur al glasses which have undergone
f| we athering. However, the corrosion rate may be different owing to

| tilf ferences in composition. Basaltic glasses found in nature have a almilar

|
composition to nuclear waste glasses, although they contain no borate and

We have therefore compared proper-
comparatively few alkull oxide ions.t

'

|
ales such as the Soxhlet leaching ability and the diffusion coef ficients of

Figure 2 shows an example of a Soxhlet leaching test.Nu' and protons.
The corrosion rate increased when alumina was substituted by borate.

*
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POROUS GLASSES

Porous glasses, the products of lea:hing of heat treated alkalt borosilicate

glasses in a certain composition range, have been known fer more than
forty years. The numerous studies on the structure end properties of the

porous glasses have made a great contribution to our knowledge of
chernically mhomogeneous glasses. The fundamental studies on the porous

glasses having finished, we are currently examining the possible application
in various branches of science and engineering.

Preparation

Borosilicate glasses of appropriate compositions can be separated by heat

treatment into two phases. One phase is rich in silica, the other is rich

in alkall borate. The alkull borate rich phase is leached out by an acidic

soiution leaving behind a porous glass consisting of the silica rich phese.
F'igures 1 and 2 show the pre aration process and an SEM photograph of ther

porous glass, respectively. In order to obtain high-quality porous glass,
we must have an initial glass satisfying the following requirements:
(1) both silica rich and alkall borate-rich phases must be interconnected;
(2) the silica rich phase mur,t contain as much silica as possible; (3) the
alkall borate-rich pha:e must be readily soluble in on acidic solution, and
last but not least; (4) the stress developing during leaching at the interface

between bulk glass and leached layer must not exceed a level deterrnined by
the mechanical strength of the glasses.

Applications
We are currently researching the following applications of the porous

glass:

1. Porous glasses have been successfully for biochemical catalysis as
carriers of enrymes. Enzymes thus immobilized by absorption on the

porous glasses maintain a high activity for a long period and may be used
repeatedly.

2. Microporous glasses may be used as semipermeable membranes for
separating liquid mixtures by reverse osmosis. The salt rejection rate is

over 90 % using 0.5 wt% Nacl solutionll).
3. Alkall resistant glasses are useful as separating media or membrancs and

filling materials of get permeation chromatography. These glasses may

also be applicable for the phase separation method in a manufacture. We

_
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f
have succeeded in making highly alkall resistant porous glasses which consist

i

f
of a ofico rich phase with a certain amount of ZrO l2I-2

4, l><,rous glasses may be used as membranes for separating gas mixture.'

lhe permeation rate increases dramatically with increasing the pore volume,
1

We have produced a high speed membrane with a permention rate 500 times
j

higher than that of ordinary porous glasses (31j
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Fig. 2 SEM photograph of the porous glass 'x20000).
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HAllDE GLASSES

Our halide glass team is currently working on glasses based on chlorides,
bromides and lodides, but not fluorides. The present research project of

non fluoride halide glasses started in 1986 follow;ng a two-year preliminary

study.

Much attention on ZrF -based glasses in glass science and technology in4

the past decade has stimulated research activities on the non-fluoride halide

glasses. This is because the use of halides other than fluorides theorett-
cally enable us to obtain glasses with ultralow optical loss, which is
superior to fluoride glasses. Another more important possibility is the

application as a glass fiber transmitting CO2 laser energy. However,

several problems arise which must be overcome before halide glasses can be

successfully used e.g. they are highly hygroscopic and have low thermal

stability. Every new glosa forming system is being explored in order to
solve the.se problems.

The final goal of our research is to establish the technology of glass
preparation, purification, and fabrication for the halide glasses. We are

also interested in the structure and fundamental properties of halide glasses

as they are intermediate between oxide glasses with more covalent bonds
and fluoride glasses with more ionic bonds.

The hygroscopic nature of halide glasses prevents them from being
prepared by the usual method of melting in air. They are therefore

prepared in a glove box containing dry N . Figure I shows the glass2

forming region of the ZnBrg BaBr2-KBr ternary system!!). Glasses with

glass transition temperatures higher than 90'C have been obtained in this
system. The infrared transmission of several different types of glass is

shown in Fig. 2. This indicates that the ZnBr2-hased glass is transparent
over a wider band of wavelengths than the other glass systems.

,

The crystallization behavior of the ZnBr2 based glasses has been examined

by DSC. We are carrying out structural analyses of ZnX based and2

O
;'CdX based glasses using vibrational spectroscopy [2] and XAFS.2

The practical application of halide glasses in the near future seems to

be dif ficult. However, we believe that these materials will eventually ,

play an important role in the region of far-infrared optics.
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GLASS SCIENCE
UNDER MICROGRAVITY CONDITION

New snd pure glassy materials are required for highly functional
elemena in opto-electronics technology. It is, however, difficult to

prepare such {| lasses on the earth, since glass cannot be produced withcot a
crucible, which contaminates the glass. Nuc! cation of crystals also
occurs at the container wall and the container materia'l restricts the upper
limit of the glass melting temperature. These dif ficultles can be solved
if the melting process is carried out without the crucib''. In outer space
only very weak force is needed to control the movt.ments of objects
experiencing microgravity. Glasses may therefore be produced by the
containerless melting process. The objective of this study is to develop
the technology of glass production under microgravity and to prepare new
glasses with superior transmittance in the non-visible region, particularly
in tM infrared region, -

Development of Containerless Melting Process

The first state of the research was to develop a suitable furnace for
containerless melting. In cooperation with NASDA (National Space
Development Agency of Japan) and Ishikawajima Harima Heavy Industry (Fig.1)

we developed ar, image furnace equipped with acoustic levitation apparatus
which floats and holds the specimen at the center of the furnace under
microgravity. Glass melting tests have been conducted using this furnace
,at gravitational forces of 1/10 l/100 G for 20 22 seconds produced by the

; ballistic flight of an aircraf t. We succeeded in containing the material
in the center of the furnace. On melting the floating materials a sphere
of molten glass was obtained(Fig.2)[1,21

Properties of Glasses Prepared under Microgravity Conditions

in 1991, we shall conduct a glass melting experiment in the NASA space
shuttle. We plan to prepare glasses in the system CaO-Ga2 3-GeG , which0 2

have good near-infrared transmittance [3,4). The glass-forming region,
cryst alliz ation rate and glass transition temperature have all been investi-

gated at a force of 10, in order to select the most suitable glass compost-
tion and operating conditions of the furnace [4). Having developed

,

the furnace and its operating conditions we' then went on to examine the
problems of hot working of glass production under microgravity.
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GLASSES FOR NON-LINEAR OPTICAL DEVICES

Materials which have non-linear optical properties have attracted much
attention in the fields of information processing and optical communications.

Switching devices, optical b! stable devices, amplifiers and modulators all
,

makes use of non-linear optical effects. Glass dispersed with semi-
conductors is one candidate material, since various optical properties of
semiconductors are more easily controlled in a glass matrix. In this

department, we are developing the basic technology for producing glasses
dispersed with a semiconductor which have well controlled characteristics.
Control of the composition and of the dispersion conditions is important
as are the particle size and shape of the dispersed semiconductor. New

processes for producing glasses with a dispersed semiccaductor are also
beirr investigated.

ACCURATE DETERMINATION OF REFRACTIVE INDEX
OF SILICA GLASSES

Refractive index (n) and its temperature coefficient (dn/dT) have been-

determined accurately for various silica glasses. In the ultra-violet

(UV) region, photo-lithography is of great importance for fabrication . of
semiconductor LSI circuits. Silica glass is an ideal material for trans-

mitting UV light since it does not degrade on irradiation. It is commonly

used as a lens material in UV light projectors. Lenses to be used at

248'nm require n to be known to an accuracy of 21x10-5 or better. The

temperature coefficient of n is about lx10-5 *C for most silica glasses at/
room temperature so the ambient temperature of the lens must be
controlled to within 1 * C, The value of n is found to depend on the
fabrication method and thermal history of the glass. We are currently

studying the way in which n is related to specific gravity, which directly
reflects the thermal history of the glass and is easier to measure than the

refractive index.

O
I

|

|
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! LOW DISPERSION UV TRANSMITTING
FLUORIDE GLASSES

Glass which can transmit UV light with low dispersion is requited for
making achromatic projector lenses for use in UV lithography, Fluoride
glasses transmit UV light well and are readily formed into the requisite
lens shape without surface cleavage which occurs in may optical crystals.

We are currently studying fluoride glasses which have a wide band gap.
Our interests include the melting technology, the transmittance, refractive
index, dispersion and coloration of the glasses under UV lights.
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CERAMIC COMPOSITE

Brittleness is the weakest point of ceramics when they are used as
. structural components for example in a diesel engine or a gas turbine.
One of the ways to overcome this problems is." toughening" of the ceramic

through reinforcement with fibers or particles. In such CMC (Ceramic

Matrix Composite), fibers or particles improve toughness by dissipating or
~ absorbing fracture energy at the top of crack front. Research on CMC's

with various combinations of matrix and fibers / particles is one of the main

themes of ceramic research in our department. Current efforts in this

area are as follows:

Whisker reinforced composite

As whiskers of SIC or Si N34 have very high strength and refractivity,

they are suitable for * t. . 'he reinforcing fiber in CM C's. CMC's with

various matrices such , 4, SIC, and Al O2 3 are being investigated.
'

The sic (whisker)/Si N34 composite {ll, which was first successfully

f abricated in our department, exhibits an strength increase at temperatures
'

over. I l 00' C. This is attributed to the fact that the whisker which
prevent grains from sliding at high temperatures. Both fracture toughness

and wear-resistivity are also enhanced (2]. Whisker incorporation has a

remarkable ef fect on the electric resistivity, which decreased markedly from

Si3 4 which is an insulator to about 10 ohm cm or less. Such a' Nthat of

low resistivity means the composite can be subjected to electric discharging

machining (see Fig.1).
One of current topics of interest is to tailor the texture of whisker-

Si N3 4 whisker are mixed with organosiliconreinforced CMC's. SIC or
Si N -upon pyrolysis. Thepolymer, which forms a matrix of SIC or 34

interface between the whisker and matrix is also being investigated.
Other research is aimed at clarifying the fundamental phenomena in the

composite forming process, in order to develop highly reliable ceramics for
.

gas turbine components. The effects of fibers or clntering aids on toughness
and on densification behavior of CMC are being studied.

Long fiber-reinforced composite

CMC's re!nforced with a continuous fiber such as sic fiber or carbon
fiber attracts much atte'tlon as they have extraordinary toughness similar

to that of bamboo or other wooden material. Such composites are expect-

- _ - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ .
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ed to be the next generation material of choice for structural application eg.

In the aerospace industry. We are currently looking at ways of improving
.

,

fabrication of the composite without damaging the fiber in the ptocess.

.

Particle reinforced composite
Ceramics have medical applications as they can be used to make

artificial bone or tooth. The texture of apatite is similar to that of
human bone, but it suffers from low strength. The strength and toughness

may be improved by dispersing ZrO2 particles in it.
Several combinations of different matrices and particles are currently

BC matrix composite exhibits improvedbeing studied. ZrC particle / 4

.,trength and toughness. A roller bearing made of Si N34 dispersed with tic

particles hed a longer lifetime than one made from Si N3 4 alone.

.

Fig.1 SIC (whisker)/Si N3 4 composite pieces machined

by means of electric discharging. ; I cm' '

[1] R.Hayam|, K.Ueno, l.Kondo, N.Tamari and Y.Tolbana, Talloring Multiphase
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TRIBOLOGY OF CERAMICS

Measurement of tribological properties

The ef ficiency and life time of gas turbines are expected w be greatly
improved by using fine-ceramic materials instead of metals, since fine
ceramics have superior mechanical strength, chemical durability and wear
resistance at elevated temperatures.-

A knowledge of the tribological properties of ceramics is indispensable
for predicting to the friction and wear of mechanical parts. The ball-on-
disk method is the most reliable way to measure friction and specific wear
rate accurately (see Fig.1). Fundamental measurements are continuing in
order to assess the reliability and reproducibility of this method. The next
stage of our work is to measure the frictional resistance of ceramics to
abrasive particles in the combustion gas running through gas turbine on
frictional resistance of ceramics. The effect of solid lubricants on wear
will ~also be investigated.

Development of ceramic bearings

The most interesting practical application of the superior tribological
properties of ceramics is the ceramic bearing. It has many advantages
over ordinary metal bearing, eg. It can be used at temperatures over 800* C

in air without water cooling and oil lubrication. The chemical durability
of a ceramic bearing enables it to be used in corrosive environment such as

in a chemical reactor, where the presence of strong acid or alkalis means
that a metal bearing will be rapidly damaged. Ceramics do not rust and
can be used for long continuous period, so a ceramic bearing saves

,

maintenance costs. '

We are currently studying the performance of ceramic bearings made of
Si N , which is widely regarded as an excel ent material for this application34
because of its well-balanced properties such as strength, hardness and
toughness. We have investigated the relationship between fatigue

characteristics and the material properties. We found that fracture
toughness predominantly determines the lifetime of the bearing.

High hardness resulted in microfracture at the contact point between the
ball and the ring under compressive loads.

IAn applicatico of ceramic composites to bearing material is also tried.
Si N3 4 composite, which has an improved toughness,TIC particle-reinforced

exhibited longer life as a ball bearing material.
-
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Development of ceramics containing solid lubricating agent<

When ceramic bearings are used at higher temperatures, tae ball holder 1e

(retainer) should withstand oxidation. An ability to lubricate is also<

desirable because ordinary oil is not stable at higher temperatures such as

500 or 600'C.
A new type of ceramic composite, containing graphite microcrystals in

the sintered body, has been fabricated in our department (Fig.2)[1].'

Composites with carbides such as SIC, TIC or B C as the matrix component4

shows a superior tribological properties when dispersed with graphite
particles. A sliding bearing test showed that the graphite was ef fective
in lowering the friction coefficient and specific wear rate and was therefore

acting as a lubricating agent.
i
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SUPERCONDUCTING CERAMICS

A Superconoucting cuprate (La-Ba-Cu-0) was first reported by Bednorz
and Muller in 1986, and a number of studies on this material have b6en

undert aken all over the world. Our institute statted to investigate the

superconducting ceramics at the Gless and Ceramic Material department

in 1987.

The effects of sulfur addition
The e:fects of sulfur addition on the superconductivity of Y-Ba-Cu-O

system were studiedllj. We examined whether the substitution of oxygen

witti sulfur took place or not, and expected to improve the superconductivity

by adding sulfur to the Y-Ba Cu-O system. _ Sulfur-containing compounds

YBa2 u3 x y were prepared by the solid stateC OSwith nominal compositions
reaction method using CuS or Cu2S instead of CuO. By this method, sulfur

atoms were not incorporated .into the crystal lettice of the 1:2:3 phase and
T (critical temperature) was lowered withmade it multiphasic. Although c

increasing sulfur content, Jc(critical current density) for y=0.03 was about
twice as high as that for y=0.00, this is due to the increasing the bulk

density by adding sulfur.

Superconducting glass ceramics
The. new type superconducting oxide, Bi-Sr-Ca-Cu-O system, was found

by Maeda et. al. In 1988. The characteristic nature upon processing is that
the Bi-Sr-Ca-Cu-O compounds form a . glassy state when it is rapidly
quenched from a molten state. We have been researching into the crystal-

lization of superconducting phases from a glassy melt-quenched solid. We

found that the addition of Ga or Ge to the Bi-Sr-Ca-Cu-O system was
effective for raanufacturing when the glass was formed. The wide glass

forming region is obtained by adding Ga or Ge. We made fibers and

ribbons (10cm length) by the melt-quench method using a single roller with

Ga or Ge additives. Af ter heating at 820'C, the ribbons showed T (end)c

at 77dOK. We determined the composition region where the super-
conductivity was maintained in spite of the improvement in manufacturing.

Superconducting whiskers

The superconducting whiskers of Bi(Pb)-Sr-Ca-Cu-O were prepared by
heatin;; a glassy melt-quenched plate in a stream of oxygen gas (Fig.1).

I
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The dimensions of the whiskers are F10um x 10-300u m x -15mm. The

whiskers have the 2212 structure (low-Tc phase) and show a zero-resistance

state at 70K. Each whisker exhibits the structure where several platelike

single crystals are stacked. The orientation of the longest c axis is

perpendicular to the platelike crystal plane and the ab plane is parallel to
the crystal plane. The whiskers are able to be bent to a radius of

curvature (R) of 0.4mm without a decrease in the T value. The highestc

Jc is 67000A/cm2 (63K, zero magnetic field) in a nonbending state. ItL

surpasses 35000A/cm2 even in a bending state of Rt imm and finally

decreases down to 3200A/cm2 for R=0.4mm (Fig.2). Our further subjects

for study related to the whiskers are the elucidation of the growth
mechanism, preparation of high T whiskers, lengthening the whiskers andc

evaluation of the mechanical properties [2,3).
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Fig.1 The whiskers of Bl(Pb)-Sr-Ca- Fig.2 The Tc and Jc (63K, zero
Cu-O grown by heating a glassy melt- magnetic field) of the whiskers

quenched plate in a stream of oxygen as a function of the radius of
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| CERAMIC COATING
'

|
.

: Ceramic coating by the plasma spraying technique is being studied.
! METCO 9MB Low-Pressure-Plasma-Spraying (LPPS) system and TAFA 90HV

Atmospheric-Plasma-Spraying (APS) system are used in this section. Plasma

spreying is one of the coating processes in which molten raw ma:erial ;

| -
powders are accelerated and shot onto the substrate in the plasma flame. |

in principle, anything that can be melted is applicable as the sprayed; ,

! material. Any material may be coated when it is acequately cooled.

i' Ceramic-ceramic composite coating and non oxide ceramic coating are |

studied as part of the ordinary research and development "A study on the

ceramic coating by low pressure plasma spraying". Coatings made of |
!

Si N , etc., are expected to resist wear |non-oxide ceramics, such as SIC, 34
Iat high temperature. However, non-oxide ceramic coatings can not bei

| made by plasma spraying in sir because of thermal decomposition. These

coatings are achieved when the appropriate spraying aid is added and the

|- spraying is carried out in a closed chamber with the a controlled '

atmosphere.
!

>

|
1

|
I

! l* w.. .

n....,h !at.,3*UU'$,EUU 'm
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D' '|
'

%"rh Wg g'r,
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6
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Fig,1 Low-Pressure-Plasma-Spraying Fig.2 Plasma flame at 300 torr,

system. 40kW.

Fl.UORINE RESISTIVE ENAMELS

This research aims at development of fluorine resistive coatings on

metals to be used in the fluorine chemical and semiconductor industries. ,

|
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . - _ _ _ _ _ . _ _ - _ , . ._ .- ..
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In these fields, corrosion of tanks and pipes by fluoride gasses or fluoric
l(V acids causes severe safety problems. Traditional. enamels composed of oxides

are easily attacked by these fluorides leading to failure in a closed system.
Fluoride. enamels, on the other hand, composed of metal fluorides such

.

. as . Mgf , CaF , SrF , BaF , NIF , YF , etc. are highly -resistive to these2 2 2 2 2 3

atmospheres, . even at moderately high temperatures. They are therefore

promising materials for use in this - field. We are surveying glass
compositions which are durable to these gasses and acids, and are highly
adhesive to metals without fracture at elevated temperatures under bending

stress.-

THEORETICAL ' STUD Y

OF CERAMIC INTERFACES .

Various properties o_f ceramics depend on grain boundaries, mechanical
'and electrical properties and sintering ability. The joining between ceramics-

.

N- f and metals is an essential 1:chnique in order to realize the practical use of
,

'' V. ceramics. It is essential to understand the fundamental properties' of grain

boundaries and interfaces in ceramics and of metal / ceramic interfaces'from
a-macroscopic viewpoints. We are' investigating theoretically the atomic
structure and properties of grain boundaries in covalent ceramics such as-
SIC and- of metal / ceramic interfaces such as alumina / transition metal-
Interfaces. In these systems, -it is necessary to calculate the electronic

structure : of -the interface. With powerful modern computers, interfacial
electronic structures, stable = atomic. configurations ; and interfacial energies

-can be : calculated using the = electronic theory of- solids. The effects of
impurities and - the dependence on the kinds ' of ceramics and metals are
alsotbeing examined. By comparing the calculated results with observations

and experiments, such as HREM images and photoelectron spectroscopy, it

is .possible to - understand the fundamental properties of grain boundaries
and-interfaces from a microscopic viewpoint.

,
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ORGANIZATION AND OTHER ACTIVITY

This department consists of 5 sections. Three of them deal with glass

research and two with ceramics. The total research staff number 33.
We have now more than 20 research projects both large and small. Some

of them are inter-sectional and inter-departmental. We participate in

national R&D projects, most of which are in cooperation with other national
laboratories and private companies.

Organization and main research fields

Director: Dr. M. Kinoshita
Glass technology section: Mr. J. Hayakawa

Glass melting under microgravity, optical properties of glasses.
Glass science section: Dr. H. Wakabayashi

lon conducting glasses, technology of waste management.

Advanced glass section: Dr. H. Tanaka

Hallde glasses, porous glass, non-linear photonic materials.

Engineering ceramics section: Mr. S. Kose
Composite ceramics, ceramic coating, tribology, ceramic interfaces.

Functional ceramics section: Dr. H. Yamashita
Superconducting oxides, fluorine resistive materials.

Other Activities
Most of the researchers in this department are members of the Ceramic

Society of Japan. We also have close contact with other societies such as
those of optical glass, applied physics, power metallurgy and fine ceramics.
Ours is the only national laboratai r dealing widely with glass.
We have therefore run a glass technology course for foreign researchers for

many years.
There are several invitation schemes applicable to foreign researchers,

whose numbers in our institute have been increasing in recent years.

O
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, ' ,? Golti Catalysts Prepared by Coprecipitation for Low-Temperature
W. Oxidation of Hydrogen and of Carbon Monoxide..

s.','.
>
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Novel gold catalysts =cre prepared t>y coprecipitation from an aqueous solution of H AuCl, and
the nitrates of 5 arious transition metals. Calcination of the coprecipitates in air at 407C produced
ultrafine gold particles smaller than 10 nm whoch were uniformly despersed on the transition metal

0, Au/CoiO., and Au'NiO were hight) actne for H3 and COo Mes. Among them, Aula Fe3 3

o Mation, showing markedly enhanced catalytic actaities due to the combined efrect of gold and
the transition metal ontdes. For the o4idation 01 CO they were actne even at a temperature as low

.s -7FC. e im As *a mn. tac

tNTRODUCTION Co, Mn,and Ag(20:4 : 1 in atom ratio) was
both thermally stable and highly active for .

During the course of an investigation into the oxidation of H: and CO. The successful
imw oxide catalysts useful for the low tem. results obtained for these composite oxides
rerature catalytic combustion of hydrogen of silver led us to expect that a signincant
(1-4), it became evident that the catalytic enhancement in catalytic activity might
activities of transition (netal oxides for hy. also be exhibited by composites of gold and
drogen oxidation had a volcano-like rela- the other metal oxides. The present investi.
tion with the heat of formation of oxides per gation into gold based oxide catalysts was
gram atom of oxygen (3). The volcano rela- undertaken to test this hypothesis,
tion indicates that the formation of metal- Previous work on gold catalysts has been
oxygen (M-0) bonds is rate determining reviewed by several authors (6-/0). All the
for the oxides of Ag and Au, which are to- gold catalysts investigated so far are gold
cated on the left side, while the breaking of supported on inactive ceramic oxides, such
M-O bonds is the slow step for the other as SiO: (11-17), Al:03 (14-16.18), MgO
metal oxides located on the right side. (15-17, 19), and TiO: (20), or unsupported
Therefore, an attempt was made to develop gold Slaments (21), powder (22, 23),
composite oxides of Ag with the 3d transi- sponges (24),61ings (25), and gauze (26).
tion metals, for which an enhancement in The chemical reactivity of gold catalysts
both catalytic activity and thermal stability has been studied for the exidation by oxy-
was espected. gen or nitrogen oxides of CO (ll 22,24,20,

Our earlier paper (3) reported that an ap- and H:(/2,15, /7,21-23), selective oxida.
preciable enhancement in catalytic activity tion of organic sompounds by nitrogen di-

1 was, in fact, achieved in some composite. oxide (13), hydrogenation of alkenes (7),
oxides of silver with 3d transition metals and so on. However, the conventional gold
which were prepared by coprecipitation. catalysts prepared by impregnation have
Speci6cally, a mixed oxide composed of been reported to be usually far less active

than platinum group metal catalysts, al.
though they are superior in selectivity for' Present address: Nt, Corp., Miyuaki 4, Mi,

samae. Kawasaki 213. Japan. only a few reactions such as the oxidation

%t
00219517/89 $ LOO

Cveynght C im iny Ao&mei, Prew. Im
All ngm or reptahxteen m any form rewrved
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,h of 1 pentanol to 1 pentaldehyde by NO2 catalytic activity of the gold sample under
l' (1J) and the hydrogenation of 1 pentene to study (10). The impurity levels were ap- *

*

g n pentane (7), The present paper deals with proximately 11, 2, and 7 ppm, for Pd, Pt.
a new type of gold catalyst prepared by co- and Ir, respectively. $

y precipitation instead of impregnation, in a Catalytic a:tivity measurements were
1

,

previous short communication (27), we re- carried out in a small fixed bed reactor.
ported that combination with the oxides of with 0.20 g of catalyst that had passed*

Group Vill 3d transition metals makes gold through 70 and 120 mesh sieves. After the '
.-

so active that it catalyzes the oxidation of pretreatment of catalysts in a dried air
CO, even at -7(TC, stream at 200*C for 30 min, a standard gas g

consisting of 1.0 vol% Ha or CO balanced
t EXPERIMENTAL with air to I atm was passed through the

The gold catalysts were prepared by co- catalyst bed at a flow rate of 66 ml/ min.
precipitation. An aqueous solution of chlo- This reaction gas was dried by passing
roauric acid and a transition metal nitrate through columns of silica gel and P203gran-

7, y was poured into an aqueous solution of so- ules, in the experiments at tempemtures
*V dium carbonate under stirring, ne precipi- below 0*C, the reaction gas was further

tate was washed, vacuum dried, and passed through a silica gel column cooled to
calcined in air at 400*C for 4 h. Gold pow- -77'C to prevent the accumulation of mois-

t der and the simple oxides of Fe, Co, and Ni ture in the catalyst bed, in order to investi-
were also prepared in this manner, Conven- gate the influence of moisture on the cata-
tional gold catalysts were prepared by im- lytic activity, the reaction gas was passed
mersing support oxides in an aqueous solu- into a constant moisture device (28) which
tion of H AuCl4 with a small excess volume, contained saturated NH.Cl aqueous solu-
After drying, the impregnated samples tion. The relative humidity of the reaction
were reduced with hydrogen at 200 or gas was kept constant at 76%, as confirmed
300*C ney were then washed in hot water by humidity measurements using a Humi-
several times and dried in air at 200*C. nc dector (Shinyel Co., Ltd.).
support oxidea used were a Fe203 calcined Activated carbon and molecular sieve

2at 400*C (SA = 42 m /g) and y-Al O3 (anhy- 13X were used as column packing agents to2

2drous extra pure, Merck, SA = 97 m /g). analyze CO and CO, respectively, in the2

Another type of gold catalyst was prepared effluent gas by a gas chromatograph, The
by the reduction of HAuCl4 with diammo- conversion efficiencies, determined from
nium citrate in an aqueous dispersion of the changes in concentrations of CO and2

colloidal SiO2 (STO, Nissan Chemicals CO, were in good agreement with each
Ind., Ltd.). This catalyst was finally other under all the conditions tested.
calcined in air at 300*C after washing and The activity of a given catalyst is usually
drying. expressed in terms of the temperature cor.

All the starting materials used were re- responding to 50% conversion (Tn), which
agent grade (Kishida Chemicals Co., Ltd.). can be obtained from the conversion v3 -

Elemental analysis of chloroauric acid tet- temperature curves. A lower temperature
'

rahydrate (HAuCl4 4H O) was conducted for Tn indicates correspondingly greater2 'by means of atomic emission spectroscopy catalytic activity.
using an inductively coupled argon plasma Specific surface areas were determined
source (Hitachi Ltd.,1CP Emission Analy- by the single point method using a Quanta-
sis System 306) to determine the impurity sorb surface area analyzer. A mixture of 30

els of Pd, Pt, and Ir, because trace vol% N in He gas was used. with Na as2

amounts of these Pt group metals may adsorbate at a temperature of -195.8*C.
sometimes account for part or almost all the The reproducibility of the data was within

_



'> .

'

* TALYSTS FOR H AND CO OXIDATION 303 '
,

,

j
. . . . . . .

25%. X ray diffraction experiments were TABLEI
performed after each thermal treatment in a Catalytic Activities for H, Oxidation and SpectAc
Rigaku X ray powder diffractometer with Surface Areas of Vanous Metal Oudes and
Ni nitered CuKa radiation. Crystallite sizes Ooid Catalysis

of Au were calculated from peak half-
widths by using the Scherrer equation with Catalyst Au r surf.cc are.n

' * * * ' "'"8'corrections for instrumental line broad..

ening. Au/MnO, 10 152 69
The fine structure of the gold catalysts Au!MnO, so 134 115

4 was observed using an Akashi EM 002A AuleFeA 10 73 73

electroa microscope operated at 120 kV. 6'0* ] y yg
X ray photoelectron spectroscopic analy-

,

goc,o in ,,3 p
ses were made using a Shimazu ESCA 750 u nO, o 2u 32
under vacuum below $ x 10'' Torr. The o.reA o 225 43
surface composition was determined by us. co,04 o I:s 47

ing a sensitivity factor for each element NiO o 221 $$

(29). The bulk composition was determined [,o [[g3
_

0 6

t y X ray fluorescence analysis, pdO o i _

'

RESULTS ~,,

Oxidation of Hydrogen

A variety of mixt'ures of metallic gold .c ;
with single and binary oxides,was prepared enc

,

- -

to seek appreciable enhancement in the cat. pressed by Tv: and specific surface areas as " '
alytic oxidation of H . 'Itc results are sum- a function of gold content. Maximum activ.
marized in Table 1. Among the 3d transition ities were obtained at 5 at.% of gold for the
metal oxides investigated, the oxides of co- Fe-Au and Co-Au systems and at 10 at.%
balt, iron, and nickel, the Group VIII metal for Ni-Au. As the Tv values for gold pow-
oxides, were found to exhibit appreciably der and the host metal oxides indivkinally
enhanced catalytic activity in the presence were above 130*C, it was clear that their
of gold. combination resulted in noticeably en-

Figure I shows the catalytic activities ex- hanced catalytic activities.

-20-u. .u . .u.
(a) (b) q (c) 3

"" l:; ,.
y100- '' e .

[ < / M |*

/)<j ,y
n *\ V, . , , .

i \ ,If LJ %3-
A \ a0

}g4 (s j
|en -

32" "*

,

Nh to 100 0 k 0kto 10 10 0

Au content ( atom % )

Flo. l. Dependence of TolHJ and specific surface area on sold content in the coprecipitates
calcined at 400"C. (a) Aula Fe A;(b) Au/Co30,;(c) Au!NiO.

.
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Fio. 2. Oxidation el5ciencies of CO over varms catalysts as a function of temperature. I, Au/e-
FeA(Au/Fe = 1/19, coprecipitation,40irC); 2,0.5 wt% Pdly.AIA(impresnation,3017C); 3, Au 6 :9,
powder; 4, CoiO. (cart < mate,400'C); 5, NIO (hydrate 20(PC); 6, a Fe A (hydrate, 40LPC); 7, 5 wt%
Aulo.Fe A (impregnation,200*C); 8,5 wt% Au/y AIA (impregnation 200'C). \*

The changes of specific surface area with supported Pd catalyst, for the oxidation of
composition appeared to be bimodal for all CO and H3, Figures 2 and 3 show such a
three systems, The maximum catalytic ac- comparison. The impregnated gold' cata-
tivity was obtained at the minimum in spe. lysts, Au/y Al2O3 and Aula Fe 03, w'ere ac-
cific surface ' area in the Fegsystem,' tive only at temperatures above 100'C, al-
while it wa' 6bserved at ihTs'ecoo8 peak in though they were calcined at 200'C|whicha

the Co'-Au and Ni-Ati systernC? " was lower by 200*C than the calcination
.W temperature for the coprecipitated cata.Oxidation of con,. a

. .
-*

lysts: The support oxides, namely Co304,
The coprecipitated_ gold catalysts were NiO, and a Fe2O3, and gold powder are ac.

much more active for the oxidation of CO tive only at temperatures in the range 60 to
than for the oxidation of H2, The three typl. 300*C under the same experimental condi.
cal gold catalysts, hereinafter denoted Au/- tions. These comparisons clarify that it is
a Fe2O (Au/Fe = 1/19), Au/Co304 (Au/Co only the gold catalysts preparco '.sy copre-3

,

= 1/19), and Au/NiO (Au/Ni = 1/9) (see cipitation that exhibit marked enhancement
characterization), were able to oxidize CO in catalytic activity,
even at -70*C (27), They were also able to Figure 4 shows Tv: values for CO oxida-
oxidize the CO completely at 30*C even tion and H: oxidation as a function of mean
under a relative humidity of 76'7c. While a diameterof Au crystallites determined from
Hopcalite catalyst (mixed oxides mainly TEM and/or XRD. The esprscipitated gold
composed of Mn and Cu) commercially catalysts exhibited the highest activities
used for CO safety gas masks had lost its when they were calcinced at 300-400*C,
activity after 20 min, the Au/a Fe:03 and while the impregnated and reduction de-
AtJCo304 catalysts maintained their activ- posited catalysts exhibited lower catalytic
ity for at least 7 days, activities with an increase in calcination or

,

reduction temperature For example, theComparison of Catalytle Activityfor CO
gold catalyst supported on a Fe2O by im.3Oxidation with Tharfor H Oxidation-

pregnation (No. 5 in Fig. 4) had higher cata-
It is useful to compare the new gold cata- lytic activity, although much lower than

lysts with the support metal oxides, gold those of coprecipitated catalysts, when
powder, impregnated gold catalysts, and a calcined at 70"C than at 200 and 300'C.

.
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Catalyst temperature (*C)

Fio. 3. Oxidation emciencies of He over various catalysts as a function of temperature.1. Auto-
Fe:0 (Au/Fe = 1/19, coprecipitation,400'C);2,0.5 wt% Pd!y Al:03 timpregnation,300"C); 3. Au fine3

powder; 4. CoiO. (carbonate, 400'C); 3, NiO (hydrate,200T); 6, a Fe:03 (hydrate, 400'C); 7, 5 wt%
Aula Fe:0 (impregnation,200'C); 8,5 wt% Auly-A1A (impregnation,200"C).3

m.
"i ' A general trend is that catalytic activity

J-f-
Is h i' .

.

increases with the decreasing diameter of
Au crystallites in the oxidation of both CO i -

' ' ":. s ? . . . .: and H . However, small crystallites of Au ia 4

||j, @f,y do not necessarily lead to catalytic activity < > <

',[ <n 'N at such an extri.mely low temperature as ! I
, If , [ -70*C. In the Au/Al O3 catalysts prepar:d 8 "' CH

2

tWrlpia by coprec:pitation, the T a value for CO ox- ot g
g. 7'c J .

idation is much higher than those for Au/a- gy

(g,g;-?' ,'
Fe2O3, Au/Co304, and Au!NiO even though .de

,fe,f the crystallite size of Au is similar in all ]
-

cases. On the other hand, the Tn value for wS % i

[N. ' '''
H oxidation is comparable for all four cata-2 t

I h.-j';. '
low temperatures seems to require both the 3 ;

lysts. Accordingly, the oxidation of CO at | | .,

g,'
'* "-

, c' control of Au crystallite size and the selec. '

, ,, ,

O f tion of appropriate support oxides, j 8" '

\ i'- - Characterization
"

The X-ray diffraction patterns showed
that the coprecipitates calcined at 400*C in soo -

' '' ''

' ' * -.,
, air were composed of metallic crystallites

- of Au and the oxides, namely a Fe2O3, Mean particle diameter of Au (nm)
..

y; Co304, and NiO, The crystallite sizes of Au Fio. 4. Catalytic activities for He and Co oxidation,

3 were estimated to be 3.6 nm for Au/a Fe2O3 as a function or mean particle diameter of Au.

[ . g. ) from the peak half width of Au(lli)at 20 = t-4. coprecipitates calcined at 407C; i. Aula FeA
'

e .U 38.2', ca. 6.0 nm for Au/Co304 from (Au/Fe = 1/19); 2. Au/A1:0 ( Au/Al = 1/19); 3, Au/3

[ Au(200) at 20 = 44.4', and ca. 8.0 nm for C iO. ( AuC = 1/19); 4, Au!NiO ( Au/Ni = 1%; 5.
- Au/NiO from Au(220) at 20 = 64.6'. The ^"'"#''0' O ** "npngnadon, n ducte n at

d 200*C); 6. Au/SiO (17 wt%, reduction, calcination at2

crystallite sizes of Au in the impregnated 3anaC);7, Auly Al:0,($ wt%. impregnation, reduction
,

,,

catalysts were estimated to be 16,20, and at 200 C).; 3

) '
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62 * 3:3-39 . Au/Pu = 1/1%) pr.. .epared by ioprecipitation calcination at WC.
,,

Fio. 5. TEM of Anla.e.
' g.
>t

.

. . , ,

O , SiOr , and y Al Orsup-23 nm for o Fe2 3 2

ported catalysts, respectively.
Figure 5 shows a high resolution TEM -

photograph of Au/a Fe2O (Au/Fe = 1/19).3
8'Gold rarticles are uniformly dispersed on ' '

-

the hematite particles of size around 20-50
nm. The histogram in Fig. 6 shows that gold ;
particles exist with a rather sharp size dis- !so . .

tribution. The mean diameter of 2131 parti- E

cles of Au is 4.1 nm with a standard devia- | ~~
_

tion of 1.4 nm (34%). This diameter agreed g
'' '

well with the value estimated from XRD
data. _ _

-

in the XPS spectra of coprecipitated Au/
-

,

I Ma Fe2O (Au/Fe = 1/19), the binding energy o3 ' * * * * * * * *
of Au 4/v2 was 83.9 eV, a little larger but
very close to that of metallic gold evapo- D'am*ter of Au crystam* (nm)

rated onto a Fe2O and appreciably differ-3 Fic. 6 Histogram of sold crystalhtes in Aula Fe/h
ent from that of Au203,86.3 eV. No detect' (Au/Fe = 1/19) prepared by coprecipitation and caleb
able differences in the Fe 2pu2 and O is nation at wc.

O\
. . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . _.
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TAst B 2 were obtained by calcining at temperatVres
below 200*C, the reported catalytic activity

Composition of Auto FeA Catalysts
Prepared by Copmipitation for Ha oxidation was not appreciably high,

it could be assumed that chloride bns re-
oxides Fe Au mained in the MgO carrier becaw,< the cat-

" 8 we nM waM h bt waW h
Prepared (at.%) 95 5 reduction, in fact, the catalytic activity of. ,

r.iem. anal. (at.si 94 6 5.4
Au/Al:0 prepared in our laboratory by im.XPS (at.%) 93.4 6.6 3

XRD Au particles and a FeA pregnation was appreciably improved by
washing with hot water, in the coprecipi-j
tated gold catalysts, the coprecipitates

- spectra between Au/a Fe 03 (Au/Fe = were thoroughly washed before calcination
1/19) and a Fe:03 were observed, and therefore were considered to be almost

-

Table 2 summarizes the results of analy- free from chloride ions. It could also be ex-
ses for the surface composith calculated pected that Pt group metal impuritie.s con-
from the peak area of Au 4/n and Fe 2pn in tained in H AuCl4 might be mostly excluded
XPS and the bulk composition obtained during the coprecipitation of gold and 3d
from X ray fluorescence measurements, transition metals because of the extremely
The compositions of the starting solution, low concentrations of those impurities in
surface layer, and bulk were nearly identi- the starting solution. The small gold parti-

_

cal. This result shows that gold particles cles held inside the supercagea of zeolite Y ,

are deposited mainly on the surface of he- containing Na+ grew at temperatures above
matite particles with little, if any, being in. 100*C, indicating that they were not ther-
corporated into the bulk of the hematite. mally stable when used as an oxidation cat.

alyst.
DISCUSSION From a comparison with Zhang's work, it

it has been demonstrated in the present is evident that coprecipitation is an effec-

_

study that gold becomes a very active cata- tive method to prepare small gold particles
lyst for the oxidation of CO when small with good thermal stability and possibly to
gold particles are prepared in the presence avoid contamination from chloride ions and

- of 3d transition metal oxides, in the impreg- Pt group n. tals which are usually con.
E nation and reduction methods, which were tained in the starting materials. Daring cal-
-

used for the preparation of almost all the cination, gold components were decom-
-

conventional gold catalysts, gold was ob- posed to form metallic gold crystallites-

-- tained only as large particles, usually above which move out from the inner part of the--

10 nm in diameter. This is because gold has coprecipitate particles toward the surface.
a very low melting temperature, low subli- This process might cause the gold partichs
mation energy, and very low Tammann to be strongly held by the support oxides
temperature (10). These properties,in addi. thereby preventing their coagulation,
tion to the intrinsically poor reactivity of The parabolic changes in catalytic activ-
gold metal, make gold markedly different ity for ll: oxidation shown in Fig. I may be
from Pt group metals in catalytic behavior. closely related to the dispersion and ex-

An attempt has recently been made by posed surface area of Au metal. The total*

Zhang (10) to prepare small gold particles surface area of exposed Au metalincreases
supported on MgO and Y-zeolite by incipi- with an initial increase in Au content and
ent wetness impregnation of chloroauric may then decline with a further increase in.

acid and by ion exchange with gold dieth. Au content due to the coagulation of Au
ylenediamine trichloride, respectively. Al- particles. This compensating effect of Au

_

though gold particles smaller than 2 nm content gives rise to the maximum in the
_

D

'

__ _ _ _ _ _ _ _ _ - _ , ,
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exposed surface area of Au and, accord- of metal oxides, in fact, the catalyst w|th 20
ingly, to the maximum catalytic activities at at5 Au had the same appearance as that of
5-10 ats of Au. It seems to be a coinci- metallic gold r owder, it should be noted
dence that a catalyst supporting smaller that the maxit .m cataly'c activity was ob.

-

gold particles requires a smaller content of tained at the minimum m specific surface
Au to reach the maximum catalytic activi- area for Au/a Fe:0 , but at the second peak3

ties: Au/a Fe O3 (4.1 nm,5-7 atA) < Au/ or plateau in Au/NiO or Au/Co304r
Co304 (ca. 6 nm,5-10 at.%) < Au/NiO (ca. It is noteworthy that the catalytic activity

-

8 nm,10-14 atA). of Au/Al O was comparable to those of2 3
The bimodal change of the specific sur- Aula Fe2Oj, Au/Co30, and Au/NiO for H4

kface area appears to be complex in compar- oxidation but remarkably inferior for CO
ison with the simple parabolic change ob- oxidation. As shown in Fig. 4, the catalytic
served for the composite oxides of Ag with activity for Ha oxidation seems to be solely
Co and Mn (5). The initial increase in the dependent on the particle diameter, narnely

_ specific surface area up to 2 atM of Au the exposed surface area of gold metal. On
-

might be due to the incorporation of gold the other hand, the support oxides may also
into the precipitates of Fe, Co, and Ni, as in play an important role in the oxidation of

-

the case of Ag-Co and Ag-Mn oxides. CO. Even though gold was supported in the
Since the ionic radius of Au" is 1.37 A form of small particles of 5 nm in diameter.

__ larger than 0.65-0.78 A ror divalent or tri- the catalytic activity is not as high with
-

valent ions of Fe, Co, and Ni, gold may inactive Al O as that obtained for Au/a-2 3
retard the crystal growth of the coprecipi. Fe2O3, Au/Co304, and Au/NiO. These
tates leading to a larger specific surface results indicate that either a kind of metal-
area than that of the pure oxides of Fe, Co, support interaction occurs or ox'idation
and Ni. may proceed through a bifunctional mecha.

In a sodium cart ,nate solution of pH nism in which both gold particles and sup-
around 8.5, gold tetrachloride anions were port oxides activate different steps of the
progressively transformed, before copre- CO oxidation,
cipitation, to gold hydroxide anions thereby Hydrogen is considered not to chemisorb

-
- releasing free chloride ions. This reaction is on the gold surface while CO chemisorbs

not as fast as the precipitation of hydrox- weakly on the gold surface (10). Therefore,
ides of Fe, Co, and Ni, With an increase in it is probable that the contribution of sup.
Au content, the amount of chloride ions re- port oxides may difierin H oxidation from
leased appreciably increases during copre- that in CO oxidation. The interaction of
cipitation to change the precipitation condi- gold crystallites with the support oxides, a-
tions. Au at 5 at5 causes release of Fe:03, Co304, and NiO, which are all semi-

- chloride ions of more than one tenth the conductors, migh' alter the surface proper-
concentration of nitrate ions. The coexis- ties of gold crystallites so as to favor CO
tence of the chloride ions in a concentration adsorption. According to simple calcula-
comparable to that of nitrate ions might tions, outer surface atoms compose about

, possibly result in a change in the size of 40% of the total atom content for hemi-
-

primary solid coprecipitates and their coag- spherical gold par *icles of diameter 4.0 nm.
ulation phenomena. The above phenomena This suggests that the electronic states of .

can be considered to be closely related to the outer surface gold atoms can be readily
the occurrence of the bimodal change in modified by the interaction with the support
specific surface area. oxides.

The final decline toward the small surface
- area of gold powder for a gold content ACKNOWIIDGM ENTS
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GOLD-SUPPORTING TIN OX1DE FOR SELECTIVE C0 SENSINC-{
-

I
'
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1 8-31 Midortgaoka, Ikeda, Osaka 563
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l

The sensitivity and selectivity of semiconducting Sn02
150 - 250*C was appreciably enhanced by

towards CO at 2

supporting highly dispersed gold and by doping with Mg +
The addition of Mg + prevented the Au/Sn02 solid2

ions. catalytically active for
from sintering and maintained it

atmosphere.CO oxidation, even in a moist

Ti +-doped Fe2 3 supporting4 O
In a recent paper we reported that

diameter of about ans (hereafterultrafine gold particles with a C0 selectivity against H2 and
denoted as UFP-Au) exhibits excellent This sensing

an operating temperature below 100'C ll),ethanol at
property originates from the high catalytic activity of UFP-
Au/Fe2 3 for C0 oxidation at low temperatures [2],

The gas ,

sensors operating below 100*C, however, seem to have the
0

disadvantage that they usually need periodic heat-flashing in long-and contaminants
time operation to avoid the accumulation of water which

A commerci'al semiconductor C0 sensor,
on the surface [3}.
is fabricated from Pd-supporting Sn02, also uses periodic heat-
flashing to remove CO molecules which are

adsorbed at around

90'C (4]. a constant
t o obtain a C0 s ens or ope ra t ed a t

In order
temperature without the need for heat-flashing, a new gas-sensingL

semiconductor must be developed that exhibits sufficient COSince COtemperatures above 150*C.sensitivity and selectivity at least 100 degrees ,

L oxidation over UFP-Au/Sn02 needs a temperature at
higher than UFP-Au/Fe2 3 [5), a relatively high sensing temperature0

of CO vould be required for the former material.
Therefore, we ,

have made an attempt to prepare new CD selective seeiconductorsL !

composed of Sn02 and Au.
Semiconducting Sno2 incorporating Au, Mg2+

and $b 5+,

'

(.

.
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(Sn:Au:Mg:Sb = 10041:5:1, in atomic ratio) was prepared by
coprecipitation from a mixed aqueous solution of SoCic, RAuCic, and
SbC1 5 with an aqueous solution of NH3 Since the electrical

2conductivity of Snot markedly decreased with the addition of Mg +,
Sb +, which scarcely affected the f,as selectivity of5the doping ot

the semiconductor, was necessary to maintain the resistance of a -

i

Sn02 chick film at a level of 300 Kn at 200'C. The precipitate

was washed with distilled water, vacuum dried, and then impregnated
'

with an aqueous solution of Mg(NO3)2 This precursor was vacuum

dried again and calcined in air at 400'C for 3h. For comparison,,

Au / Sn0 2 ( Au; Sn 1:100, in atomic ratio) and Sno2 were also

prepared in a similar manner to that described above.
Thick-film gas sensor devices were fabricated from the above

semiconductors using final calcination temperature of 600'C for
stabilization (1), Gas sensitivity is expressed by R air /R-gas,

this being the ratio of the electrical resistance of the device
measured in air with a relative humidity of 65*. to that measured in

the presence of 300 ppm CD or

f ,- -, 300 ppm H 2 The catalytic
8 activities of these materials for,

'/ ,0 CO and H2 oxidation were measured_ ,

E by using a small fixed bed'
,

en *

reactor (2).'y ,
"

/ ,,o rigure 1 (a) shows eheE 20 -

#

*,s , ' ' b sensitivities to CO and H2 of the* ,

,

2 5! ,/,S # ' Au/Sn0 2/Mg +/Sb + sensor as a
, ' , function of operating temperature.j ,

!10 - ,,..S',' / A high sensitivity with a fairly
'

5 0 ,o' / C good selectivity to CD against H2
'M ''/ a, was obtainad at temperatures

v' , , . , * ' /* between 150'C and 250*C,
'

*

1 rigure 1 N .and (c) stow sas
150 200 250 300

sensitivities for Au/Sn02 and
Temperature of Sensor ('C)

Sn02 The addition of Au into

Sn02 improved the sensitivity for
C0 more appreciably than for H .2'

So sensars as e unction of devi
but such a high selectivity to CD

temperature, 2+/Sba: Au/SnO /H8 b, b; Au/Sn0 ' an observed in Fig. 1 (a) could2 2
c; Sn0 .2
- 4 - 3 -3 - ; 3 cop pe CO, not be obtained without the
- -0 - -O- ~O -- ; 300 ppm H * addition of Mg 2+ Since the2

O
.

,

,
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addition of Mg + into Sn02 without Au did not improve the original2

sensitivities of Sn02, selective CO detection obtained with'

2 5/Mg +/Sb + might be due to a synergism between the AuAu/Sn02
2particles and Mg *.

Figure 2 shows the XRD patterns
2 5of Au/Sn0 /gg +/Sb + and Au/Sn022g,

g T The XRD peaks of
5

j \) z.
- Au/Sn02 /Mg2+/Sb +, which are*

I broader than those of Au/Sn02,#
| % # e

g b clearly indicate that M8 2 +.,

suppresses the sintering ofE -%
3

'
- Au/ Sn02 to give smaller gold.

I
|

'

P'''i*1''' Ih' H8 * d P' d "*P '

35 40 45-

show no appreciable XRD peaks
28 (degf ee)

due to metallic Au even after '

\
hg. 2 h XRD patterns of sensor heat-treatment at 600'C. The ;

.

2 5
black color of this material may |

/Mg +/Sb + (color; black),5 A-

b; Au/Sn02 (color; deep purple), indicate the presence of highly.

7 v ; Sn0 . + ; Au. dispersed Au particles, which are2

!' smaller than those in Au/Sn02
| M Direct information concerning

[g/ '',,,a
,

the difference in thef
'

,, '

p/ , a' sensitivities of Au/Sn02 with and>..

0[50f without Mg2+ was obtained by
|

- ,t.
measuring the catalytic activities;o.

150 250.

of the -aterials for CO cxidation.4 Q
. . Figure 3 shows that CO oxidation

.

p
8 b

100

(A pi ,s ,'a''i',,,e
'

a | takes place in preference to H2
1; 50

,..e
o , .. /p"/ ,,

- c,

at; oxida eion ove r the above two;;;

,
gfU

,,

materials in the dried reaction'3 0

j 50 E0 250 gas. In the humidified reaction0

,~5- _

Reaction Temperature ('C) gas, water vapor does not affect
2the catalytic activities of Mg +

| *

;n. 3 hs.3 The efficiency of CD and H2 doped Au/Sn02 but inhibits CO
oxidation over sensor materials as a+

* '

- funct19e of temperature; oxidation tver Au/Sn02 without
2 5a; Au!Sn0 /Mg +/Sb +, b; Au/Sn0;. gg + decreasing the preference to2 2[ 0 CF ; 1: CO + air (dried by

P02 5 column), CO oxidatica.
'4, 3

- 9 - e - ; 11 CO + sir (saturated The di'.ference in the size of
with H;0 at 0,C),.

Au partic?e may acceunt for the.: - 0 -- -t - -; 1: H2 * air.
' Space velocity; 20000h*I el g-l. differance in the sensing ,

* x ;
| f

.
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2 5[i properties of the Au/Sn02/Mg +/5b + and the Au/Sn02 sensor. It
' 4'has been found in the case of UFP-Au/Fe2O3-T1 thot the

sensitivity as well as the selectivity towards C0 increases with.

E smaller Au particles [1]. The measurements of gas sensitivities

were conducted under humid conditions, despite this
2 5Au/Sn0 /Mg +/Sb + remains selective to C0 due to the fact that it2

,? ' is unaffected by water in the catalytic oxidation of CO.
"

Recently, UFP Au supported on hydrous oxides of alkaline earth 1
I

metals have been found to catalyze CO oxidate n even at -70*C
'

2(5.6). An increase in the basicity of Snog by doping with Mg +'

might play an important role in ths vater-resistant o ' . s. . .n of

CO.
|

|
'
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Sus'.ru YOSSI!Kra'A. and Hiroshi S ANO*

Cevernmect !ndustrial Research Institute of Osaka
Midorigaoka 1, | keta $63. Japan -

ABSTRACT

""he R&D programs of chemical sensors should ;articularly te focused on
the practical needs. Sensing materials and signal transducers should
be exploited efficiently and should be combined synergetically by
taking into considerarton of the sensitivities, selectivities, and
st*bilities required. h methodology for pregram making is presented
by sn m ng the examples of Government Industrial Researen Institute of *

CsAka. The practical needs. technological bottle necxs, prospects of
developmei.t. and fields of application were disclosed through the
stivey by distributing questionnaires to tne people engaged in
chemical sensors. The results of needs analyses together with seeds
exporation substantially helped the establishment of tne needs--

orient &ted and motivation-enforced R&D programs. Be activities and,s

[ :) acntevements of research carried out in the frt:ework of the programs
) at 01R!0 are also described.

1. .tNTR00CCTION

Chemical sensors are a soit of artificial eyes to recogni:e

che'nic al species. They measure the presence or conc.entration of
gaces, ions in solut2ons, and organic compnunds. They are widely used
in microwave evens, gas saf ety alarms, a.r-!cel ratio centrol systems
fe. 'omobiles, monitoring of water pollution. : edical drag delivery
devices for diatetes, process control of fermentation and so forth.
They are really be:oming indispensaole for many industries and for our
daily lives as well.

There are various kinds of chemical sensors; multifariots sensors
era existing'and will be needed even for a st .gle chemical compound
depending on the conditions of operation. sensing materials,
transducers, and detecting principles. Especially, sensing matettals
used are diverse from organic metal complexes, conductive polyxers,

! )
\/
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2.

^ '

IThis sitIstion makesbiological e.aterials, metals, and setsi exides.
it difficult for users to chocse suitable che 1:a1 sensors without a
vast amount of knowledge and for enpneers an: makers to find the
efficient approach to the development of a sensor specifically

desired.
Frcm the above points of v'iew, it is very ;:pertant to establish

the sethMology for making R&D programs of the:1:a1 sensors. The R&D
programs of Government Industrial Research Institute of Osaka (0 R:0)
were made based on the results of questionnaire servey of social needs
ts che-ical susers and on the results of literstate and patent Nrvey
cf the past ten tears. Several distinguished results were obtained in
the !*amework of the R&D programs. These activities at GIRIO for the
past five years are presented to show one of the examples of the

methodology for program making and its validity.

2. THE STRt|CTURES AND PERTCPS.ANCES OF CHEMICAI. SDSCRS

Chetical sensors can be classified into four groups humidity,
gas. lon, and bio-sensors. Structually, they are divided into two
types [1] ab shown in Fig. 1. The first type is called " unstructured
sensors", where sensing of chemical species and transducing the

.

resulting physico-chemical changes to an electrical signal is
perfor:ned in c single phase. Humidity and gas sensors using sintered
ceramics are typical examplee of this type. The adsorption and
reaction of water or flammable gases on the surf ace results in a
:hange of the e.ectrical conductivity of the sintered body ceramics,
thus letling to an increase in electrical current under a constant

applied voltage.
The second type is " structured sensors", because the part of

receptor for chemical species and the part of transducer are clearly
separated into two phases. Conventional ion te'e:tive electrodes are.

a typical example of this type. They are cc bined with reference

electrodes to measure the potential dif ference between the two
electrodes. Almost all biosensors are also inchded in this category.
For example, glucose oxidase recognizes glucose and then catalytes the
reaction to produce H 0 , the concentration of which is transduced22
with an oxygen electrode to an electrical signal.

!
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Fig.1. Structure of chemical setisors.

Many advanced censors have been developed in the structured type

by using FET(Field Ef fect Transistor)(:) SNd(Surf ace Acoustic ' dave)

devices (3.4), pieteelectric crystals (5,6,7), fluorescence (B9), and
~

fiber optics [10) as a transducer. One of the advantageous features of
tnis type is that it allows us to choose and prepare sensing materials
without taking into consideration of their transducing properties.

7

The typical examples of sensing membranes are cellulose acetate
.

S1 N [14),butyrate(11) Sr hurt.idity. Po[1;f and Sn0:(13] for gases. 34
NAS glass (15), valinomycin (16] f or ions, and urense and glucose
oxidase (17)forbio-relatedt spounds.;

The R&D work of chemical sensors consists of exploiting sensing
|

i materials and transducing devices, fabricating . hum into sensing
!

|

O
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devices, and testing sens'or performances. There are three "S"s in the

perf ormar.ces of chemical sensors. The first is sensitivity which
includes range of detectable concentration, resolutien wita respect to
a certain concentration chanie, and response time, namely, three "r"s.
The second S is 1electivity. The interference by v?er coensting
species is one of the s e r i o u's problems of the ; resent chemical
sensors. It should be examined bef orehand whien kinds of spec tes
coexist in the atmosphere where the target sens:rs are used. The

third 5 is stability which includes reproducibility of signal output
during the repetition of measurements and durability in the long term
use.

3. Si|Ryr.Y AND ANALYSES OF NEEDS TO CHDi! CAL SENSCAS

in order to establish a self-consistent and effective strategy
for the Rt.D procrims of chemical sensors, a comprehensive survey of
social needs was made by GIRIO in 1983(18). Questionnaire shee'ts were
sent to 341 people who were engaged in chemical sensors at

industries (2561, universities (65), national and public research
laboratories (14), and technical consultants (6). Torty eight per cent
of them seat us back tneir answers, f rom which the needs to chemical

*sensors were analyzed as described celow.

3.1 Overall Chemical Sensors

Figure 2 shows the number of answers to the question "Please
choose three chemical sensors which you think will grow remarkably in
the future.". The stea of each circle is proportional to the number
of answers. In the category of gas sensors, oxygen sensors gained the
largest number. It se ced to be reasonable because oxygen sensors
were being commercially used for the control of air-fuel ratio in

!

automobiles. The second is C0 sensors. This is probably because
there were no reliable CO sensors to monitor whether combustion of
f uel in household appliances is safely taking place. The third is
H:0, namely, Lumidity sensors. This might be due to the very humid
climate in Japan. Humidity sensors are in a wide-spread use for air
conditteners, video tape recorders, automatic cooking even ranges and

I
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so forth. It should also be noted that nitrogen oxide sensors

obtained more points than hydrocarbon fuel sensors whith had been
t'%
[

commercially used for gas leak alarms.
I D In the category of ion and bio-sensors, the expectation to

sensors f or bio-related compounds is f ar the largest. Sensors for

organic compounds gained answers as many as oxygen or CO gas sensors
did. The broad definition of biosensors includes not only the sensors
with biological materials such as ensyme, immuno-assay, micro
organisms for sensing but also other types of sensors which' simply
measure bio-related species such as 1.1+ concerned with psychology and

U in body fluid. These i. elds of biosensors are expected to make the
greatest progress in the future. As for ion sensors, heavy metal ions
and nitrogen compounds rech as NO are ranked at the top and at t.ie3

I second, respectively.

| The opinions co-cerning chemical sensors described freely by'

answerers are schematically summarized in Fig. 3. The area corresponds

j_ to the number of opinions. In the category of gas sensors PH3 and
ash , doping gases used in semiconductor industries, CO, and humidity! 3

are attracting large concerns of answerers. Relatively great desands
are seen to the high temperature use of gas sensors and to some extent
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Fig. 3. Schematic summary of the opinions
viitten freely by correspondents.

to the low temperature use. In the category of ion and biosensors,
smell and taste sensors are pointed out as a future target of

research. n sensers for rare earth metal ions, NOT, organic acids
are also a big concern. Among the requirements for the perfu ences

,

of chemical sensors, selectivity and stability are of the greatest.
It is important f or making R&D programs to grasp properly the

technological problems. Figure 4 shoi.s that the most serious problems
are degradation, reproducibility, stability of signal output, and

contamination by oil and dust. These all concerns the stability of
' sensors in a wider sense of meanings.

Reprodd ttlitvi

\q .T
et) ., .

.,

Dust ,' . dl* : 4
'

ca$gj 64

?.[ tegrasa tin,10' -
,

MN. - Durability
Respoats -89,

senttivity it,ititg, Tig. 4. Problems of chemical sensors.
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g 100 articles A literature and patent survey

g Pacers .as dcne for t .e past ten years to

patents know the state of tne att of-

8],' s*,,,,,, C: cnemical sensors mostly from the

v . .. ... ;.a ..n .oint of seets. Figure 5 shows

g tant there is a big etntrast :n the

5:W . umber of scientific papers and*' -

:.. s.'.'.n ig ;atenta between ion sensors andi.. s. . .. .. 6 i .a tpM ..y-

; i?fQ{L .he other chemical sensors. In thes. . t ... ..

2:: .,

Nb N field of ion sensors, scientific
'9 I M ty [3 T; p hcem n.JM papers are much more than patents.e' . it 1,

;robably because R&D work is matt;y''~
.-.,
o... .

c u w -n > done in university laboratories.
- - = = = = i !

especially as the subjects of
. , , . 3 ., . : ,e i, u

analytical chemistry. On the otherrig. 5. Annual growth in the
number of papers and patents hand, in the fields of humidity and
concerning chemical sensors. gas sensors the number of patents

largely exceeds that of scientific
papers indicating that R&D work has been carried out mainly in
industries.

3.0 Humidity Sensors

As shown in Fig. 6. few people think that the present humidity
sensors have no serious problems and that their test are too high.
The biggest proble:ns are reproduc:bility and precision, secondly,
stability of signal output, thirdly, durability and life and then the
range and conditions of measurements. The former three constraints

,

are more or less concerned with the stability properties of sensors in
a short and long term use. Therefore, an improvement in stability is

,

considered to be the most important task of R&D on humidity sensors.
Figure 7 shows the fields of applitation of humidity sensors. * hey are
expected to be the most frequently used for air conditioning in
residences and of fices, probably because the humid het summer and dry

cold winter in Japan. The second largest field of application is
drying processes, where high temperature performance and durability is
;articularly required for humidity sensors.

_ ..
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-3.3 Cas Sensors

Figure 8 shows several prcblet.s of gas sensors with their
respective percent

fractions in the
*

,te settest scootees,

number cf answers.
Selectivity oc;upiesC'" \,

N the largest fr6ction.g| ;t
3g

en. 11-itation tohg" "$5''a in seletti ity
'

) the applicable condit-';'
/ tons, life, and stabi-

.

t)g gg g g,
/ tiet tation of lity occupy almost

,\ winte coaattieas equal fractions to
.... each other.

Fig. 8. Proble:ns of gas sensors.
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( Table I shows more detailed data how differently producers,s

sellers, users, and researchers recognized the problems of each gas
senser. Cct.cerning CO gas sensors, although ;roducers and sellers do

3,

not think there are any serious problems, users and researchers
complain of selectivity, stability, and applicable conditions. Aa for'

fuel gas sensors which had been already commercialized in Japan,
selectivity end stability are considered similarly by the four grou;s
to te very serious problems. Therefore, it may be suggested that tr.e
types of CO gas sensors under consideration ace different between the
group of prefacers and sellers and the group of users and researchersi
the former is actually dealing with electrochemical sensors and the
latter is developing oxide semice' utter or other types of ecmpact
sensors.

In the esse of oxygen sensors, durability is the largest

constraint and the second largest ones are convenience and conditions ,

fcr use. There also observed a big discrepancy in answers between the

group of producers and sellers and the group of users and researchers.
This may again suggest that users and researchers were seeking for
stabilized-aironta based oxygen sensors or other ones of the new type

f which were different from conventional elect amical sensors.

'V Concerning hydrogen sulfide and sulfur dioxide gas .ensors, for which
electrochetical cells have long been t. sed, no serious problems are

pointed out for the present.

;

Table I. Constraints of producers, sellers, users, and
researchers on the respective gas sensors.
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rig 9. The number of people engaged in gas sensors.

Figure 9 shows the number cf answerers who were engaged in
respective gas sensors at the time of questionnaire survey. The
number was by far the largest for those who were engaged in og
senscrs. Sensors for H;. CO, CHg. , and hydrocarbons had almest the
same number of people engaged, however, the fraction of R&D wss .

relatively large in the case of CO gas sensors.
The comparisen of the present situation shown in Tig. 9 with the

S

future situation estimated from the number of answers to the question
"In the future which gas sensors do you wish to develop, use, sell, or
pioduce?" can tell us the growth potentials of respettive gas

sensors. The ratios of the nu.mbers of the f uture involvement to those
of present one, namely, "f uture indices", are shown in Table II. The
production and selling of C0 sensors will appreciably grow. Nitrogen
oxida sensors are exceptional that they will grow appreciably in every

sector. Users will increase in the sensors foi alcohols, NOx,
halogens, and 50;. Research & development activities will be
strengthened in the sensors f or 50 , halogens H;S, NO , and H;.x x

Strong interest in MOSTET sensors might be responsible for the large
index of H .2

Among the fields of application of gas sensors, prevention of gas
explosion and of accidental death by oxygen shortage is considered to

O
,
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3.4 Ion fensors

The general problee.s of ion sensors that were pointed on by
correspor. dent s are first life, secondly selectivity, and thirdly
inconver.sence in using sensors (Tig. !!(a)). 'ihe t appear to be

characteristics of ion sensors are that rolatively large fraction of -'

people feel no problems and that many people regard them as
inconvenient to use. The former is due to the long history of
commertaal use of ion selective electrodes, as typically represented

'
by pH electrodes. The latter is due to the fact that they need a
reference electrode to measure potential difference.1

'
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The problems of several respective ion sensors are also shown in
Fig.11. Cencerning proton ion sensors, more than 70% of correspondents

- answered "there is no problem". In the following three ion sensors

which were expected to grow markedly in the future, no one answr-
"no problem". The heavy metal ion senscrs need rote improvements an
fundamental properties such as life, selectivity, and applicable
conditions than in s'. ability of operation, reproducibility, and
precision of , measurements. Similarly, for organic compounds, life,
selectivity, and applicable conditions are the majer cor.straiats, in
the case of bio-related compounds, the problems concerning statility
and reproducibility are as serious as the protless of life, selectivi-
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ty, and a;plicable conditions. This might be because living tiologic-
al materials like enzyme, microorganism are used as sensing raterials.

Figure 12(a) shows the number of answerers who are concerred with

respective ion sensors. Those who are concerned with proton oc:upy

the largest number, halide ions the second, and alkaline and cyanide
ions the third and then bio-related compounds. It should be noted that
the fractions of R&D on organic compounds and on bio-related compounds

are very large while that of users is more than half in prot:n
. sensers.

'a' hen the future involvement shown in Fig. 12(b) are compared

with the present one, a marked increase is observed in organic and
bio-related compounds whereas an appreciable decrease is observed in

proton. It is worthy of noting that the f ractions of R&D are
relatively large in both present and future involvement in heavy metal
ions and nitrogen compounds.
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3-5 B1:se*.scrs

*able III shows one of the typical data obtained f rom an
intenstse investigation of biosensors which was made by Osaka Science
a Technel:gy Center in 1956[19). Glue:se and Na* and K+ ions are zest

'

frequently .teasured in clinical analyses. Ions such as Cl and H+, as

well as 0 and CO gases, are also very often measured.
There are f our types of chemical sensors which use biological

materials for molecular recegnition, that is, enzyzes, microbes.

immunity, and the others like organera. Figu:e 14 shows the number of
.!a pane s e p-a t en t s concerning biosensors publir.hed in the ;eriod of
1990-198!.. Enzyme sensors occupy by f ar the largest portion. .Mor e

than 90 species can be detected by using dif ferent types of enzyme
sensors, eleven of wh* ch are already commercially available. In this.

sense, among biosensors enzyme-based ones are the most popular and
successful.

O
.



_ _ . _ . . _ _ _ . _ _ _ _. ____. . _ . ._ ._ __.

i

/[-

O) Table IH. Frequency of seasurements
. ..

(
Q with biosensors in clinical analyses.

i i 8 e w er v w a. r e n i ?m j,,,g

| %.,ce, :* t e ' tset w - *
,

*

m,.. o ; i 2 i n,

. ct:t stie : I 1 6 8 8 I'

)3 1 i t 1 !ar : at:s '

:"'%: i > 1 *'..

...,/,,s7 ,,, v.,y< ,

s ,

N I
. 43 : eaticio. . . .

.
,

Mne : ! : i *

Fs.- i i. : : ! ,, I / o v
: s i |'

'Si ic - 1'i is 1 t 2.n

( V />c.4* i s i : . :o I

( ji u n d- 'o | 2 i 3,

i-ci- i: 1 : I n i s 8
- 1: 4

I e t.N M * * I .e.,

o. o i s i s in I .

i .e i . 1 . I is ! Fig. 14. The number of{ : 0,
Japas;ese patents-

I '8 i 8 I 8 I 8' I['M concerning biosensors.

(32 answerers)

,o
!

\
V 4. R&D PROGRAMS Of CMDtICAL SENSORS IN CIRIO

Based on the re.sults of needs and seeds analyses, a f ew targets
were set up for humidity, gas, ion, and bio-sensors. The first target
for humidity sensors, the operating temperature above 200'C, is e.ainly
for the application to combustion exhaust gases. The second target
for linearity of signal output is fer the simple signal ;rocessing in
monitoring process gases and air conditioning. As for gas sensors,
selectivity to CO is not only one of the largest practical requests

but also the most rewarding fundamental research sub;e:t. Low
temperature operation is also attempted for the future costination
with silicon devices. In. ion sensors, extension of messurable ions to
heavy metal ions and organic acids and miniaturization thregh ISTIT
are two main targets. Lastly for biosensors, proteins in bloed and K+,

Na+ Ca2+, Cl* ions in body fluid are targeted together with multi-
enzyme electrodes.
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4.1 H.;gidity Se sers

A glassy taterial ::2 posed cf V;0 .!e0;-L1:0 + Ag;0-I;C f,20} *as$

explotted for 6 humidity sensor which could te crersted at above
200'C. ~he za:n c'eponent V;0grie0; 1s one of ele:tt : ally c:nductive _

glasses, to whien Li;0 was added to provide moisture sensit;v'.ty. '"h e

addition cf Ag;O .as ti reduce the electrical res.stavity. 'he role
cf K;0 was to enhance tie ser~1tivity to trs e amount of =ctsture..

The above compounds are sixed and ground well. To the fine ptwder
urea was addet and then .t was pressed and calcined at 200-350'C. The
addition of wees made the sintered ele:ents macro-;crous t: fr:111 tate
the dif f usien of water telecules into the inside of the elements,

n.e material without K;0 can be used as a dew point senser for
'

VTR heads and the rear . indows of autemettles. Tagure !! s'.:ws that
ths elettrical resistance decreases only sligntly until it sharply

drops at a relative humidity around 90%. This sharp drop can be.

operated as an on-off s. itch which works at around a dew point.
0, the ether hand if K 0 is added, the material turns to be2

,

sensitise *.o the whole range of humidity as shown in Fig. 16. The

resistance change of two order of magnitude can te ettained for a

.

ice.
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Tig.15. Response curves of g e r.. .f,a , , y
glassy sintered elements for
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e ; emw aed o.eirce. the whole range 'aidity sensors.
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. relative huridity variation f rom 10 to "O %. *he res;;r.se was alsoC/
sufficiently rapid that the steady-state signal values ttmard

increased huridity : uld te reached .ithin 30 se:cnds and 1:*ard
decreasing hweidity within 60 secer.ds, it was also c:r.f ttted that
this sintered glassy tatettal :ssid respond to a small change cf
wisture frem 16 p;m to 31 p;t at least up to 120'O. An:tter ty;e :(

hamidity sensitive material e.a inl y temposed Of I;0r and petassium
titer. ate whisser was also deselo;td(21}.

In the second line of appr ech to the develtpent ;f hutacity

sensors vith linear res;ctse. the techniques of solid polymer

electrolyte (SPE) water electt:1ystsi:0) have been applied. Figure l' !

snces the structure cf $PE a pereretric hut.1 city sonstr. Netle tetals
of 2-amg/ct, are chemically de;csite: cn both sides [13). 'n'h e n a

potential over 3V is applied tet.een the two electrodes, tre observed 1

2 I
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i d /
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i j p f t h h' ' ~ '#hb4$ f 1,w uer lV
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I "!"Fig. 17. Structure of a?E j- /amperemetric humidity seneer
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current is propertional to the ameunt of water det:mp;se which is

again in proportion to the concentration ef mater in a gas stream.
Bis am;erometric sensers exhibited ;erfectly linear res;:tses in the '

whole range of relative humidity as shewn in Tag. 16. As 1 h; metallic I

ele: trode catalysts Rh. It, and Ft were f o nd to te pref eratie swint =

i,

to their :;rreston resistivity.
'

4.0 Cas fenscrs )

There are two types of CO sensors :cuer: al;y availatie. j

feticonductive $n0; catalyzed by N needs f er;odical heat flashing to
sweep out CO acs:rted at a 10w tem;eratere[24). Ele:tro: hen cal C0
sensors are not tot;aet and are troublestme in reaintenancel:!).
"heref tre, tew sensing materials were exploited for the developent Of
highly selective CO gas sensors whlen C;uld h pef ully te 0;erated at
low temperatures f or the f uture ecmttnation with sili::n devices.

The material newly developed was a novel gold catalyst which
exhibited an extremely high activity f or the oxidation cf CO at lov
temperatures (26-30}. Figure 19 shows TEM phot 0 graphs of the gold
catalyst prepared by calcination of Au-Te correcipitate in air at
400*C, The gold loading is about 13wt%, which corres;c .ds to an

'

atomic ratio of Au/Fe = 1/19. Very fine gold particles are

homcgeneously dispersed with a mean diameter of 4.Inm and a standard
deviation of %%. These gold particles are not spherical tut hen -'

spherical in shape and are contacted at their flat planes with 3-Fe:03
(hematite) exhibit;ng a specific crystal crientation of Au (111) plane
toward the (110) plane of hematate. This epitaxial-line it:wth cf gold
particles makes them very stable agati.st heating and reduction-

oxidation treatments.
The catalytic properties of the Au/a-Te 03 are very unique

compared with these of single oxides and gold powder itself (Fig. 20).
Over gold powder, CD oxidation takes place at much higher temperature
than hydrogen exidation. The same nature can be seen for Fd supported

on al:0 . On the other hand, on almost all the metal oxides, the3

oxidatien of CO oc:urs at lower temperatures as typically snewn by a-

Fe:0 . The corre:1pitated gcid catalys; is so active that it can3

catalyze the oxidation of CO even at -70*C and has sittlar nature to

O
.
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those of transition metal oxides. In addition, the catalytic activity
for the oxida'. ton of CO is n0t depressed but is enhanced by teisture.

In order to make hematite really n-type semic0nducting to reduce
electrical resistance. 71'+ ion was deped at a concentrati:n of 3

ated (Ti/Ti+Te)(31) ~he thick film sensor devices were trepared by
painting the paste of semicenducting materials. calcined at 400'O on an
alumina substrate with comb-shaped gold electrodes and then by

calcining in air at 600'C. The electrical resistivity (R) was measured
in a synthestred air moistened at a relative humidity of 65%.

Figure !! shows the sensitivitiss expressed by the ratics of Rair
to Pgas to CO, H;. and Et0H es a f unction of device temperature.
Without gold. Ti" doped hematite exhibited only small sensitivities
to CO and M: even at temperatures above !!O'C. Only Et0H as detected
with high sensitivity, which was ons of the commen features of metal ,

oxide semiconductor gas sensors. With finely dispersed gold,

temperatures at maximum sensitivities shift by about 100'C toward
lower temperatures for H and E 0H. For CO. much larger shift was
obser ed and an appreciably high sensitivity over 30 could be obtained
at a device tetperature below 50*C,

The logarithmic plots of both sensitivities and concentrations
yield straight, lines. Figure :: shows that at 40'C 20 ppm CD can be

*

detected with the same sensitivity as that to 1000 ppm Et0H and with -

much larger senst;1vity than that to 1000 ppm H:. Furthermore, the

slope for C0 is larger than the other two showing higher resolution
for CO.

In the next step, an attempt was made to de elop an optical gas
sensor with a structure schematically represente < Fig. 23[3:]. The'

fiber optic temperature sensor under a thin 1 :i oxidation catalyst
detects a temperature increase due to the extaktion of CO over the
catalyst surface. Since highly dispersed gold catalyst will possibly
have high absorbebtlity of infrared light and be readily war.med as a
comnercial inf rared light sensor using evaporated gold thin film does,
the surface of the gold catalyst can be kept clean from moisture and
other adsorptive gases.

Optical chemical sensors are advantageous over the conventional
electricity-based sensors in that they are free from the interferenco
by electromagnetic noise and the danger of inducing gas explosion and

9



al

7m
>

-

| (t)
- . - . . _

,

(c) fa st !
-

\__ / hX- ' #
| > %

g f

'sa. {
! \ !
I I;.

I I \
g:>| s \

|| \ ~
. ,

f ,,* /| |'' '
,, /= / g i

*/ / |
!

} ,1 _ , !/* ' * -

_.-
ix :x no ':o :;o no

't*t e'o tw e of seasoe t **e

Fig. 21. Sensitivities of thieu film smiconductors
as a function of operating tesperatura.
(a) Au/a Fe:Os(Ti'*). (b) a Fe 0 (Ti'*)
,300 rpm Co.-- ,80 ppm tiOH. - ,000 ppm H e

,..; ,
e

t |5 .
1

a ;t'

I |
4 10*-

"|..o ,

f ',' ~~~.
"",, '',,} Fig. : . Sensitivities of thick

'

film Au/o-Fe Os (Ti'* ) sensor at73 '

"",, " l.0*C as a function of gas! ! \

( "/ concentration.
3

'O ;0 M 'DC 700 D o 1000'

:encesi,ci,on i cem ---- C o . - - . E t 0 H . - . Hi

Fla=atle ses

r it e re r t t e
Opgt:31 {;tgy temreratJte sensor

\ %r
Af.) T v/20y ;-- jm \ !.} .-;,y

Near ?R 11th: L!8'8 I'T-

for heattns temperatare senstes

Oxidation catalyst
(vita a ht(n 'igt.t absortance)

Cacaiytte comban: ten
( e x o t t.e r:t c )

Fig. 23. Structure of optical gas sensor with thin catalytic film.

I

;

, m

f
1
i

!

|
i

ev



!

E2

that they are capable of tht centrol at remote locat$on and of tne
direct linkage with an optical inf:rzati:n syster.

A film of 0.!um th::k ::m; sed of a-Te;03 *1:5 nighly dispersed
Au .as ;te;ared by simultaneous sputtering. *he ;;1lst-structured thin
film obtained was still less act:ve than the tat:k f ;m ;re;ared from
the ;sste of copre:1pitated powder, hcwever, it was sufficiently
active at ter;eratures around l!O'C. The pre;arat :n of thin film

gold catalysts in connection with their optical ;r:;erties is unter
study.

4.3 on Sensors

he first line of a;;r:ach to the devel pment of new ten sensors
was tne utiltration of a natural la:;uer. Urusnt as a matrix raterial
of ion sea.sttive mettranes. Urusn :s an oriental natural lacquer
used extenstvely for .|spanese la:;uer.ates[33) and has excellent
durability and mecnanical strength. Many lon-selective electrodes for
iodide [34), pitthlorate(35), nitrate [26] and thiocya J7) ions have
already teen developed using Urushi at G RIO. Ti.e second line of
approach was the application of TIT to the fatt::stion of miniaturtred

ion sensors.

Selenecyanate ton selective elec;rocee were pre;sted from tri-n- '

octylmetnylammonium selenocyanate ion-extbanger and Urushi[39).
Figure ;4 snows that linear poten tal-concentration curves with a
slepe of 60mV per decade were obtal'.ad within the concentrati:n range

10-1-10-5 o1/1 selenocyanate ;o: the mettranes composed of ion-of 2

exchanger at w5-50wt?.. The ste;1: response time was less than 30
seconds. De electrode exhibited constant potential within the pH
range ;-10 and good selectivity except for a few cases. Figure 25
shows selectivity coef ficients. K1] in the Nernst:an equation E=E's
[(3.303RT)/zf) log (a14 ;a;).1

As the first step f or the miniaturization, a coated wire

ele:trede was linked to the gate lead-wire of a conventional field
effect transistor (39). This coated lead-* ire ion sensitive
TET(C1.ISTIT) was prepared by using even weight of selenocyanate ion-

exchanger and Urushi. A linear respense was obtained in the range of
10-2 to 10-3:o1/1 selenocyanate.
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rig.:4. s.4n# cew noe cuan or ins,oareinumn a.e . .

g t;;tpy.. e t*, @f 40h ..f.&f-|.f. I n 50 6J) d $ 1) ev |d)33, 7g ,;3, gg, gmg

. . . . . . e . . .w. o. A selenocyanate ion sensitive
I TET (ISTET) .as f atricated by coating

i
v 'w i ^'' ' ' ' " '

| a mixture of selenocyanate ion-
/ s is."" . / exchanger (45%) and Uruah1($$%)s e... ..

} -- 7 r we,
, ,

' ^Sw" - J \ oa with a size of 0.imm x 6.5mm(40].
l ( The FET device was water resistive
,

s / : s,...,
v Q owing to Si3 4 centing. Figure 26N

, ,

[' O shows the measuring cir:uit cf Urusht'n ..

ISTET. A linear response was also ,

Tig .2 6. Meuw 'ns tittat of Nhi t$ RET.e

obtained in the range of 10,g 40,3,

mol/1. The selectivity coef ficients

anj other chara:teristics of the above two FET sensors .ere almost the

same as those of the ion selective electrode.
A chemically modified CLI$fET for silver ion was prepared using

stiver-7.7 S.8-tetracyanoquinodimethane anion radical (Ag-TCNQ?) film
formed by dipping the wire in the TONQ dry acetonitrile solutten[41].
A CLISFET for copper (II) ton was also developed by using Cu-TCNQt
(11m(42]. These sensors showed linear responses to the concentraticn
of their respective ions in the range cf 10-1 to 10-$ mol/l with
Nernstian slopes.

New ISTET sensors using silica on sa;phire(505) wafer are under
developent f or the detection of copper (II) ion and gluconte acid.
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4.4 Biesensors

As a typical 1:n senser useful for :linital menitoring a K*

C'.15TI* was f abricated by using valinomycin as an 1:n-sensing material
and '.' r u s h i es a membrane
matrix (O). Tigure 17 sho.s 6

linear respense in the range of,3 ,

1 to 10-5 mel/l of potassium icn.
Sodium ion interferes slightly..

However, rubidium icn terribly
,

j 1,3 interferes by yiciding a drain--

) "*
source current as large as

s . - -

potassium ion does at the same*

se' concentration, which is also a

8h constraint en commercial potasst.m
*"

ion sele:tive e'Sctrodes.
Among the biosensors using, , , , , ,

6 6 e J J 4 v
biological materials forpgg,g, . . . . . . .

flemonie of CLl%rtT wnh 10 8 mot dm.e sensing, enzyme-based ones are

iM"f"* t ion. the most successfully developed
r.. . o v. r.. . s v and becoming popular. More than 90

, ,

analytes can be detected with

various enzyme electrodes, eleven of which were commercially available
until 1955. Multi-data processing has te: me very important for the.

measuretent of Inulti-component systems. An auto-talibration system

with a multiplexer was developed for detecting situataneously mere
than two components in a.1 attempt to r.pply to f reshness and taste
sens0rs in the future [44).

Compared with the enzyme-based bicsensors, immunesensors still
have the probles how to transduce efficiently the antigen-antibcdy

binding into a processable signal, because antibcdies merely attach to
their analytes.

An attempt was made at OIRIO to develop a direct a.percmetric
immunesensor[45). In body flutd, the antigen-antibody bindings are

'

transduced ints the enzymatic reactions cf complements, which consist
of the cascadic enzymatic systems of serin proteases and some

regulator proteins. Terminal reaction of this cascade 's the

O
,

,_ _ . . .
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f ormation cf membrane attack c'cmplex, which is a channel of 11 nm
~

in diameter, in the cell membranes or artificial lipid tilayers.
Lipid 'testrates centaining some hapren ligand. which were c:mplete
insulators, were f ormed in the filter and attached to the end of
electrode. The membranes become conductive in proportion tc the
degree of the it.munolegical reactions induced by tne addition of anti-
serum sample. The conductivity change is measured by an usual

amplificatien apparatus.
This detecting system, an unlabeled method named by us

" Complement-mediated Atter: metric Immunesenso r (CAIS T', is highly

sensitive up to sub-nanom0lar concentrat10n. easy-hanclei, and free
from background ncise causec by non specific prctetn adser; tion. This
is 6pplicable to the detection of both im.muno-assay and complement
assay.

5. CONCLl'5!CN

Fesearch on chemical sensors at CIRIO has been initiated as a .
practical subject of surf ace science and at the same time as one of
the attempts to explore new functional surface materials. *he social

needs to chemical sensors were gathered through the questionnaire
The analyses of the answers led to the establishment of self-survey.

consistent and efficient strategy for the R&D of humidity, gas, lon,
and bio-sensors. Through the exploitation of new sensing materials
and the application of material technology already accumulated in
different lines of research, several new chemical sensors were
successfully developed.

The above experiences concerning the methodology for making R&D

programs of enemical sensers led us to the following conclusions.
1) Needs-orientated pregrams are particularly important for t:.e R&D of

chemical sensors. It has t en often the case that necessity is the
mother of invention of chemi;al sensors,'

:) Needs to chemical sensors should be properly translated into the
required properties represented by the three Ss. namely,
lensitivities, selectivities, and scabilities.

3) Seeds of chemical sensors, namely, sensing materials and
transducing devices should be synergetically combined so as to

\

l
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fulfill the requirements to chemical setsers.
4) Liaison bet *een universities, r.stional ;abaratories, and it.hstries

will te the key for the ef ficient Tr:grts mak;ng and s ur.c t s s f >.tl
accomplishment. Scientists in un:versity laterator:es and

engtr.eers in industries are. ex;ected t: te goed sensors to neef.c
and seeds, res;ettively. Those who were l:>r nat:er.a1 lat: rat: ries
itke GIRIO .111 have to te good transhcers f or seeds to needs, ar.d

vice versa.
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PREPARATION AND CATALYTIC PROPERTIES OF GOLD F1hELY DISPERSED ON

. BERYLLIUM 0110E

.

Masatake HARUTA,' t e nji sal [ A," Te tsuhiko KOB AY ASHI,
-

Susumu TSUBOYA, and Youhiko NALAHARA
a

Government Industrial Resen ch Institute of Osaka,
Midorigaoka 1-8-31, Ikeda 563
t Osaka Institute of Technology g,7

,

Omiya 5-16-1. Asahi-ku, Osaka 535
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M
Ultratine gold particles supported on beryllius oxide have been^ ~

.

prepared by calcination in air of. the coprecipitetes obtained f rom an
aqueous solution of HAuCig and Be(NO )2' The coprecipitate with an3F ,

,

atomic ratio of Au/Be=1/19 calcined at 200*C was the most active
and could catalyse the oxidation of H at O'C and CD at -7 0' C .

2y

Experimental data presented in the previous papers [1,2,3) have demonstrated
that coprecipitation, instead of impregnation, enabled us to prepare gold I;nely#

,

dispersed on metal oxides and thet the oxide of Fe, Co, or Ni as a support could<-

( yield very active catalysts f or the cuidation of cartion monoxide at lew
temperatures, During the course of an invettigation undertaken to see if ather'.
metal oxides could also be used as a support suitable for oarkedly enhancing the**

catalytic actietty of gold, we have recently found that some alkalino earth
,

metal oxides act se an ef fective support. The present investigation deals with
,

the preparation of gold finely dispersed on beryllius oxide and its catalytic
activities for the osidation of hydrogen and carbon monottde.

4

The new gold catalysts were crepared by coprecipitatice with sodium carbonate
6 and Be(NO )2. The coprecipitates were washed,f rom an aqueous solution of HAuC1 3

vacuum-dried, and calcined in air at different temperatures for 3 - IBh.
Catalytic activity measurements were carried,out in a ses11 fixed bed reactor.

A

|
with _0.10s of catalysts that had passed through 70 and 120 mesh sieves.
standard gas consisting of 1.0 voll H2 or,CO balanced with air to 1 sta, was

;
passed through the catalyst bed at a flow rate of 33 al/ min. The reaction gas'

*
was dried by passing through a silica get column cooled to -77'C to prevent the
accumulation of solsture in 'the estalyst layer. The analytical techniques were

'e 159
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sieller to those described elsewhere(1,3). I

b. Figure I shows oxidation ef ficiencies f or H2 a t 30'C snd CO a t 70'C as a )
Ifunction of Au content in the Au-Be

h. 100
-. coprecipitates calcined at 200*C.'

( The oxidation of CO over the Au-Be

f ) ,/ k catalysta can take place at auch lower

h / \ temperatures than the oxidation of H '2

/3- 50 -
t

,
This feature presente a atriking

contreat to the catalytic behavior of*
j
' Of AI 02 3 supported

.

jo (, the conventional S102
Au catalysts, where H2 can be osidized

f , s/
at lower temperatures than CO. Maxieue

catalytic activities were obtained inA - =
O

1 2 0 W H the range of 5-10 stos!(Au/Be=1/19-1/9)
Au content / atom % for both H2 and CO oxidation. This

Fig.1. Catalytic activities for the range of Au content coincided with the-

oxidation of Ha and C0 as a functico optimus Au contents for Au/Fe2 3,0
) of Au content.

A .Be at 30'C; O C0 at -70'C. Au/Co3 4,and Au/N10.0

Figure 2 shows the effect of'

, 400 calcination temperature on the

i catalytic activities of the Au-
6 a

p
,

j Be(1/19) coprecipitate. Maximus

2 co , m- catalytic activities were obtained for

k both H2 and C0 oxidation when the
coprecipitate was calcined at 200'C,j

_

;\ 'e- .,

'

g,

7 f \
, ,3 where a maximum value was alsog

attained for specific surface area.

; This may indicate that the larger\.! %T u

1 - s -- .-
g so - j

,
e surface area .was pre f e rable in

\ obtaining higher catalytic'
,

a activities in Au-Be system. On the|

other hand, higher calcination
Caletnutloa tampeteture / *C

temperatures ranging f rom 300'C to
Tig.2. Ef fect of calcination 400'C were required for the Au-Fetemperature on the catalytic
activities for the oxidation of of Us coprecipitate to generate markedly
and CO and on specific surf ace area.
Tise expresses the temperature where enhanced catalytic activity for C0

l 501 conversion to attained, oxidation (1.3]. This la probably
A ,H. at 30'C; O ,CO at -70'C;

because strong interaction at the0,apecific surf ace area.
The arrows denote that T ra values int.erf ace between Au and Fe2 3 whichO

i

are lower than indicated, g g
i

O
|

|

|
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relatively higher temperatures was more important than the large surface eres of
The a ttivity of the Au-Be(1/19) catalyst was so stable even at -70'C0Fe2 3-

1001 ef fictocy of CD oxidation was maintained in a continuous run fr. 42that
! h, while the ef ficiancy declined to about 50% in a few hours over Au/Fe2 3V III'

Ir. the I-ray diffraction patterne shown in Fig. 3, a broad plateaux,g,
'

seeigned to metallic Au was first observed in a sample calcined at 150 'C. he

peak became nors apparent at 200 'C and f rom the peak half-width the mesa
Since DTA data indicatedparticle diameter of gold was estiested to be 4.3 ns.

that the formation of unhydrous Be0 starts et 280 'C, the most active catalysts

were considered to be composed of ultrafine Au particles and hydrous Be0. We
'

particle diameter of Au increased only slightly with an increase in calcination

I
teoperatures it wee 4.9 and 5.1 na for the samples calcined at 400 and 500

''C,

respectively. Therefore, it is likely that not ur6 hydrous but hydrous Be0 played
an important rule in enhancing the catalytic activity.

j Figure 4 shove the binding energies for the maxima of Au 4f7/2 '"d 'd5/2 M

peaks for the Au-Be coprecipitate. T'.e binding energies for the sampli cr cined
i

( et 200'C are larger by 0.5eV than those f or Au bulk metal, whereas the sosple'

esicinediat,400 and 500 'C exhibited no such chemical shif ts. Since the Au-Fe'

coprecipitate calcined at 30%400 'C, whir.h exhibited catalytic activices close
to that of Au-Be calcined et 200*C, showed chemical shif ts of almost the same

it e9 pears that the electron defficiency that gives the chemical shiftdegree,
1

' yy of shout +0.5 eV leeds to the most suitable surf ace state for the lov
.

.c ;
,

temperatus e oxidation of CO. Accordingly, on vitrafine Au particles supported''

on hydrous k0 the adsorption cf CD might turn to occur moderately, neither too
weekly as on pure gold surface nor too strongly se on platinum surface [4].

Serroae : Adlanoms)SeO
t

SeC(0023 0 o(103)

Adito eeo(iio)

&o0) an \Ad2
-

: n'

V $00*C
%

- , ^ 400*C

s'^ ^

~-^- to0*Cj
p :_=_--_ is0'c--

&~ -^
~. ._

*

20 oo 40 Oc 60.oo

'
2 e / degree

Fig.3.1-ray dif f raction patterne for the Au-se coprecipitates
calcined at dif f erent temperatures. . . . .
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,

! The reason why only Au/ hydrous Be0,

i { ** vt/t
; could maintain high catalytic activity

64 3 f or CD oxidation at .70'C is not clear
-

,

| o at present. It might be, at least |

{ partly, due to the dif f erence thatgg, ,

* '
carbonate species are hardly forced and

! $ unstable on the surface of Be0 while'

j 83.3 :....!M.M ...... 1i ....... they are r!sdily f ormed and relatively Ii w ,

| Au ,g,, stable on the surf ace of the oxides of 1,
337 - oa

y, Fe, Co and N1.
ii The authors thank Professer S. !k,

.. 336 Minesi of Osaka Ins!- ,3 of Technology '!- -

"

for his continued encouragement
' "

throughout the work.838
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PREPARATION OF HIGHLY DISPERSED GOLD ON TITANIUM AND MAGNESIUM
OXIDE

Susumu TSUBOTA, Masatake BARUTA, Tetsuhiko IOBAYASHI,
4tsushi UEDA, and Yoshiko NAKAHARA

Government Industrial Research Institute of Osaka
Midorigaoka 1, IKEDA $63 Japan

ABSTRACTGold cauld be highly dispersed on titanium oxide and
magnesium oxide in their aqueous dispersion containing Mg
citrate. The mean diameters of gold particles are smaller than p
Snm. These gold catalysts are active for the oxidation of CO
even at a temperature below O'C. 'n wagnesia support, Mg
citrste acts not t. s a reducing agent a as a sticking agent
which blocks the coagulation of gold particles. On titania

support dispersed :.n neetral solution Mg 2+ ions instead of
2citrate ions are mainly curorbed. It is likely that Mg + ion

suppresses the transformetion of amorphout, titania to anatase
during calcination and prevent gold part'.cles from coagulation
caused by earthquake effect.

'

|
INTRODUCTION '

Gold has been regarded as catalytically far less active than'
platinum-stoup metals. This is because of its chemically inert

character and of low dispersion in supported catalysts. We; h a v e ,

recently reported that through coprecipitation gold particles

0 0smaller than 10 nm can be highly dispersed on Co3 4, 4-Fe2 3,

N10 -3), and Be(C'n)2 ). These gold catalysts are active in the1 4
s

oxidation of CO at a temperature as low as -70*C. However,
N --

coprecipiution is valid only for a selected group of metal
oxides as mentioned above, because the precipitation rates of

support metal hydroxide and gold hydroxides and their affinity
might determine in the dispersion of gold.

This paper deals with the methods for supporting gold in a
pre-formed TiO2 and Mg0 powder, onhighly dispersad state on

part.cles have been difficult to be
; which ultrafine gold i

supported by the conventional methods.

EXPERIMENTAL
q

Preparation of gold catalyst =

| The following materials were used for catalyst supports;
magnesia (Ube Industries.Ltd.: crystalline small particles

--

- ' - - ' - - " - - _ - - - , _ _ _ , _ _ _ _ _ _ _ _ , _ _ _ _ _ __ _ _ _ _ _ _ _ _- _
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4'

prepared by vapor cethods BETo14022/s), titania-A (Ideatty,h '[#( ,
>

,

Y'
'

amorphoue dried at 120*C BET.110:2/3), and titania-3 (JRC-
Co.;

TIO4; anstase BET 40s 2/s). Each of these supports was

dispersed in an aqueous solution of HAuC14 The pH of titania*

dispersion was adjusted to 7.0 with Na2003, while the pH for
magnesia dispersion, which was not intentionally adjusted, was ,

|Inaturally settled at around 9.6. The aqueous dispersions were
Istirred fvr 2 hrs after the addition of a variety of reagents I
,

(citrates of Mg, Na, or NH4, or HCH0; 2.Sao3/Au for magnesia, and
6,0mol/Au for titania). These precursors were washed with !

!

distilled water and then filtered. The cake was vacuum drisd

and calcined in cir for 5 hrs at 400'C and 250*C for TiO2 .n d ,

'

Mg0, respectively. The gold content of these catalysts thus ,

obtained were latom% (Au/T1) in Au/ titania and 2 atom % (Au/Mg) in .

Au/magnefita. !

:
'

Catalytic Activity measurements

The activities of the gold catalysts were measured in the |

oxidation of CO or H . Experiments were carried out in a small |
2

bad reactor with 0.1 g of c,atalysts that had passed through. |Ofixed

70 and 120 mesh sieves. A standard gas of 1.0 vol.% H2 or CO |
'

balanced with air to 1 ate was passed through the catalyst bed at
a flow rate of 33ml/ min. The conversion of CO cnd H 2 was
determined through gas chromatographic analyses (G-2800,
Yanagimoto Co. Ltd.) of effluent from 'he reactor.--. -

-Characterization of Catalysts

The structures of the <old catalys:s were observed using a,

Hitachi H-9000 electron miEroscope operated at 300 kV. X-ray

diffraction (XRD) analysis was made by using a Rad-B system
(Rigaku Denki Co.Ltd.). Infrared spectra were taken with a

Nicolet 20-SXC spectrometer. For the IR analysis, each sample

was mixed with KBr( 2wt % for magnesia; 10 wt.% for t1tania), and,

pressed into a thin wafer. Differential thermal analysis (DTA)
,

was made by using a 3SC-5200 thermal analyzer (Seiko Denshi Iogyo'
Co.Ltd.). I-ray photoelectron spectroscopy (XPS) was measured
5ith a SSX-100 spectrometer (Surface Science Laboratories, Inc.).

..

RESULTS .

|
Gold supported on maenesia

Table 1 shows t,he catalytic activities of Au/ magnesia
'

prepared with different sdditives. It was found that catalytic
I..

1

!

|
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actava21es cere enhanced by the additien of Ng citrate IVhen Ngv
.

o '

citrate'was added into the suspension before the a d d i t i dn '"o't
HAuC14, the activity enhancement could not be observed The use

-.

y
of Na citrate or HCHO caused lower catalytic activity. The pH
of the susprnsion during the preparation, usually 9.6, was

s

increased.to 11 when Na citrate was added. The addition of HCHO
i

to the suspension produced a purple color, which indicated the i

i reduction of Au3+ to colloidal gold.
p Figure 1 shows the XRD patterns of Au/ magnesia catalysts,

{'

vhere the presence of Mg(OH)2, not Mgo, are evidenced. The {
starting material, Mgo, changed to Mg(OH)2 by hydration in the
aqueous suspension. From the width of the IRD peak of Au(200),
the particle size of gold is calculated as about 14nm for Ad/Mg0

'

prepared without additives, and this value is in good agreement ;
with 10 nm determined by TEM observations. On the other hand, |
in the catalyst prepared with the addition of Hg citrate, gold
par'ticles smaller than 3 nm are observed by TEM. Although such

{a very small particles of gold did not show the diffraction peak
|

in XRD, the presence of metallic gold were confirmed by the
bieding energy of 84.2 eV for the _X PS_ _ p e a k, o f Au4f 5/2 The

,

-

catalyst prepared with the addition of HCHO contained only large
gold particles (more than 20nm, by TEM observation).

Figure 2 shows the IR spectra of the precursor of
Au/ magnesia before calcination. Without Mg citrate, the IR

,

absorption of surface H O and MgC03 are observed at 1638cm-1 ,and2

1449em-1, respectively. In the case of the precursor prepared
,,

with Hg citrate, other absorptions are detected at 1595cm-1,
1423cm-1, 1263cm-1, 1083cm-1, and 1061cm-l. These absorption
peaks coincide with those obtained for pure Mg citrate powder.

TABLE 1

Catalytic activity of Au/ magnesia prepared
with various additives.

Additives Catalytic activity
C0 cony.,% -T /2IH J,*C1 2

none 10 >200
Mg ct. 100 67
Na et. 5 >200
HCHO O >200

i

I
CO conv.:00 conversion at -70*C
T1/28 temperature for 50% conversion
ct.: citrate

'

.

.

.
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*
In Table 2, the eff0ct oftheadditionofMgcitrate,on;j.

;

catalytic activity is compared on the'two different t y p e s o f T10~2 '-,

supports. While the catalytic activity of Au/ titania-A

{ j (amorphous) is enhanced by use of Mg citrate, Au/ titania-B
(anatase) shows a high catalytic activity regardless of the

addition of Mg citrate. I

Figure 3 shows TEM photographs of Au/ titania catalyses.*

When Mg citrate is added in the dispersion, the gold particles

are highly dispersed on titania-A (the average particle size of
'

'

gold is about 4nm), and gold particles become larger without Mg f
citrate. In the case of titania-B, however, the small gold

particles are highly dispersed even when Mg citrate was not used.
$

The IR absorption spectra of the precursor of Au/ tit.ania *
,

prepared with Mg citrate were shown in Fig. 4 The adsorption ~!
'

peak at 1400cm-1 on titania-A might correspond to the adsorbed
of Au/Mg(OH)2, however, .I!citrate species. Compared with the case

y
the amount of citrate species is much less on the titania -

4

support,
,

]jTABLE 2

Catalytic activity of,Au/ titania prepared with and without

( Mg citrate, (Comparison of two different titania supports).

1

Catalytic activity
Titania Support Addition of Mg citrate none

T1/2[CO)T./2[H) .T/2[CO)T/2{H2)1 2 1 1, ,

Titania-A(amorphous) <0 25 35 139
Titania-B(anatase) <0 35 <0 34

T)/2: temperature for 50% conversion

TABLE 3
Catalytic. activity of Au/titanu-A prepared
with additives.

Additives Catalytic activity
T1/2 (CO),*C T1/2[H;},'C

none 35 139
BCHO 83 '65
Na ct. 23 93
NH4 ct. 5 85
Mg ct . <0 25
Mg(NO )2 <0 35

,3 .

0

| | Ct. Citrate
T1/2: temperature for 50% conversion

;-

.
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Tablo 3 shows the catalytic activities of Au/ titania-A'

prepared with a variety of additives. . The appreciable

enhancement of the catalytic activity is observeo not only i

through the addition of Mg citrate but also through Hg(NO )23
addition. Other citrates bring about a slight increase in

activity. Similarly to the case of the magnesia support, HCHO

causes the reduction of Au 3+ in the suspension of titania-A

giving a poor catalytic ac'tivity.

Figuro 5 shows the XRD patterns of four kinds of

Au/ titania. The amorphous titania-A is transformed into anatase

by calcination, and Mg 2+ seems to suppress this crystallization.
The catalytic activity tends to become low with an increase in

crystal 11ty of the support.

Figure 6 shows DTA curves for the precursors of Au/ titania-A

before calcination. There is an exothermic peak at around

460*C in each signal. These peaks corresponds to the
transformation from amorphous titania to anatase. It is clear

that the addition of Hg 2+ shifts the temperature for the

crystallization toward higher temperature.

DISCUSSION

It has been demonstrated that Mg citrate plays an important

role in the. preparation of highly dispersed gold catalysts with

Hg(OH)2 and Tio; as supports.

I
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However, it has appeared that the role of Ng citrate is different.
'

between T102 and Ng(OH)2'

Cold surported on mennesis *

The pH of the suspension of magnosia is 9.6 durint the
preparation. At such a pH region, AuC1 4- should be
sufficiently hydrolyzed into Au(OH)3 judging from the stability
of gold species in aqueous - solutions 5). Then the hydroxide of
Au might be deposited on the surface of Mp'0H)2 before the
additives are introduced into the suspension. Since the point

of zero charge (PZC) of Mg(OH)2 appears at pH = 12 67, the
positively charged surface is suitable for the adcorption of
anions such as citrate ion, as observed in the IR spectrum.

The reduction of Au3+ by HCHO in the susper.sion made the Au
,

particles large and lowered the catalytic activity (Tables 1 and
3), and therefore, the reducing power'of citrate ion seems not to
be related to the high activity. The adsorbed citrate ion is
considered to act as a sticking reagent which can block the
coagulation of gold species in the suspension and/or during !
calcination. A speculated behavior of citrate ion is |
illustrated in Fig.'7.

i
!The pH of - the suspension containing Na citrate was 1 and ,

close_to the PZC of Mg(OH)2 Since the effective adsorption of
'

citrate ion is not expected at such a pH region, the enhancement
of the catalytic activity might not be observed in Au/Mg(OH)2

, ,

prepared with Na citrate.

CH,C00' s
{

p0H)C00* Mg citrate i

CH,CCc

(

AuC1:
CH,C00 ~

m'* + C(OH)C00~ 5 -L ' -

08

,C00 " 3citrate '

i L* Au(OH),
'

b |'*% L a
'

,, gr e
\\ i 'V I /p d'/b g \

g\ Mg(OH): # /
f ,

\
Fig. 7. Speculated behavior of Hg citrate tn aqueous dispersion.
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.

pold succorted on titania

Since the pH of the suspension of titania is adjusted to
7.0,

Au species to be deposited on the support might be Au(OH)3
as in the case of Au/Mg(OH)2 However, since the surface of,

titania in the suspension was proved to be negatively charged, ar

was reasonable from the P2C of TiO2 at pH = 4 6-6 ), cationssuch as Hg 2+ should be more easily adsorbed on titania than
citrate anion.

Figures 4 and 5 show that the addi_ tion of Mg citrate or
Mg(NO3)2 enhances the catalytic activity of Au/ titania-A and

!suppress the crystal growth of anatase. On the other hand, when
anatase support, titania-B, was used as a starting support, there
was observed no appreciable effect of Mg citrate addition.
The liability of the surface of the carrier will accelerate the
coagulation of supported species due to the so called " earthquake
effect". The presence 2of Hg + prevents amorphous titania-A from I

crystallization and therefore from the " earthquake effect".
On the other hand, since anatase support has already crystallized
structure, there is no appreciable effect of Mg citrate
addition on the dispersion of gold..

.j
A small arount of ci,trate species are detectable on titania-

A in Fig. 6. Tae citrates other than Mg salt might have also a
certain effect on an increase in catalytic activity of
Au/ titania-A. It is probable that citrate ions in - Au/ titania- A
play similar role to that in Au/Mg(OH)2

, , .,

- ,
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ABSTRACT

Fe2O3, Co304, or N10, were prepared by coprec ^ pitationCold particles smaller than 10 no in diameter, immobilised with e-
solution of HAuCl4 and the nitrate of Fe, Co. or Na and by calcination of

f rom en aqueosa
the coprecipitates in air at 300-400*C. The oltrafine gold particleshemlapher ic al in shape and stroogly held by the host were

hemispherical gold crystallites were depoalted direct Ang their flat (!!!)
ontdea. In most Cases,

planes toward m-Fe2O3 (110), Co304 ( t a l), and N10 (111) planes.
2-rayphotoelectron spectra showed that the gold parttcles with a mean diameter4.1 am

immobilized on e-Fe2O3 were more electron deficient
of

gold particles of the same size. than evaporated

with 3d transation metal ontdes were iictive for the oxidation of CDThe ultrafine gold particles immobilized
such a low temperature as -70*C. even at

INTRODUCTION

It has generally been understood that gold is catalytically f ar less
active in most of the reactions than platinum metal catalysts
particles were supported with a saze larger than 10 nm and mostly renains

. Since gold
from 50 to 100 nm in

I obtain highly dispersed gold par ticlesthe conventional gold catalystsl.2), the difficulty to*

might

f or the poor catalytic activatnes of gold catalysts. Although an attemptbe another additioeel reason
recently been made to prepare highly dispersed gold catalysta byhas

impregnation, they are thermally unstable at temperat e,res above 200*C and,

are poorly active for the outdatnon of H2 and CO3).

On the other hand, our previous letter has reported that
prepared by coprecipitation with group Vill 3d transttnen eetal oxidgold catalystsexhi*ott entremely es
The present paper will deal withhigh act a vaties for the oxidation of CD even at-70*C').

the characterization of the coprecipitatedgold catalysts by
TEM and XPS and will discuss the crialn of the catalyticactivettaa.

F y prt t urwe ?

e O *
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carbonate f rom an aqueous solut son of H AuCl4 and t he nitrat. coprecapatate calraned at temp eratures below 200*C. No signatatant.: various

transation met als. The coprecipatates were washed. vacune dried, and dif f erence of the EE value or of tf e shape of Fe 2p3/2 and Fef.3VV lines were
f r ee 80*C t o 500*C. Ca t al y t te ac t a v a t y recorded for samples calcined et 200*C and 300*C. and for pure Fe2O3

c alc i ned an att at temperatures
mensurements were carried out in a small f ixed-bed reactor , with 0.20g of '*I' ** # *

A standard gas
cat aly st s t hat had passed t hr ough 70 and 120 eesh sa eves. was passedconsisting of 1.0 volt of CO or H2 balanc ed wit h air to I at e. O^* * se :

through the catalyst bed at a flow r ate of 66 el/etn. |

The fine st ructures of the gold catalysts were observed using an Ahmsht
'

f-

EM-002A electron microsc ope operated at 170 kV and a HL te(nt H-9000 electron I g ,

e n c rosc ope operated at 300 kV. 1-ray photoelectron spec t rosc opsc analyses

(
were unde using a Shamaru ESCA 750 under vacuum below 5:I04 torr. s m

I s ..
,

RESUI.TS
3 /%.e

Cold teambilized with e-Fe2]0 candation effacaencae, of H2 and g f {jshows the d'ependence of the\ \ jFigure 1
temperature of Au-Fe coprecipitate contenning 5 atomT Au. }

CO on calcination
As as clearly understood from the reaction t e mpe r at ur e. the gold catalysts

are highly actzve for the oxidat ion of bot h H2
prepared by coprecapitationthey are such more acttee in the osidation of CO thanand CO. In addstion,

the cuidat aon of 112 This as one of the characteristic features of
, _

s _ _,

c o pr ec i pit at ed gold catalysts because the gold powder and the conventional
/\ ,

.n. . .J. .
an .l.. -.

met al on tdes such as MgO. Al203. 5102 are
gold catalysts supported onan the ou tdation of CO than in the ou tdat ton of Hy. There was sendtas Eaeese i eV Iannett

J ess ac tive an
also observed a pronounced cont rast between H2 oxidatican and CD oxidatson 2. Change of IFS opectra of Au-Fe(1/19) coprecipitateWhile Fig.
the effect of C.alcinat ion temperat ur e on t he cat alyt ac ac tiv t t y.

It with calcination temperettare.
290*C gave a easteue catalytic actsvaty f or H2 outdation.calcanation atdid not create t he catalyt te activity t or CO oxidation. The catalytic

activiry for the osadatnon of CO appreciably increased only when the
coprecipttate was calcined at temperatures abo e 300*C. The presence of metallic gold comid be detected by IRD as a broad peakv

of Av(ll!) at 28-18.2* only for samples calcnned et 400*C. It was also only

In order to clarify the for semples calc aned at 400*C that sharp as 1 intenstfied diffraction peaka
100 change of the coprecipatate corresponding to e-Fe2O3 were observed. How ver. the dif f raction pattern

occurring during calcination. for the samples calctned at 300*C showed the anset of crystallization toward'

, IPS measurements were carried e-Fe2O3 The above result s obtstned by XPS and IRD fadicate that
out. Figure 2 shows cooper ison coprecipitates calcined at tempeintures above 300*C consist of metallic gold\ of the Au 4f 5/2+7/2. Au 4d5/2. | Particles and e-Fe203. while coprec apstates calcined at lower t emperaturee,

( and 0 1s Innes for the four | consist of metallic and oxidazed gold, and amorphous precursor of e-Fe2O3, ,

-
f g

' y g g saeples calcined at dafferent '

t emper at ures. The most conspt- Figeres 3 and a shows TEM photographs for As-Fe coprecipitate
j s,

( a"e-d 'i') "i" ed - '**c- '~ r - > > a > a -" *c i" - t rc

? ~ /m c%
~ U L'g""'',g',*dM'M '"" dispersed on the sur f ace of e-Fe2 3 particles. The seen diameter of theO

. a 4d lines toward lower energy gold partscles meas _ red for 2131 particles was 4.Ine with a standard
; CO values wath ancreasing calcans- I deviation of 1.4 The TEN obser vation both in the bright and dark fielda

* ' '" *# ** "I*" " " I "' U * * * * *
sangle cr ystals. The enlarged view of the inter f ac e bet ween 31tre-f tee go'd.ror the eht betw n 80 C a i

par ticles and hemat ite shows that the sold partsc.les are not spheracel N atO 400*C is about 1.0c V for Au
't7/2 and about 2 eV for Au

} o -g ,

*** "" I #'I I

particles grew with a specific Crystal direction: Aw(lll) plane with aO 200 a00 600 .a o ec ese th i e

Calcination temperature (t) c alc ination tem per at ur e. For Au lattice spectng of 2.364 was an junction with e-Fe2O3(ll6) plane having a,

let tice spacing of 2.52A. The dif ference of the lettice specings was within*

F13. 1. Efficiencies for CO and Hs y , crease of t e depth f ; -

oxidation es a function of calcination the "velley" between the two 8
*

*' "" '"*" " ' "8 * ' " "* I E* " **temperature of Au-Pe(1/19) coprecipitate* Innes. For the samples calcined

at 80*C and 200*C. the Au 4 f 5/2 and heestite oppeared to be very high bec ause the reduction and osidation
line exhibit s a shoulder on the treatment of Au/e-Fe2O3 to transfore the host on tde (e-Fe2O3 +- Fe304 - r-

h h BE sade. As the BEs f or Au203 were 86.4eV and 90. lev f or Au Af f /2 and Fe2O3) did not cause any :iny change of the mean particle dieseter of
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Fig. 3. Fine structure of Au-Fe(1/19) Fig. 4 Ultrafsne gold particles
copractpitate calcined at 400*C. t emmob s t i n ed sei t h e-Fe ,0..

79,, $, 79,, ,,,,c,,,,og go.co(3fgg) Fig. 6. tflera-fine gold particlee !
coprecipitate calcined at 400 *C. 1sonobil t red wit h Co.O.. !

1

!Ao immobilized with CoTO4
tigures 5 and Pshow TEM photographs for Au-Co coprecipitate

.

$ ( Au/ Coal /19) calcined at 400*C. Ultrafine gold particles of 6 7 no in = '
f3'

diameter were dispersed on Coy 4 c rysralls tes of about 15 nm 2n diameter.
Compar t son wa t h Au/a-Fe2O3 suggest s that the snre of gold particles as .

larger while t he stre of host onsde is smaller. This might be bec ause Au-Co
coprecipitate was obtained as small primary particles and during calcination
the gold c r yst allit es had dif f icult y in finding outtable crystal planes of j
CO y)4 to be strongly bound. thus twing more or less exposed to coagulation. }
In Au/Co304, typt(ally one gold pa r t t<. le is atta(hed to one Co y)4 particle 0

t
q

f ac ing Au(lll) plane t o Co304(111). The lattice spac ing of Co304(lll) is I
4.6 7 A. about double of that for Au(111) wit h only 1.!! devgation. '!

Cold teumobtinred with N 0
+

figure 1 shows a TEM photograph of Au-Ni coprectpatate (Au/Nt=l/4) {c alc aned at 400*C. Sance nic hel ou nde partt<les were very sea 11 wit h a '

dammeter of around 10 no and were compar able in sire with gold partaries. '

t his c at alyst 14mked l a ke a m a n t ur e of gold and Ns0 particles. However, the
anterface between t%e t wo pa r t :( les also showed that gold par t ic les had
gr own f ac ing Au(Ill) plane to N10(ll t). The lat t < e spat ing of N go(111) is .

?.412 slightly larger than the lattire spac ing of Au(lll) by 2.1 %. As
tha s epit en sa t -like growth of gold on N10 has to find the sgn i f ic (r ystal
plane f or st abil t rat ann during c alc tnat zon. host omide w s t h smaller aire [
oight cause larger pr obebilit y for the coagulet son of gold. f

.i" " , " ;.'*".
\

i

Fla. 7. )*ne etructure of Au-Nt(1/9) l
t

a ftpr ef t p t f %f ** 8" m ! ( I n'"d af bM .

>

e O O !
,

-- - - _ _- - - - - _- ______ __ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ __



_ _ _ _ - _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ . _ - _ _ . - . _ _ _ _ - .

,

s% f,f Ck>
tJLTRAFINE COLD PARTICl.E5 FOR to OX1DAT10N 1211

1212 ULTRAFINE COLD FARTICLES Fon Co oxtDArlom

Foeparison of c ataltt ic activst nes between various stold catalyst s an the DISCUSSION
us adat ton of CO and H2

Figure 8 shows citalytic at:tivities f or the ontdet son of CO and H2 as a The characteristic features of gold catalysts !=eobilized through
par t sc.le diameter of gold. The catalytic at tivities arefunctson of mean coPr ecipitat ton with e-Fe2O3, Co304, NiG can be summartzed as fo!! owe.

empressed by the t em per at ur e for 50% conversion and the crystallate stres of
gold were deter mined by TEM and/or peak-half wtdths of IRD. The mean '

1) Cold particles are hee spher ic al in shape and st abilised wit h host
1:aseter of gold enceeded 15 ne in gold catalyst s prepared by nepregnation owndes through epitanial-11be cr ystal growth.
and reduc t ion. On the other hand, the seen partic le diame er of gold in the
copsecipatated catalysts was smaller than 10 no even t hough they were 2) The sear . dsameter of gold dec rea,es with en inc rease in the sire of heet
calc uned at a t emp erat ur e (400*C) comparabi t higher than t he i nnel heat- 0"Ide*. namely A u( 4. I nm )/e-Fe2O3( Au( 6- Tne)/Co 304< Au( 7-8ne)/N 0 and much
t reat ment t e m pe r a t u r e s (2OO*C or 300*C) for tapregnated and reduced smaller t han the convent ional gbid catalyst s prepared by nepregnation or
catalysts. reduc t aos .

A general trend is that cat alyt ic ac t ivit y increases with decreasing 3) The ultraftne gold part tcles immobilized with e-Fe2O . ' Co304 and M103dieseter of Au crystallites in the osidatlon of both CO and H2 However,
enhtbat ap?recambly large chemical shaf t toward higher binding energiassmall crystallites of Au do not necessarily lead to catalytsc activity at in IPS than 'he

-70*C In the Au/A1203 catalyst s pr epared by coprecipitation. the Tl/2 simple. separated ultrafine gold particles.

value f or CO esadation is much higher than those for Au/e-Fe2O3. Au/Co304' 4) Catalytac act twit y for the onsdation of W =- 3 t eepera t ur e as low meand Au/Ns0 even though the crystallite size of Au is stellar in all cases. -70*C was remarkably enhanced only when = *Ine gold particles wereOn the other hand, the Tl/2 value f or H2 oxidation is comparable f or all combsned wa th e-Fe2O3, Co304, and N a0.tour catalysts. Accordingly, the oIldation of CD at low temperatures seems
to require both the coct rol of Au crystellite size and the sele (t ton of The above f eatures strongly suggest that there should be a kind of
appropriate support ouides. metal-support interactson between ultra-fine gold porticles and group VIII

3d transatson metal oundes. In compar nn with the data reported by
Oberit6) that the cheetcal shaft for Au particles of 2-6 no in diameter le
on l y 0.2c V. t he c hee tcal shif t 0.5ev, obser ved f or the gold particles of'

the same sare which are memobalized with e-Fe2O3 is apprectably large. Thte-soo -

, 3 , result provides a strong e v i denc e for the metal-support interaction,

I
however, at is not clear at the present stage whether the interection is
physical or cheencal nature.

f)-
*% co '

I f t he anteraction is physical electron transfer to the host ontdeo
o . from hem a spher acal-spher ical gold partic les, their junction with flatt* interface might be advantageous for the enhancement of electron trenefer.C Usually. the electron transfer causes little ef fect on the metal side of the

| ,1: A./a-Fe,0 ( Au/Fe- 1/19. cepece.p.tas.on. junction because condw t ton elect rons are abundant. fbwever, it is poselble3 g

; ! r 40rC) when gold par e nc ies are very small that the c hange created on the porticles
? 2: Au/Al Os ( Av/ Al= 1/19. copsee.. . i.oa. 400 by suc n an et f ec t becomes suf f ic ient to af fect the val .e of the binding'00 ' 'o g energy of the core electrons. According to this model, the progresolve
# 3: Ae/CosO. ( A./Ca = lIl9. coprecep.' esion. 400 shaft of the PE of gold 4f 7/20/2 and 4d5/2 with decreasing calcination3 ! ^'

73 temperature would be due to the det reasing average same of Au particles.
-8 I 4: Au/N.O ( Au/N.-l/19. coprecep.sanoa. 400

: , .. , It is also probable that An and Fe can fore internetell1C compound, or,*
200 , i at least. that Fe has some solubiltty in Am. It is reported that f rom to; j

' 5: Au/a-Fe:Os (A. S wt L mpreganison. 200
soluble in Au upto about 10 stoo! et 300*C-400*C7). The formation of euch[ j i D
compounds or " lad solution shou 1J effect the BE of Ao lines. For emaeple,j 6: Au/S.O ( Ae 17 =i% red.cs.o= by ciermee.g ;

11terature8. ,ndscates that the BE of Ausf 7/2 is higher by about I eV for*- 300D' .

i AIAu2 an comparison with Au metal. It may be thought that the preparatica
3*' o~ ' ~ i 7: Au/r Al O. ( As S eit emp< canst.on. 200j ! method induces such a t ype of a!!oying of Fe into Au during calcining the,

eo 20 C coprecipatate. Suc h en alloy formation may require relatively high
usan past. cia otam. e, of Au tam) t eorerat ure as 300*C. The abrupt increase in the catalytic activity of

Au/m-Fe2O3 f or CD oandation at a calcination temperature of 300*C eight
F1 8 Catalytic activittee for CD probably be escribed to the formation of internetellic compounds. As the

H* oxidation as a function of junction interf ace between gold particles and heestite was flat and wee nota
essa particle diameter of toId. broken by t he reduction-omidation treatment, it could be coceidered tl%t at

3 , g

e

_ _ _ _ _ _ _ _
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OPTICAL DETECTION OF CO IN AIR THROUGH CATALYTIC CHROMISM 0F METAL-0X1DE
THIN FILMS

Tetsuhiko KOBAYASHI, Masatake HARUTA and Hiroshi SANO,
Material Chemirtry Departaent,
Government Industrial Research Institute of Osaka,
Midortgaoka 1. Ikeda, Osaka 563, Japan

Bernard DELMON
Groupe de Physico-Chiale Minerale et de Catalyse,
Universit6 Catholique de Louvain.
Place Croix du Sud 1 B-1348 Louvain-la-Neuve, Belgium

Abstract

Transparent thin films of transition-metal oxides (Cr, Mn, Fe, Co, Ni,

or Cu-oxide) were prepared by pyrolysis of organic metal salts on glass
substrates. At 250'C - 350'C, the thin filas of Mn3 4, Co3 4 and N10 showed0 0

detectable decreases of optical abgerption in visible region due to the
of C0 in air, which can be regarded as catalytic chromism. Sincepresence

the optical response of these oxides toward C0 reversibly occurred with the
change in the concentration of CO (0.5 - 10 vol.t In air), the catalytic

chromism is applicable to the optical detection of CO.

Introduction

The optical detection of gases has been attracting a growing interest
owing to the following advantages: (1) less danger against ignition of

explosion. (11) resistance to electro-magnetic noise, and (111) operation

through optical fibers without electricity. We have recently reported that
an optical' combustible gases can be optically detected by a combination of

thermometer and the oxidation catalyst through exothermic catalytic oxidation
of the gasesl.

In the present study, the absorption spectra of transition-metal oxides
have been investigated in order to develop a novel optical gas sensor which

directly output the optical signal responsive to the presence of gases.can
The thin oxide films were adopted as a speclaen because of the high
transmission. efficiency of light, The high ratio of " surf ace" to " bulk" of
the thin films enable us to expect a large optical response induced by the

-interaction of gases with the surface.

Experimental

Transparent thin films of Cr2 3, Mn3 4, Fe2 3, Co3 4, NIO, and Cu0
.

0 0 0 0 were

prepared by pyrolysis of naphthenates or 2 methylhexanoates of corresponding
transition metals . The butanol solution or the toluene solution of the2

organic salts of metals (2.5 - 6 wt.4 of metal) was deposited on the one side
of glass substrate (18 x 18 I 0.1 mm) by u.se of a spin-coater at a rotating
rate of 5000 rpm. After dried in the ambient atmosphere and temperature for
1 h, the organic salts deposited on the glass surface were pyrolyzed in air

118
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for 2 h at appropriate temperatures where the pyrolysis of the organic salts
could be readily completed. The temperatures confirmed by TG and- DTA

* beforehand were 500*C for Cu-oxide and 400'C for other oxides. Thickness of
the films were in a range of 300 - 700 na, deters!ned by SEM observation.

Absorption spectra of the oxide flies were analyzed with a transmitted

visible light by use of a spectroneter which has a multi-channel
photodetector and a halogen lasp (150f) as a light source. In order to
control the atmosphere and the temperature of the films during the optical
seasurements, the thin film specimen was set in a quartz cell (200 ml) with

an electric heating coil and a pair of parallel flat windows for the
transmission of the light. The atmospheric gases were passed through the
cell at a flow-rate of 100 al min-l.

Catalytle activity

Table 1 Change in the absorbance (AAbs) of the of the oxide films
thin oxide films induced by 1 vol.\ CO in air. for the oxidation

of CO was measured ..

Absorbance le. air AAbs by C0 calorimetrically by a
Oxide at 250'C at 350'C at 250*C at 350'C DSC equipment in a

stress of air.................................................

nd contalning 1 vol.% CO.0.039Cr2 30 --

Mn3 4 0.107 0.108 -3.7 % -4.6 %0
O Fe2 3 nd- Results and discusston0.1290 - -

Co3 4 0.170 0.174 -2.9 % -1.7 %0
N10 0.042 0.054 -2.3 % -21.1 % Effects of C0 on

nd optical absorption of0.248Cu0 - -

the thin oxide films..................................................

Wavelength ='700ns, nd < 0.1 % were measured at 250'C
and 350'C. and the

0.2 results at the
\ wavelength of 700 na

\ were summarized in
\ Table 1. It was found

G \ that the thin films of

$ Mn3 4, Co3 4, and NIO0 0
a showed detectable
#

0 decreases in the
$

.1 K a absorbance when 1 vol.%
#a of C0 was introduced to

4 b ' ' N..*
.... ..

air in the quartz cell.

The optical response to

' " ' ' - - - - - - - C0 was aost remarkable
on the Nio film at

O 350'C.
400 600 800 The absorption

Wavelength (nm) spectra of the N10 film

O- in the visible region
- Fig. 1 Visible-11ght absorption spectra of a NIO at 350*C are shown in

thin film at 350'C. Fig. 1. The decrease
a; in air, b: in 1 vol.% CO + air. In the absorbance by CO

319
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O
was not specific to a certain wavelength but was observed in the whole
visible region.

Figure 2 shows the time-response of the optical change of the NIO film
to CO. Since 99.9% of the atmosphere in the cell is replaceable within 14
min after the flowing gas was changed, the optical change of the fila seems
to follow rapidly the change in the composition of the atmosphere.

~

e

.lc O.05 -

.
E |

| 1

a .

4 |

a! b a'

0.04 g 2O 40 60
' '

Time (min)
.

Fig. 2 Time-response of the change in the absorbance of a N10 thin film at
350'C. a: in air, b; in 1 vol.\ CO + air. Wavelength = 700 nn.

- in air

i

, 0.05! -

l o
. C

$ -

o
e 'e

h*\e8
<

0.04 -

N.x..,...b. ..,I -.,
,

0.5 ". 2 5 10

Cenc. of CO (vol.%)

Fig. 3 Decrease in the absorbance of a NIO thin film with the
concentration of CO at 350'C. Wavelength = 700 ns.
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Figure 3 shows the dependency of the absorbance on the concentration of
CD. The decrease in the absorbance is proportional to the logariths of C0
concentration in the range of 0.5 to 10 vol.4. It should be noticed that
the absorbance change is observed due to a small amount of CO even in the
co-presence of a large excess of oxygen, and therefore, a staple reduction of
the oxide film by C0 can not be regarded as an origin of the phenomenon.

Stallar results shown in Firs. 1 - 3 were also obtained in the cases of
Co3 4 filn3 at 250'C and Mn3 4 f11a at 350'C.0 0

Catalytic oxidation of CO over a N10 film could be calorimetrically
detected at temperatures above 250'C and the rate at 350'C was evaluated as

8 x 10'9 sol s-1 ca-2 This strongly suggests that the change in theca.
absorbance of the N10 film is caused by one or a combination of the
elementary steps in the catalytic CO oxidation (Catalytte Chromina);

adsorption of CO, ellaination of adsorbed oxygen species, or formation of
carbonates.

The decrease in the absorbance of the film was also observed when the
atmosphere v u changed from air to N2 at 350'C. According to the reported
results4 on the TPD of oxygen over N10, 0 species seca to be adsorbed and2

desorbed depending upon the concentration of 02 at around 300'C. Since N10
p-type sea 1 conductivity , the adsorption of 0 produces the positive5 2shows

holes, p*, in the valence band. Catalytic C0 oxidation reduces the
concentration of adsorbed 0 and hence that of p+.

2

p*vb (1)0 'ad02
- *

2

p+vb
-

2 CO2 (2)O 'ad2 CO ++ 2

lf it is assumed that the electron-excitation in the valence band from the
filled states toward p+ causes optical absorption of wide wavelength, the

decrease in the absorbance is explainable as the decrease in the

concentration of p+ due to the catalytic oxidation of CO.
The reversibility with-a fast response and the concentration-dependency

observed in Figs. 2 and 3 have proved that the catalytic chroatsa is
applicable to an optical detection of C0 contained in air.
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d RESEARCH ON HLW MANAGEMENT IN-
-

- - GOVERNMENT INDUSTRIAL RESEARCH INSTTTUTE - OSAKA ,

- i

- ' Our -laboratory has been contributing to the development of solidification processes
of high level nucleart waste, _ HLW, from the fundamental aspects. The studies are
carried out:at cold and laboratory scale, in co operation with the Power Reactor

_

and Nuclear Fuel Development Corporation, PNC.- Testing methods for the charac-
.

terization of solidified -products are concerned with.
,

Present Sublecq

_l. Natural analogues for leaching behavior of nuclear waste glass forms
- Chemical stability = of glass forms
- Corrosion of natural glass in laboratory environments
- Evaluation technique for long term stability in waste glasses

- .

(in co-operation with PNC)

Finished Sublect .

1. Vitrification' process
(1). Phase. separation of molybdates from melt

- Solubility of. moo 3 in glass melt
- Change of physical properties of borosilicate glass by moo phase3

separation
(2) Volatilizationg --Volatilization of HLW.containing borosilicate glass at elevated,

s
temperature

; - Effect of water vapor on the rate of volatilization from - B 0 -con-23
taining - glass'

. Volatilization mechanism of cesium from molten borosilicate glass
-

'(3) Corrosion of materials _ for glass melting furnace-
-- _ Corrosion of heat-resisting alloys by melts contained.HLW at high

_

. temperatures
- Corrosion test of various refractories for- glass melting furnace

..

c- Corrosion mechanism of INCONEL electrode by glass melts- ,

.(4) Measurement o_f physical properties of HLW-~containing borosilicate glasses at
elevated temperatures

- Viscosity-
- Electrical conductivity

2.lmprovement of melter-elements
|(1) Development of. long-life refractory materials for- ceramic melter|

-- Synnesis of ;ZnCr2 4 spinel by sintering and the corrosion test0i; .

(2)Developmer, of long-life electrode materials for ceramic melter
- Synthmis of- Cr-metal and ZnCr2 4 spinel composites by hot-pressingp 0

_

and the corrosion -test '
,

L - 3. Characterization of solidified . products
(1) Thermal conductivity _ _

_

_

- Measurement of thermal conductivity of borosilicate_ glasses by laser-
m

flash method
- Thermal conductivity of mixed alkall glasses* -

- Thermal conductivity of glass-copper composites-
- Calculation of thermal conductivity in glass-copper system by sphere

p-
packing models'

,

, - - , , . , ,. - , . , , .,,-.-wm.,-, ,-- . -,,.w, ~ .~,-,.-....~n . , . - , . _ - , . . - - , . - - - - , . . _ - - - - - - - - - -



- _ _ _ _ - - - - _ _ _ .

t
.

9
(2)Leachability

- Chemical durability of HLW containing borosilicate glasses
- Effect of surface roughness of glass on the leachability
- Effect of pH of leachants on the teachability
- Leach models of alkall from HLW containing borosilicate glasses

(3) Crystallization
- Effects of crystallization on thermal properties and chemical durabil-

ity of HLW containing glasses
(4) Characterization of glassy solid form

- Depth-profiling of leached glass surface by ESCA
- Characterization of the simulated waste glass produced in France

(COGEMA); Collaboration work with CRIEPI,
Density, thermal expansion coefficient, transition temperature,
thermal conductivity, elastic constants, leachability.

4. Alternative solidification processes
(1)Alcoholated gelation of HLW and melting by micro-wave furnace

- Preparation of alcoholated gel from HLW
- Drying, calcination and melting of alcoholated get by micro-wave

irradiation
(2) Pressure sintering process

- Pressure sintering of simulated HLW with glass powders ,

- Pressure sintering of copper-glass composites
- Development of continuous pressure sintering process with HLW-

containing glass and copper metal powders
(3) Normal sintering of HLW powders

- Normal sintering of HLW powders with porous high silica glass
powders

5.Other
(1) Possibility of application of solid form containing HLW as heat generator

4

O
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( TELENOLOGIES DISCUSSED WITH MITI:

- _ Rapid Measurement Technique of Pollutants in Groundwater
- Treatment of Wastewater Chemicals by Super Critical Fluid !

- Enhancement of Microbial Activity in Membrane Bioreactor |

- Evaluation of Organic Membrane Materials for Bloreactor
- Microhabitat of Microbes Degrading Hazardous Compounds in Activated Sludge Floc
- Decomposition of Organic Compounds by Oxidation Methods
- Oxidation of Organic Compounds with Biomimetic Catalysts
- Trace Metal Species in Inland Sea Bottom Water
- Interferometer Type Sensors Using Optical Fibers
- New Waste Water Treatment System Using High-Concentrated Bioreactor and Separation

membrane, for Water Reuw and Energy Recovery
- Remote Fiber Sensing of Some Organic Contaminants in Water by Laser Spectrometry

BIBLIOGRAPIIY OF LITERATURE RECEfVED FROM MITI

' Aqua Renaissance '90 Project", National Research and Development Program, MITI,6
pages.

" Budget, Staff and Scale Information", MITI,7 pages.
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National Research and Development Program

AQUA RENAISSANCE '90 PROJECT
R &D on new wastewater treatment system,

I

using high-concentrated bioreactori

and separation membrane,
for water reuse and energy recovery
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@ Aqua Renaissance '90 Project
'

To cope with short supply of water in the taining new, inexpensive energy in order to

near future and water pollution, industrial make the nation less dependent on petroleum.
,

wastewater, sewage, and other aqueous ef. The Ministry of International Trade and in-

fluents must be processed to get new water re. dustry (MITI) has been conducting research '

source. But the prevailing water treatment and development on new wastewater treat-' '

process require large treatment facility sites - ment systems permitting water reuse and

or large land as sludge disposal dumps and energy recovery under the name of "the

much energy consumption. Aqua Renaissance '90 Project" This under- |

| Japan depends heavily on imported pet. taking is pari of the National Research and ,

roluem for its energy supply and its energy Development Program "large scale project"

supply struc'ure is fragiie compared with The total budget of the project is about 12t

other advanced countries. For this reason, it billion yen during six years (1985 - 1990).

is necessary to establish novel ways of ob-

f

'f

;
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evel pment n bi te hnology and
O @ separation-membrane technology~

in the new water treatment systeme
.

..i

The principal research and development items are the following:

:

i

1, R & D on Microorganism (selection and activation of valuable microorganisms)

(R & D on efficient membrane for separation which ii resistant to the deterio-
2. R & D on Membrane

rating effects of sewage and microorgan;sms)

(R & D on bioreactor for denitrifiestion, and R & D on production of oil trom
3. R & D on Final Treatment the sludgel

Reactor
'

4. R & D on Membrane Module
(R & D on compact membrane module which can effectively seperate the micro-

organisms and organic materials)

(R & D on high-efficiency bioreactor for methane production)
5. R & D on Bioreactor

(R & D on optimum control and sensor system consist of instrumentation for6. R & D on Control System
monitoring flow rates, methane fermentation, etc.) ,

\j
7. R & D on New Watertreatment (Completion of new system for water reproduction and energy recovery)

System

EResearch & Development Schedule

Fiscal year

Items of R & D ., . ,
, , ...

.. ,_ , , ,_ , ,

4 , w ..-
, , , . ..

-

^ ~

h? (d,4R&D on microorganisms
*

l,

r -

Basic rosearch experiments ?, - Q!,, fR&D on membrane Fundamental '
*

: - j-=

R&D on fins: treatment reactor g

Basic research
experiments = ;r ; y

R&D on membrane module
. q'

:

Basic research
experiments g

R&D on bioreactor
.

- g
-

' {-

*
*

Basic research
experiments { g.

.,
^ *

: c . .w
R&D on centrol system Detail E i m,,

"

R&D new watertreatment system OmW ed Schematic d !

;. planning - technology design constrt.ction ' Pilot plant o

f c.- * *(1) R&D on total system
technology f:

N Sare?* stud:e5
- g ,

. , ' .
. , - . . - . . __ - . . . . . - . - - . _ - _ _ _ _ _ _ _ _ _ _ - _ _ . - _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ .

.
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0 Epoch-making water treatment and'

methane production technology. O
Advantage of the new wastewater treatment

1) compact facility 3) little energy cosumption

2). large reduction in the amount of stud e generated 4) easy to control and maintain0

OComparison between prevailing water treatments and
the Aqua Renaissance '90 Project
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The Aqua Renaissance '90 Project will realize the followings

Quality of treated rm.at
Water (BOD)
Energy Consumption ' ' .]_

Installation Site ._................ _ _ ___ _ _ _ _

Excess Sludge ,__ i'
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Members of Association Organization chart of the associaton

Ishika ajima Harima Heavy Industries Co., Ltd. 8',3,',' Aud tor
Ebara Corporation

|Japan Organo Co., Ltd.
$, ' oNdKawasaki Heavy Industries, Ltd.

Xubota, Ltd.
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Kurita Water Industries Ltd.
"c*o"'E.Ii,.'*'Kobe Steel, Ltd. C**"***

Sanki Engineering Co., Ltd. |
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Toto Ltd.
Nishihara Environmental Sanitation Research Corporation
Nitto Electric Industrial Co., Ltd.
NGX Insulators, Ltd.
Nippon Petroleum Refining Co., Ltd.
The Japanese Association cf Industrial Fermentation
Hitachi Plant Engineering & Construction Co., Ltd.
Mitsubishi Electric Corporation
Mitsubishi Rayon Engineering Co., Ltd,
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Aqua. Renaissance Research Association'

- Aqua Renaissance Research Association
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| iftpfc%IMMU Ust of Research Project in FY1989

MSWIM Special ResearCh & Development

Mine and ladustnal Safety
pg.gy3g

:Mine Safety Technology (Fire c'evente and emergency escape
: 1.Mi Elid .:T + 4 H R i A st! R t M'-

1 + ;. ),

; / lites t 2 '3 fIf Elid .:TTLHR system)

C$afety technosogy y tr.e Ligwefied Petroleum Gas
: Et Rn T: 9 A fi It'lli f 4 * ?4 t i H R Safety m Disemtinuous Rocks j

Resources and Energy Technoiogy
R N 1 4 M - tf 4 C Production d Liquid Fuen trom Natu al Gasr
C EM.*/ 2 $ 6 0il41* llO N 31; fit 4 Ea g CProduction d Sheen Matonait l'om Low grace LO: Ores ey I

Cil3 EM$ 608t!0C2M 9 'l > F J ttoW4(;ftt 4Hg
Chlormation

CJRtli:J 4 L 7 4 7 * O Aalm klids:F4t 4HR CRefining of Rare Metats
fc2lia AJittld 1:P4t4HR

C Utilizatim W Granite for industnal Use42 t - F H f %:*4t 4 H R
C High Temperature Heat Pipes

New Mater!41spqq
Formation d Carbon Materials by CVO

; X Mlan 98d:1;;2 4 R7 AH40%$1:TT4HR
C Formanon d Functmal Suspension Comoios of Ultraf.no Powcor

C k 7 7 - 1 &t Clt P.Il 9 Rftn 91IIOf;W 6:MT4HR
Corttaming Rare Earth Compouncs

Basic Technology for Future industn
43 EE43tNm

Cuttra fme Ormaing Process
C #dB Ff Hf1 At:M t 6 H R

_

C L - +F - 8 : J 4 RRII& ? 9 A 7 -afikL:74T4Hg C Production d carbon Clusters and Carbon Metal Compieses Us-

,L.s.'

Coal Mine SafetyEdgWMMER
:*(W A'XtK Alldri:P4T4HR

CMme Fire Extmgvism Techniawes

CCountermeasures agamst Electrostatic Charges
CNEES Mid.fldd:Mt4HR

Gavemment & Prtvate Orgentration Jomt Research
" TR35MMER

: t T 7. 7,i: h n t L AE it1E i; S W1 h r4 E H Ett ed:P4 T 4
Precise Measurement d AE, Earth Pressure and Deformatice of

Rockmass around the Cavern
HR

Nucisar Reeearch3ysponsa
2 Rock Meenanics ae=t Sierage Caterns for maaioactive Wastei

: ntinut RWE92NoE9?)vMnt:T4t LHR
,

Pollueon Controls3MNm .

Transformaim and Decomcosition of Less Active Chemicai Soc.^ T rsnit7e g nTej-4 tut;; ; E a . 9w s:f41 L H R
': Wf'litvF)71ral:14 9 2 ') k o4Ttf'llidtl:P4t 4H g stances m the Tropcapneie

cit &WRotthfiR H 4(:MtLHR
Physiced Chemical Waslewatet Treatment for N>trogen and Peos.

CiAn6 K h1970Ml:; 4 # K it74 K AERT E11 hli: phorus Remmal

CComptes Precagate Mocal for Factcry NoiseMt4HR
C I t t',$ rd,l lii t L 4 &2 f tt,W R O A 9r,fE ttJ t f M tli:M C Ecological Ccntros of Activated Siuoge Process for Hamdous

Compounos
T4HR

C itVItalElag r .;:13st a u t Ftnes gmftennytt:M : Simulation Modeis of Suspended Particuiate Concentration tromu
e

industnat EmissettMR
C 4T tu9 QMil:E L t@M'i190M9Fild,4:MttHR C Benavior cd Synthetic Organic Corrocur as m Coasta' Environment

IRapid Measurement Tscheicue of Postutants m Grouf dwaterC 4MoMC AL:IfCT 6 AY,ri@hilid!i*Mt 4HR
reparate Technoogy of uitra Clean and Corneustion ControsC# # - W 4 E R EN0gAlf R;;Mt (HR

! M M E 1516:9 4 Elltt@ %C nitv 3465 5 t9 E fqi:Mt Technique for Lon vosatae Casi

2 Reduction of NO. emitted trorn Heavy outy Diesei Powerea vem.4HR
211 b!.h *.noMgr(;;15 t i W M J te anW5];;Mt t cles

Measurements of Various Reactive Scecies Related to Environ.
'

i} E
mental Acicificat@ Dy DeveloOmg Sensitive Analytica' Methods

' AnGarc Water, Mass Formed m the Stagnant Waters of leiand Sea
- -
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|

;2 9'/ - 4 RM4 Aa,3Qtglidn:TTLUR Liowid Fuel Production from Ethanoi Fermentation Sulage ey
|

|1bOf ah Alfi1.E 4 M MWC J ! E 4 ? 4 0 f Elidh2IS It''mochemical Conversion

T6HR . Long Range Prediction Model for the Ctange of $halton Water

7,tp 4 $:m i 1.7 M M st'l if t B f H : C t'it 191 d::: *4 t Environment for Optimum industriat Devoicoment |
Str ctu e of Lower Trophic Ecosystem m an Eweroom.cated Bay-(HR u r

| fi X f '4Q ,:M,X ? * 4 f ( t M a %M!!d'.;T T I H R Automated Measurement and Pred$ tion of P'anaton Organisusi

Mlld d F. . 4 ( G rQ M 4 M ;13C h ' li : 4 2. e U > 71.1 Suc c ess.on

?T R;;*4 7168 R - T'estment of Industrial Wastes Containing Maed Hazardous Or.

, !( Q*1 f M > > ") * 4 S M A A. XY 11 cK!! d: . *41 ( H R ganic Compoundsi

i A. Z* l' t' ; S N'{ i ( 'F . *; % '1.4 f X ' O Wf i li d' $ .1 ' D%ston P'ocesses anc Morutor ng Method of Postviants Retated

Ttit8R to High Technology industries

! #iflA4.4 N: A LI4 *# 3?! /M M O E Mll'8' ;'4 t i H R : Emission Cetros of voiatise Orga+we Handes by Adsorption

. IJ t ? 'l 9 N O NO J". ili t h f.; 8S o tt it !" *til d1: *4 7 6 H R . Evaiwation and Measutir g Method for Swrce Dust in Cor sidera.

[ ~' O < it.f| M E Ol h(1J8 ity: $ 9 $ 97WdM;;YT{HR tion with SDM

% : Trestrent of Waste *ater Chemicais by Super Critical Fivid
Catarytic Cornbustion Technique for Reduction of NO, from Smaa

Scaio Stationary Sources

Remc*al Processes of Altematives to the Legis sted Chlorottuoro,

carDms in the Troposphere

CCQ Ototal Environment

! 4 ltA E8 9 hh q'4 iM Kay eW.%;V T i H R . Environmental Behavice of Green House Gases of Ind stria Origm

[ Q 3t{g3g53 Intemational Research Ccoperation

C*B 'de4094MWilARVTEHR : Separation .nd Refmmg of Chinese Aare Metal Ores

M O tt $: h s t 6,t; M Q Y t 1 d >>LIMTTLHR Air Podution Assessment in a Trocical Area ind,a

O Md.MM Assessment Technology for industries

* N Y,4 0 v i a L , s , 4 +' 't *.* R . astessment Models d Air Pouwteon.

. KMd4fMElyR i Assessment Mocets of Water Postution m Coastal Area

_ _ . _ _

(EEUfR Designated Research & Development

*EIsfieHRNR s*T7'CWI 7 H Large Scale Projec;

-v>&SMr2EkXfLOBRNR Manganese Nodwie Mmmg System

v ; t sitstafilk%;TTiH R f Manganese Nodule Cohectmg Tecnnoiogy

i Hydrav c Liftmg Technoiogy & Deep Sea Manganese Noosesv;t, fut SN Et)%:*4 7 6H R o

; v a ? , 8 t afi E. 4 S Q 4'J ?C'41 iM R Ma*** Environrnentat Assessment Studies for Ocean M<n.ng of

Manganese Nodules

*OGM1H45%fLOERNR New Water Treatment System

. 01 mal 63f;lldiM'ffs 5 nfett1Mh4Anft K Ennancement of Microbial Actmty in Membrane Bioreactor
^

; fiqQSH RN R / fiqR A tf afflid: 4 Evaruation of Organ.c Memerane Materials for Bioreactor

' AGOGT2VMRff0:Rt4an underground Space Development Technoiogy

: A I4 t 4 T4 iaFfl1 A : Geosogica! Survey and Evatwation Tecnnology

| A.M s ? ? mt 8E lid. : Dome Construction Tecnnoiogy

&It47 ??C4DK M All A : Environment Cor:ditionmg and Hazard Preventing Tecnnoiogy

E1* M-fl#BMNR W >y e f 4tEl New Energy Deve!opment Projec;

i
| ZiUI A M- Coat Energy

' fir t 2 ita 7 M L 4. */ t1 H R | improvement of Gasitcanon Emciency of Co# |'
|
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Geothermal Energy
gg 2 4 /W

{ oectu ng and beat Estraction Technology of Moi ory Roca
Fra n|4 gr,ttoi4DMitzitfo:TT4HR

se~ weli o,iiiieg Tecom,

, y- ' :g m u m v1iHR( : Data Anaysis and Eva6ation on ttie Heat Estraction System of Hot\ g g /;tg isttn t + J.? W Nf ft
Orr Roca

36I 419 5 - H f:05 Wt1P etM R
Basic Study on New Energy Deveioprunt

L' Quid Fuel Product * tr:ri Woody B omass ey Thermochemica!
, o X A e i < t ? 1 $ 6 4 ftt" Ho k.EG % t L H R

Conv ers 6cri

CI*lkf-NRPRNR (A->"><FitE) Energy Saving Prosec;

Leading and Besic Technology for Energy ConservationR g t) 3 g t1 3 1 4/b V - M M

: F dtt1 % 0 8 titi:VtiHR
: Advanced Coreustion Techroogy

Gloest Environme.it Prosec;
st$3 sA M E P R N R----

# 9 UN n;Mftt MutiFAnW:9 M 4. W 064 E : System Stud.es for Aeduction of industriai Caecnn D,oside Emis-

2 MitM J 3 ULZ OH R sion

Research for Redwetion of Carton Dios.de

Mllfiff E/1'RE ERR Accelerated Basic Research

: ZMit % * n A i A f tlid;O E E OH R : Preparation d Chemicals from Carbon Dioode

cT!E4WKnAoEROHR 2Controi Technology of the underground Space

b : t,.RC,W1i fit 4 A9 R f t3tto EWOHR : Synthesis of Nitrogen Cor9 pounds wite Photoinduced Functiont,

'

\ '' E t od R9th:Juf 6 EM- 2 4W MO ERCH R J Knowieage Base Systems in the Fields of Poeution and Ae-

scure.s

MRR Ordinary Research
_

Coal and Carbon Depa tment
Egg

:E14ROESO9t10 Ms: 2 4 %3HR
Structural Study on Petrographic Components of Coai Oy Spectr>

scopic Method
E R AA f t'd rt'A nH R
41 - E2Vn Hl,X satitt Et.f toH R : Reaction Mechanism of Coat Uquefaction

Porous Matenats frce Coal for M>croces: et W h ti,;;; 4 e' f t i > F 3 HEM E EH R
2 Synthesis of Diamond usmg a Plasma Jet

! 8N f Ritt909 4 *tE 412.tOH R
: 15 & R A $ 4 -r - % a 5' % * ft A 'vit

. Imptovements of Adsorptive Acihty of Cerconiaed Products
' Novet Carbon Materiais from Aromatic Podymers ,

,

Fuel Depenment_EMREE
: Fundamental Interactions cohveen Mydrocareon Meiecuses and. L - * - ttW % ',A E Q H R

tt"U ET - 4 il(EOM*1 'i*f U N OH R Laser Photons

fi q x 9 . ,,sf;a EqrH R : Characterization and Utv etion of Aromatic Hydr ocart ons-

C (f t t.J CM 9 Ell %OH R
Pyrtoies Enciple

J E M 9 W.9 N 83 # M 5 & M 9 511A O U R
. Thermocnemical Treatrnent of ts.,anic Sludges

!t Wthitt3 fit 4t-e>19i7OHR : Memerane Separanon for Hydrocartons

: Secaration for Armatic Hyd ocarcons from Heavy Cracted Ods: a s - Sig n s t U N a h e o E q r H R

: + " e P > In 51'> + 7 > - 4 M Omit'it aH R
; Careonciack intercaiated witti Metal Corapounds

; Distmetive utilization Method of Shate Oil

~. Osidation of Naphthalenes and Naphthols

f ~

i
N Comeuttien Engmeenng Depanment

mRNRW

|
^ C AR51; 2 i 'n 14 o Y f ' Y > t + < ?tAHR 'Comeostion Diagnostics by CAAS,

.

Corneustion Technology by Onygen Ricn Air
. EM J 5(Oli8: A SQH R
? teJ: W Ulmi f.nMS R10ttai ** R : $tructure of Particle Laden Turevent Jet

i. k q * 43 ? Q,amced.Ung.Caeton Formate JUNeQ Comousbo"*
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, 7 A : - % 8'tt O H R ,CornDustion of Octora*

* ' HMfMOMR Preene Combustion Caermetry and Electrical Cakbrabon for |~ fn

*D9$0$d%IOHR B& fib Catonmeter'

, Transport Propert es near Cntical Region' M ()Ij i ( 4 - OH R .

*

. StuOy of Direct Contact Type Booer

-(tHQ33 MateNats Processmg Department
-

Mf ttr y; y t a %Qv.H q Sewctwe O ccWanon of hoe Ores

A 9 9 a ,70atHR : Determination of Rare Earth Minerai*

, H Ut W Uf 6 3 M4 BH R I S*D*''''on a4 Concentration of Vaiuabie Trace Eiennects m Cosi

y + f e S tn nJtE 8 7.4 % flag g by Aovanced Coat Cleanmg Processes

.deftt*I ? X T lif18 Migt,H R Advanced Separation for Rare Metai Minerais ,

; n 6 6 y e x k att W% nH g iPreparation of Ceramic Poader

+ 4 "; o tAtitlidiaH R 2 Metallurgy of Cobait-nch Ferromanganese Crusts
m E~,Ji KfA t lplit h L 7 4 f S oft ktM$itoH R 2 Re'mm9 8 Mo'fbo'nu

* L v e e s & tr R tf et en6itfif 0fr$ W8118titat'R C Refmir'g of Rare Metais w@ Nen.aQuews Solut.orst
-

', At1%'UtM M A f f 0ER friKOH R : Preparation of Highly ControHed Ultra-tme Pa%cles for Rare Met.
'

C C efH M.:Jis t 1 M14 Not)f10 5QOH R
at Composites

C JF t S 4 s Eth t4tr1mid:o sititnH R
: Ceramic Processing for Schceous Matenals )

: tytttt t*tia! 3 5 QOM R ! Oiagnostics and Mooehng of Therms Piasmas m Connection with

; N2 f1t * 1 - Mi*t : Olf3 OH R Ultra-tme Partic!es Formation
: improvement of Fme Gnndmg Usmg Nc64Queous Sowtions

Packing Charactenstics of Powders

:CharactenJation and Utmation of Fme Particutate Slurry

QCCR3 Mining and Geotechnology Department

' .41Utt*,til nN Rlid; O E W H R : Massive Meerst Deposits on the Ocean Floor

: M 3 4 7It M a a H R : Measurements W In. situ Earth Stress
Rockmass Behaviors under Haavy Earth Pressure: Ef| T.:Js;t L 73HtoH Rt

;it4 01En AMmROA kHR :Research for the Deveiopment of Antarctic Mmeral Resou cesr

Rock Dntimo by Ceramic BitJ t + ! . 7 x tt i F 4: 4 M EROM R *

M*7 MAtth41aEQOMR : Fundamental Studies on the Appucation of Ultra High Pressure

Water Jet

indusinal Safety DepartmentCCGR5
_ rela 4 N:W h MR*!tt0HR T Charactenstics of Confmed Fires and Espiosions

: 4 (tla a f f ; u t-trit tid; OH R ; Homogeneous Dust Oispersion technique at Higher Dust Cloud

: at P4 f tvot-7+r7t%e>FnHR Concentration

i i # $d81 M O Wt' T ag :A t)*10H R T$afety Assessment of undergicond Construction

Coetonability of Water gel Explosives under Dynamic Pro:sure' ~ it , * - a EQ0H R

c 00M?*f tPl?'T htt*t rA n 6 0 9 4 - F 14 - U < Yudr6H
: Development of Gas Sensors

' Remos~provmg of Wave Properties through Heterogeneous
R ,

#h * I d'4 ?Mt!S f( 4 AM R Bodies
Crevice Corrosion of tne H gh Pressure Facilities,

| 4%e 4W P I"A J2doH R

( < 2 -' > 19 - M 8P4 t A ttfMriaH R |Measunng System of Mme Airflow'

Outbreak Mechanism and Analysis Technique of Haman Error.
|

EnvironmentaJ Assesaments DepartmentMMg
1191.07 t 8 M 4 H M12 Cit 0H g TUpward Diffusion Process Accompanymg with Cloud Formation

: Fundamental Model of " Aoshio" Water Upweltmg; p i11+ +' t a EQinH R
! w( A4 t tta t Ali:4 Pita vei;%t 4 EQtH R : Ecoiogical Modeiting of Engmeered Bactena m Naturet Coastal

; F:,%:2 M341MD Eont4toMEMaHR Environment

|
4 4 - k t ; < > 'I ; 2 E *f4 titk.f!fO Cf4 t 0CttN t O I Ecological Charactenzation of Manne Microcial Communities,

Oasad as Genetic InformationHq
. Huzontal Dittuseon Detected by Remote sensing Teconges

cr44M3104J& MaEQCHR
: New Approach Metnocs of Coastai Environmentai Study

Atmosonertc Environment Protection Department
ngtggg g

: New Matenats Removmg Lcm Concentration Nitrogen Oa< des
? tt'. 4 t ? A M f 20M rt it 8 t H".1 R $H R

from Air

j

i
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*!R 4 5 1 5
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TECHNOLOGIES DISCUSSED WITH AIST:}
- Superconductivity
- High Performance Ceramics
- Synthetic Membranes for New Separation Technology
- Synthetic Metals
- High Performance Plastics
- High Performance Materials for Severe Environments
- Photoactive Materials
- Non-linear Photonics Matuials

Biotechnology (Utilization of Recombinant DNA)
- Molecular Assemblies for Functional Protein Systems
- New Electron Devices (Superlattices Devices)

- Three DimensionalICs
- Bio-Electronic Devices
- New Models for Software Architecture
- Manganese Module Mining System
- New Water Treatment System
- Interoperable Database System
- Advanced Materials Processing & Machining System
- Fine Chemicals from Marine Organisms
- Super / Hyper Sonic Transport & Propulsion System

W - Underground Space Development Technology
- Advanced Chemical Processing Technology
- Human Sensory Measurement Application Technology

High Performance and low Cost Solar-Photovoltaic Conv
- Solar-Thermal Applications Systems for Industrial Procest
- Coal Liquidification Technology

Coal-Based Hydrogen Production Technology
- Integrated Coal Gasification Combined Cycle Power Gens
- Geothermal Energy
- Technologies on Hydrogen Production, Storage, Transpoa
- New Energy technologies (Wind, Ocean, Bio)
- High efficiency Membrane Complex Methane Production
- Advanced Battery Electric Power Storage System
- Fuel Cell Power Concentration Technology
- Super Heat Pump
- Superconducting Technology for Electric Power Apparat
- Ceramic Gas Turbine Project
- Synthetic Technology of Artificial Clay for HP Ceramics
- Re-utilization System Technology of Composite Materialt

c

BIBLIOGRAPilY OF LITERATURE RECEIVED FRO:

0 'AIST Summary", AIST,35 pages.
(
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LABORATORIES AND INSTITUTESn
U ,

'

Tahnology ts a repoutory of geen hope m mday's world. At the New R AD pcjecu aim e findeg solucons to energy shonages,

|
research la'uratcews of A!5T, work is camed on in developeg the the depletion of the world's natural resources, entitonmental f4

leadeg and buit technologies that mill form the groundwork for polluuon and other pessmg poblems.

future tec hnolognal innov auom.

R&D
,

Research carried out at AIST latorstones and institutes includes Reseatch projects are clansifitd into Iwo broad
categories ordinary fundamental research, and special research.

,

the following charactensucs.

| . Research and development of leading tuhnologies to form a Resaarch irtstitutes under AJST have over 600 ordinary research

but for 8vrute technologicalinnovauoru themes aid more than 150 speid ones. Thew are further cleasified

. As national institutes, AIST facilities conduct rewatch needed into 17 fields, such as electronics, earthquale predicisen and

t for the propagation of technical standards required for bicachnology.

government adtruniscanon, the catablishment, retintenarxe and Besidea thest, the designated rewarch is esecuted. Tius poject

supply of standards, and the creation of sophisticated research is timed at industrialization, and includes the nauonal

esperimental methods.
RAD largeacale project. R&D poject on buse te hnology for

e Research Ekitessing Social needs in earthquake pedicuon and future industr es, Rat) on new energy technology cal!ed the

environmental potection. " Sunshine Project" and R&D on energy consen ation technology

. Government support makes possible fundamental and called the .''hioonhght Project", Alff italitutes are taking chargasi

comprehensive empenmental research which would be beyond of furdamental (wids repesented by the ateve.menuoned peject.

i the resources of the pivsie sector.

THE TSUKUBA RESEARCH CENTER
.v

In fiscal year 1979, nine iesearch laboratories under AIST 2. Project fot Promoting Research Cooperauen

movad to Tsukuba Acadernic City to form the Research Cen er of A!$T is taking a vancy of steps to promote intern:uon between
AIST insututes in Tsukuba, while stepping up private /publicthe Agency of Industrial Science and Technology. Having .

previously been, scattered over the Tokyo metropolitan area, international technical enchanges and more effective use of

consolidation of these nine institutions , National Renarch research and technical information. This includes holding

Laboratory of hietrology, hicchanical Engineering Laboratory, comprehensive symposiums and other forums at Tsekuba.

Nauonal Chemical Lateratory for Industry (formerly the Irdustrial accepting researchers from foreign countries and resemns

Lateratory of Tokyo), fermentation Research tratitute, Research technical trainees from local public entities and other

insutute lot Polymers and Tetiiles, Geological Survey of Japan, organ!ntions hese arrangements are timed at strengSenir:g

Electrotechrusal Laboratory, Industnal Producu Research Insutute, research projecu and cwouraging studies in Japan.

and Nuional Research traurute for Polludon and Resouges, twiped

the Center forge closer relations among AIST institutions and 3. Activities of RIP $ (Research informuion Processing Syuem)

4upported the etncient development o advarned research acuviues,
At the end of fiscal 1937 a f arge.scsie, general purposef
computer system (FACOh! hlagon0) and a super computer

1 Project for Espanding Infrastructure fet Research and synem (CRAY supercomputer Xh1 Pal 6 and tu IBh1 frent end

Information processor 3000/lgE) were innalled as the third stage io meet

To supprt retsarch and developnent and permit more effe tive metenains demands for high4 peed calculauons and large scale

use of research and technologicalinformation and more memory capability. Furthermore, soft * are for structural

adsanced computeriuuon ard processing. A!$T is developmg aralysis, image pocessing, models of sirnuinion ard scienuric

synem for promoung laboratory automsuon, constructmg and calculations mere jnstalled ist this system. In addition to the

esponding data bases on research and technology, and present one, a fugh speed charinel (EATHERNET) enhanced the

capanding networks, aided by the Research Information network among the laboratories. Now, RIPS is aimed at

Processing System (RIPS), innalled for joint use by AIST supporung the advanced, efficient research activities demanded

irtstitutior s at the time of their move to Tsukuba. by the A!$Tlaturunes.

,
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NTRODUCTION TO INDIVIDUAL LABORATORIES AND

long distance measurement (4) Nanometrology (5) High
The Natk>nal Rewarth Lboratory of Metrongy (SRLM) to temperature thermophysical properties (6) Thermal and

e nauonal representauve tratatute for standuds of length, time, methuuc al poserties of solids (7) TherTnophy sical poperties of

<ms, tempersture ud relued quanuces m Japan, and takes de lead fluids (8) Preenion dtmennonal metrolosy (9) Maasurement

i urufytng uruu sf v anous physical uni engineering quanuues and mysiem and evaluation (10) Reliability of measurement
I

nproiing standuds for science and technology. The reseuch apparatus (11) Measurement for high temperature
oiks cover broad fields for the developmmt and de sm;vovernent supercorducuvity.

f sandards. The NRLM is renoruible for establishing of *(sking
-

andards and cabtwauan of meuunng irutruments m compliance We g'

oth the Meuurement Law. The technical consulancies us aho ~

- [ e 89p===eing cernot out. Another tmportant responsibihty is to promote F~- 4.-
uernatonal coopraten for menological uruficson, in gursuance .

*#
oth the Metnc Convenuon. The NRLM keeps close contact with @f ' [, - - - s

'" N
se Internauoral Bureau of Weishu and Measures, the internati3ral \ '

.

;ureau of Legal Meuclogy and the research institutes for sundards I
t many countnes. The mapr research pojects of the institute are as #.'b- /'

' .bP-~

allows:
Standards and Metrology (1) Buic sundards of length. time, / )

'

temperuure and man (2) Industnal standards of density, Icece,
pressure, flow rate, vibranon, shock accelerauon, surface
roughness, microparucles and vocoury.

-

Apphed Presisari Metrology (1) Precuion measurernent of lasee
frequency (2) Precision nonline ar spectroscopy (3) Precision New Ccstum Time and frequency StaMani Adopts

the "Opttcal1%mpmg Technsque"

Nauonal Research bbtraory of Mecology Tsukutu Gakuen 0298 (54) 4118 Toul personne.) 218

14, Umesono 1.chome.Tn.kuba dd,Ibarski,305 Smoor Officer for Rewarch Planning Total budget 2.243 (millices yen)

The Mechanical Engineerlag Laboratory (MEL) was
tsubitshat m 1937 with the objecuve of promoting advarument of
he Japan's madune industry. Today, sull muntairung iu tradiuoral
ole, MEL has changed and espanded its role for the develognent
if two engineenna technologies through anocianon of mechaa,ical
ingsneering with other tahrucal fielda, development of trad4tional
echnologies in mecharucal crigmeanns towards their limiu, and
ntellectushtaoon of muhires and systems.The mapr R&D fakin .c .. ,

are sho*Tt below; ^
1. Bute Researches in Mechanical Engineering (1) Optics,

Instrumentauon sad convol. (2)1. hero mactunes. (3) Tnbology. [ '. (''

(4) Control of none and vibraion. ' " - tC i
1 Maierish and Manuf acrunns Engineenng (1) Synthesis and

ev alunion of novel matentis for machtnes. (2) Advarced metal '

forming and high prectsion machining!getnding. (3) Energy ,,,
poceuing and bind 4ng (4) truelbgent manufactunng systern. 3,

3. Energy Sawing and New Eurgies (1) Wind po*er conversion i

system. (2) Adv anced combustion engines. (3) High. !
'

performance he m tramfer/c schange. (4) Er.vironment control.
'

4. Robotics and Intellectualisation (1) Locomotion and * ''

manipulatiors (2) Mouon conuol. O) Computer aided analy sts "' '#' ""

and design for manufacturing
$= Dioengineering (1) Engineering for medical diagnosis. (2) Aficro Gripper Pmiotype /

Biocompauble matenah. (3) Elucidauon of biological funcuans. for Mis 2;se Operation

Mechan. cal Engineenng Laboratory Tel 81298 54 2521 Fa1. 81298 54 2513 Toul pnonnel 276

1 2, N amiti. Tsukubs shi. Ibar all,305 (Kewarch Ptanning Office) Toul budget 3,320 (millen yen)

,
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DIFFUSION OF TECHNOLOGICAL ACCOMPLMMENg |
Io i

!( T)w Agency of Industnal Science and Technology reginers u 1. Patenu under A!5T's JM N< whr Ive, i

enJustnal propernes both at home and abroad the technological The present 6tatus of pstes .4, a jurxhcuon of AIST u of |

Je.elopments of iu 16 research laboratories and several projects March 31, lWO u shn.n m the tatw bebw The Agew) o m

u der outside contract, and works to ensure their eIfective charge of about l$.900 pienu in h; an and stout 2.100 anread
n

utilitatioa ard diffusion.
Of the total. 762 patenu are hcerned to piiG and semgenate-

Patenu ard other industnal properbes (collecusely refered to as enterpnies. The resenue from heenssd patenu totaled 030

patenu')' withm the junsdicuon of AIST can be hcensed to both milhon in final 1989
domesuc and ferign comparun under certain conditions They are
(1) a lisense fee a paid. (2) the hcensee is capable of using the 2. Spiemof Daseminateg TechwingicAl Anomplishmenu

pienu and (3) the bccrues a non< sclusive. Permusion to use patettu ununt the junsdauon of A!ST. unh (
Since October,1985. NEDO conducts management and escepuon of some patenu, is grmind to abroad segment of

propagation of accomplishment of development contacted to Japanese and foreign businesses by the Japan Industria!

NEDO. Technology Associauon (Rf At
JITA is a nonpolit foundauon ttenvej prtrnanly to diffuse the

Industrial properties under AIST's jurlediction technological acheetementa of AJ!TT. The Associauon offers (1)

(registered or pendmg as of March 31.1990) mediauon by specialue4 ccruuttari engineer. (2) conclusion
and mediation of stw+wml penu for conclusion of hcerae

Durnesuc fortirn
agreemerit and agreement manapte.ent, and (3) briefings and

'Ge Tcui number d L.ahorntones 1.70 I 1.700
pubhshings of mformauen on siste reed patenu hkely to beptenu. uuhry

mcasels. designs, Ccumnsimed 6.2% a:3 esercised in the near futate. in brder to ensure effective

.Mu c ' n'iF b*[*"e/ duseminauon of state owud paienu.*

iaal number of in a tie.up arrangemerd with the Research Deselopment *

uses foe Nomign" Toul - 1 I S.938 2.123 Corporauon of Japan. fiTA calls on it to promote apphcauan of
unused state. owned patents w hile presenting mi,tual >

chatwterisuc: !

4

|
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INDUSTRIAL TECHNOLOGY COUNCIL'

r

1. Overvies- . Future system of the Second Round

The ladustrial Technology Council wu estabbshed on July (Report of the Planning subcommittee. Future Technology

25,1973, as an affiliated institution of the Ministry of Development Committee, June 24.1988)

IntemationalTrade and Industry. ITC officials mvesugaie and e ladustrial $cience and Technology Policies for 1990s

debberate on imrortata rnaners related to scienufic te4hnology (Report of the Technology innovahon Subcommittee for

in the mining and manufacturing industries in response to 19%. Coordination Committee. May ll,1990)

inquines from the Mmater of Intemauonal Trade and Indastry. . New Evoluuon of the Sunshine Project

Conditions affecting hpanese technological development (Intenm Report of the New Energy Technology Develorment

haie changed in recent years. The ume hu come for hpan to Comminee. June 15.1990)

develop origmal tishnologies in a = ay thet can give full play to
nauonal tngenuity arid etestivity. Moreover. Japan is pmning Organitation Chart of the IndustrialTechnology Council

high hopes on technological development as a means of ist of August 30.1990)

enhancing the quahty of national hfe. upgradirig the domestic
mdustrist structure and contnbuteg to internauonal society.

Under this situanon. lTC is morlung on a broad range of E
q ca,nweummmu-

4,,, g g, c ,, ;

issues related to technologic al desclopment from a standpoint of
~~'I C' W*1 '"""'" m** ' 1 " ha** C '" """" l

MrTl u a shole. ,

y --( tmemaumal R & D caversum emmutet i
: Activines (Recommendatioru and Reporu Since FY 1982) J i s uonai tweimmem Pugnm comm.uee I

' industnal technology development pohcies g .

'"'""''**'8"'"**"*"""" -I
(Report of the Planning Subcommiute. Coordinate j
Committee. Now ember 27.19M) g ---f New ennp techetony eveLymem camerunee I

j -{ f.nnsy c un uon inchnotc p evenemem commiuee 1

~. -{ luiam techmkuv develorpent committee i

. . _ _.
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RECENT TRENDS INVOLVING AIST

The situation surrounding the science and technology is Recommendation and report of the $dence and Technologf
changing substandally. For enunple, the so called appoaching Confertnce

'

resonance phenomenon of the science and technology is going on (1) Report for Inqutry No.7
and the necessity of hamony between the scienceaechnology ard "R and D buie plan on environrnenul potection techmlogy*
nature' society is inereutng. Japan is now espected to contribute Concerning global envirortmental potec6cn technology, the
posiuvely to the international society in terms of science and guideline of science and technobgy policies determtred by de
techr. ology In this background, it is essendal to pomote techno. cabtnet in March,1966 set forth planning of the research ad
gicabthsm trum the global point view u well u to pxced with R development buic plan u a pnceiry field of pomoucrt With na
& D with ba arce estabhshed tetecen the science and technology. um ple:ed on deeperung of compehensive understandmg on the

in particulu, the global envirotunental problems are common earth and full esploitation of the result to contribute to
subjocu of human tving. and their solution requires technological prosperily of humankind, with due corisideration on
break through. The "Vaion for 1990s* recently pubheited by the internauonal contntudon, the pirne minister made inquiry on
industrial Structure Council and lapan industrial Technology the R & D buse plan of globat icience ed techrisbgy tn Manh,
Associauon u well u the Ramminendation No 17 of the Sciene 1989 to the 42nd Science and Te4hnology Conference. In
t.nd Technology Conference strus this corcep. resprac. the docussions w cre made in the gbbal environrnental

In the field of standardasuon admirustra6on, active discussions protecuon technology committee and its sutcomtruttees and t.5w
are under oey conceming the future industnal technology, such u report made to June,1990.
proposition made on the buie concept of long. term plan for the (2) No.18 enquiry, *Comptheraise tasic policiu for future *
future 115 pohey. In compliance with the guidehne for science and technology

pohcies determined in the cabinet in March 1986, the science
Yi Jon for 1990s and technology promotion pohciu hate been pushed form ard

The Technological Pobey for 1990s Sutcommittee au erected to. aid creauon of more affluent sacwry and nanonal hfe ohile
under the Coordinadon Committee of the Industrial Technology centering around the creative and affluent science and
Councilin the course of review on " Trade and Industry Pohcies for technology. However, the envtronment surrourdeg the science
199Ca* of MITI. The industnal technclogy policies in 1940s were ard technology hu undergone outstantal char ge. In order fcr
studied in its joint meeting with the Indvatnal Technology Pohey Japan to play the role as a memter of the internanonal society
Subtommittee of the 1990: Policy Comminee of the Industrial and to make effort for erlancement of the national hfe and
Structure Conference, and the report puohcized in May 16. IMO. continuous prospettry, the prime minister made inquiry on

The science and technology is one of development planning of comprehensive science and technology Whcies for
infruiructures of a country and the world and at the sarne time a . coming 10 years with iruight into the coming new century.
powerful rneans to sobe sutgecu common to all human teings, in
tha recogruuon, the importance or espectauon on the science and
technology is growing rapid]y. In this situanon, Japan u requested
to make inien auonal contribuuan worthy of its pow er in the field of ?

science and technology. On the other hand, the pesent state of fscience and technology of Japan indscates relative lagging in the i

field c. fundamental researches and heavy shortage of talenu for
research and development. Moreever, this report sets forth
following four vital columns of industnal technology pohciu for
1990 in view of changes in tides surrounding of the science and
technology, such as progress of approach ano resonance
phenomenon between science ar,J technology, harmony t< tween
scienceAcchnology and naturchociery, or necessity of a:hiestng the
comfortable and affluent nanonal hving. These columns are
promotion of techno globalism from a global point of view,
promonon of R & D with balance estabbshed terween science and
technology, promotion of R & D to reahre the comfortable and
affluent national life, and improvertent and espansion of
infrutructures for development of the science and technology.

.
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INDUSTRIAL ST NDARDIZATION

sub committees and has been active la pomotin
3' g inismational cooperation and eschanges of tactasiogy u.

A Promoting industrial standardization is one of AIST's most irtformatxm
stant tasks. By law, deliberations on 115 (Japaness At the 13th General Assemb}y of ISO wu held a Tokyo t= lO

\ trd$tnal standeds) us the responsibility of an Alff sutsid ary 1965, Mr. lumu Yamuhita, vice.presunent of Kat.arren, a
im

! e.rIaniaation. Ji$r' (the Jersnese Induurial $tendardselected the 14th !$O pasident The first Japanese ; resider
g ,gg of l50, he served until 1988.
Industrial standardirstion has contributed to the building of W Technical Coopersuon with Dev elopmg Couninas
Japan's trdustnal infrutructure and helped rationalire production Ttw Standards Departrnent cames out tuhrtgal cuo;rtatio

its industries. J15 operates through delibratierts by some 9,(00 in the field of Industnal standard ution and Qi arv Contro
oAgrts from industry and undemia, u mell u consumers. As These cooperadon are designed to help developq countn.e9

su n$ are voluntary standards,it is essenbal that they reflect the pmgreu in indunnal standar&uuan and % Congq a
opiraons of aD concemed. collaboration with the Japan International Cuperatio

ncy (JICA) and the Japar ese standards Anociation
1115 and R$ Marking Synem

1.ike many other countnes, the purpa of R$ in to pomote (il g ,, g ,7

improved quahry and rationalized production, (ii) smooth and snonth course on implementanon of TQC and sta:v.ardt:sta
4

4

. f air vede, knd (iii) r,ational consump00n through appre;riate and act vity, a 2 month course on certification ud inspectio
rational * standards. Some 8.400115 are eatablished at the end system and a 1. month course on a senior seminer o

"" '# d'' " 9" I'" ' '"" i

kmg syncm is used to encourage standardization (see " * * " ' " ' **'" '" I' '

fi8ures below). Under the 115 Marking $Ystem, followin8 standarditanon in government agenciea or naaori standarc-

government inspection regardir:g quahty control and other W in developing counMes,
f actors, authonnd manufacturers ce permitied to attach the 11$ As de from holding training courses, the $tandare

i mark to products wtuch telona to categones designated by the Department sends espetts and survey teams en Industri
relas ant Mmisier(s) u worthy of the muk, thus helpirig users $tandardtration and quahty control to desalorq countrii

i

and consumers to judge the quality and performance of the upon o(Ticial request. A nd in order to transfer technolog

product. So far, some 1,100 items bear the H$ muk. and some from Joan to a developing counuies by meatu of vainir

e' 16.300 permits, including about 150 approvals for overseu engin.ers and the govemmental officials la charge <
factories, have teen granted, standardization and quality control in developing countries,

fi

f There are two possible ways of obtaining Ils marking approval center for standardization is scheduled to be built *he

for foreign factories: procedures A and B, u esplained in the Japanese experts will work for technical cooperauen. 71
> ' g a center will be a base to establish and pomote standardi2auc

note below.

(\.
in the country. In 1989, five year cooperation plan started
the Industns! $tandarditanon and Cerdficadon Test Center

J n, 4 ps, g,
Thailand.

8= = *r *= e==*=~ as *** (Note)Ils Marking System for Foreign Products
A foreign futory seeking 115 muking approval a:ay proces |e

- m (B)- ..e ; >
,

*p * Relevant Minister

s ,. .I,
m-

Fis A: The ma4 to be aff6 sed by 1is B he mas to the afrtud by
the vnanuf wiurer of the the manufuturer unrig the a m--

aw re e m
designated commodius4 designated processmg

provided m Arucle 19,of techniques provided in ,T O ,,,,
esos er

the sadustr al Arucle: 23. el the 7$ W '-

Stanitardiuuan La e. to ihe Induitnal Standardiraucn 1 (* s s == 9
designated coremaihuts, 1.am,to the prczessed

thetr ieck ages. contamers commodiues, ther ]*"-

I,,,,, or invoices whm the pack ages, coritameri or ~ spectfic foreign
'

tr'anufacturer has chained invoices when the mspcdon body
prmission or a[ pros al thanuracturer has obtamed 3

6 |permissnes or approval.
t t. we

samme to - armi
- "*"""""

1Internatsonal $tandudiudon
(1) Puncipauon in ISO and IEC- n o* se b= v =

A large number of internat.onal standards have been
|" "*""*

enablished by the International Organlaation for-

* y v e v
Standardinuon (150) and the Intemadonal Electrotechriical iComminion (IEC). Both organitatierts are involved in a g g g-

wide range of activities. There were about 7,400 ISO I
'

standards and about 2.100lEC starstards at the end of 1989.'t j-
V The Japanese Industrial standards Committee (R$C) a a accordmg 'o scheme A or B.

raember of ISO and IEC and has participated actively in
ISO's work since 1952 and in EC's unce 1953. Whenever "

possible JISC has taken on importarit duties in the >

secretariats of the organisations' technical committees and

- ,. - . . - . - - - - - - - - -. . - . - . ~ ,..- .
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TECHNOLOGY RESEARCH AND INFORMATION

1. Tedsnolopcal Surveys 2. Propasanon Acuv tae

In order for Japan to make sound economic progress and To enhance am ereness of .nining and manufacturing
contribute to global melfare, it must deal succeufully with a technoloenes and the mdustnal technobgy pobcies of A15'T, the

wide variety of usues, includtng unde friction, resources and Agency publicizes its policies and the technological
caergy supply, ard employment. The creadve and tr* pendent actuevemenu made at its 16 rewarch laborucne.s in iu buDeun

development of technology in a compehensive and efficient "!$ AT (industnal Science and Technology)", In siistion, AlfT

manner mill be tridispruable to whave these goals. In the issues "An Intrcducuan to A!ST', duinbuted &rnesucaDy and

planrung and peparauon of a reasonable and effectise indetnal overseas in both Japanese and English, in mhich on. going

technology pobey, there ts a reed to come to gnps math research propu are descrited AIST the publishes details of its wart

and deselopment both at home and abroad and to analyse in the "AlST Annual Report". New spapers, television, and

indsay and iu publems while checking these findmss agunst rmbo art aho used 40 reprt on the popes of AIST pojecu

wtuai research and development in Japan urder w ay.

To this end, AIST surveys trends in research and
development, technology trade, and patenu in Japan and
overseu; the technology policies and development status of
other countries, and rnore comprthensively, the irnportant and
urgent questions involved in the pursuit of creative and
indeperdent technological developnent.

Domestle surveys
AIST conducts surveys in Japan to understand trends in

technological development, research and develegnent acdvi6es of i

enterprises, poblems surroundtng technology, and technological
policies.

[ Themes for 1989)
= Survey on technology transfer I

a Survey on reorganizadon and location trends of research
agency of enterpues in Japan
Survey on the pesent state of induscial technology level of |a

NIE4 in Asia ard the resaarch and development snaiegy of our

enterinses for b7Es of Asia

Overseas surveys
The ofnce conducu collec6cn and anahses of iarious overseas

technological p2blicadoru, reptu, and literature u mell as surveys
and analyses of technological development and technological
pohcies in advanced countries such as the 1)S A sid Europe in
cooperation if JETRO and other organizauon while utihring the
f ind for scientific technological pomouon adjustmeru.

[ Themes for 1989, related to the fund for scientific technological
promotion adjustment)

Survey on the method of ashanced scien6fic technological
promotion adjustment fund

The Committee for Science and Technolegy Pohey (CSTP) of
the OECD condwu vanous programmes including the eschange of
esperiences and information on science and technclogy pohcies of
member countnes in order to promote the international cooperauon
in the field of science and technology. AIST makes positive
contribution to the activities of CSTP, participating in various
conferences.

In May,1988. OECD started the 3-year popartme named TEP
(TechnologyLonomy Progeamme) for the purpose of analy6ng the |
inter relationship between science, technology, economy and
soaery and also developirs uwful indices for the governments of
member countries to plan, esecute, and evaluate the technolcy
related pohey.

In trus regard, the Gos emment of Japan honed an international
conference for TEP in Tokyo in March,1990.

.

_. _
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l , m... h +... . ..i wier Ar, had Wisa
) {

Japanne Roeanh Comt"T*rt Rue 4rch camassren tamman ftharwas'

m Devebred Country ei DewWes Canary (Nc d year >
Name of Resench hoject Insu tut,

--I R'"*' ski m e spbrauen iaca,,q ,,, c.,gog, cal Survey of Japan
Urutad Stuea Geological Bureauof Mines and 1981 1991

ceo.se a nc,,,garvey,ggA
s rare mmeral m,,c,. Philippinesy

i h
(Rare nwest risou,tes)

%/ ~ . Omnucal asussment m %1e Rmt Neucmal Research Insutute
Uruted Stues Environmental M snsoura Urus etsir% 1941W2

(O.enucal suenamerto for PoHunon a*d Ruources
Protecuen Agency, US A Egypt2

_

5) Jotnt Rssearches for Glob alEmirontr. ental Technology

~ A!ST Research Counterpart Research D a cn
C ""'')

Name of Rescuch Project Imutute tretute (F h g )

_ l. Saudaa on abresauan uth fecumal
Neuonal Chemical Laborstory Central Arid Zone Research India 19% ,H3

un) impetwg maienals f ~ trdustry Gov emment Irtstitute Phibpptnes

(Tuncuanal sal)
trdustnal Development Indaatn al Technology

Laboralory, Hokkaido Deselopment trutitute
4

_ 2 Prevenum of urinded pouuom in the National Resestch insnrute for Nabonal Deputment of Mineral Brml 19 W 992

tropcal ame mth the metal trunes Pollution and Resources Prrduction

de velopment
(Pollaum mth metal mining)

(2) Promouon Program of Research a 4 Developrnent Coopersuon

Coun eka
Country ", g

Name of Research Project Japanne Research Irtsurute p,,,

Research and Development Project Electrotechnical Latorpory China Softw are Techruque China 1987 1992

of Machine Truulauon System =ith Cor;otauon

Japan's Neightenng Countries Center of the Intemational Nabonal Electronics and Computer nailand
coopersuon for Compter. Tectriology Center
'' Language Research Division Malaysia

C/ Agency for the Assessment and Indonesa
Appbcanon of Technology

Intema6cnal Rese veh Cooperanon Governmental Irdustnal Commt de Fomento Minero Menico 19FSlW4

on Recosery of Valuable Resottrees Rescuch Insurute, Shikoku
The insutute of Sahne, AcMemia Cluna

in Brtne
Siruca

0) Bilateral and Mululateral Cooperanon (1) Internabonal ytnt research program

AIST Promotes bilateral cocp ation mith China, Koru. etc. (2) International reJe.rch enchange program to insite fereign

through science and technology apeer icnia and muluisteral
researchets in the long term and help them do resenh aN

cooperanon wah ASE AN sountnes hne m Lpan sme sthly
0) On the Research Traming Program to re educate reseecheri

3 NEDO Interna 6onal Research Exchange Center in and out of Japan.

NEDO has estabhshed the International Research Enchange (4)Internanonal Jomt Rescuch Grant Program tu contrwte tN

Center in 1989 to conduct the followsng four programs: ads ancement of mtemanonal eschange

THE J APAN KEY TECHNOLOGY CENTER

The Japan Key Ted.nology Center estabbshed in response to a (d) Execuuon of Coruigned Research

proposal by the pnvate sector. conducts activities directM at the The Center bnngs together esperts from govert, ment Attr

oserall improvement of the environment for private research and
and acMemia to condact rescuch comigned to The Cur t9

development in fmdamental technclogies. pn= ate compaNes.
(c) Japan Trust internanonal Research Cooper 36en Service(a) Capitalinvestment

The Center has estabbshed a charitable trust called the Jay.The Center provides capital investment for rescuches canied
out by companies established for joint research purposet Trust Fund. The operating proriu from this fund will be used te

ini.ite foreign reseuchers m key technologies to Japars
C90FY V21.7 bilhon)

g (b) 1.can Sen ice (O Researchinforma6on Service
The Center presides condmonal interest free loans to aJ .n The Center collects and sorts a wide variety of eportar:

reductng R&D related ruk.s and cosu. ('90FY %) bilhen)
rescuch hierature which is kept on file si national rescueg

'

(c) Medianon in Anangir g Joint Research insututes ard other organimiom.

Medianon is performed for private companies mnhing to (g) Surveys Seruce

condact ptnt rescuch w nh nauonal rescuch insututions.
The Center conducu vuious kinds of suntys to aid prnate.
sector research m key technologies.

I;

_ . . .
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ROMOTION OF TECHNOLOGICAL DEVELOPMENT IN THE
'

RIVATE SECTOR

To enciurage R&D by the private sector, tan incentives ue B Condense recordirig. of down to one yen, of 8h*r8'8
ered foe tahnological development u well u financmg for the impoud by ccoprauves for the ugu6sinon of fised puu ,

wel:pment of industrial technology (through the Japan required for the study of er trung aid indusr6al txJtnology
*elopment Bari) and condibonal loans for P AD projecu. and C. Tu reducucwts ce gnen on faed unu used (cw research.

at operates a research association is oprated for promourg (3) Special depreciauon allow axes are genruned for aueu used

9tng and sadustrial technology, in nbject research.
(4) Dansuom to Research Corporabons, by special penntssiera.

Tu incenus es for Tec hnological Des elopment may be calculated as loues.

(1)The followsng tan incenaves have been irauruted (effecuve
until March 31, 1993) for f acilitating research and 2, Promonon of Intemauonal joint Rewarch

development in fundamental te hnologies. Thew cover a 15 In order to develop future industrial technology and improve both

percent muirnum deducuble for corporate or ineome lates or cksmestic ard miernauenal cooperation on researches and stdes,

10 percent in (a) below. grant is given to international jomt research teens in mater al
(a)Tu method for Dedxung Addidcmal Research Espenses fields. This pegram is adtrunistered by the Ne* Energy and

'!hese are deducuble from corporate or neome taxes, and industrial technology dev elognent Organization.

are equal to 20 percent of the encess of cunent quahfied
R AD empenditures over the highesi amount of the 3. Condiuonal leara for R&D Projects

previous R&D empnditure. Other conditional loans are ava21able for R&D devekipment of

(b) Tai Incentives for Promottrig R&D in Fundamental energy saving technology end alternauve energy techr. ologies for

Tchnologies petroleurr and new power genersuon tuhniques.
Also deducuble from corpirate or mcome nues is usen
percent of the cost of acquiring facihties for conducung 4. Financing for the Promotion of Industrial technological
R&D m fu damentaltechnologies. Categories of facihues Development (Development of new technology) (Japan
are supulated in the Hirustry of Fmance No6ficanons - Development Bara)
No 47 dated March 30,1985. No.60 dawd March 31. Funds are provided at attractive interest rates for the
1986, No.126 dated September 29,1987, No $2 dated commercialiaauon of important industrial technologies and the

, M::ch 31,19gR, No33 dated March 31,1989, and Na.h construcuon of special structures for advanced buic research
dated March 31,1990. mhich will make a significani contribuyon to the advancement of

(c)Tu beenuves for Promot;ag R&D by small and medium industrial technology and play a key role in upgrading the
enterpnw: industrial structure.
Sin percent of the cost of R&D by small and mediurs
enterprises during the business year, apphed seluuvely $ Research Associauon System for the Development of Mirung and
oath (a) above are dedutible from corporate or incorre industrial Technology

nues. This system, taktryt mto account the efficienn and im;ortance of

(2) Tai incentives for Mining and Industrial Technological pint research by enterpnies, gives legal status to cooperause
research organiunora poducirg technology related to industryRewarch Associanons .

A, Specal depreciat>on allowances are given to members of and mirung It was started in May,1961 and 53 usocianons are
rescatch A socianons for acquiririg fated anets used in cunently active.
esperimental research in pomoteg mming and industnal
tec hnology.

uthne of Finance System for the Promonon ofIndustry and Techr. ology: Budget for FY1990

De$eloprnent of new technology
_

improvement of research f acihties Deselopment for cornmercialiution Cornmercisjiention of new technology

~orutrucuon cosu Cost entailed in wiuiring spcial * Construction of demonstra6on pianu . Prcduenon hne construcnon
bgible for fmanemg bmldirigs and struerures for buic' i Tnal manufacture of machinery and e Development of heavy mr,chinery

and applied tescarch equipment

Rano of finansing Appronunately 504: of cornstruction cosu of works e!!gible for financing

Financing pcnod 15 year: or les (in pinciple)

R:deemable penod Two to three years (in prtnciple)

Dudget for FYIMO 750 000 (milhon yen)

l

|
|

l

1

|
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I M
f 4) Mululateral Cg.

I) Internatsonal Erier A DEA) WEY
MITI parucip ,in ouve rosarth 6''d aforrnata ri

har se under the Comrruttee of Renarch and Developmeru of IT.A.

1%0. 9
[]
\ Worktrig Parnes |

MITTS Joitung implemenung Agreements Statiof MITT Parucipaaon

~ !>id t se 7ect,wgy * Aevamed Hesi Pump A ml,1979
* Alceon and Alcteol Biermis as Motor Fuels h tirwry 19 u
e Energy Cmier auan in Comtosuan A ml,1954
* Adiamed helCells ( ApnL 1990)
* C ADDET June,IN)*

* Asiesimp)$e impact of Ht& semperature SuptconJucovuy
h

June,19A

Renee atae Encegy e Binemergy May.1987
e Wind Energy Converum Syivms A m L1978
e Sol.at Heaur g and Coohng Synems Ocidict,19M
+ Pet *cuan of Hydrogen fecen sier Ocicevr,1977

Feind Energy . Ctej Technology Informaum Service March,19M
e Cca1Khl M, stuns March 1981
. Enhanced DJ Recovery May,1979

* Atinosphens Flwdaed bed combuit un h tiruary,1980

Fuuan Power e Reversed Reid Pmches (May,1990)

Othe r e Energy Techrology Sysiem Analyo Sepwmber.1981

. Energy Techrones, Date behange January.1987

2) Irsternational Cooperauon Projecu proposed by the Working Group on Technology, Gromth and Employment (Surrerut).
These projecta will be carried out on an independent basis, sepcated from the Summit framework.

Projects promoted by AIST Parucipants (Observers) *

Photovoltaic Solar Energy Italy, France, Germany. UK, EC, (US)

France US7UK, Germany, Canada. Italy,(EC)
Adv anced Roboucs

\'AMAS UK, US, Canada, EC, F ance, Germany, Italy
(\,ersa,lles Project on Adv anced Materials and Standards)

p
( 3) Organiution of Economic Cooperauen and Development Economy Prostam (TEP) S3mposium *ill be held in

AlST takes part in the Committee of Science and Tokyo under the suspice of CSTP,'

Technology Policy of OECD, in 1990. Technology /

Cooperauon with Developing Countnea
(1) Insurute of Transfer of Industnal Technology (TTTT project)

1) joint Rescuch for New Technology
Fiscal year: Apnl1 March 31

",3
*

Name of Research hoject AIST Research Insurute Coun'erpart Rescuch Insurute Country (p ,i 3

i Research on tenses technology for Mec han; cal Engineenng Korea lnsutute of Machinery Kore 1987,1W1

cuturig process informauce (Sensing Laborstory and Metals
for cuums preceas micrmaum)

1 Research m geokay and mmeral Geological survey of Japan Geological Survey of Pakistan Paktitan 1987 1990

resou ce: of the colkswn ame mr

Pabstan (Gecdogy of the cdhnon
sors)

3 Research for md sinahuuan of Govemment Industnal Research Palm Oil Research Institute of Malaysia 19871W0
thermomedamcal pulpeg of oil palm insurute, Shtkoku Malasyia
typeculucxi (The rmormcharucal
pdpeg of oilpalm)

4 Mean,arement ofihree denenuanal Mec hanic.I Engineenng Research and Development Indonena 1988,1990

ob.ieci and rundestrucuve teiung 1.aboratory Center for Calibtation.
(Measurement of three denenigmal Instrumentation and Metrology

chet)

$. Hydrogenauon of palm oil ecepmenu National Chemical L aboratory Palm Oil Research Insutute of Malaysia 19f41990
,%

/ T Olydrosenauon of palm cs!) ' for Industry Malaysia

t Enhancement of reference secums of Geological Sursey of Japan Mines and Geosciences Burea Ptul pptnes 195819H
seamenury tves (sedenmun banng)

? Separaum and rermes of rire meial Natier..! Research Insatute for Guanshou Research Insutute of Ch2na 1988 lW:
certi from Chms th meul cres f rwn pollution and Resources Non ferrous Metals
Ctuna) Gov emment Indastnal Rete arc h |

'
Incurute. Tchoku

- __ _ _ _ __ _
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~
' $AIST Ruearca treocuia comserpen ba. mad / CW FName of Rewmh Propes

gggg.1WO -

Remarsh a the ne. a.) unntwuon Gov ernmetu trdustnal trisutute of Coal Cknuusy, %
*hados7 t'y Itadied tad Develosunmt Laboratory. Acadenus Sinic a

(CW comtwum inchnaiegy) Heklaub

Study em the 8scove utanum of
Nanonal Chemical Laborstory Kcves Advarred Insutute of Ktuea 1939 199) .

Science and Technology
neglecsed hydnsartaris (Ut&uum of for Industry f ,

ne g)eaed hydnsartasI

Nauonal Research Institute for
Indian Insutute of Technology les 1989 1WI ,

. Air pcuuum anenment si trapc area.
Polluuon and Resources(or polluum anessment)

L Rue. arch m utthuuan of nswaf
Gove ntnent irdustnal Research

Mineral Technology Indonesia 1989. lW2

nobte (t tauum of natural uolar)
Insurute, Tohoku Development Cmter .

Mechanical Engincenn Ns)ang TechnologicalInsutute Singa;ure INGIM3
1 Devebpnentof AUu Alloy

LaborsonesCcrnpcates MI/U alky arnpmies)

Geological Survey of hpan Departmentof Miners] hailand 19941 W 2

1 Rane:rsh m ran <netal rouvetes in Resources
weathereg crusta d gmnnait
(Weatherms crusta of grarunoid)

4. Study a comiermeasures for the Nauonal Research Institute for
Central Coal Mtt:ing Resemh China 1994IW3

igruum saurse of gas and c al dust Polluuon and Resources inttitute

empicouns e coal mine ,

flgnium sourse m coal mee)

S Effecuve acu=aum usaiment of lignate Government Irdustrid Thailand tissurute of $denure hailand 19 % 1992

and pat muenal Development Laborstory. and Technological Resemh

(Ligrute and pat mawnals) Hokkaab

4 Study on vuhamaan d sepiobuc Mg Governtnent industrial Resemh Mineral Research and Turkey 19 % 1992

beanns day from Turtey Ittsutute, Nagoys Emplotation Insutute of Turkey

(Sepcinue Mg beanng day)

11 Study on eveJusum and unauum eli
Government trdustnal Rese arch Stue University of Campinas llraul 19 % 1992

Brsuban Quans (Brsr4Lan Quaru)
Institute, Nagoya

2) Joint Research for transfer of Technology

Dursuon
A!ST Rescarch Counterpan Research Country g

Name of Research Project g n,%,, g.,g

1. Research on ev aluaum for
Nauonal Research Laborsory NauonalInsutute of Metrology Cidna 1987 1990

standard of large forte (Standard of of Meuctogy

larle forte)

2. Resemh on rehabdity of volume Nauonal Reseanh Labor uory Directorate of Metrology inenesia 1988 1990

meatunng instrumenu m the tropcs of Metrology Nauonal truutute of Science and Philippines
Techrology

(%1ume measunng iruuwnenu)

3 Evanuaum for maienaj telecuan and Government industnal Research Research aid Developmerit Intbnesia 1990-1992

cormuon prevenuan of maianals in the insutute, Chugoku Center for Metallurgy

tnyicd ermronments (Matenah
seltcum arid cortoion prestnucv0

Devekyceni(4 durme cmcrew baud Government Industnal Rese arch Insutute of Human Settlements Inknesia 19 % 1992
4

on the uubuuan of ediscous resmrces insutute, Kyvsu

(Durable concreis)

3) Cener al Rese arch

AIST Research Institute Dursuon (FY)
Name of Research Pro ee

_. 1. Resea ch on plasuciuuon of tropica' ard setrepical plant rnatenals indusutal Prcducu Resemh Insurate 1987 1990

(Plasuctuuon cf plant malenab)

O
.

4
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f INTERNATIo ERKrION IN RESEARCH AND
. DEVELOPMENT

(~ Intemabonal resserch and de,elopment 6poperation advarges Genacall). 6 researcher under the age of R k4irg a
a Quahf'acauou

Japan's own R A D htte contributing to the fortnauen of
g

doctorste in science or engtneenrg
hvrmwtious econcunes sies wuh other not' orts. b Number and peciod of inwurd researchers

A!37 ss therefore en active tuearch partner with developed and
Approttmately 13 persons fcw a penod of one year

deselepir.g countnes aLke. c. Hou insutatesAIST conducu jomt remarch progruns in the area of advanced Stateen testarch msututen betonging to AIST
te.hnology with deseloped countries and invites foreign d Compensuion
rewschers. Beiides, under the Institutes of Tramfer of Indusmal Round inp aarfare, hving tapeme, housing allomarre,
Technology (TTTT). A!ST condxts pmt tesearch and enchange of family allow ance and relocauon allow ante
rewatchers eith deselopmg coantnes,

Further. NEDO help foreign researchen work and hve in Japan
e. Japanese language coune

A Japar.est language coune is given as a generalrule at
smoothly. the begmrung of the researcher's stay.

Besides Foreign Researchers can be invited to Al$T
1. Cooperauon w ith Des eloped Countnes laboratones by

(1) Invitanon of foreign researrhers 3) A!ST acceps rewatchers in EC countnes through Japan.
1) A!ST hu established on program in FYl988 to poride

rnenen researchers with an opportunity to conduct EC industna' Cooperanon centar

research for a certain pnod of tirne with testarchers at the
4) Foreign Rewarchers are invued by a chariuble truss called

institutes of the Agency of Industrial $cience and the Japan Trust Furd which is admirustered by the Japan
I

Key Technology Center.
Technology (AIST)in order to advance scienufic and $) AIST has made a memorandum of understanding si:.h
technological knowledge in thir respecdve fields and to Nabonal Science Founduion to accept up to thirty US
promote creauve research and development in the open researchers a year to AIST laboruones.
environment of the irtsututes.

(2) Jomt Research Project
1) $pecific Intemadonal Joint Research Projecu

(Reaearch conducted jointly by AIST research imtitutes and research insutuuoru in developed couranes)'

uanCounte Rewarch c-

Japaress Research trutituteName of Project

Research on opucal mictogauertsors Govemment Irdustnal Research Urviersi'y Cathobe Luban Befgium 198t1990N4

Imtitute. Os aka -

Rewatch en pecision ev aluation of Electrotechnicall.4txvuory Nanonallnautute of USA 1988 1972

Standard
new superconductors ard deveJopment
cl precision meascement devices

Research on the synthesis of fluonne. Gov ernment Industnal Rese arch Nanonal truuruta of Heahh USA 1989 1992

contairung heterecyche compounds and Insutute, Nagoya
et aluauon of their biological acdvices

Research on genersuon and vultzation Nanonal Chemical Laheratory Technische Univenitar Germany 1990 199)

of high energy dertsity plume for Industry Milnehoi

Re earch on the thermobiology, Fermenuuon Reaearch institute Nanonal trubrute for United 1990 lW2

Medical Research Ktr'gdom
emphuittng on * aler structwe in
hsing cclis

USA 19901W
Research on mechanisms for release of fermenuuon Research Insurute

Ohio Sute Uruvenity .
Germany

methane into the atmosphere Geological Survey of Japan Tubingen Universiut United
State Geological Surve)

Research on Acid rain Mecharusm by Nauonal Research Insutuie for Nanonal Center for USA 1990 N93-

the ads anced obsers suon and modeltng polluuon and Resowres Atomosphens Rescuch

Gos ernment Irdustnal Research lowa Sute University
Iruutute. Nagoy a

2) Research Grants to International Joint Re earch Team
(3) Bilateral Cooprauon

AIST cooperales with developed countries such u Ur.;ted
In order to develop the futwe industnal technology and to Staiss. West Germany. France. Italy. United Kingdem.
contribute to the impton ement of both domestic and

through science and technology cooperauon agreements.
internanonal coopetanon on researches and studies. the mdustrial cooperatiori talks and so on concerning joint'

sy stem is to promote tnternanonal jomt research team research. e schange of researchers, and informauon.
,

carrying out origtnal rewarch related matenal fields. Thu
,

program is administered by the New Energy and Industnal
Technology Doelopment Organitanon

|
|

'e

I
- - - - _ . ._, " *' ~ y-+ ,- , _ _ . _-



_ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ - - - _ _ _ _ . _-_- __

..

Yearof Field of Cmperuion
C:untry F5ame WmL truusion (Mutually Selected Areas)

USA U$. Japan Confererse on Natural Resources 1964 Fue Rauerch mid $afety, Marsne Mirung, Manne
(U J.N R.) tracrumentauon med Commwtg auons, M arine Geobgy,

Others

Apeement between the Government of Japan and the 1979 Fusion, coal Energy, solar Energy, High-crergy i.

Government of the Uruted States of Amera a on Physus.Other energy ud energy relsed researth sud
Cmpernuon in Reuarch and Development in Energy developmerd are.sa, u may be meually ae. luted.
and Related Fields

Apeement tetween the Government of Japan and the 197$ Stauonary Source Polluten ControlTechnoletv,
Government of the United States of America on Management of Bonom Sediment Conturung Tonic
Cooperabon in the raid of Environmenta! Proteccan $utstances. Air Pollunon related Meteorology, Others .

Agreement between the Governmmt of Japan ard the 1988 Life sciences, including tnotechrology;Infctmanan _
Goverrenent of the United $tates of Amerwa on science ard technology; Manufe:turing inhnology,
C m per:6on in tesearch and Developmera in Science Automauon and process coner01: Global geoscierce and
and Tuhnology environrnent; joint database development, and

Advanced muecials, including euperconductors.

Uruird MFTI.DTI Talks, 1988 Superconducuvity, Martne Tuhnology Biotuhnoke,
Kingdom Othen,

France Apeernent between the Governmmt of Japan and the 1974 Muirw Scierce arr4 Techrology, Biological and Medsal
Govemrnent of the French Republe on Cooperpion scieese ard Technology, Ne w Energy Technology,
in the fald of Scurse ard Tahnology Enagy Conservstwn, othen

West Agreenwn tvtween the Government of Japan and the 1974 Marine Science and Techrology, Biological and Medsal
Germany Govemment of Fedrra) Repubhc of Gemiany on Scierce ard Twhnology, Envtroninental Protecuan

Cmper:6cn in the Field of Seierxe and Technology Tedeiobgy, New Energy Resources, Traroport
Tuhnology New Malenana, Data teoceums.
Informanon and [kmamentauon, Mecharucal
Erigineenng Othen

Australia Aptement between the Government of Japan and the 1980 Experirnental Petrology, lower Atmosphere Physica,
Govemment of Austrsha on Cmpersuon tn Reuarth Fluidited Bed combusten Technology, Vision
and Development tn $cience ard Tuhnology Tachnology for Rotots, Others

Cooperauon between Japan und Austraba in Energy 1978 CoalTechimlogy, Solar Energy Unhiauon Energy*

Research and Development and Relund Artu Cornervadon, Others

Canada Aperment between the Government of Japan and the 1986 Environmers Technology, Energy Tuhnology, $
Government of Canada on Cwperanon in Scierce ard Commmucauons, Computers and Roboucs, ws
and techrology

5 eden Japan ( AIST) ~ $w eden (STU) Reuuch ard 1981 Medical and Welf are Technology, Biotechnology,
Development Coopersuon Materials (Polymer ard Composite, Cerunics, Ligiunk

,

Others

Italy Apeament tetween the Goveminent of Japan and the 1988 New matenala, Biotectaelogy, Volcanology and
Government of Italy on cooperation in Science and Searnology, Physica Environment, Aneud Intelbgens*

Technology Energy

9
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it AD on eersh seiurunenext tespaule$es fee it90 (DeeJgnitsaf coererveses)
NfhN fhd\mm ge*

Name of project Bdget for 1990 Out! ne of project

$dy e cutxe dioude ft1suun IM R& D to transform urtum diens,sr ( h:2 u the mapt uuse of greenhouse effea)uso caher sufid
tratenals tn using energies (solar tsys.ste )curnriuy fut used

technology t'y aruficial
;Asosy net as etc.

RAD on the ccainiersaion abdity of the sisture ogamn incruse e urtum duoude ed camemeuures
hJ, an p%s, dioude ftssum uimg such counterscucm through quanutsuve drJaruuan of photosynthests of algae by c4m&ucr.: andga study cm su mecharusm. Techrucal devekyrnent to a stile emer and more conta musuremers of mey,y g

czecentrauce of urtsm dioude m wam sier wuh less sample

Sudy e coral reefs as sinke of
R&D cm fusuon d carron diouce to ulcium carkrme by clanfreg the pst ccmcenttnuon levtl of
cartum dioude and Isme stone generauon suLe, and acual state o(present ccral rtet and factors

sunosphant cartun dsouJe affecteg gro=1h of coral

R&D io astabluh an tes;neenng mcdel to analue and esajuste of technoic'gies for reducteg
Arialy sis and evaluaucm of anthnyogente cartum dioude emissums and to c!artf) the effecuveness of reduems temnolog, andtechnologies for reductrig anthro.

competuon d an energy system muh less enussians
p, genic urtam dioude errussions

5 gdy m recovery technology d RAD m affutive sepersucm and c4meentrumn d cartxe dioude

c,artion diotide

Devekyvnent of taalegradatde
RAD cm matenals campsutue with envirmmers. such as plaiucs degridatile in naiurt

piattics
__.

International joint researthes on global environmental technology for 1990

clusificadon Name of pmject Counterpart Pened Outline of poject

Sfattic Research ces mecharusms for t;5 A, w est 90 93 Bachsiul and seameuxal ruurches to clanfy the release mecharusm of

mismaucrial retease of rnethane v.to the Germany methane gas (whose green house eflect is stamt 20 to 40 tunes larger than
cartsm dioak's) snio simosphere.

pnt rtsevch atmosphers
pregects (glubal
environrnent) Research m Acid ram Maharusm USA 90-93 Precision analysis of the aciJ run compmerus and cruuan of a nunu'au.r

by the adsanced c6servaban and
malej teed on m sito dierveuce of gemetuan,long datance traruport,
and transfcemaum pmcess d acid rsin carnpmenu\ mcateleg

,

hnt tvsearches Studies on afforestauan e,th inas, 90-93 Devekqvnert of funcuanal scal recoveres agent with e ater and forbjuar

foe get+al functional sod impoving Phderptne retwuna capoetry and sodergarusms compaubdity e order to reccner

environrnental maienals (Funcuanal sod) soda suffereg degridsu;m due no espansean of desett, saceesive pasiunng

technology
prevenaan of empended polluuan Braal 90 92 Development of m3de-stu polluuan survey technology and revention

m the utpcal tone o nh the metal terknology ice msnmg precuan of tropical fcrests e hach u pruumed to

muurig deveA5w. erd (Pcalution affect arumals are pianu over a wide area,

with metal muuegl

CONSOLIDATING RESEARCH AND DEVELOPMENT SYSTEMS
RELATING TO INDUSTRIAL TECHNOLOGY

Development Program (Large scale Program), and I.dscarr
i

; Outline of Polic) -

and Development Program on Medical and Welf an
L If Japan, now holding a key position in the world economy,is to Equipment Technology, NEDO has started newly tb

play a tole morthy of its position tow ard well balanced development Research ani Development Program on Earth insironme<
,

|

of the world eco%my wtule achiesing further develognent toward indusr al Technology. NEDO * dl undertake compehensa ,

the 21st cenru y, it is essential for Japan to pomote postuvely the and mobtle R&D for these pograms while carrying the-

cre"ive technical development and to contribute to the world out in closer cooperation with government, and academ.

'ammunity through technical development. What is required fot sector and pnvate industry u well u foreign institutes.

j_ this purpose is to improve and expand large scale research and in 1991. NEDO will attempt efficient and steady esecutic-

development infrutructures. to put into full swmg the re earch and of programs conunued frorn the pevious year. At the sam
'

development in basic and advanced fields, and to establish a system tune, NEDO will wt uprm new sit themes, including a ne.
' , r consolidmed augmentation of intemadonal rewarch eteperanon. software structuring model for the Future Industriei.

l'nder the * Law for Consolidatmg Research and Development Program, advanced function creation machining technolor

S., stem Relaung to Industrial Technology * enacted in Msy,1988, and appheadon technology of human seraes to meuuremer

the New Energy Development Organtration (NEDO) w u expanded for the Largeacale Program, and the conditir.n morutom
>-
\ in October to the New Energy and Industrial Technology system ier the aged, digital hearir: tid, arJ continuow

Consolidated Development Organization. This organization is blood sugar measurement system fo the Medical 3r.

gneri resportstbility for undenalung industnal technology. Welfare Progiam.

1 Research snd Development ProgTam
f t) Desenption

f Wm *a m re e D ( D p r e t v- - a 9siic
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|In the fi:ld cf auth entstenment, NEDO esti undertake i latematumat roseare % ,, r

general plannmg and reseuch, technical development for (1) Redgrouted

earbon deoside fination and eflective utilisaison. Today, not orily overtaas demand an rusarch and te'hracal
deunopnent of maanals *ith neu envirorunental load, and cmperaums is incrusing om,g , y gno the contens

.

y

taWocal developnent for poducuon pocess well matched of deraands is growing more s.rms me i diversified. It is ,

difficult to meet these demarais by NEDO alons, On the { [a the environment
(2) Budget other hand, foreign researchers accepted by NEDO u u

Ceneral ucounts of )$.7 bdhon will de earrnarked u fund increasir's steadily in number a.~i spected to incoax 1
for NEDO, whue special accounts of 413.7 bdhon u pant further in f.iture. Notwithstandmg tt s situuson, a :)uern at j

t

io NEDO. providing lodgmgs and various beneriu ta researchers ,

xcepted is not > et completed, and it is urgently requested w

2. Research Facihty Development Propam trnproie and espand the compehensive uepance ayuan.

(1) D:senpion Moreover, domes 6c and foi6gn enterpnaea are sho*rg an

large and high, level research f acilities, w hich are attitude to augment further fostering and retraining of

indispensable for promotion of creative R&D in the researchers to cope smoothly with worldwide structural

ahanced field, will be improved and espanded, and opened adpstrnent of industries.

wide for domesue and foreign researchers. In view of above present state, NEDO will esecute

impovement and operation of these facdines are performed following four programs under integrated control.

by the third actor erected for exh facility. The third sector (2) Outhne of popams
will finance one half of the inibal investment by the capital 1) International research cooperanon

and another half by the load. Two thirds of the capital will Joint research with foreign research institutes will be

be povided by NEDO whae remainmg one third by givsie rnade on subrets requested from foreign countries urdet

and local government agencies. On the other had. 704, of cwperadon of the pnv ste Sector * hale makmg the best of

the loan (an be obtained interest * free from Japan ta!cnts and kruwhow of Nabonallabarmones.

Development Bank and Hokkaido and Tohoku Development in 1%0, two themes started in 1989 *01 be put into fJ

Corporation, and Industrial Infrastructure improvement gear and simultaneously the new *Research and
Fund will provide guarantee of obligation for the Development concerning improvement of Low.
commercial bank loan. temperature Starting Performance of Methanol fueled

in cases where it is parucularly difficult to establish buic Automobiles" will be started pintly with the US A.

research facilities due to the high level of research and 2) Internuional research fellowship

denlognent required, NEDO will also undertake to develop In addition to mvitation of foreign ruearchers (mamly

the needed equipment and support systems. young researchen) for the long permd, vanous benefiu,

(2) Outtme of projects such u training of Japanese, cortsulting on daily his,

1) lon Engineenns Center leasms and facibteung of kidgings, etc. will be effered u
(Imation: Kansai Culture and Science City Hirakata, accepted forehn researchers to enable them to spend

Osaka) comfortable research life in Japan. RAD mfo*mauon

A facihty to study the technology of applying ion team necessary to eapedite lniernational research encharige
to industries will be founded for general utiliration, will be supplied to foreign countnet.
Incorpornied m November,1988 and parbally opened in 3) Researcher trainmg

July,1990 The researcher pogram ir,cluding lectures and on the.

2) Research Center for the Industnal Utihution of Marine research. training will be enecuted in an oterns a foster

Organisnu and mutual enchath . of researchers of domestic and
(Location: Kama6sha. Iw ste; Shamitu, Shituoka) foreign enterpises.
A facihty to study the technology of utilizing marine 4) Internadonal joint research support propam

organisms in mining and industries for general service. The grant will be provided to cover espnses incurred by

incorporsted in January,1989 and opened m April,1990 the research activity to internationalpint research tearts,

3) Japan Microgravity Center including foreign researchers, which engage m RAD m
(Loc ation. Kam: 5unagaw a Towm, Hokkaido) the basic field (physical properties. etc.) enpected to
A vertical drop facility which enables various non4 become fruitful seeds of industrial technologies toward

gravity tesu for atout 10 seconds using esisting verucal the 21st century.

pits of old mines will be improved and expanded for New four programs will be added to continuous 12
general wruce. Incorporated in March,1989 and opened pograms for 1990.
u the end of 1990 Fy (3) Budget

4) Apphed Laser Engineermg Center 1) Internmional research cooperanon

(Location. Nag aoka. Nngata) Special accounts of Vl97 milhon will be earmarked u
A facility to study the technology of applying laser to grant to NEDO and ODA of V$9 million as fund
industries will be erected for general service. entrusted to NEDO.

Incorpornied in Match.1990 2) Internmional research fellow ship

5) Advanced MatenalResearchCentir General accounu of V54 million will be earmuted u
(la cion: Ube, Yamag uchi; Toimi. Gifu) grant to NEDO ard general ucounu of V161 mdbon u

I
A facility to study and evalualc material phyncal fund entrusted to NEDO.

properties and functions in super high temperature 3) Internauonal jomt research support program
environment wdi be unproved and expanded for general General accounts of V516 milhon wdi be earmarked u
service. Incorporated m March,1990 financial resources of grant.

(3) Budget

j industrial investment account capital of Y2.2 billion will be
'

earmarked u a component of mvestrnent of NEDO to the
third wetor ard general accounts of V200 milhon u a,fand
necessary for impoiement of facihne.s by NEDO itulf. . ,

l
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MEASURES FOR RbO10N AL 1 ECMUwu 1 Ue,y e,wmc.o o!

i
(1) hpansion of AIST: *Research Information Prew,isir.,

1 Specific Regional Technology Development System (RegionalSystem (RIPS)* nes.ek to include segiotist research
J

!

Large. Scale Projecu; see table below) instarutes, nia the aim of closing *research infr-r.ation i

This system oss inaugurated in 1982 to promote regional gaps * beto ser, different be slities;
whnological development, and taecutes 7 pojecu in 7 areas in (2) Preparation of a high technology application sanval

,

1990 conuineg research informaticm and knom.how on e wed |
2. Sptem of Ads an;ed Ceneta! Regional Techtelogy Development industrial technology, gathered by regional research

This s stem promotes joint research for development to insututes of AIST;
intrcduce adv anced technology trao ka:a! areas. (3) Promotion of joint research and cooperation wie local/ L Regional Technical Cooperauon Promotion Projects hisjor socieues, as well as dispatch of researchers for temcal
projects under this headeg include- instruction, seminars for technical learning fe loca;

rese archers. and technic al symposiums.

(Unit mhm ytnl

Period Total 8 *** Outline of Project RA D Results
Pro)cct Name (FY) Es pmdito* d'',

Empenments on the cenucle detector .vg
Intebgeni enon remowns 19F7 300 W Develonnens of an ad.anced snoe remover

- aquipfwd math newest senseg and autcs . ant uitnuvac.microweve and laser uas med
iphnology for cold regmns |W| ccWitrol sylterns to PMWrKle saf tly inCftale out The triow trKMer contrDier utmg |rrJge
(rkM sido et giorij of fniency and decrease oprnes loads analyser and auurnsut snom remotes e as

designed held test of snow falt sensors eas
continued

Visual recogruuun and 1957 W10 28 Drvelope ent of a system so pecrnute me The afgeratus detecteg surfue defecu m

idenufnaum for fltotde . effscientproducuce of mechangal and
mechanacal and elecancal pana has tema

reanuf acturmg syste.ma INO elecincal em.ponrnu in small k4a of o sy devek mit i emer eith a ctaisifyms5
nped, o hich ce i iderc'ri has
trnaat recogruuon s3e.many ,aneues through visinal etcogruum of inchru que.1

(Chugd u regum) the cornpinents puiuan, shaps, and surf ace beari also dev *

properues, and e datatste conatsteg of the ccanpbcated obgecu correctJy useg tre
knowledge of sulled worters knowledge datanese.

Syntheus technolgy of 1988 f00 a0 Deselopnent of acmwfucal syntheue The effeat of the aihtion of severaj enare
te&nohyy of highly pure and psesse and cauons cm the hydromermaJ syimaeus was

nsobrupc cisy for plastguar and rem maianal studied Usefulness of sees crystals easerufnial clay for Ngh -

stentied and has kan are> bed to the 14gt achriurmance ceranuca IW2_ cl Ngh perf onnance ceramics scale synthesis. The reJ"auons teiseenChubu trgion) syntheus scmditions and piesuctiv cd pukced
bacdirune were studied en eetad These resutu

coagulated panicles. y of breah down afedicaiad the necessit

For develonnent of ernaient auwmat: cutung
1968 M0 25 for may'facturma eajusble pecatucu from . macNne,automasic emplysng equirenens e si

R,AD ori re uuhuuon .

subs, this proiea is airned at developng made cm anal in comp > ducts had higwr
u se IRt m uses, # e hshery tuais and bath site of the reued HtPs

s stem technology of
composite matenals iW2 automaut cutueg and crusheg amarnwiea posdef atth plaster, pro
iShia 4 u etgnei) for e astes and constructeg nee et uuhtauon tending strength that of cemer a cunase. In

system f rcun the crushed and separated
thermal decornpuiuan of FRP m ute imJet
steam phthahc acid and styrene were sasJy

compnite recovered. The remicaced glass fiter eers
evesugsted to endom prosity

AJonced uttbrauon of 1968 FC }) Drvekyvnent of tectinologi or advarned Plain type parucle of basec calcium cartar airf
with Ngh dispersihtbty were synthetard in the

hme and hme bsied -

uubrauon of bme and bme heted ccrripiunds
larger scale, and susefutsneine hyamdarstaesuch as calaum cartursale, calcium stbcate wuh lugh punty wart obtained. Sywhesumecompwnds for maienals lW2 hydrates, apatite etc. for rigment arid fdler condiuans for incalcium sabate FAc flilhJn ehrmerd far repet. sumnists for a skstoa. (mer of imger crysiale man 500 pin o ere :Jnf|e&

d.yuinu region) medium, aJiorrefit, fined ted for bioreutor,
sac.

AJunced suffue 1969 (10 3$ Devekqunent of technology on advanced Irnprovemeru of adhesion sUeegth tutoren

surf ace modsfawon isi rnatenait such as ihm films and the substratei of vana.: ted tn
on beam irradisuon e as carned a4 *hemahficauan m matenal metals, plasucs anJ ceramics for mechanical,
energie of ums mere selected in me,f:llcevg

.

IW) elesmcal, reagneucat, and apocal surf ace ranges,0 34 kev, IN0 kev anJ scr e Me4krweistrignha tegion) funcuans

Initection Technokgy fcr -

j $00 11 Develognent of me mismal mtscuon (Prwea launched m 'Y 1990)
i \Jv afged Intemal 1%0 system by utml ultrasmic imaget. Uray'

Cengnite hbstances lW4 imagmg and image anahsis to cefuf) the
r

fthahbry of an inieman sLfucture and of a
,

,

Coh4 u rf gion) tunded interf ace m the comp; site substancesi

such as ceranuc metal Nmd matfo<lectroruc
device and cafthsdiber etmforced platus

_

.

l'
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THE HUMAN FRONTIER SCIENCE PROGRAM

Since the Industrial Revoluuon. technology hu long been 1. Human Frontet Snence Program

recogn. red u a metMd of conquerin5. managtng, und controlleg The Human Fronuer Science Propam is an intemanonal joiru

na:ure Technological develegnenu have hrlped us to mo*e into project in m tuch basic research to eluodge superior f.ncuans of

wienuf.c domains of h3t er temprature, Ngher pressure, higher living orgarusms will be conducted m an attempt to uuhu itsh

sped, and greater maputude. As a result, our knomledge bue, e ruulu for the benent of all human bemss.
=cil u the range of human acutines, hu gready espanded. In the Voices which call for Japan to contrtbute more m the field of

mear.ume, a variety of serious problems hate emerged which basic research are gromitig stronger in response in the
mclude increases in resource and energy consumpoon and the internanonal ues to tha. the Japanese govemment proposed the

huner load trr;osed on the environment u well as more interae Program a the Veruce SLmtrut in 1937 in an effort to esploit the
man machine confhsts in order to ensure more humatury and scienti6c fronuer of the |lst century After the proposal ou
greser prosperity in the Rt century,it is nectuary to create a ne* adopted at thir Veruce Sumtrut, an mternatiortal feuibthry study
sysiem of scientific technology which will foster harmonious a u cond ued by scentists in 1987 and the successful resulu
relauonships with society and na:ure. w ere re;cned at the Toronto Sumrrut m June,1988

Beed on these obsers nuens. it is beheved that basic rescuch on The organizanon for the implementauon of the HFSP = ss
the pt:nse mechanums of orgatusrrts has the potential to become a estabbshed tn Strasteurg France m Ocwrer.1989, starteg the
driving force in detek ping various research areas and could undertaktngs of research granu to mternauonal jomt research
tecome a treasure chest of scientt6c and technologicalieeds u et a teams. fellowships frr trasel and accommodauon charges for
espeaed to emplon the fronuer of scienufic techrology for the 21st research outside the country, and holding and sponsoring of
century workshops for triformanon etchange and discussions. The first

L.sving organisms possess superior functional characterisde am ardees have been designated in March.19eo
whnh have become entremely sophisticated and precise over a
bilhon years of biological evolution. In contrast. only several 2. Research and Developrnent Prc gram for the Elucidauon of
hundred ycar haie passed since the Industrial Revoluuort Biolog2 cal Funcuans.

Tcday's most advanced scientific techrology is rio match for tne WNie promotmg the Human Frontier Science Program, the
superior mechanisms of living organisms. If then superior Research and Development Program for the Elucidauen of
biological funcuons were to be tiety elucidated and properly Biological Funcuont n u neels estabbshed in 1968 and research

.utihred, it would help develop a new system of scientific is currently in progrtu at raearch factliues of the Agency of
icchnology characterized by "anuJollution" and * energy savmg". Industrial Se ence and lechnology in an anempt to eluodate
thus tungmg humans as unhrtuted nurnber of benenu. biological furruons under tnvestigauon.

RESEARCH AND DEVELOPMENT OF TECHNOLOGIES
RELATED TO GLOB AL ENVIRONMENT

i

i

Global environmental problems such as global warming R&D projects of global enstronment industrial technologies for i
(greenhouse effect) by carbon diotide depleuon of the ozone layer 1990 ,

may ciert substantial effecu or. the mdustrial society and human i

bfc The soluuot. of such problems is urgently demanded as a Nune W m
subsct to be overcome commonly by human beings In this
tespect, the designated tesearch frame in the global envtronrnent (I) Devehvners of envtrmmentally berugn pWuan prweises

field wat created in 1989 to stut promonon of advanced R&D m an 1) R A D on ab arwd bioremaor spwm

attempt to prorr ote researches on fination of carbon dioaide by C) Devekpnerv el en,tnanmentab terugn iubstances

aruncial photos)1nthesis ev , ahile eiploiting techincal knowhow I) Developrne.nt of CFC subsucuses muhout slotsi e arming or ou,

and resources of laboratories and institutes of the Agency of 18)er depletung chartaensucs ,

Indus: rial Soence and Techrology 2) Devekenent of buJegriawe saiuci

in 1WO, the internauonal joint rescuches on global ens tronment @ Devehgm. ens of fuu ca&m eyde hugy ,

tuhnologies by the A!$T and foreign research institutes were 1) R A D cm rttance and reuubunon o( catm eoude by

surled The R& D program of global environ' ment industrial P*Y"* *'* ""3 ''"'* ' '"d 'I '' i8

2) R A D cm ftsauce end reuuLuacm al cohe &otide by caWysctuhnology was aJJed to research and deselopment activities of ,

""8 " *NEDO to proceed m ath improvement and expansion of the
D "# # ''" "' "' * * * * * * ^

integrated R& D organizauon participated by the industry,
gnernmmt and college

i

i

O
.

4



Ig&D ON ENERGY CONSERVATION TECHNOLOGY
-THE MOONLIGHT PROJECT-

! turned out coopetstively t>y hauor41latorstories, indusines and
$ bunched in 1978, the Moonlight Propet is a comPreharisive urut ernities.

prc>garain of R&D for energy corutvetion under ohich mork is
(Leut trituel pent

RAD ResuheOutline of Project
opet Nune

Develqwd a tvle Advawed Bantnes m* tsfocin of
1980* 2,2?) Development of an electne oriergy sicrsge esitem f4 W. armi siih ethoenats of 74

Ad*'of B.etteryer Sarsge1991 r 26i includes h8gh<fhoency,la*ge uAls adsanced
Develtged IWh% tissspower stange|ficency of A)s'em usirj,

""' pc
- f>$''*

L 2,247 J irnpep*td lead und tentnes, and e uh s(4uenes,he system is espected to have a iced leveleg
forscuan aUomeg siertnc oriergy to far stored
durmg cdf-peak huuri and discharged dunns peak
hours )(Phosphonc acid fuel seU)
Deveksement of design sancepts f(n ogstems Devefged too litstw plante ed too an site 2'InWQay poser |cs1 3.130

IW3 16i adagsable to tawh disteried and centranud gveet
vices tystems ohnh vers tristaded m Tokethikiltiand and

eenersuun r ),144) stauons, unnt.g f urt teu power generating *di es(T,echnology ohose evnenual efficency can teeth as mu Osu.a
40 to hD% Satural gas engthanol and coa 1+ Nultcut urbnnait furl celn
der sed get art used as fuels Devenaged ikW 1(&W arid 2$kW clets ceu ttack n

(Sobd taide fuel teU)
Develge4 $00W class ceu etsch t

.

( Alb 4Line fuel eeU)

p(esekised ikW class tell stuk e and tested more than10 bcurt contmunusly

Applied fw gl t>atenu es e result of studies on eortrg
igue Hest Pump 1954 - 1,784 De*elofenent of several neo systems esch of

eNch consisu of a high performance snectnc fluids, maienaR eiemental apptsiu se s, s) sternautaine,

l ||f 4637*Idnven heat pump system and 6 chemical heaa etc. Developed tench plant.*

(ne*p AccumuJaum lH2
storsge syitem.
These att etJweied 40 be used fcw air condiinvung
for large tuidings, fte dandict heaung and
coolang, or as process heat unarces.
The systems are to te tuersted so as to stort i

energy at night ar;d to dscharge the stored energy i

an the daytme in crder to staunbute to a lewebng
of elecinc power demand

Dettlp d stab 6hry and high turftni derisir) ()g

i| Development of 4 mort 4fficiant and outseelectric gewer system useg suptcounducungDK4 slass seductort foi field windtgi
SJpercounduchng 1935 2,6

Te6tmology for 'wer apparstutes. among maich generators are
irs >gned 70M class mculet machee1995 r

Ogne61 comprt stor urut of ref ngersus l)tism.\ liearic i a er L 2,5 ,

closest urgas.
4pparaluses he system m ul assist in overtsvnine problemsi

such ae po*et icus and lack of sui 6aRe sites for
trenimission luws stuch occur as power sisuuns
tecane tngget and more remonely situated.

Cersmic Gu Turdir,e 1984 1,13' Development of cersmic gas turbets actbesbie (Projut launched in FY 1953)

Projes lH6 r 6h to co genersum and ejecinc power genetsuort
L 1,(614 sjstems

These turtets, which use nan.getroletrn, fuelt
toch ae naturel 3as and methanol, offer thermal

i ef ficiency whnh may tw increased 40 424 by
-| taiseg the turtet irdet temproture to l))0'C

t 44 ades and Duis Technoicgy for Erwrgy
911 miersaum iniemauanal operstian in R A D.Other .

C '$$3J eshnology Assessment on rgy Cmserveuon,
Cmdiumal Loans for Energy sets sucri
Prommcri, Promouan of Energy Ccmsers suon
thetwgh 5tandardiaauon etc.

Lpper columns m pamntheiei represent generst acccunu and lu et mes igecsat accaunis Those not in pareetheirs represent generat secrunu onl)30TE
Completed R & C Projects on EAerg; Consett silon Technology (Unit; billion Jen)

! %aite that Ottliutum Tuhnology Sys6em(19761931,d)
2 Magnewlbdro Dpiamic NHD) Po e Genersuon Technology (19661933,114)
3. Ads anced Gas Tuttee (19731987,26)
4 SurLing Ergine for Wide Use (19821951,8)

|
,

; ,

\

|

|
. |

| \
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R&D ON MED(CAL AND WEnf%RBMemv170 0
TECHNOLOGY py-

16 pen is putttrig much effort uto raisirg On standard of its lly the erd of fia'al IW9.14D l.63 heen unttpami (a Wee
medic al ord welf are services. a'd thee w En urgmt twed fcu erwee tyswa of $4uipment lot mt&cti tue and turtoe.s for Niersteg
Mind equipment in tha field Ohen team eset. LSe deseleprnent "h6Mic ap' eleisti these are alts;ty in un

of technolegy for inedical and self are 614hre!4 is bampeted t'y Dev elopment of tion itiv ativ e comunuous tilood glucose

large risks. $thce 1976 Imtl year. Al$T t.as addressed tks morutorag y ttem, d;gnal he uttig tids and he sith motutorts.g

problem t'y can)tt g out R&D 6Amed ti the ta;'id driekyment and system for the elderl) attned (Ns year by the New Etiergy arg

mathetarg of tesonably prged, Ngh perIormance 6;thrtrus in tha (tid 4 thal Te4tmlq) lb e kyment Or g eru tatun
Detek ment of foar type.s of equgwnent for frie&ti care are*high tak' t elegory. Resettch oth is sortdusted at Al5T s t

nauptial restarch 16toratories et ori 6 (t nlignmert t'alil 61 the three for entrsing %endic ap* conttttued teito 19N (fttc41 year)lrte

Techtiology Rele ttch Allotiatiori of Medical and Welf ste the peiwus ) ear,

Apparatus (admetastered jointly t3 Mm and the Mi tatry of Healtht

trid Welf are)

/ Unit milla ywo

Project Name ITkd (IT) M#'' Of N0W

l Metcal equipnm technohty

1. Auger sta lit.A typng spiere blLIM 'O N"(8 W "'"'earicah @sJ) kW kms 4 maltnm <d Warrus

3 laut angWlaity eptem 1988 ini W Dems to remm Matius mtsi am ed laut tearn

3 Three dimeniumalimagtng ertiem for 1988 lW1 Ild
$yetem prisviang throedernenetcal pagerg Isr fntdaal dingtheitenaecal d agnonee

4 Laser citeusm3 eynam 1919 itN1 14 $>sma ic perform ustammen murat:4 o,th etpa laset tvart

5 %m-trasiive Continuous ta==1 IM iu91 i System to nnessure the salve of that ghxcee tre irisasi tly arid sinunumsty
with hw sene4egivwie Wmn rtng setetti

11 %rtrg ' Handicap * eqaipnent ladriilogy

I Anu decubitus mechanual fr.aurese BltlV+0 14 A ted to petwule retdmged prevertri of decsibits ukert far those who are
stue tr.4 nocei trid art uristne to tum

2 liacuaum cart ) item bl9IN) 64 $ptern to erush armi ranuve the aabdJied feces uning in the rectum ele
stqursarse vitrautsi

3 lhmJ4mentumal tartale datid8 i 19I9IW7 $4 System o forffi taCLde lohd Indy mit (4 pn ditpie) td high density (tw M euaDyn

termthallof vlivally t andaaNed I hadicantet

4 DgM heantig endi 1WO Wv4 8 lieareg aeda to tw tMe to adjust ser.v enacr iio each heanog slavtemta

i
ame the ,- , ped

10 Subse1 | quffnent for perMapetem UI the
eldf ri) an la tery

1 }|ca4h moruioreg optem for the eMertv iWOIW2 $7 $ptem to be able to pamopte i rid elect e.ariy in cene cd eneT ncy (d the
~

e Lie ri,

Cornpitted R&llen Wiscsl and Welfare [quipment (lnW milhos pa)
*

l Malt al eqwfmant te thrtlagi Welfaft eQwlprlent techetM4)

ili Multnhan. net aarna6ed twemica' analser f1) %sklar tip vrserued wheelJair(10619't,226)
(106108,131) (2) lirsde dupbcattr,g i)nem (10619't,141)

(h A,ativnated d6ff ertnual tecn=1 call anal) se t 0) Gtal pauem anal)w for the haneconwJ (106104,161)
006105, M) (4) Ritt.fisituanal ted for the sevetely harsticaged

0) Arufinal be art f0s thtu:41 se (19761979. 4&O) (197619't,101)
f4i Peruble arufinal bdney 0 0 61960,617) (5) %ddie ear unplani (19781982. 429)
(!) later sca4=1 (1081981, $33) (to Oeiarue wvue for es bhnJ 0 09190, W)
(b) Pusettse computer teshnoby 0 919 1952,470) p) hal and ipech trait eg evne (19701951,346)
U) Las er f unano isppet Jewe 09791954, f S)) (8) Pe*er dnver arbfical e heelleg (19D l953,427)

tl) hasnoso and theran sunuti innem f at neural Osorkr5 (9) Chr captde of lemenenwsal movernena 0981.Wl$,2973
095l 1966,fs m 00) Its A ,taae r fir the ttnd (19801968. $13)

(9 e Ithsst trea, ment nuem la amarettisted onesist (11) T rarif et sap steg rinem few the hanicaged
(1983-16 81 Mh (Gl3 1948. $22)

(10) 1%sahemical rea:uon enem fue d.agnous and therapy of cancet (t h Aansnated tsdv temfera;ar, aavater (191L4191L4. ??;)

09841987. W (13) 5,uem for praeste g prmtheuc id ets 09b l9n,2:in
fII) Immemkwal cancer diagncnis nitem (19931988 m
ilh Ilytenbermia totem for caver therapy (HIL61489. M&)

;
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THE NATIONSWFEARCH AND DEVELOPMEN L PRUUKAM, ,1

THE LARGE SC4LE PROJECT-
resulis, includsng Isle.acale irsu grated earswis, high psefctrrwre

'

Under ihs, Neuenal Resetish and Development Ptegtsm electna car battery nectmlogy ard dw pecucal saa of deathr.awrt
(pipularly known u em Ldtge Scale Progth AIST unduc.s k&D The resuha of such effcas are all artilable no theer tup *ne nt
projuta on suhnolegas *tuch are of particular imp >rtante and s

urgent need to dw risuorL Gotemment funda se gaan by sentiact
pubisc, and b*e attrac ed scuido de attertines in 1990. A157.dl
scmtinue io mark on eight R&D pc9ecu rwresidy in pog*eu, and

to participating ptsiste er.ierprises, o Mch moth elosely with mill also start two nem projecu. * Ad* ENed Chemn) Pm;esseg
rauonallatoramtws std acaderruc orgarunw.s Technology * and " Human $ensory Mesurement Apphcation

A mal of 27 pojecu haie teen urdertaken since 19% $ttteen
of these have alteady been completed, mith ttrious lechtncal Te hnologf

)
Anu make vn)

1

Perud N88 Outhne of Proje4i R&D Resvlu
Project Naine g) 4

Maeganese Mcufule 100I. til RAD e an effsomt aruf releable bdraubs maung The truAerm assessment on daaned detigri and

krur's 5ymem IW4 sysurn m sch manganese modules are aiuscied especimen devakgenent d furmnemenal earnmewns.
by a sowed vttucle f or urnmertisj +cale mang Marialassures of wruservater panp isnoers niet caree. sa

to hale ensure a stable sugdy of #mm ferruus unnpro6sov and uditaar
minerol etartea

Aunanated be e-eg 108 0 994 R A D on an suhrnswd tnduunal seo eg synem. Furmismenal uamologies naten6al to the suite awd
seoarg eystem were deveh ed, and espenmental5

by nern 19'O evolves pnxesses such as treparetum, mehrsa-
up and fimsheg no swe with npid ebanges mhe enactunes were manuf acsured and mersied Surte art and

damesus twarel morta<
hardeart d me earmes6rsum tj stem oert designed

~

2. R4 D em advanced et*=s te thesuk ice systerns Basic 6ey inhrank.gies such as 6siennum, marurs,laum,
idianced Rteas b98 b 1 : io sunnin pwde workes urmier Mficult tw and we.aor inhecies t.sve tven devehged for arve
le timt*5y 0 t sypes s4 ndasa + f cw muc6 ear piett piama, fof urtherna,t 2. J aangetwo unahtums. and for 061 plast fart for od refewnes Lseg mane

techrudgies. ndu.u for f eas%ry study were designed

Bench 4cale e.:per merus maJr a niinhle to deoga a
5ee % ster Treatmem Pl$- I{ R A D tri a site e asw * sur tranut.sru sysum useg bertactor petzess for hah raw mettre fermemaum armi

a highwancentratne beortactor and seproum$titem IWO
L 1,g. memtvane,for a tier reuse ed erarg, atcovery a merntware anodule sah a pmneni flutt

(a g snemane gas frten anaendu ougmuras)

for Wen roble snformawn orne d the implernanutum $senf caums required ice ibe~

laienver Ne Dustate 9s - 1,71
RA D m sechnoloYeatures as Sunhutednf tsuructure no assurt me miengentuhry amir a

45 synems wuh such
^ L 1,2.$ J dainhase,s and mulu media uchnoicgy.no lurm an networked heterpernems cannpiurs have tuen iftvekquJ ~| ! ystam > 1

/ m'' singcture for the *mformauan+ner%i
un smfurmtry o uh 05L

| pocay
flementary tethmques for its tugh m.ner fush res*we

Advanced M,"snal 19 4 2. RAD m advarical surface pnuesses usmg
esuo kes kie ensunerlaser and es uhrs hrw nribeam

Pnueasing and IW r i ascimer '.ase haarn andas um tearn, and m and she derp um ejecuan mert devek vd5
Mutines ynem t 2, J witrepreaimei mecharual ptnesseg. f ors

ads anced mduaines sussi as one'gy, pr:4uian
se schmeg armi elecinwuct.

Prehinitiary evesus owns e vitf ul metre als inen marms

} Mar tw OgarusmsinIChemicals f eten
IMg. l .16t> R A D an biotechnologwal prtalaiam of fine

orgarusms and on utdinauun neshnokigy of bwfu cumn
(N6 r 1u61 ctwmaah sah as engmenu, dyestuff s,

L h0J moistuntarig maierials, and twang maisnale for
undere star structutta.

%per Mire %rus ptF l.tJ R&D an a somturwd-cycle eri me otue e di Cmsersual stadt for cWwJ ode teget and as

Transpin propulum IW6 t W3 unntune the *remert' and *b, peformarse comprierus for 5$1MSI

$) item L 1,4) J tetanes*, and prtside tugh rt bdriy and
at fanh the autuoruc armi the hypt.

elN7 enc)lkrus leve
Prehrmtwry evetus nuans tri te, tethnobg4ci se as

l ndersmiund Space 149- %4 R A D on understound spam devehement
cal survey geo scemigraphy,sunstrucueg wachmen anJ het hswd

W6hnology art as ft$ous O1tecdand s t alvaimn iednahgy (!) 3mu@ctestructxeprevenutriJ7)1 J19 1I nchPment )*$ r
leanolMy L

uchnok gr 0) enyttmmsm cor>Jiucrung and
huard prevemam teches* gy (4) plat d rne
smetructum

_AJs anced Chemical I WO- 29 R AD on aJ.pced eemaal ptuesur g tuhnoim (Projecilaunaed in Wim
Perwesieg Tethmdogy for pnneuceg tww funcuonal enate nain such as

mrt metais.
| func6anaDy aredient metenals/rrnde4ules

pdymen suh hne abgnment c

Human Sensory i WO- So 't& D m technotwei f or me asuremenu of
Owject launded in h 19#h

Mea surement puhcdoggal ud phy sich psai elfecu. method
ArPLcauor of quanutsuve ana yus and cialueudn of
'IeJNegy sepbcaiad human senianon, anJ sentcry

e,alueuan inmo;ator

C tre columns in paretuhriea repment general accounu and lower tries spcaal accounts Those not in foremhenea represent general acua;nts col >.NOTL i
Completed Natlunal Researth and Det elopenent Prvjecu (l' nit: mill 6un pen) 1 Ibulfutuauan prac ts 09f61971.2,7m)

1 Supt thgh Performece Electntw Ccrnputer (19*1981,10,100) 4 Rernote <cninued Lemienes Oil Deutes R,g (19701975.4RO) ,

3 hew Method d Pnducmg Olafin (19671972. IJ@ 6 Elenne Car 0971 1976. 5,7(0)
5 Sea mater Dualeaan and Bytnsivet Recovery (196919?6.6,700) 8. Panern irtformauen Proccasmg Spicm Or1 1960,21900)
1 Csrnprthusi.e AviomAls Cuivat Technaim 0 97 01978,7) 00)
9 Dirtet Sueirnding Pnxesi useg thsh.iempmurt Reduces an 097).1980,13.XO)11. Jet Aircrifi Erigine: 0971 1981,19,%c

10 Onete Pneuctxvi from Heavy Dil(1051981,11 t@ 1) hetMe Manufsaunn Sysem Cornf u uses laser 09711954.13.5ad
12 Reamrte Recaery Tuhnohgy 09731982.12No; 15 Opucal Measuremem and CimtroI 5yuem O9791985,15,700)
14 Setta Osl Pnalucucm Spiem 09?l 1984 llJm) 17 Ooiersanon Syuem for tant Resaurssi $stoie.109N.1958,10 9:0)
16 C Chemwal Tuhookgy 09601986,10.NO)
18 thsh Sped Compeg $wem f or Scenufs and Te6hnebgnal l ses 0 001 1989. Ih5@

i
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R&D ON NEW ENERGY TECHNON

-THE SUNSHNE PROJECT-
he Sunshirs Project wu staned m July 1974 to secure a suhle he Agency promoting the Sunshme project is also ocun ta

energy supply for Japan which has a vubwrable energy structwt international coopeittiae through IE A and other internanonal
High genues es given to the development of the followirig frve org antranons.
pecjeC
(1) $;13 Energy
(2) GDthermal Energy
(3) Coal Errrgy
(4) Hydrogen Energy
t$)Comprehensise Retearch

(Una mh yen)
Budge:

propt Narne gg Outline of Project R AD Results

1. 5,ola Energy 7,324 (1) Renesch and development of high. * The prwe of solar cell hu been reduced from
190 performance end low. cost eolar.photovoittic. 20.000 30.000 yen /Wpeak to 720 yen /wpeat.

{ 7,134 ) conversion inhnology which we hope will be * The cost of sole.photovoltanc.convernion system
widely used by early 21st century. hu been reduced from 2,000 yen AWh to 200

(2) Development of the a;plicadon of solar. tenAWA
thermal arylication sysums for induurial * Technobgy of faed.umperature-stock. room
pr~esus which require sopiusticated themal systern (-3'C)dnvm by aclar. thermal energy hu
controls, been achieveni .

2. Cathermal 5,37g (1) Nsuon wide geothermal caploration survey * Compi.om of gwthermal potential map in Japan.
bergy 133 auessing geothetmal potendal in Japart. * Geothermal potenual assessrnent ard development[ 5,245 ] (2) Reneanh to confirm the effecuveness of of optunum emplorabon mededs for high potential

explorstion techruques for deep geothermal areu.
resources. * Developnent of high precision magneto-telluric

(3) Development of binary cycle generatson plant method.
and hot dry rock genetsuon tystem. * Design and test operatics anaises of Downhole

Pump for tnnary cycle power generation.
* Production of geothermal researvoirs by fractunng

tuhniques developed for hot dry rock power
generauon system..

3. Coal Energy 24,901 (1) CoalI iquefution Tuhnology (1) * Design of 150 Vd pilot plant for hquetacuon of ;
266

[ 24.635 ]
Development of origital bquefac6cm processes binenmous coal.
for toth bituminous and brown coal. * Opesoon of 50 Vd pilot plant for liquefacuon of

(2) Coa! bued Hydrogen Production Techrology brown coal. !Development of mus production techrology (2) Coratruccon of 20 Vd pilot plant for coal.bued '
*

for lom-cost clean hydrogen energy. hydrogen production.
'

(3) Integrated Coal Gutricanon Combined Cycle (3) Construccon of 200 yd IGCC pilot plant *ith
Power Generanon Tuhnology (1GCC; entramed bed teactor.

,
$ponsored tiy ANRE)

I Development of the technology ofIGCC which
is more efficient and have less environinental
unpact than convendonal coal. fired power

! gmerauon.

4. Hydrogen 108 Detelopment of technologies cet hydrogen The pilot plant of a!kahne water electrolyrer with a
! Energy poducuen, storage and transportanon, use and 20N mS/h capacity wu successfully operated for a
| safety long pened at the highest efrictency in the world.

Development of technologies on producing highly
efficier.tly, and on transportanon and storage using

| metal hydndes
| Development of hydrogen bauenes and hydrogen.
I fueled engines

; 5. Comprehensive 1,7 54 (1) Basic studies of other new erwrgy tuhnologica, The pilot plant of 100kW. class mind turbine
'

Research 145
[ 1,639 ]

such u wind erergy, ocean energy, bio energy, generator system wu succe.ssfully operated for a long
but e acluding four areu (solar, geothermal, period.

,

coal and hydrogen) are procuding.
(2) Development of a high<friciency memtrane

comples methane produc6on tinit . -

6 Intemauonal 61 (1) International cooperanon through IEA.
Ccoperaden (2) Bilateralcooperauon with Australia, etc.

NOTE Upper cdumns in recentheses repecient general mecc=nis and lo.es mee spenal acemnat Those ecs in perintheses terment general accomu cady.

.
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FY1990 BUDGET AND PERSONNEL IN AIST
1 Budget

) Laboralones of AIST-I'

/

)

Oranary R & D-
^

I 36 4 Sunshine Preject--

27.1 ( |

|

75.8 - lie adquuters45 8 Tota) Dudget r

% (bilbon yen)

I 6.0
Designated R & D 12M

Special R & D
-5'9 l .1!' g 9.8 *~~ Urge-Scale Prtject

6.4

Tsukuba related expenditures
-

n$ 3g
% -

. s

',
15.1

10.1

Others
- Moonlig,ht ProjectOJwr labor atones -

- , ,

og_ R & D %xt on Basic Tuhnokp or Futun Wusmesf

R & D Pro t on Medical and Welf are
Equipment Tachnology
Gtant for International f.oint Research

Penenal einnditures and onfmy researth capndaure.s of AIST InterstonesResurch expendauree incurved h research laborsenes ertnagh work core cted wuh the twScale Propea, the Sunshi vc,

j %xe Ordeary RAD/ Baia
and Moonbght P ojects, the RAD Propci cri Medical sad Welfars Eqwprnen: Technology, the R&D Project tri! f Desigrwed R&D

Technolopen for future Industnes,and the Regwnal brge-Scale Projr.cs.'L/
Espenditures incurred through Spcial Research, Espartsson of Laboratory Fanbuen, Oprauon of Geolos'<al Resca a
Vessel, Nuclear Research, RAD Pumaan for Small Industnea, Research Relaied io Presenuan of Envirmmernal PouaumSpcial RAD

Espenditures in crersung pnt facdiues at TsukutsTsAtu related

The total budget for the large Scale Prnject. Sunshine and Moonbaht Projecu and R AD Propcs on Bans *tchnology f:rFutun ladusmes, minue the budget for Designated RAD (Tksignated R AD is also ommed fran the Total Budget for A!Si iesperdaurt
Budget for indmdual
prwecu

2 Budget and Personnel for Govemment Laterstones

"d '|,g Personnel Researchers Admaumwes j8

I 75.799 315 1 314 j

Agency of Indusmal Science aM Technology (He adquuters) 2,186 218 128 i _90'

Nauons1 Research Laboratory of Metrology
{

3,289 276 217 59

Mechanic al Erigineertng Lateratory
| 3.936 1 350 276 1 74 ._

i

!
1,122 } 90 72 18N ational Chemical Laboratory for Industn'

-

Fermentauon Rescuch Institute 1,532 i 125 I 102 23

i Rescuch Institute for Polymers and Tetules
4.574 353 237 116

i Geological Survey of Japan 9,217 686 554 132 j

} Electrotechnical Laboratory 1,413 125 102 23

3.91 t> 319 245 74 __! IndustralPreducts ReseuthInsutute
! National Research Institute for Pollution and Resources 73 f 23

1.224 96 j

Cos ernment industnal Des elopment l.atoratory. Hokk aido
! 559 53 ! 39 14i

- Gas ernment industrial R esearch Insutute. Tohoku
! 2.560 241 186_ 55

1 Gos emment Industnal Rese ucn Ssutute, Nagoya
| 2,628 219 j 168 51

/'N I Gov emment Indasmal Resc uch Institute. Osa.k a
1 720 52 {

40 12

k
I Govemment industnal Rescuch Insurute, Cnu goku

I 513 45 l 35 10 _
i Gosemment lMustnal Research insutute, Shikoku

j 969 | 91 ( 71 20"

l Gosemment industnal Research Insurute. Kvushu
-

41,185 | - -
'

Common Espenditures
i 5.525 1 -

-' -

! Il2.5M ! 3.654 | 2.54 6 1.108 _ |
.

! Other 1.aboratoties
Tota)

..

- - - - - - - - - - - . _ _ _ _ _ _ _ _ ___ - - - - - - - - - - - - - _ . _ _ _ _ , _ _ _ _ ,,
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RESEARCH AND DEVELOPMENT PROJECTOWBASIC
TECHNOLOGIES FOR FUTURE INDUSTRmR .., g

This prejut is atmed at the develoFnent of innovtuve tsasic ur esperimenta&y str;wn potential far sppts:sucs) in rie* indusma!
tanchriologies, have t**m telecte<L Research and devWPnent m

technologies essenbal for estelishing new irdusmes.
The Sve 6 elds c.over s ue supencrducuvity, riew rnatenals, the4e eau sones are corducted ursil trw mater, tis itavolved are rea#

,

for pmtsc al enplu: asson_
tiiotechnology,new ele.cronics devices and soft are. The followtrig
fourteert specist .ategories, all of which have theoretically

(Urut. inuan yet)

Ptoject Name I[
CAthne of Project R&D Resulu

__

vs Ne,n wert iramiued in.r. aide,2,347 Devskymers d tire superccrih4 materuls, Ulscove sig cenw
menbad to etruesyy e e,v(1) vny

1) ccrwhatmg 1968. r 9101 ptxesses sectrxdogara fcr ing e

tenaJeand 1991 k 1,437J euperconduang maanals no pcrwer magneos tus dtsvitatum en onde suprumencurs e as
den 1@ectequgsneras,e 3 magneu and oves, arid

Devices womokigaes fcr fatrwaung sq=rcree ng Y eyte svoarnity effen suproceduer ervue wu
dcWcpestencartres devices,
Ses N ard sic cersmacs with 9e rebathy studi can

(2)New Matenajs 1941 l 11) Dewkg. d tugh tre ath cerwiucs a standhh wrnpratum (al2MC) stre devek ed as3

4)CaansRgt> Performer e
1992 f 91 turwnely high irrnpermissa to te und as mansnata for ju turtura ccmqua essa.k I,304J mawnals for gas turhne camqunerus.

2) 5vntheuc 1981 191 Developners d a thebc membranes fcr tww $ ac a.=.W.nes =tuch can ef%ently nue
amauwnoen reused ediaxsw.CWN trused ases, arult

setersum >gy to seemraw arid rufsw
quical asamers of emano acad e.evs dewMerntw anes fcs [M freery mixed gases or hquuf monerts try utthang

New Sepa,suas dif!crm m pityescal swuperues.Tcc htsmgy
Layered rymhetic grsMute esth the highest

3)Syndwuc Metals 1981 162 Devsk d symheuc metals and polymene
with elecuocan@cuve pspurues d eleatucasuducovsry of 91105 Sdrn was fcund The fva

saarnNe of eM4e crurluctrig r e as derrum .IWO maie
mesals. sumea t y ese aerod6a.aion d e a2yichaunon

d hF yttimT ars rega.

Devekgeners d beh terformeios plassics and M-. weh high (b.zw.! snoduh. std enc 4dag.

Banc s 1WO pcdymenc manerals wuh mechsucal prtvertnes of
indumpes km otsamans bgh perfccmance bqtad <rysta11sw4)lt.g4 Performance 1981 126
pdyiners and molecular canposance have t eca devekped-

enetal.

Sec.fkus, avukfux! by the eh, teen metivid'C).Developners d carta=Vcarton cuanposues, d was devskred so stand high iernperature (-lFU5)}bst>Perf trmare 1949 I,
miermeu!Le etsnpunds, and fiber resoforte

Murrials far severe 1W6 f 1
L J anurmeulbc comtuxmds vtoch cum be need tofriv eronmenu develop a space plarw aid SSTMST.

*

Drveicgeners d phosasarve manuls wtsch N.ntertaruc un f3ms its mulup6u recrwde arri
16 charscunsocally ashabu a regrette than6e na stwaochenacal hcde tumet matenals whic.h mort at Lquid6)FMroacuve 1985 ol

L 3W) the structure or arrsngemers os escdechs an Ng temperature have twem devskyedMaterials 197) r
resptmos to e hght sumulus.

Nor> hrw ar 1989 540 Deveicguners d gdumornes materula wtuch eahatnt Caseguad poFg.m. and CuC) (tap.4 glasses hevy g

7)f%scwuce MasenalsIW8 high amhness cgocal suscepitautaes and shon the lugnest susu pubagy reprted so f ar have teen

respmse umes for appbcauan cd cytical devtiq=d
irJormeaan syuems-

0) Biotechnoloo 1981 152 triveit asuce veo the vie of rewmtanant DN A
Notas hast. victor systerns d yeasts sett devskgw4 i

Lusauan J IWO tectmolegy for Ow deveJgwners of: ce Yanaus entymes and tnoscove substarwes have teen

1) Rxombiriaru DN A suctutriatusms for Focucal use sa arenry. effa:acndyp=t-i by the snprovement of tunt vector
ey sterr's of industral arecroorgarusms.

rhcaosynhens tuttem compicaas wem extracted frun
2)Molecuir 1989 321 Orvelotwners d moleadar anaembbes of

Auerebes fcr 1998 Nncocsul pcmeans for nacsors wth s@isocased ydumorynihesac finesena and absorted in the surfas

Nrrteanal Protem "uncacute roch as cam and crmverswm d merntests with urumaaucm W the molecula.
Phycotshprtnem was ancesand frorn shermapenbc

5 stern campnexed ruls coupitd otth selecove
cyanobecsens for the fvst stree and evaluaird.3 transpun and reccgsusacm.

apred devices ebch iaihm rewnes
Wluf 6mcucmal kahbry, and talbrocs rif electrees in(4) New Deevon 185 Dewkgeners d agertatuces cleartm devices sericles, lush aman

Devices 1984
euh eavernely few suucture tsdored to starrac

1)5amenatucee IMO scale for uuhnts new elecucruc effects.
supertatuces een f atwwaasd try shur beam epuany
(MBE) and enaal orsgruc charrucal v son deposinun

Devices methada,

Devek wtiesa d ICs characteruad try e there- Proiosyp of 3D devices wah opical deuctar A/D kvic

ICs 1990 dsneruoanal arrurigerrors of scuve elemeras made and mer. wry carcsuu were f atricated by 501 formance mil2)Thrse.Dunensional 1911 301 5

of semactmductor layers. through4ols wmng technceoS*8-

A ree opucal trC for deseasng neural acevuaes an om
3) Bio elentoruc 19%6 280 Developners d too-ciwsc devices Icr future bram o na devdaped A $cestearo dews which had

Dewas 1995 compuur caemerus by uses tuncecal very high <psarirns efNuricy was also ervekred try ptmgmformuson pocening fuescasons faaed cm
plasucary, rrdecular recogruuce arid self up orgarsc membrane.
organ 62aucm m 4 cellleven

(5 mfanas IWO- 53 Devebpmers d mresuve models for fictible (Psopecs LeeM m W1990)

1)See Madets fcr IW7 software arctoucture so ihat wite an cui furictaan

Sohn are accordang to the surraming situauan.
Archatecture

NOTL Qper columni m parenownes repreamt genersi seassus and lower cries specul accc=rma Thcme nca m pruratusu represent genersi aarunts mty
Complesed Research and Deselopment Pro)wts on Bade Technologies for Future Industries (UntL sairl6ae ree)

f orufield ICs for Eureme Ccrieucms (1981-1985,1315)
Advanced ADoys wuh Ccmtrobed Crynalbne 0981-1988,3,903)
AJu anced corrpente Matenals (1981-1988,4.649) '

Ibortactor (19s t -1988,2,978)
Large Scale Ceu Culuveuon (1981-1989.3362)

-------__--~~ ~~ ~ - - - - - - - - - - - , _ , - - _
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FY1990 APPROPRIATIONS RELATED TO '

INDUSTRIAL TECHNOLOGY IN MITI
~

(Vs.st. one smandred erahm
^'

Fisca! Fiscal incnais 1
! tem

1989 liN0

hw er tnerenous ||
-

y0'8Appo. A;pn* -

itarplaticme pns" ris

Reqsesi fw R& D.related smnynsums 2.336 2,498 162 Gro th row sgainsi pnnous year 69% ^
General scaunts 694 MS A9 Al 3%
5 peal acctamu 1.360 IJ31 171 12 M
Industnalinvestment accxurs: 282 282 0

Wer Projects '

(%sasve samtnbutxm to antemauanal sociesy)
* Pnanoum of Human Frmuer Saence Pn.: rim (lif3P) 9 13 4 It iemsumal H F3 P Org woucan (Tentauve
* Parnaum of Intemstumal RA D Center name for the fed)
* Drvek ancett of skeal ennrorunens itchnolegy 6 10 3 To be kxated in N EDO.5

I 2 1 Scecific R & D ai sisocmal caprvnental re warth
* R AD ccageratson u,th devslging cammines lahrstones
* Sog5=ri no itsernapunalpine R&D 16 21 5

4 4 0
IFunber prumcum of technological development projects)
(ALST related)

* Premraum proget of reseanh fcundau m by 1ritegrated of 12 22 0 Peruc,puan f rtrn inkstnal mvesunen sccconu
.New Energy & Industnal Technokgy Devdc5vrient
C,3anuauan

* R AD eapensee of nauanal espntrental rusanh iniutates 147 145 2 Indudeg devek vnent of global enortomers5
($pecial R A D. Ocwemmeni pnv sie sector jomi la D, technok gy

'

imprians area techrok gy R A D operauon o pense of
latorsLcrws. etc)

* R&D pet 9ect cm basic technologies for future mduttnes 68 75 6 A;5 ed techncJcgira for twa models fue softt
(21) (40) (19) architecium

* 14rge scale project 139 i41 2 Mvanced cherrucal processes. Human sensory
(92) (102) (10) measurement siihenom

* Devekenent of medical and enJfare equipment 7 7 40 Ncm tnvasive conunucms blood glucau
mainonng s) stern, dagital heanng aids, health
mmitonng system for the elJerly.

' R&D on new energy iechnology 271 275 4

(2.59) C61) (6)
* R &D on mergy cmsensuan technology 107 116 8

(101) (110) (9) '

( Aerospce.%ud)
' Inteme.enal pmt teseanh an aircrafts (YXX, Y2500) 42 39 A3
* Unmamed erece espnment system (Tree fber) 45 53 8

(40) (48) (5)
(Data processmg related)

* R&D for 5th 3enersuun canpuwr 65 70 5

(28) 05) (7)
(fechnological develevneni relaans io superemducumy) 44 52 hnhght. etc.

(29) (43) (14)
{Osent

' Promstm of devek vnent for new industnahud housegs 1 10 9 Destk vient cd nee indusmalard housmse to5 5
(1) (9) (8) realue the needs of t%ose bnng

' ne Service c4 the Japn Key Technokgy Center 2N) 260 0 Peruopaum of frances feten edustna)
C 60) CN)) (0) invesunent secamu

* Petwom of standantrance 9 10 1

Nee Figures in ( ) beke to spoil secanti, which are pen of the uppt f.gures

FY1990 Appropriations Related to Science and Technology in Japaflese Gosernment (Summary)

(Unit mdhm yec)
N It"" -Grosth rate special Grow th rate Growth rateCencea) TW

"E*'y",87[Q0"8t Agency /M eustry accounu "3*'yEQ "8 83 ''y"eM*"8accounts
bitry of Edtranon

2(ts.51t0 40 M93211 49 844 3 01 47
i

IScience and Techrotory atency i 369.838 41 124.9371 12 4 444 ??$ 60 JMewstry of Internanonalitade and Industry i 6x.492 al 3 I lit 1.340 10 4 249.932 60 '
Rierse A ency i IN 168 12 0 I - - IN.263 12 0

t

, Grustry of Ajmculture Forestry and Fishery i 66.707 32 3300 j $24 70A(_ 24Mnistry oIIIealth and Welf at 40.150 70 1iN2 ! 23 51.242 1 59
( ; Wustry of Posts and Telecommurussuons 4,657 47 2634)i 03 31.109 I1

i Mirustry of Transtnrt 16371 64 1,039 i 13 3 1E410 68
i Enuroninerit Affairs 9,217 16 9 i -

'

9.217 1 16 9
g

$1m;tto of Foreirn Affan ,

7N5 10 7 - ! - w5 i 10 7 7
: Otheri i 12 ive _ 53 4 250 I $10 j 1647 4 10 !

Tmat w ui 47 i nm 222 66 3 1419 "" ' 5' "
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A geoey of Industrial Science and Techno6cgy ( AIST)

Japanese Industrial Standard Committee

fle edquarters*
,

'

| , i Rewarth Laboratories and Institutes
General Coordination Department Standards Department

| |*

'

. General Coord neon Divuion * S'andards Divuion * Nuenal Rewarch Latornotry of'

1 .persens! Affairs Dmsson * Matenal Standuds Division etr@gy

,'[p ,$ 'Ne$,"e * Tesule ard Clerrdcal Standards e Mechanical Er gincenng 1.4borwory
8

.

a manonal Affags) ' "I. a nery Standards Dmsion L try| .Research Adnanistrauon Dmson
. Director for Global Ennronment * Electncal Standards Divuion * Femum Red hal * Researcb 5ystm Plactan Dmsion

* Informadon Standards Divuica*
! T do o * Directo? of Internatioral 'h',8eschinsurute for Polymen and
t . !.iteinandg R& D Cmperanon Staridator .auon Affaus

g
Dinam

. Deputy Dtruar. General fcr .Geolog, cal Survey of Japan
Tedadogy Affain(Pobcy Planrung) e Electrotechnie d l.aboratory

. Technology Pobey Planrung Divuton

. Director for LJfr science Appbcaeon e indastrial Producis Reuatch insutute
'

Tedndogy
e Technology Prormoon Dm ion * Nadonal Reuerch Insutute for
e Tedadogy Rea arch and laformanm Polluuon and Resources
Dinsoe

Inernanonal Technology Reacarch aM * Govemment industnal Develorrnent
leformanon Office Laborstory, Hokkaado

. Depurv Direunr. General fcr Technology
Affain a Govemment tidustnal Researth

l (Technology Devehipment) Institum Tohob
| . Dinctor for Planrung of Panc
| Techndogy for Futurt Industnes * Govemment Industrial Research
! , * Director for Developnent of Basic lasunate, Nagoya
I ' Technol y for Future Indusines

.

< Director 7ar General Coonianacon of * Govemment Irdustnal Research
DeveJopnrni Prograr.u Institute. Osaka

y'[*jMustnal echnology * Covemment Irdustrial Research
a Direciar for Development Program Insutute. Chugoku

e scale uWusinal echwlosy , Goveminent Irdustrial Renarch

DNet r ibneral Coordinanon of
,

"'"''' 3
D"eloP' Mat of Programs

.Govemment lidusinal Resecch(New energy technofogy develgment)
' Director fce De v eloptrent Program Institute, Kyushu

I

(New energy techadogy develcpment)
* thrusar for General Lcxmbnanon of

Deieloptreni Progranu
(Tacrgy umurvaum techndogy
de veloptreat)

* Dtrutor for DeieJoptrent Program
IIeergy emunacm techndegy
de veloptru nt)

* Tsulute Adnntestranon office
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OVERVIEW OF THE AGENCY 0:
INDUSTRIAL SCIENCE AND
TECHNOLOGY

R&D in ads anced fields of electrordes, new matenah, biotechnology, and so forth is remarkable
contnbuting to the intema6onal society through technic al developinent w hile taking into account doa
sunounding science ard technology, Japan w0l promote Techno Clobabsm to stimulate scienufic
een as distnbuuon and transfer of the results of such activiues. Domesucally Japars which is now a
technological p*ers in the world, wul maintain and cr. hance the bues for building up an affluent
Tius will enable us to cablish a long and med' tun term bass for the econorruc development e
puiuvely to the Litsmational xxiery through R&D it is cuennal for Japan to play a ro,e in promotic
creu m hach will benefit all humankand.

For 1991, the Agency of truhatrial Science ard Technology will pomote R&D in such ereas u a
and polluuon connot to tackle environmental poblems while making eIIorts to e:pand and atgumG
research organirauons in developing global environmental technologies, promoting intern;
environmental technologica, and estabbshing R&D organtuuon to study irdustnal technology rei
We aho intend to develep overall andustnal technology policies,in parneular the follow sng.

First cf all, for this year,interneional reseArch cooperabon will pomote the Human Frontiez
explain the superior functaons of the living body ed to search for possible applicauarts. Specificall:
irnprove and espand international research e achange by;

(1) R&D in specific areas thtcush tuk sharing arnces the Agency of Industrial Science and Tech
advanced countnea.

(2) assistance to R&D developmeru by triternational joint study teams in explaining physical prog
(3) invitauon of foreign asearchers to the research insutates of the Agency of trdestnal Science a
(4) incorporation of the Internulonal Enchange Center estabhshed in NEDO in 1990 into the is

Rese arch Eachange Centet.
Secondly, regardmg R&D in basic and advanced fields, the following pojects will be further en;
Basic Tednologies for Future industry to pomote advanced technology development (new ma9

Scale Project of IndustrialTechnologien vital in terms of the nauonal economy (e!Tective uuhuuoa
R&D for of Medical and Welfare Equipment Technology to comribute to the welfare of society thrs

Conunued promoti,t 4 also planned for the Sunshine Project aimed at developtrig clean ne9
energies, etc.) ard the M t maight Project for generating energy conserv ation technology to achiet
of Japan's energy security.

Technological R&D for s'tal Regions will be actively pomoted to stirnulate economic growth a
in 'me with these R&D fcss ng on basic ereas will conunue in 16 research laborsiones under

and Technology, whue funhering mutual e schanges through pint research among indusines, govc7
Thirdly,in order to encourage R&D in the pnva,e sector, R&D founding will be povided

promotion Center, udliting various tas incenuvn (Added R&D Espnditure tas deductions e
mirastructure technology for R&D). The laner refers to impoving the rescuch mirastructure a
R&D,

Finally, regarding the industrial standardiudon system (Ils) which has supponed our des elope
international cooperanon through making positive contnbutions to internauonal standardirati
technical cooperadoth promoikm of standardiution in atanced technology fields (informaue
biotechnologn ,

We hope t)us pamphlet will help in understanding the pohcies of the Agency of Irdustnal Science

4%&'A-

Dr. Masaru Sugius
Director General,

Agency ofIndustn,

Science and Techn
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Ibe Goterainent laduserhjuna. "I' sung c>s me nietals poduc44 m Ana v4 ar.taggj ) estab6shed es 1967 as a research facary far u 7 **8*8 uuhaAt>an of riatural amohte in Irakmessa. ,

industnal technobgy fra the Toth syn Imana&y, is ocembciad a I, ,

rnspr proJoct on automWt pocusang for Kurogo ore whach ,s
a,

I Sarine thern, it hu
sburuisnt m the Tohoku daarict and its vicancy.
made a names of tenearch contnbuuans rangssg from vuhuuan ofi

regional resources to advanced tectriology ania, all stemming from
=

the destre to develop industnes in this region as well as share the
resFmstbihues for nauonal F01ects. In addauon, smc41975,it has
taken part in intemauona) joms research and development projects

>

.ah vanous countnes such as Thuland, Indonesia and China.
At the pesent time, Reser rh is focused on the following three

,

I

(wids:
1. Researches on tegional resources and etergies

(1) Separation and refining techtuque for finechemicals from
low udlized biomus (2) Technique for catracting lipids (3)

.

Developmg muenals for geothermal power planu (4) Pecovery 4 e
of useful metals from geothermal hot water (5; Geothermal data

analysis associated with well stamdabon by hydro-fractunng (6)
,'

.,

Development of groundwster velocirnetry. 1
2. Deve)opment and evaluadon of new materials (1) Development

of nano <cenposites by intercaladon (2) Develognent of meso. '
g','

-' : ,

porous materials from synthetic silicate bearing smectites (3) 1 ,.
Functionally gradient material by a self. propagating high

High Temperature ElectrochemicalMeasurrmattemperature synthesis process (4) Internal inspecuen system f '
composite cubstances (5) Mechanical propertaes of sustemperedApprutus

ducdie iron.

Sendai 022 (237) 5211 Total personnel 53
Governrnent indtarnal Research Institute,Tohoku Total budget 575 (milbon yen)

4 21, Nigstake, Miyagino ku, Sendai shi. Miyagi,983

i ceramics, Furedonal Organic nuorine Compounis) and so forth. It

f
The Government Industrial Research Institute, Nagoya is also conducting 50 buic reacuch pograms. Among those, new

(GIRIN) was established in 1952 u a nadonal research center tometals and casting technologies, environmental protection
contribute to R&D on advanced regional technology u well as technologies, radiauon physics and chemistry, biotechnoiogies and,
national program. Research activities are conducted in six pottery and rcelam technologies are inchded.
departments, namely, Mechanical Engineering, Metallurgical GIRIN has viso acdvely joining to the bilateral intemationaj

,

Etgineertng, Chemistry, Radiadon Research, Ceramics Science, andcooperauve research programs under AIST scheme in the field of
Cet amin Technology. it has 241 staffs and 2.6 billion yen tudget in fluortne biordes organic compound, acid rain project, and utiliation
total in riscal year 1990. One divisran m Ceramics Tectnology is of indigenous materals in developing countnes as well as to muld
located at Seto-city, wtuch is well knowTt for her largest produedon national cooperadve prograrns under IEA in the fields of ceramics
of pottery and porcelam wares in Japan, to contribute to her regionaland solar materials.
technology,

Since its establishrnent, GIRIN has played an important role for,

R&D on such industrial science and technology as liquid bulge @[@N
|

forming, casting and foundry technologies, synthesis of orgar.ic @' %
- . - .

NW
fluorine compounds, radiadon graft polymerindon, solar energy . +

4
,

utilizadon, funcdonal and mgineering ceramics, and pouery and y~ ~

-'

' porcelam produedon technologica. ], v
GIRIN has recently focused her research activities more oni

'

morganic matenal (ceramics) research aiming to Energy (including , . , - g
e

hard energy technologies for high ternperature gu turbme, unclear
,

~~
fission, and large power transportanon, soft energy technologies , ,c:

.

such as pusive solar device, ansi energy conservauon technologies)
- ,3 ' ~

and Space & Aircraft technologies. GIRIN is esecuting 42 research .

projects m conjunction with national R&D projects such as Basic
Technologies for Future Industnes (Engineenng Ceramics, High [ g?
Temperature Ceramic Super Conductor, Metal Bued Composite }-

..

Muerials and Inter Metalhe Compounds), Sunshine (Passive Solar
j

Device, Photo Catalysis), Moonhght, Large Scale Project (Surface
L7tra High Pressure Cold hostanc Press for Ceramicsmodification of ceramics by beam technology). Special Programs

for Mines A Technologies (Bio Ceramics and other Funcnonal forming

Nagoya 052 (911)2111 Total personnel 281 ,

Gov ernment Indusmal Rese arch Institute, Nagoya Total budget 2.600 (r'u!! ion yent !

1 1, Wrue cho, Kita ku, Nagoya.shi. Aichi,462

|
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The Government ladustrial Researth Institute Osaks wu .s) Promotion of R&D programs for global environment
estabhshed in 1918. Since then it hu proat.ced a number of technology.

outstandtag research achievements in the emptoration and brough the above research acuvices, cur institute errourages y
development of new materials including catbon fibers and contacu ard cooperauon between industnal and uruvenity researth 5

eletincally conducuve transparent thin films. Our rescuch iruutute on a regional, natimal, and internabonal leve1. .

constsu of five research departmenu and is g2ving priority to the ,,

following rescuch fields:
1) Energy related Maienals:rnaterials for erierry conversion such

u for batteries, fuel cells, eleccolysis procenes, hydrogen
energy, and high. temperature ceramics for gu turbines, etc.. --

*

2) Opucal Matenals.gluses and thin films for opucs, nonlinear
opucal materials, opucal chemical serwors, etc.. k -

: .~ l

'

.

3) Functional Surf ace Materials: heterogeneous catalysis,
'

p %.biocompatible materials, atomic. scale designing of graphite #ph
. b

.- .

,,

inirrca!Ation compounds, new functioru ard theoretical analyses s - j
of the interconnection in composite materials, surf ace f. - N . @,

modificaum with ion irnplantation, etc. , . ' . " '
In addition to the above fields of materials rescuch, the

' * '

'

following lines of approach us also being put forward: SO -- ..
01) Intertsif'acation of innovative, fundamental studies to create g

-

highly advarsed functions of matenals. , e qs '
I~

2) Iruua6on of unetplored approaches to materials through human
-

5 t
seruauon and feelings.

_

, ,.
' ' * '3) Fermentation of tesic science concerning the creation and '

analyses of novel materials through stomicacale techruques and /on /mplantation Machine

computer calculadon and graphaca,

Government Industna) Researcb Iruutute Osaka Ikeda 0727 (51) 8351 Total personnel 219

, 8 31, Midorignoka 1 chome,Ikeda shi, Osaka,563 Total budget 2,560 (million yen)

The Government Industrial Research Institute, Chugoku
was established in 1971 to corduct pollution control studies in the
Scto In'and Sea and angineering snxiies to develop new industrial
technology in the Chugoku district. Since then, there have been
many r.oteworthy achievements by the trutitute resulu, including
tercuch on dissolu6on of pollutant out of the tuuom sedirnent in
the Seto inland Sea, develcoment of a fresh surface charactcrizing
mietoscope using eso elecuan, and malenals evaluauon in severe
environments,

Two research department, the Marine Science and Technology
Departrnent and the industrial System Department, are affiliated
with the Insutute. De first has four rescuch divisions, and studies

,
ocean engtneering ustng the largest hydraulic model of the Seto
inland Sea in the world, shown in the picture, u well as physical,
chemical and biological oceanographics. The second has three
research divisions, and studies machirung technology, the surface
science of new materials and computer science in factory .

, .

automauon. -

.A 'The vuutute also emducu marine biology studici un&r a mapr
nadonal R&D pogram, a matenals study of hydrogen energy and f*,,

' ' ' f'* ' @' * 'b
.., . . .c , , e

ocean thermal energy convenion (OTEC) under national R&D -

projects focusing on new energy, computer unage proc'esting studies N,'

.

for developing specific regional technology, and internauonal pint Large scalc Hydhrulic 3fodel of the Scto /nhnd Sco

research with Indonesia in the area of corrosion.

Gov ernment Industnal R esearch Institute, Chugoku Kure 0823 (72)1I11 Total personrwl 52
2 2, Hirosuchiro 2-chome, Kure shi, Hiroshima,737 01 Total budget 726 (million yen)

O
n

I
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The Government Industrial Rewarch Ittstitute, Shikoku w as (1) Research on mdustrizauon of thermomechanical pdpeg of
estabhshed in 1967 as a R&D center for developmg mmms and oil palm by.prodets. (2) Internauonal reacarch cooprabon cm
industries in the Shikoku tegion, takmg advantage of its mild recovery of valuable brtne resources (3) Molecular anchanism

a

j l chrnate and locanon near the sea and nch forest resources. Its R&D of interacuve recognizanon between cell surface and
centers upon pulp and paper technology and % tevelopeg rnutne polysacchandes

resources, it a primanly concerned with etuaction and uses of
I rnmer elemenu dissolved m sea wa:er and underwster weldtng and

cultes -
j Balancing its regional and national interests, the insdtute has

emphui2ed research in ma ine resources, functional resources and _,

! me c h atterac i. Furthermore, our institute is the leader in the
Shloku rcpon for research and technologies.

1 The myi.n research area of the insutute ne u follows:
1. Marme 'esources I;

j (1) Manufacturms process of high functional chemicals from -

! seahfe. (2) Developing escellent absortenu for uranium and
l lithium, (3) Deseloping functional sheets from acidic

polysaccharides, the main constituents of seaweeds. (4)
Manufactunng degradadon-controlled sheet. (5) Development
of magnesium pyroborste whisker.

2. Local technologies
'

(1) R&D on re.utilitation system technology of composite g
materials (2)Controlof a flexible lorig arm and development of a
a small aedve mass damper. (3) Swmg and vibradon control of .

,

a crane. (4) Sophisucced surface processing with laser beam
-

, . .

and ion beam.
3. International R&D cooperation projects and fundamental Bn>degradcble Polymer Film

research

a

Government Indusmal Research lnsutute, Shikoku Takamatsu G878 (67) 3511 '!otal personnel 45 -

3 3, Hananomiye.cho 2.chome,Takamatsu.shi, Kasaw a,761 Total budges 513 (milhan yen)
*

i

The Gosernment Industrial Rewarch Institute, Kyusyu was 3. Energy and pollution control technologies; (1) Study of th.

| established in 1964 to contribute to devsloping mining and behavior of coal and solvent mixtures in the trutial stages of coa ,

I industrics in Kyusyu. liquefacuan, (2) Het.gu corrosion of ceramics for gu ncbtn

j The mstitute has conducted 17 special research and 35 general blades,(3) Development of new muffler adaptable wit!
research projecu in the followmg major fields: controlled resor,ators. (4) Reseuch on the advanced biologica

1. Production and procesung technologies for new materials; (1) treatment of organic waste water (5) Liquefacuen of coal a.3

Study of ductue ceramics at high temperatures,(2) Development extraction of hquefied products under the ccndinon o
,

of intelligent ceramic composite muerials, (3) Research on superenucal state.'

fatricadon and thermal charactentadon of heat resistant carton
ceramic composite materials. (4) Machining technology in
ceramics and cutting tool application, (5) Development of ]QN "

$,ceramic cutung tools for steal,16) Development of high, N,

performance enginecting carbons. (7) Developmeat of adv anced f ' ',
i

carbon / carbon composites with oaidation resistance, (8) Yi |
y .Q fTechnology for improving properdes of matenals by the powder ]I ;,;[ )f

,

forming method,(9) Development of particle dispersed
g ,ycomposite metah by high pressure solidification method, (10) * Mr - .=.

Rescuch on metalhe materials using quantitative stereology, N. ) ,

(11) Srudy of poduedon of muldfunctional microspheres,(12) Z '

ME' ~ " ' '
Study of spectroscopic characterizauon of cetamics. ,

#
2. Advanced technology for utihzing natural resources; (1) R&D - ..

#

I humm.~
Q[

eutihzmg lime and time. based compounds in advanced matenals,
(2) Processing and evalunion of inorganic polymer having layer ,_ 7
structure. (3) Prodocuon of porous cetamic materials from rice _

husks,(4) Advanced utilitanon of volcuuc glass,(5) Production
"' -

-

Friction and Wear Testing Apparatas
and utih.tadon of molecular sieves from coal, (6) Research on
concentrating a trace amount of gallium. (7) Ref'mtng prxess of
fine puts of weathered gruute.

b

Governrnent Indusmal Reseuch Institute, Kyusyu Tosu 0942 (82) 5161 Total personnel 91

Synku.m a:hi, Tosuahi, S aga, 841 Total budget 046 (mmn yen) ,

,

9
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beam technology (h Advenced masenal poussir4 and ramouamey$ f The Nathmal Chemkal Lhorasary fue tidsmary (Netn was systems (t) Syntheuc memtr anea for %e. separauan echsadogy y
estabbshed in 1900 for promoung the chernacal udastry an Japan.Research fc= morphogenesis and espusim of geneuc informaam
The laboratory onndwta numerous ruearch pop:ts m four areas: 1,(10) Development of protems with new funcuan (11) Liceefacomi

development of new substarces and highly fursuonal muericts 2.of ccal (12) Super heat purnp energy accumulukon synem (13)
'

tuo and biomimetic chemistry; 3. conversion and conservauon Reference matenth for cahbrauon of analyucal mstruments (14)
itchnologies for energy and ruourses, and 4, standardi4adon andEstuna60n and prevenuon of esplosion huuds of special muena!
,,fety technologies Many struegies aiming the firn area are g asse s.

ggoduced m chem cal rescuens and pocessea, for examples, ultra.
mgh temperature plasma, ultra.high pressure, laser bearr.s,
computer aided molecular design systems. For the elucidsuon and
gphcauon of biological funcuons, the labt,tatory hu developed

ps '37- *
b n ial and

1,ermologies for geneuc engmeenng, cell mem ranes, atu c gf. -

,,,per enzymes, and artificial photosyrthesis. In effecuve utdtranon' '

d energy and natural resources, entensive studies ce temg ma;ie on
c2Wysis techrology, coalliquef action, heat norage using chemica]#
rescuons, fuel ceus, superconductors, membrane technology, and

,

i
somass utibixion. Regardmg the final area, intensi$e sides ce

, j- y ,

eso made on sandarditation of chemicals, as weU as a means of
,

, 7w*

conaolbng environinental pollution, elunmaung industrial hazards, ) K'
*

and preventing caplosions of gues and explosives. The main
'

'

research pojects of the laboratory are sa foDows:
,

.

t1) Ultra high temperature: generatim, measurement and utilituion ' ^t
g) Sobd stue polymentation under ultra.high pressure (3) Laser

'

regulued chemical reactions (4) Development of organo. silicon
i

compounds (5) Rescuch and development of superconducting A, %
,

materials and devices (6) Research on the analytical and Apphcanon of &ci'nct la3ers to Chemical Syn these:
esatuanonal technology for high quality funcuonal materials by

Tsukuba Gakuen 0298 (54) 4431
Toul personnel 119

Suonal Chemical Laboratory for Industry
Research Planning Ofnce Total budget 4,300 (milbon yen)

3

1. Hisashi 1.chome, Tsukuba 4hi, ibaraki, 305

Function, Regulatory Mechanisms of Cell Proliferstion on
The Fermentation Researth Institute (FRT) wu esablished in Eukaryotic Microorganisms, Studies on the Thermobiology,

1940 with the objective of contributing to the development of Mechanisms for Release of Methane into the Atmosphere by
The Insurute conducts a Microorganisms, Treatment of Offensive Odors Usingindustries involved with microorgarusms

broad range of activiues includeg the development of a vanety of Microorgesusms, Flocculant Produced by Microorganisms, and
enzymes, techruques for biologically treaung mdustrial waste water, Studies on the Role of Calcium lon in Signal Transducuen tn
and improved industrial processes related to microorganisms. Anitnal Cells.
Recent years have brought advances m such reas as recombmam Special Coordinauon Funds for Promotmg Science and Technology:
DN A technology, bioreactors using immobihred entymes and Buic Study on Safety of Geneucal Engmeeting Techniques m Open
coentymes, . cell growth and gene e spre*uon control in cultured System, Structuie.Funcuan Relauonship of RN A Molecules and
animal and plant cells, hydrogen prodtetng microorgarisms, the Applicauon of Sptheuc Riborymes, Development of ExperunenW
produc00n of subsunces regula6ng cell function, the development System for the Analysis of the Response Mechantsm of Plant Cel;s
of new enzymes and the utilitation of thus far unused resources. As and Studies on Anpogeme Factors.
the authouted depository foe patent microorganisms in Japan, the
Institute also handles the deposition and distribution of domestic
and foreign strams of microorgartisms. "

Major rescuch performed u the Insututa centers on the uens
.

below ' '

Designated Research: Protetn Molecular Assembly Technology. '

.'-
a

R&D on a New Wuer Treatment System, Fundamental Technology
for Unitzation of Marine Organisms, Basic Technology for .

, ,
'

;
Uutizauon of Ussful Biological Function Rescuch on Energy b .f .,
Consersion by Photosptheuc Microorgatusms Algal Potential for

>

f
Curen Dio6de Titauen, Moleculu and Ceuutar Biological Study

.,L.'*

of Morphogenesis m vitro, Regulation of Plant Gene Expression,
.

t
-

Moleculu Mechanisms for Regulatory Protem Funcuons, Research
-

P 8'

on Photospthetic Molecular Assembly, Moiecular Recognition and
,5 ,

, <

Resporse of Smooth Muscle Cells, Expression Regulauon of an
.

Intestine Contractor Peptide Gene, and Theoretical and .- .. c
. .

,

Espenmenul Invesuganon on Riborymes
,

, ,
-

Special Research: New Transfeiting Eruymes and their Functions. ' '?
-

| Construction of Bioreactor, Biocatalyst for Oxidation in Micro
-

.

|
aqueous System Appbcanon of Recombtnam DNA Technology to Varsom Kinds of BiodegradJble P!mrics
Hydrocarbon Uuhteg Soil Pseudemonads. Development of Plant
Geneue Erstneereg. Develognent of Substances Regulumg Cell

T m uta Gakuen 0:98 (54) 6023 Total permene! H
' ! 0 5 i uNn > <n ,Fermem:an Rese u:' Insuture -

Tm a: 5, d g e t7.. m n (,rsee O W e,
- ,% u,,g. - < 1- _

|
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"*
Me Dheet feeweisse tw Petysmers and Testiles was 5. Inrznat% eachnsane 0)

dlkallr***W h His me she Se Labaresory and b itM kw pctrumme poceses wc coin
caene the TutRe Research betitute co wrms the entire area of B swencer m,....

| . tile eachno6egy. ANe the War, po ymer seience and technology 6. Mearwemens sud ena)N me (t) Charnetertzataan ('
sa integrated into this researd field, and the resent naine was evaluauan of puymers (2) Nordesmacave ev aluatum
opted in 1969. The pesent organizadon wu founded m 1938 for polymenc mansnals (3) Wenheems of polymenc mananale,n |

npdaul of 4 research departments: Polymer Chemistry Dept, )

dengirpering Dept Material Physics Dept and Muenal Design ,

3 Engineering Dep. In recent years, research ac6viry has teen . ~ ' - ,
:used on upgrading polymer matenals, the synthesis of new .H r ' 7''',Y'E

'

~' '|', * *
actional polymers, bio. function utilizing technology and *

,

I "*L
.

,"iovadve technology for traule mdustnes. Arvi, future emphasis
-

,o be placed on the development of funcuonal materials bued on , , , ' ,g , .'

#
ilecular level science. Main research items are as follows:
Synthesis and structuring of polymene matenals (1) Synthesis of

- f - * * * * , ' ' ** "
.

,

ordered polymers (2) Organization of polymer surfaces (3) . 9' , ,

Synthesis of biologically functional plymers .

g y 7,Functional Molecules (1) Photo rescuve ;nlymers (2) Energy
' ' jtransforming polymers (3) Conductive plymers (4) Polymenc .

$ <r p,i materials for specific separauon g fBio-funedonal materials (1) Structure analysis and molecular g ' *
design of biopolymers (2) E!ocompatible materials and
pharmacologically acuve plymers (3) Biosensor and biodevice ,,,[p
(4) Biorrutneuc matenals j
Composite and high performance materials (1) Highly durable

-

, ;

jmaterials under extreme conditions (2) Light.*eight strong
~

t

- ,

polymene materials (3) Polymer alloys
i'l.asma Reactor

|

l

tescareh insacuts foe Polymers and Teaales Tsubba Gahen 0293 t54) 6229 Total pen:mnel 124

-4, ib g as hi l < horre, Tsuk u be.shi, Ibatab, 305 Senia Omcer for Resemh Planning Total budget 1,607 (nslhon yen)

|

Established in 1882, the Geological Survey of Japan is the 4. Field of geetogical study for atomic energy utilization (1)
dy national research institute in the country concerned with the Geological study of deep underground disposal of high level'

stematic investigation of geology and mineral resources, It is radioacuve waste (2) Geochsormlogical study on fault acdvity,

|sponsible for geological sheet mapping and for research on e tc.,

ology and various kmds of resources (metalhc and non metallic S. Field of international cooperanon (1) Mechanism of methane
,

.netals, fuel, geothennal energy and grourst water) in the Japanese dtscharge into atmosphere, etc, F

chipelago and adpining offshore areas. Its work has contributed
.bstantially to environmental conservation and to mitigating ,

tmage from geological hazards such as earthquakes, volcanic i

updons and landslides. The Survey also takes an a:uve part in ,

, - forts. Esperts on geology and mineral resources are sent overseas A ,

i ,d foreign tra nees are admitted to training course in the Survey. |

| , addition, the Survey provides technical guidance to other i

| ;encies, local governments and the general pblic. The results of e- ]
*

, i work are published in the form of various scales of geological
-

4

id themade maps, bulletins and special publications. Major |
,_

search pograms in each field are as follows: "
Field of geothermal resources (1) Confirmation study of the |'

| . effectiveness of prospecting techniques for deep geothermal |
"

*| resources (2) Basic study on nadonwide and regional geothermal i

I assessment. |
'

Field of utilization and develcunent of resources (1) Study on - m
4

metal concentration mechanism in the hydrothermal system. (2),

Three.dimennonal modeling for fuel resources assessment, etc. ;

: Field of disaster pediction and environmental research (1) The
| . geological study of earthquakes. ('l) Geological, geo:hemical Taking Samples o/ Sea Bottom Sediment by

and geophysical study of active volcanoes (3) Long range the Geologica/ Survey Vessel "#akuret Ma/u",

pedicuon mode,1 for changes in the shallow water environment
to enable optimum industrial develognent use.

|

' Geological Survey of Japan Research Planning Office 0298 (54) 3572 Total personnel 349 |
IJ, Higashi l chome.Tsykuba shi,1baraki,305 Total budget 4300 (million yen)

.
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beead as the eseo ef 4vmesus,e88einli'j j) as e twting labora ory fe, Qh w sy of
- eenrigen emes elecanoensensenc wetes: (?'s Enewestasesametneismiest

Commwuccaions Afw 4; of notar uwe echar ears - ~8 energy -a= geel, pean,

then, incloding the separation ef what I, now the Eleecrieal redos now twierig snagneuedy sad inertaDy condunnit useisps
Communica6on Labermories#TT, h IM8, the ETL row stands as fusion, advancs'. aner nectriobges, and paperconducsar appsican-
the largest national research insutura in Jepen, For prornoems furwe
industnal science and technology, the ETL is responsible for

sectmologies: (4) lAformataos and computer technoloswea; cogendwa
science and its applications, s.rtificial intelligance, pattats

conducting advanced research and development in electronics, recognidon, parallel processing consputar architac:are, software
standards and measurements, energy, and information and computer engineering, and intelligent roboucs,

;

technologies. A !!st of ETt's notable xhievemenu begins with the The ETL, keenly :=are of the increasing importanc4 of
w treless telegraph. developed as early u 1896, and includes, just to techtdeal eschanges both Mtb the pivue sector and acaderrua, is
name a few, Japan's first traitststorized comp;ter - the Mark IV also acuvely parucipadng m a wide range of cooperative research

'

(1959); the Kondo effect (1964), which later earned the London e fforts,
Award for Dr. Kondo, ETL Advisory Fellow; the first genuinely
damdriven comp;ter SIGMA 1 (1987); the discovery of a new tyy

g* 7v ~ g .
4

of oside superconductor and the development of Josephson .eg
% ,

7 IComputer ETL JCl (1989, see pictwe); and the record ingh. power

f'jescimer luer ASHURA(1989). ig j g'The E'n, consisu of 14 research divisions located in Tsukuba
,'

Science City and one research centa in the Osaka area. Within 58 jgg g,,p a

sections some $50 researchers, including apposimately 250 PhFs gg., * 4 # 'N
are now acuvely working in the vut new fronders of science and ' ~

I
,

teclinology, The rnajor research topics are: (1) Electronics '

fundamentals; physical studies on superconduedvity, dynamics of ! . 4
elementary cacitations, etc., development of new superconductors,

2 * * '

opto electronic materials, and amorphous semiconductors, VLSI .z

technologies based on superlatnce and three dimensional structwes,
-

, , . .

,

'
-

advanced nuerofabncadon technologies, suprmolecular technology
[-

utilizing organic molecular assemblies, and biochemical and
. 'p |

' *

physiological studies on informacon processing in living org arusms: '

(2) Standuds and measurements; establishment and supply of
national standards of electricity, photometry, acoust'es, and ioruting,

| Tsukuba Gakuen 0298 (54) 5006 Total personnel 6N
Electrotechnicallaboratory
14, Umezono 1 chome Tsukuba-shi,Ibarski,305 Research Plannmg Omce Total tulset 9.280 (million yen)

4. Special research projects; (1) Fundamental research on organi.

The Industrial Products Research Institute (IPRI), liquid and gas separadon by membranes, (21 Research an.

established in 1928, specialites in the ficids of improving the development of advanced composite materials,(3) Applicador
of measuring human sense to product design. (4) Design o

quality of life. Fundamental researches in this field are (1)
biomimetic chemistry; (2) materials evaluation technology; (3) synthetic receptor molecules, and etc,

|_ biometncs and sensor technology;(4) psychometrics and cognidve
science. Those researches have been applied to development of'

materials and apparatuses for medical use, equipment related to
human health and welfare, to design and evaluation of housingi

systems, and also to evaluation of consumer gcods, by combining
material and human engineenng. Since we have various specialists
in physics, chemistry, mechanical engineering, electrical
engineering and electronics, information science, psychology,;

; physiology, forestry, industrial design, and so on, IPRI is able to
syntheticstly and systematically solve interdisplinary problems,6

which maight be dif#icult for an insutute engaged in one specific
,field to solve. The cwrent research topics are listed below. C.

| ,
g
'/g y'1. Research related to matr. rials and apparatuses for medical use.

--

' '"; human health and welfare:(1) Biometric transduedon of sensorya

I information, (2) Cell compatible biomaterials, (3) Three *
'

dirnensional display for the blind, (4) Non invasive
i measurement of functional decreases m humans, and etc,

| 2. Research related to housing systems; (1) Fundamental system |- C"
'

technology for emergency in hving space,(2) Psychological and - > = * -
. , , ,

' ~ "

physiological measurement of the influence of low frequency ~

noise on the body, and etc.
,

!
3. Research reined to consurner goods; (1) Measurement of humart Thrre dimertsfortal Optometer

fuzzy informadon processing, (2) Research on the ergonomicI -

f design of visual display terminals (3) Modellmg of thinking
process in conceptual design of peducts, and etc.

,

_

Tsukuba Gakuen 0298 (54) 6610 Total personrvel 12.5

Industrial Products Research Insutute
l-4, Higuhn l~chome, Tsukuba.shi, Ibaraki,305 Research Planning Officer Total budger 1,4.t1 (trulhon yen)

(
i

|
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i errv1rtmmental protect $est Research as sadary rn __ . m in formaatxm and L- ~ - ed cemmuncala m ese , --

J mines is also conduesed as om instituse's Coal Mme Safety 4. Mirung and Isdum si Saimsy , , , , ,,

nearch Centers in Hokkaldo and Kyssys (meloding the Usui . Coal mine safety tachaelogy, such.sa gas and coal.duas,;.

ierimental coal mine). At the listitsee extmsive rvscarch e(forta emphasions, rnine Gro and gas outtnaus to suppurt the &rneag.'
*

fccused on the following fields, coal truning ruiutary.
'*'

Miner:] *tesource Development and Utiliuuon . Safety suetsmers fcr unlunoon o(underground space,

. Expbitation and development of manne mineral ruources oft . Demohdon of old cori.struenons using expbaives and is safa[* |
shore or in deep seabeds, such as manganese nodules, use ssment. ,

hydrothermal deposits and cobah nch mangciese crusts.
. Advanced construenon technology for underground space ,,

unlinton. .

- **. Production of new materials, such u functional silicon o, x ,

materials and uhrartne powder. C%
___ kcc, pm)

""
. Processing and refining technology for low quality ore and ;

mf
C#* '

tsieaploited rescurces, cepeciaDy rare metals. ccm ,c, m, cm.,,o

/ I

Energy Devebpnet and Udliut,on / yp e , c,,

. Compeherisive utilinnon technology for o0 alternative fuel / 9 Q%'

P*
resources such u coal, nuural gas, od sand, oil shale and f i ---

__ _ Q'
biomasa, including organic mamal technobgy. ,J'*.=*. ,(J . D , --.,) _-

. Advanced combustion technobgy utilinns various low-grade e __

kw '[4. *

s ar=e
fuels and energy saving technobgy. annos h 'e ,

8p. Geothermal energy esploitation and heat extraction **'aa

iechnobgy. - f
,

,

- ~ a
,_

'* *

g # g/ ca.
'.

Environmental Pietection o "" 'imE , .. Comprehensive industrial pollution control technology for
, ,

emission abatement, pollutant seasurement and Enrirortmerid follution eid the Orculanori of Substances
environmental assesanent.

ladonal Research Ins 6tute for Pollution and Resources Tsukube Gakuen 0298 (54) 3026 Total Personnel 319

6 3. Ono g aw a. Tsukuba shi. Itar aki. 305 Remarch Plannin Ofree Total budget 4,016 (million yen)

The Goverament Industrial Development Laborstory, polyaromanc compounds by genenc engineering. (3) Advanced

okkaldo (GIDLH) was established in 1960 u an institute for pyrolysis of bicunes resources.

veloping industries and mming in Hokkaido. The GIDLH 5. Regional technology R&D; (1) Intelligent snow removing
msists of three research deput;nents. The Resources and Escro technology for cold regims,(2) Researd on medical diagnosue

ngineering Department is engaged m a wide range of basic and remote system.

ylied researchers in the flekt of energy and natural resources. The 6. Internadonal cooperadon in the R AD with developing countnes;

pplied Chemistry Department covers analytical chemistry. (1) Research on new coal combustion technology by fluidized

nahene chemistry, and the chemistry field meluding life scierres. bed. (2) Research on afforestation with functional soil
hs Muerial Science and Technology Department is curytng out impoving muerials,(3) Effective acuvation treatment of lignite
se R&D in neer and functional meterials, the research on and peat matenals.

valusten techniques for these muertals and m!vsnced atilinuon cf
qTese muerials for cold tegions, , , ,,

In recent years, the GIDLH hu been wceting on the following .g ,

&D projects: ,
'

Energy technology R&D; (1) Research in coal liquefaction. , , , .
, ,

gasification and combusuon,(2) Development of heat pump
technology for cold tegions.
Environmental protection R AD,(1) Evaluadon cf new mow ure Non-frost type heat : .

having low dust pollutica,(2) Development of combustion e;tc/wiger
catalyst for reducing NOx. (3) Development of technology
pocasing wuws fr xn advanced industry
New muerials R&D; (1) Development of fine ceramics from
silica i't rice husts, (2) Development of inorganic fibers and
non crystal materials with a high functional ability, (3)a
Develcpment of a new preparation method for ultrafine
p:rdenes. (4) Evaluauon of funcuenal single crystal peduced in
high pessure hytrid systern.

L Biornus ed biotechnology R&D;(1) Synthesis of optically
acuve substances by enzymatx reactorts. (2) Construction of _ ,_j . junique strains of yeast with hydrosylation ability on 7g_

Govemment Industrul Developmera Labornory, Hokkaido Sapporo 011 (851) 0151 Total personnel %
'

217.Tsukissmu Hisuhi.Toyohira ku. Spporo.shi. Hokkudo,004 Total Budges 1.228 (millian yen)
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TECHNOLOGIES DISCUSSED WITH KOBE STEEL

- KSL Technology of Microwave Melter
- Management of Alpha Contaminated Wastes
- Incineradon and Ash Melting for Plutonium Contaminated Combustible Wastes

Microwave Solidification Treatment of Incinertted Ash Contaminated by Radioactive
Materials

- Crud Slurry Solidification System
- Copper Alloy for High-Cycle Plastic Molding
- Cryopump for Producing a Good Quality Vacuum
- Twin Head Arc Welding Robot GT-5000

BIBLIOGRAPIIY OF LITERATURE RECEIVED FROM KOBE S1TEL

'KSL Technology of Microwave Meller*, Kobe Steel,49 pages,
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DEVELOPMENT OF A NEW SOLIDIFICATION
METHOD FOR WASTES

CONTAMINATED BY PLUTONIUM OXIDES
Utilization of microwave power

F. KOMATSU, Y. S AWADA
Mechanleal Engineering Research

Laboratory,
Kobe Steel Ltd, Kobe

,
,

K. OHTSUKA, J. OHUCHI
' Power Reactor and Nuclear Fuel

Development Corporation,
Tokai,
Japan

.

Abstract

DEVELOPMENT OF A NEW $0LIDIFICATION METHOD FOR WA$TES CONTAMINATED
BY PLUTONIUM OX1 DES: UTILIZATION OF MICROWAVE POWER.

Non<ombustible wastes ruch as ;ncineration ash contaminated by radioactive materials
were immobih2td with cement or bitumen, and were also vitrified with low melting gJass
powder. These methods are in practicaluse at present. For permanent storage or disposal these
treatments are exceDent because they offer stabihzation. As a result much reagent or flux is
used, but there is one disadvantage:. the volume of solid matenalis increased. In 1978, at the
Tokal Works of PNC,research and development work was staned on the treatment facilities,

of non combustible wastes containmg plutonium oxides, such as incinerstion ash, res4 dues of
'

inorgarde acid digestion, components of the HEPA futer and glass or ceramic pieces. A new
treatment method using mi:rowave power is being investigated in this project. These wastes

. are solidified directly in the cylindrical metalcrucible of a microwave metter, and are then
continuously converted to ceramic like solid matenals. As a result of this rassarch, fundamentaJ
data such as the physicochemical properties of these wastes and the physico chemical and
elution properties of solid materials were obtained. Furthermore,hasing produced an-

experimental microwave melter of $ kW output at 2450 MHz, the melties conditions and
engineerug data for developing the practicalequipment for an output of 100 kW at 915 MHa are
riow being investigated. In this paper,the treatment rystem for these wastes, the furidamtatal,

data of these * stes and sobd matenals, and the microwave matter att described.

INTRODUCTION

Heating by truerowaves, as is represented by the microwave oven, has
various advantages compared with other heating methods - facility of remote
control, heating speed and low occurrence rate of deteriorated or damaged parts.

325
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The principle of microwave heating is the dielectric heating method
intended to oscijlate directly by electric waves the molecules which compose
the substance. Hence,it could be one of the most excellent methods for
melting non combustible wastes composed oiinorsca.ic oxide substances such
as A1:0 , SiO and Cao.2

The Power Reactor and Nuclear Fuel Development Corporation (PNC)is
cur:ently investigating the solidification treatment rnethod by microwaves fcr
non. combustible wastes, other than metals, of the plutonium fuel facilities
at Tokal Works. This PNC plan has set a timetable, with completion in 1985,
of treatment facilities including the secondary treatment process for reduction.

-.

1 PROPERTIES AND OUTPUT OF WASTES

At present plutonium-contaminated HEPA filters, neoprene gloves and
combustib!c wastes are stored temporarily in the storage yard. When the treating
facilities are completed they will be removed from the storage yard and treated.

The kinds of waste to be treated, the secondary treatment method for
reduction and the output of secondary wastes, are shown in Fig.l. The major
waste outputs are HEPA filter elements, residues of acid digestion and incinerated
ash, which occur at the rate of 1:0,28:0.19.

The physico-chemical properties of the wastes for solidification treatment
are presented in Table 1.

Samples possessing the same analytical values as given in this Table were also
used in the microwave solidification experiment. Since the actual wastes
containing plutonium cannot be used for the experiment, Hf0 , whose physical3

properties with respect to density, vapour pressure and free energy of oxides_

are simil6r to those of Puoi, was added by 0.1 wt% in the solidification experiment,
as the dummy substance for PuOp

1.1, Incinerated ash,

in the plan, combustible matter such as tissue paper, cardboard boxes,
,

swabs, latex gloves and plywood frames of the HEPA filter, after dismantling, |,

are burnt in the incinerator installed at the facility. The ash output is assumed
to be about ? kg/d.

The chemical composition ofincinerated ash varies with thi. kind and I

quantity of the materials incinerated. The ash of the chemical ccmposition |
presented in Table !is the result cfincineration in an ordinary beinerator of
tissue paper,85%; cardboard boxes,5%; latex gloves + gummed tape,1.5%;
and LPDE sheets,1.5%.

O
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The samples used in this case were based on the data of the kinds of
combustible at present used in the facilities and the results of investigations into
the percentages of such rnaterials.

It was found that the volume of combustible waste was reduced to about
1/100 of the original by incineration.

1.2. HEPA filter elements

HEPA filten used in the facilities consist of cases made of plywood frames
and elements made of glass fiber filter and asbestos separaton. HEPA TJt:rs
are subjected to secondary treatment (dismantled) for reduction []). The output^

.

*

of waste elementsis assumed to be about 37 kg/d.
In the analysis and expariment, new HEPA filten were used after dismantling.

1.3. Residues of acid digestion

Chloride compounds such as PVC and neoprene gloves are treated by.

the acid. digestion method. The residues are white powder er lumps. The residues
presented in Table I were obtained when neoprene gioves were treated in the
test equipment.

The bulk density ranges fre.m 0.4 to 0.53, and these values are the highest
owing to the effects of oxides of heavy mett.ls such as Zno and PbO.The
output is estimated about 10 kg/d.

The chemical components are sulphate compounds such as aluminium
sulphate anhydrate. Residues of acd digestion contain sulphate ions by about
50 wt%. At present, a disestion technique to reduce this content is being investigated.

1.4. High. temperature filten
.

.

| 'D. isis a wool 4ype filter which is used as a dust trap in incinerators. The-

estimated output is as low as 50 kg/a The bulk density is the lowest of all,
about 0.062 to 0.071.

.

i 1.5. Glass and ceramic pieces

|
*

| These pieces include experimentalimplements such as pyrex beakers,
measuring flasks, porcelair. dishes, etc. The output is as low as 100 kg/a.

2. EQUIPMENT OF MICROWAVE SOLIDIFICATION

When materials composed of inorganic oxide matter such as A1:0 , SiO ,3 3

and CaO (which are generally called dielectrics) are placed in a high frequency

-
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HC.J. Photmaph of the microwse solidillession test unis,

electric field (rnicrowase), the molecules, which are in an electrically neutral
state,are turnedinto molecules with electric dipoles by the strong electric field,

Molecules violently change polarity owing to the frequencies and they
'

j

! generate frictional heat. As a result, the substance reaches the molten state.
,

By using microwave energy the solidifiable temperature is determined bi'
the rnattrial of the crucible and its melting point. When a metal crucible
manufactured from low carbon steel is used, the maximum applicable temperature

!- is 1500'C The microwave melter shown in Figs 2 and 3 was newly developed

for the purpose of treating waste containing radioactive substances.
. Microwaves from a microwave power generator are radiated into the'

.

microwave melter through a wave guide. The metter is the so<alled cavity
type, which can concentrate the microwave energy on to the sample by
vertically adjusting the head tuner.i

The sample is continuously fed into the metal crucible - which is also
used as a canister - from the hopper by means of a screw feeder and is
continuously solidified. During solidification the metal cruciole is rotated at

;

a speed of 2 to 5 rpm to radiate the microwaves uniformly.

O

. - - .. . - ----- _ ------
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TABLE 11. COMPARISON OF CHEMICAL COMPOSITION,
MELTING POINT, MINERAL PHASES AND

DENSITY OF SOLIO MATERI AL

s.ar, u.is T,..i ai | u...e v.n t,..i .ai

. . . .... ... . . .... . . . . . ....s...
II.ms .sk 14i.= .e. e.been . g a e ga

11 Al |M 1 LAC Al 114Itl) ll 7411 () $1:1) ;, g 33 g 1g

5 0,1.v'%1 4245 5.22 | 32 82 32.72 45 64 | 43 54 | 42 94

AI. D. - '242 3 98 | 25.17 31.30 9.70 | g,24 13 23

.sio a 3.75 | 3.27 | 6 13 | 7.73 | 4.70 4 37 | 10$n

t 74 | 1.90 | C.29 | 1 20 | 2 60 0 44 | 1.50cao .. ,

7 al | 28 07 | 1 al | 3 46 ft 64 28 54 [ 27 52Mto .

{ teo, i4 14 0 07 0 19 t il 0 30 0.34 0 42.

3
%o. 1.01 0.30 0 27 3.17 3.07 1 82 1.52

0 27 1 0.0$ 1.39 1.08 0 87 | 0.75 | 0 deEso -

To

Csio - C C3 | 0.10 0 47 0 21 0.14 | 0.16 | 0 15[D g

Cwo - 0.11 I < 0.01 | 0 03 | 0 06 ) 0.C2 | 0 01 | 0 02
03I | C 36 | 1110 | 4.37 | 0 81 | t al I 1 54j Zao -

014 | < 0 01 | 4 90 | 2 60 I < 0 01 | 0 88 | 0 24? Poe a

| 0.13 | 0 09 | 0 07 | 0 09| 0 00 | 0 04uno - C 04

! 0 372 | 0 308 | 0.16 | 0 09 | 0.19Peo. c.13 | 0.07

So, - C.27 | C 16 0 14 | 0.247 | 0.02 | 0 01 | 0 01
< 0.1 I < 0 005 - < 0 01 | < 0 01 |<001 | < 0 01 | < 0 01C1 *

134s|ists 1330ven.ac ai t*ci 1250 1450 1440 1310.

s . . . . . . . . . . . . ..-a. .. _ , . . _ . .. _ , . . . . . .
v .,. .. .y . . ... c -.i . ..i.

c.... .

o.a.iv 2 85 2 s7 3 s7 3 16 3 Ci 3 o4 - 3 Os -

.

The crucible is cooled with nitrogen gas on the outside in order to prevent
oxidation and meltdown due to high temperatures. Once a crucible is filled
with solidified matter it is replaced with a new one. Since the produced solidified
matter is slowly cooled in the crucible it is converted to a crystalline structure
with the most stable physico-chemical properties.

.O
f
s
*% /

l
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MLand tientment samplet Single treatment umple:
'

H.F. + A.D.R. 41. A (1 : 0.2 8 ; 0.19) HEFA fUter element
Melting point: 1330*C Melting point: 1450*C
Weight of soud material: 2.6 kg Weight of soud material: 2.8 kg

HCA Oonsterion of solidified solid motorW!in the metal cruciMt.

The off gas released during solidifying is discharged from the exhaust pipe
and is treated in a scrubber. The off g.s temperature is about 60 to 70*C, which

is lower than that of other melters such as an electric furnace.
The equipment crucible in this paper measures 100 mm in diameter and

is 130 mm high. In practical faculties, where the treating capacity willincrease,
the crucible site will be much larger, about 300 mm in diameter and 300 mm hir.h. .

One crucible can solidify about 50 kg mater'al and it is planned to treat..
15 to 20 kg/h at 60 kW microwave output power. As a result, the microwave

c , power generator to be used should have a maximum output of 100 kW at 915 MHz.

3. PRETREATMEh7 FOR SOLIDIFICATION
.

Satisfactory solidification by microwaves large|y depends on the pretreatment
to increase the microwave absorption and insulation effects. For this purpose
the sample should be in powder or granulu form.

Residues or acM dimtion and HEPA filter elements ue heated for 15 minutes
at 800*C in an electric furnace. As a result,50 contained in residues of acid3

digestion is almost completely eliminated so that the fuming phenomenon by
sulphate mist may be avoided. Also, HEPA filter elements become frague and
can be crushed very casUy.

O
,

--
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T AB L E 111. COMPARISON OF ELUTION TEST ON SOLIO
MATERIALS AND WINDOW GLASS

50'* Element (m g / l)g
iht y

(Mk! 7,P4 CA Mg II Al $s ho s K PD Zn $ Mf

KF 0 48 <0 05 1.0 09 3 <1 24 10 3 'J2 <0.1 <c c5 <t :

[0 0.26 <0,C5 0.9 14 3 2 9 3.4 s 0.4 s < 0.1 <0.0 5 <1 g30 11
-

1.7 s <005 10J t 0.5 6s 187 10.1- - - .- -

ios 1,o4. Fen s 0.81. Meo c.31. Nono 14.15.'C3em cai compoi.oon (M%h S.o 6952. Al o
Kio 1.06. soo 0.17. Poo <C ol. tio 0.40n

By this pretreatment the residues of acid digestion and the HEPA filter
elements are reduced by about 50% and 17% respectively by weight.

,

High temperature fil.:rs and glass and ceramic pieces are crushed for
easy transport and melting.

s

4. , RESULTS OF TREATMENT BY MICROWAVES
%

As shown in the flow sheet in Fig.1, wastes occurring at highest rates were
HEPA idter elements, residues of acid digestion and incinerated ash. Although

kthese wastes are treated by daDy operation,in actual trestrnent it is difficult
to melt according to the determined mixing ratio and sequence. .

Therefore,in this experiment single treatment and mixed treattnent were-

individuauy assumed. The mixing ratio was based on the product rate of
ti ese wastes.

The physico-chemical properties of the solid material obtained by melting
are presented in Table 11. The sample, which was continuously solidified in a

*
metal crucible by using microwaves,is shown in Fig.4. The amount of solid
material melted in the crucible was 2.6 to 3 kg. For instance, the HEPA rdter
element with the highest melting point (1450*C) was solidified at the rate of

2960 g/h by using a microwave energy of 4.7 kW(55 W/cm ). The components
,

8of the off1as in this case were dust concentration,500 to 600 mg/m ; SO ,3

600 to 1000 ppm; hcl,1.5 to 2.0 ppm; NOx,70 ppm. Production of $03

gas might be caused by the decomposition of S0 in the residuts of acid digestion3

and CaSO. in the incinerated ash.

O
*

1

.. ..
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T ABLE IV, VOLUME REDUCTION RATE OF WASTE

MATERI ALS FOR MICROWAVE MELTING

Waste material Volume reduction rate

incinerated ash 1/10

HEPA filter elements 1/27

.r.
Residues of acid digestion 1/8

.

The results of an elution test on the sample shown in Fis.4 are presented
'

in Table 111. The clution properties of the solid material and window glass were
compared under identical conditions. The 5 g sample, crushed to undera

200 mesh size, was immersed in 200 ml boiling (100*C) distuled weier for an hour.
After the test, the sample was filtrated by a OAS um membrane fdter,

and the solubility and soluble ions were analysed. The results showed that the
solid material was more resistant to elution than the window glass.

5. CONCLUSION

In this paper, the microwne solidification technique for plutonium-
contaminated non combustible w2stes, the treatmsnt process, treating conditions,

,
,

and properties of the obtained sclidified matter are outlined.
The treatment process is Ulustrated in Fig.5 By applying the solidir mien

treatment technique, as shown in Table IV, a reduction effect of, for instance, ,

more than 1/10,is expected in the case of ash, and this method may be an
excellent technique when compared with the cement or bitumen immobilized

,

method.
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DISCUSSION

C. SOM B RET: The experimental furnace which you desenbed has a low
output (5 kW). The corresponding throughput which you quoted is less than
1 kg ptr hour, which is understandable. Work on the processing of other types
of waste in microwave furnaces has been carried out in France and also,I beliese,
in Harwell. Mr. Grover could,I'm sure, provide a few details on this point. In
France, the studies were discontinued owing to the difficulty of I'mding a high--

output industrial generator, which is essentialin order to process any form of
waste from an industrialinstallation. Do you know of any manufacturer in
Japan or elsewhere in the world who could supply a suitable generator,let us say,f. . .

with an output 100 kW?
F. KOMATSU: The inssnetron tube of 100 kW output (915 MHa)is

commercially available in Japan.

J.R. G ROVE R: Microwave heating is being studied in the United Kingdom
for both the evaporation stage and melting stage of a possible vitrification process
for high level wastes to produce a borosilicate glass product.,

C. B AUER: Mr. Komatsu, did you investigate the structure and composition
of the phase or phases present in the crucible after the melting? And did you
consider :he possibilitity of accumulation of Pu in one of the phases?

F. KOMATSU: For the experiment we used Hf0: whose physical properties
are similar to those of IuOs; it was added up to 0.1 wtS We investigsteo the
structure and composition of the solidified matter using the e!cetron probe
microanalyser. The Hf eternent was found to be distributed uniformly over the
. matrix. We have performed no experiments with plutonium so far,

,

e

= * *

. O



m. _.. _ . , _ . _ _ _ _ _ _ . _ _ . - . . . , _ _ . . . . . . . . _ _ _ _ _ _ _ _ _ _ . . . _ _ . . _ _ _ _ . _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _

J

|
- i

i

J l

i

1

@'
; - i

. . -

d

a

i

,

in

-

<-

= 9

.. .

.

A

i-.

,

'

b

( .: .

l

..
- -

|

p;
.

,

i

5.

Printed by the I AEA in Austria

.
V '

i

_,.. . . _ . _ . . . . . _ , . , , . , , , .. .m,_ . . . . , _ . . , - , , , . , _ , _ . ... , _ _ . . . _ _ . _ . . . _ . - _



_ - , - - . . .- - . - . . - -

1

^
,

.

INCINERATION AND ASH MELTING FOR PLWONIUM-CONTAMINATED
j% COM3USTIBLE VASTES

~

X.MIYATA* , J . OMUCHI, E.INADA and N.TSUN0DAs-
. Power Reactor and, Nuclear Tuel Development Corpora tion (PNC)

_ -

Tokai-mura, Ibaraki, Japan 319-11 1

1. Introduction
'' Plutonium-contaminated solid wastes have been generated

during MOX fuel fabrication'in PNC. These vastes are classified into
combustibles,.non-combustibles and chlorine-containing organic
materials such as PVC and chloroprene, and packed in 2001 drums or

81 7m cubic containers at the MOX-fuel facilities.
These wastes.have been treated for the Volume,r-fuction and

'

conditioned in'the Plutonium-contaminated Vaste Treatn.<nt Facility
(PVTF)fsince late' 1987. The combustible vastes have been treated in

,

'

the conventional incinerator. The incinerated ashes are melted
without any additives to be a 20~00kg ceramics-like block a the
stainless steel made canister by povering microwave. The produc'ts-

are ' packed in the 2001 drums and stored- te.pporarily)in the
Plutchiwn-contamina ted Vas te Stora ge Facility (PVST ./^.

2. Process Description
2.1 Vaste Feed |

Theccombustible vastes are introduced-into'the glov'e box from
drums af ter being assayed Tu-contents. The ' wastes of paper and rags
are , sealed in a paper b".g by Skg automatically and wood-framed- HEPAi

L filters areicut into si.veral pieces using circular sav.. These vastes

Li ( 'are sent ' to the finci'nera tor by the belt conveying sy' stem.
,b *

.

* '~

i2.2 Incineration. .

-

'The conventional incineration unit consists of.faeder, ;

incinerator, ash transfer unit and off-gas treatment-unit and has -

the-throughput of 50kg/h in one-shift operation. The incinerator.is U'

composed of: primary and secondary combust, ion chamoer, and covered . a
Lvith stainlessisteel; casing to keep alpha-tightness _and prevent the
leakage of radionuclides. The pressure and temperature in the

.

incinera tor are 1re gula ted; automatica11y' by controlling _ the ' flow.
. rates-of exhaust gas and- kero sene .

_ ..

.
.

Paper: bagged combustibi t' wastes and cut pieces of HEPA filters-
are f ed . to the primary c ombus tion chamber f rom the top of the .i

-incinerator through the airloak room with adiabatic shutter. These
vastes1are incinerated on the inconel made' fire grades by two-

' kerosene burners. The. combustion off-gas with coarse dusts from i-

-primary c ombustion chamber is transferred to the secondary chamber
and high-temperature filter (HTF) for post combustion and filtration.,

| Secondary; chamber is filled with silicon carbide lumps. HTF is
mainlyTcomposed of many vertical cylindrical tubes that are-coated

H -vith= asbestos' fiber.
L . Figure l'and 2 show the artistic view of the conventional >

| _ incineration. unit and the cross se c tion :of .the incinerator.-

t_

s

*
,
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2 3 Off-gas-Treatment .
The off-gas treatment an + ctfd e of dilutor, pre-filter,

( >GpA filter; scrubber, mist * @a i e6 blovers. The offigas from
high-temperature filter is re y d - .r and cooled below S0'.0 by'

e dilutor. Radionuclides-are : 4 frem the off-gas by the h*I?A. . . +w

lters,-and environmental polis a much as Sox and b'Ox gas are
I.~emoved by the scrubber prior to disenarge to the atomosphere.

2.4 Ash Handling
The ash-handling unit consists of ho;;er, c'ru s h e r , vibrating

sieve, and_ belt conveyers. The ash is crushed and separated from
nails af ter being removed from the bottom of the primary chamber.
The ash is sent to the microwave melting process by flight conveyer.

2 5 Microwave Helting- -r
,

The microwave melting unit c onsis t s of a ' mi.crowave generator,
_

vave guide and melter. The melter is equipped with tuner, power
monitor,' isolator, dischsege de tec tor and ITV, monitor, installed in
a: glove box, Microwave from microwave generato'r-is radiated to-the
ash in the cavity 'ype melter through,a.vave guide. Microwave energy..

is -focused - on t'4e ash in the canister by adjusting the tuner .

vertically. The micro'vave-generator has the_ output of 10kV with
2450MHz frequency. The melter has the . throughput of 5kg/h.

','

The ash is melted in the canis ter (130mmtX 770mm k) at
4 *1200 - 1 00 C, and converted into ce,ramics-like blocks, which are

bagged out forpackingin2001'dru.m.Thedrum-jitheight ceramics-
- like = blocks is stored in PVSF. The jmajor inineral phases of the +

products? are f ors terite ,1anorthite and augite . 'The of f-ga s ' relea s ed.

_( during melting is sent- to the off-g4s treatment unit of the '

conventional--incinerator. ,

Figure 3 and Table 1 show the microwave melting process flow-
and the operating data of incineration and melt,ing, _respectively.

,

i
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Table 1 Operating Data,
incineratiers | Meltip

2,O kg/l min.

Feed Rate 'A" *I**

1. 0 k g/5 m,in. 4kg)

(Cut HEPA Fi!!ar)
1 Primary Chamber t CC~ lt C'C *

,

Te mpe ratula Secondary Cham'ber 5 00 ~ 1: 0 0*C 12 t 0 ~ 10
HTF $00~ $00'C

,

Operating
-

Pre ssure -30~ -40 -45~c
(mmh 0)3

* **
1000~1000 ' .5 ~

'

.(Nm /h) ,

'

Density-

~
3(g/cm') * *

.

.
.

2.6'CE6t
'

'

-

The' construction cost-of tbe PVTF is about on
million US dollars. The incineration unit and micros
share 14% and 4%*in the construction cost of the PV
These equipments need the-glove boxes, alpha-tighta.
control system and licensing / inspection to treat tb
contaminated vastes, which are not necessitated foe

- w a s t e s ,. - ,

3. Operational Results
As shown in Table 2, approximately 12 tons of

vastes such as paper,-rags and HEPA filt6rs have be
for the first one-year -opera tion in PVrF, and appra
of ashes have been generated. The weight reduction

,1/13.-MEPA filter composed of glass fiber and asbee
cause of -small weight reduc tion ra tio. The volume e
combustible vaste is' about 1/130 by incineration aa

Figure 4.shows a temperature and pressure chal
incineration of paper, rags and HEPA filt'ers. Durin:
.the t erape rature of primary chamber and secondary ch:
maintained at 800 'to 900 'C and 900 to 1000*C,-respe.
p r e s s u r e a t -4 0 m.-S O .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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. Table 2 Weight and Volume Reduction Ratio
of the incineration and Melting'

* Treatment f ".ethod
,

incineration Melting

Treated Waste Weight 12 ten 750 kg

900 kg 34 ble:ks'

Prod d
(Ash)- (100f),

Weight Redvetion Ratio 1 /13 1 1

Volume Reduction Ratio 1/130
s

.

.

6

Heat up Incinerat;cn ,

0s 1250
I

- i i i
' Cembuttible Waste 12Ck g

Seconda Cha mb e r
HEPpNter 1)kg

I Pr e y h ine'ine r a t or'
m

{ Charrter w I
|I \ r E

750 T ^w - y; %9,pwyj64Vi G '40 3-

g

3
00 60 $~.

g --. .

E Nv
[ 1 Entrance of HTF t, .7

_ q
N Enit of NTFj/ ,

_

y_.

0
0 3 6 9 12 15 18 21 24

Time (h)
.

'

Fig.4 Temperature and Pressure Change of
the incinerator

,

4 |

. . . . . , . . .
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k. Conclusions
(1) Incineration an'd microvave melting f or plutonium-.

contaminated ec.-bustible saste has been demonstrated
successfully for the v c> 1um e reduction and ir. mobilization.

(2) The alpha-tightness cf the conventional incinerator have
be en maintained during the incineratien up to date.

(3) The volu.me reduc tion ratio of 1/130 f er the ccmbus tible
va s t e s have be en a t tained by the c cmbina t ed proc e s s o f
cenventional incineratien and eierovave reiting.

(k) The incinerated ash have been ccnditioned stably without any
additive s by pcVering microwave.

(5) Treatment for plutonium-contaminated vaste from MOX
facilities vill be continued to reduce the stored vaste
volume and the character 1:a tion of the conditioned vas te vill
be also protressed'.
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PatentansprLehe: Das Prinzip der Mikrowellen Erw Armung harn auf
zahlreichen serschiedeeen Cebieten und av se'scrue.

1. M krow ellenofen zum Erwarmen eines Guies. densien Zw ecken argew eneti w ereen. Be sr.eaw eise
der aus emem das Cut a uf ne hme nde n und kann das Volumen sco A bf al'sc h:4mmen. de bei
eb chmtaren Unterteil und einem Obericil testeht. s en ersen industrielten Protesten anfallen dech Trock.
das voer einen Marow ei;e nleit e r mit einem een c:et Sche!2en(mit nachfe' gender Ersta".*g) rmt
Mikroa ctierostillator serbunden is t. d a d u r c *i Hdfe son M,arow ellen s errirgert w erden. a die
g e L e n n: e s e h n e 1. da3 zum VerflEss ten eines a e tere BehandNeg zu crieichern. D,e Set-e 2. nd
schme:taren Gutes (M) im U nt e rteil (2) ein Erstarrurgsbehancieg zur Vol menie" *gereg
Schmettnegel (8) vorgesehen ist. der Gber eine im iv durch Mikrow crentestrahiurg kann aver be .ac.e3ko.
Obetteil(l)sorgesebene Fut|cffnung (5)teschickbar s en Atf anen argew encet w erden, d.e m iemecne n
ist, w etti d:e Leisturg des %krou eHenefens (1,2) schen A nla gen a nf allen. gesame9 wetten ed
uber eine auf dem Oterteil (1) argeordnete wattend langer Zeit an atteschemien Orten ge: age.i
Abstimmsorrichtunk (4) steuerbar ist. d!t von einem werden. um Behalter und Raum fur d t L:ge v g
hohlen. 2)hndrischen Metal;korper gebildet ist. der is eariusparth und dadurch dit lagtrkat:2141 tu
s erscMebbar im Oberieil(l) gef 0hrt ist, und da0 die erhohen, wcbei av0erdem der Arbe,tsad.and avr
Mik row tllentuleitung (3) gegen im Ofenraum Handhaburg der Atlalfe verringert wird,
entstehende Gase atgedichtet ist. Aus der US.PS 25 16 754 ist ein Mikrew eMenofen

2. Mikrowel|enofen nach Anspruch 1. dadurch rema0 dem Obettegriff des Patentan'pructs 1:ekannt,
gek ennte.chnet. da0 der Schmelttiegel(8)in einem ?> tei dem die Energiebbertragung vom Mikrow trenostib
Behalter (12) aufgenommen ist. der drthbar lator in den Mikrow el!cnof tn durch eint Keanialkabel.
innerhalb des Unterteils(2) montiert ist Einrichtung erfolgt.deren Au'tav auf eine vortestimm.

3. Mikrow ellenofen nach Anspruch 1 oder 2. te Mikrow ellenlar'ge hin so optimitri ist. da0 c'ie
e dadurch gtkennzeichnet. da0 c'es Unterteil (2) mit Mikrow ellen Otertragungsverluste vom M,krom elle.

einem intrigalanschivD (14) versehen ist,durch den 21 nestil'ator zum Mik row ellenofe n meghetst klein
in einen Spalt (C) zwischen der Innenwand des gehalten werden. Die Mikrowe!!enleisturg trw die auf
Unterteils(2)und der AuSenu and des Behalters(12) das tu schmettende Out zu Lbertragende Mikrowellen.
ein inerigo einleitbar ist, welchts einen Druck leistung ist bei diesem bekannten Mikrowelienofen
besitzt. der Ober dem Innendruck des Mikrowelleno- alitin Lber den Mikrow ellenostillator betinfluBbar.
f e ns lie g t. 30 Der Wirkungsgrad eines Mikrowellenofens hangt

4 Mikrowellenofen nach Anspruch 2 oder 3. allerdings im wesentlichen davon ab, wie enakt die
dadurch gekennzeichnet da0 der Behalter (12) eine M;krowe:!enfrequent auf den Mikrowel'en. Resonant.
Antriebsweihr (13) trigt, die aus dem Unterttil (2) k6rper abgtstimmt ist. Wenn das zu trairmendt Out
herausfshrt und Cber eine Antriebssorrichtung w ahrend des Erwarmungsvorgangs sein volume n
a nge trieb en ist. Js andert, wird der Mikrowellen Resonanthorrer dacurch

5. Mikrowellenofen nach A nspruch I bis 4 ebenf alls teeinflu0t. so da0 diese Abstimnvg rucht
dadurch gekennzeichnet, da0 die Mikrowellenzulei. mehr exakt serliegt. Der aus der US.PS 23667:4
tung (3) ein Hohlleiter ist, in dem zueinander im bekannte Mikrowellencien tighet sich desha:t nur ist
Abstand stehend mehrere luf tdichte Zwischenwinde die wirtschafthche Era armung eines Guies. das im
(Su S:) eingesetzt sind und somit zwischen sich und so Verhalinis sur Ofenkonstruktion taw. rum Erwar.
der innenu and des Hohllehers (3) einen innenraum rNegsbehaher oder Schmeltbehalter so klem :st da0 ei
begrenten, dessen Druck boher gehalten ist als der den sich aus Mikrow ellenefengehause. Mikrewellenlei.
Innendruck des Mikrow ellenofens. ter und tu erwirmendem Gut zusammensetzenden

6. Mikrowellenofen nach Anspruch I bis 5, nMikrowellen Resonanzkorperu nur ur . e s e nilic h
- dadurch gekennteichnet, ds0 der Hohlrylinder ein as pr6gt. Das Resonantverhahen des aus een oben

doppelwand:ger Z)linder ist. dessen Zentralhohl. angegreenen Komponenten bestehenden Mikrowellen.
raum (15) auf der dem Schmelatiegel(8) zugewand. Resonan2 systems ist dabei weitestgeFend unabhingig
ten Seite durch ein Netz (16) aus leitf ahigem son dem zu erw armenden Gut: mit einem Marow elle.
Material und auf der anderen Seite durch ein rofen. wie er avi der US.PS 25 g6 754 bekam ist. und
Sichtfensier (17) abgeschicssen und mit einem 50 cet ein derartiges Resonanssystem besitzt. kennen
intrigal.Anschlu0 (18) versthth ist und deslen somit nur G0ter erwarmt werden. dtren Cr00e und
Wandungs Hohlraum (19) einen Anschlu0 (Or eine Form beim Erw artnungsvorgang gleich bleibt F0r die
Ma nte1kshtung besit L wirtscht.f tliche Aufschmelrung von anderen 00 tern, wit

sie im induuriellen Anw endungsgebiek teispielsw eise in
is sich stet g andernden Mengen anfsDen, kann dieseri

bekannte Mikrowellenofen nicht mehr wirtschafthch
eingesetzt werden.

Die Erfindung bezieht sich auf einen Mikrow ellenofen Der Erfindung I;egt die Aufgabe zugrunde. einen
gem:0 dem Oberbegriff des Patenianspruchs 1. Mikrow el:enofen rema0 dem Oberbegnif des Patentan.

Das Verfahren zum Erwarmen und Schmelten 60 spruchs 1 ru schaffen, mit dem selbst groDe*e Mergen
s erschiedene r Materialien durch Einw irkung sen eines im Rahmen eines industriel!en verfahrens
Mik row ellenstrahle n hat im _Vergleich ze anderen anfallenden Gutes in einem Schmelztiegel wirtschafthch
Anwarm und Schmel verfahren eine Reihe von Vortei, aufgeschmo:ren w erden Lennen.

D:ese Aufgate wird du ch die im kennse chnendenlen, tu denen die Vergleichm:0 gung des Er.w Arm, und r

Schmt! prozesses und die Moghthkeit der genaueren 61 Te') des Patentanspruchs 1 angegebenen Merkmale ..

Steuerurg der Geschwindtgkeit des Schmelzvorgargs gelost
durch Emste!!en der aufgebrachten MikrowellerJei. Die sich beim Aufschme! en und durch die kontmuler.
stung gehbren. hche Zuf.:hr des tu schme!zenden Gues stetig

-
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strindernden Volumina des aufzuschmelsenden Outes keit der MikroweitenbeuraMu g lenken, aus deme

irn Mikrowellenofen tesiimmen wesenthch das Reson. Schmeltofen abgeleitet w erden. In der unteren Ofen.

O amasertslien des oben beschrietfnen Mikrowellen- tilfte 2 ist ein $chmel iiegel g (s;ete F i g g)t
i uResonsnakbrpersystems, aus . Mik row ellenleiter, argeorcnet Die uniere Ofenhalfie 2 ud son emer

,

\ Ofen andung und Ovt.so dab sich bei herkommlicher s Trageinrichtung to f eiraten. die die uttere O'ee4the 2
Konstruktion der Wirkungsgrad des Mikrowellenofens son der eteren Ofen*4|f te I w erte egen ed iu d eter

.

mit dem momentanen Zustand des Ouits indert Durch hirbewegen kann. D-e Trageinrichvg 10 tesign egs
t e erfindungsgemaDe MaBrahme.d.e Abstimmiorrich. einem Drehme:tanismus 10. I mit errem Meter ny ed
et justiertar im Oberteil des ofens tu fuhren, kann einem Hetmechanism s 10.2. Zum Dret-ectamsmusu

der Wirkerstrad des Ofens den,iew til gen Betriebsbe- 4 10.1 gehori ein Tragerm II. cessen eines Ende mit eer
pru gen ces Aufschmeltsorgangt optimal angepaDi unteren Ofenhalfie 2 serbu den ist An semem aneerenre

w erden.Diese rvr Wirkungsgrad Optimierung ishrende Ende ist eer Tratarm 11 mit einem Zatung 22
Atstimmur g erfo'gt zudem mit geringstem Aufwand. sersehen. das auf einer WeDe 21 bef tst gt ist. w ,e
indem durch einfaches Verschitoen des Abstimmker- F i g. l(l)etkeneen t:0t.in der (e Tr re.ntichung 10 s
gets die Resonantlinche und damit dit Resonantfahig- is Schnitt gemtB A A in Fig. i(ti) CargestGt ist. Das
keit btw. die ResonantbeSegungen des Mikrowelleno- Zahnrad 22 kammt mit them Zahnrad 23, das zum
feroResonantsystems enskt justiert und abgestimrtt Moior try gehert und von diesem angetrietet wird.so
werden. Unier Losicsung von der herkbmmhchen cao der Tragarm 11 in einer horizontalen Ebene um d e
Lehre, die Mikrow el:enfrequent auf een Mikrowellen. Achse der Welle 21 gedreht bzw. gesche enkt wird ed
Resonanskorper im Pbhck auf eine wirtschafthche to dabeidie untere Ofenhallte 2 von der eteren Ofenhalfie
Erairmung start abzusmnmen.eroffnen oit erfindungs- 1 *egbtwtgen und in eine turDchterogene SteHeg
gemtDen MaDnshmen ersimals die Meglichkeit auch bringen kann, in der die untere Ofenhalfie mn 2'
s ariable VcJumina bresperrige Outer wirtschaftlich u bestichnet ist. Der Drehmechanismus 10.1 wird son

- eraarmen. deren Ausdehnung sich im Schme!:raum einem Hublisch 24 des Hubmechanismus 10.2 getragenc' * -
beim Erwarmen stark indert. Dadurch kann auch as Der Hublisch 24 wird sen einer hydraubstten oder
kontinuierhch auf tuschnelsendes Out tuteI0hrt wtr- anderen Antritbstinrichtung aufwirts und abwnrtsbt-
den, ohne Wirkungsgradierluste in Kauf nehmen to we g t, um die untere Ofenh61fte 2 in lenkrechter
m0ssen. Richtung tur oberen Ofenhilfie 1 und son dieser

Vorteilhaf te Weiterbildungen hinsichtlich der tulitt- wegrubewegeru
hehen Anhebung des Wirkungsgrades des Mikrowelle- 10 Wahrend des Betriebs der vorstehend beschriebenen
nofens sind Gegenstand der Unterar sproche. $chme! vorrichtung in Gestsh eines Mikrowellenefens

Nachstthend w erden anhand schematischer Zeich- wird die untere Ofenhilfte 2. die den Schmelttiegel 8
O nurgen mehrte Ausf0hrvegsbeispielt der Erfindung tragt, mit der oberen Olenh41fie verbunden. indem die

naher e rlsvie rt. Es teigt Trageinrichtung to die untere Orenhilfte in ihre
. Fig. l(!) eine Draviskht auf einen Mikrowellenofen. 3 Arbeitsstellung schwenkt und hebt.bevor der Mikrow eb

der als Schmeltvorrichtung dient, len Schmeltolen mit dem Material bzw. Schmtlttut Af
F i g.1(ll) eine Seitenanucht des Mikrow ellenefens ref0llt wird,das aus einer Aufgabeverrich .eg B durch
Fig.2 einen senkrechten Schnitt. der einen Schmels- c.c Nf0hrleitung $ tugef0hrt wird. % chtend des

tiegel reigt, der sich in einem Unterteil den Mikrow elle. Schme.. ' werden Schwebstoffe, d. h. Staub und
nofe ns befindet. 40 Rauch die nn Schmeltofen w thrend des Schmelzens

Fig.3 eine Schnit'darstttlung der Mikrow enentulti+ auf treten und die Destrahlung mit Mikrow elle n
tung des Mikrewellenofens, behindern.durch die Abgasleitung 7 abgelenet,wihrend

F i g.4(l) eine Schnitidarstellung einer einstellbaren ' das Material Af im Schmelatiegel 8 mit Mikrowellen
Abstimmvorrichtung des Mikrow ellenofens.und bestrahlt wird, die von einem nicht da rgestellte n

F t g,4(ll) Ansichten von Ausf0hrungsbeispielen der as Mikrowellergenerator erzeugt werden und durch die
im Mikrow ellenefen benutzten Nette. Mikrowellentuleitung 3 zum Schmeltofen geleitet

im folgenden wird tunichst auf Fig. I eingegangen. we rde n.

Die darin dargestellte Mikrow ellen Schmeltvorrich. Es versteht sich, da0 die obere Ofenhilfte 1 und die

tung umf a0t einen Mikrowellen Schmeltolen. der aus untere Ofenhilfie 2 dicht miteinander verbunden sind,
einem Oberteil I und einem Unterteil 2 besteht. Um den so damit weder die in den Schmeltofen geleiteien
Schmeltoren herum ist eine nicht dargestelhe K0 Mein. Mikrowellen noch der Staub austreten kennen, der im

richtung angeordnet, die normalerweise aus Rohren Schmeltofen wahrend des Schmelsens entsteht.
besteht, durch die ein K0htmittel umgewlitt wird, Das Damit der Erw armungs. und Schmeltvorgar g gleich-

' Oberteil bzw. die obere Ofenhilfte 1 ist mit einem maDig und wirkungsvoll durchgef0hrt werden kann. ist
Hohlleiter bzw. Wellenleher 3 f0r Mikrowellen, einer ss es erforderlich, das eingef0ihe Schmeltgut gleichmaDig
einstellbaren Abstimmvorrichtung 4 und einer Zuf0hr. m4 den Mikrowellen zu bestrahlen. Es hat sich
leitung $ fur Schmelagut, d.h. f0r 29 schmettendes allerdings of tmals als schwierig erwiesen, eine gicichmt.

Material. sersehen. Die obere Ofenhilfte 1 lst an einer Dire MikroweHenbestrahlung durchzuf0hren, wenn das
TragkonstNktion 6 unabhangig vom Unterteil brw. von Schmelagui in den Schmeltofen derart eingef0hrt
der unteren Ofenhnitte 2 befestigt und wird von dieser H w erden mu0ie. da0 sich an bestimmten Stellen des
Tragkonstruktion abgest0 tat. Zum Antrieb des einstell. Schmeltofens eine gro0ere Schmelagutmenge ansam-
baren Tuners ttw. der Abstimmvorrichtung 4 dieni ein melte oder da0 das Schmelagut eine unebene Oberfl3
Motor mi. der mit dem Tuner 4 Ober ein Kegeiradgetrie. chenkontur annahm die eme unregelm:0 ige Wirkung
be 20 verbunden ist, damit die H6he det, Abstimmvor. der auftreffenden Mikrowellen serursachten, so da0
richtung 4 im Mikroweller:ofen eingestellt werden kann. * unterschied!iche Bereiche des Schmeltgutes unter.
Die cbere Ofenhnifie t ist ferner mit einer Abgasleitung schiedlich stark erw armt wurden. Dies konnte dadurch
7 versehen, durch die Schwebstoffe, d.h. Staub und vermieden werden, da0 am Mikrowellen.schme! ofen

Rauch. die im Schme! ofen entstehen und die \"irksam. mehrere Mikrowelien.Bestrahlung5quellen sorgesehen

_ _ ~ .. _
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werden. a!!erdir ts hine das den Nachteil. da0 die da sie tu Eni!adugeF. i.Jer anderen Phanomenen
Schme! sortichtung groO und korrrlitiert wurde. Bei f ahren. Um dies av . ethindtm. ist s der Mikrow el:enau-
cer sorl.egenden Mikrow ellen Schmel vorrichtung leitung 3 eine Z .tchenw and Si . sw. Si vorgesehen.
. <rd d, eses Problem durch eine drettare Ofenkonstryk. * otti Luf t oder em intrigas a de Raum auf der dem
tion, d h.durch einen drentaren Behnlier gelbst. der den i M'Leowclien.Sc ime! ofen zugewe idten Seite der Zwi.
Set.ne!stieget swinirnmi und im Unterteil des Ofens screnwand gels iet wird. came 4,asstreme entsieren.
ge'a g e rt ist d'e c:e Rawc"g41 W den Sw o standig in Richt.; g

W ie in Fig 2 erkenntar istist cer ScPTel!!'etel 8 an ZWm $cr et:2of t, s, slen astesondere t ei t'r e r
erd in einem crehbaren Behalter 12 awsgehangt. der asi Schme::sorrichtung L-andlung rad:cakusen Ma. ,

emer drettaren WeNe 13 im uratten Abschnitt der m tenals sed sorzugsw eise w ei Zuischenw ande Si und 5, |

untere n Ofentalf te 2 arrebracht :st se da0 der drehtarc aus Tef;ow oder Q.arrrlas am mneren taw. aderen
Behal:e* 12 9 c cer Schmetttiegelin e;ner horitenta!en Erde der Marowenen Weiteg 3 angeo'dnet, wie c es i

Ebene gecreht w erden Lennen. D e Wehe 13 ist mit in Fig 3 ge e gt ist Fcr den Fall. da0 die Luficeninest I
einem gee greten, nicht dargestenten Drehantrieb csrch Ermsdang der interen Zw isenenw and Si
vertynden tetsbelswent einem An:r;etsmotor. der an a nach!40t ist der Innenraum S ruischen den zwei
der unteren Ofenhallte 2 tefestigt ist Der im drehbaren Zwischenwanden Si und S sorrugsweise mit einem '

Bettiter 12 aufgehangte Schme! ta gel 8 wird somit inertras gefult das emen Druck hai. der etw as heFer ais I

w ahreiid der MikroweUentestraMung mit geeigneter der Orsek ter Ofenstmosptare ist.wodurch serhinderi |
Geschwindrgkeit gedreht. so d40 she Bereiche des w ird.da0 0:s sus dern Schmeltofen in die Mikrow enen. I

Materials M gleichma0 g mit Mikrowellen bestrahlt .N ruleitung 3 stremt
w erden, d. h. gleichm:0 g erw armt und geschmolten Der bei der Mikrowellenofen.Schmelzserrichturg
werden, unathangig von ungleichm!0iger Verteilung serwendete und als Abstimmsorrichtung dienence
des Materials M im Schmelzofen und unabhart g son Tyner 4 hat vorzugsweise d;e in Fig.4(i) dargestelltei

gegebenenfalls unebenen Oberflichen des Schmeltru- Ausbildung: er w erst einen Hohltorper aus Metall mitg
es. :) einer Lir.gsbohrung 15 auf. Der Tyner ist an seinem

Dcr drehtste Bebilter 12 ist vorzugsweist 105ber an unteren Ende mit e;nem Gitter bzw< Netz 16 aus
der unteren Ofenhalfic 2 angebracht um die Wartung leitfhaigem Material. das das Austreten von Mikrowel.
des Schmeboiens in dem Fall tu erleichtern. da0 len unterbindet sowie an seinem oberen Ende mit einem
geschmolzents Material aufgrund einer Undichtheit des Sichtfenster 17 aus einem plattenfermigen lichtdurch.
Schmelatiegels 8 in den drehbaren Behnlier 12 flie0L n lassigen Material wie Quarag! s versehen, das eine

W&hrend der Schmeltbehandlung des Schmeltguies Beobachtung des inneren des Mikrowellen.Schmeiro..

dehnt sich der Schmelttiegel 8 in Langsrichtung lens ermoglicht und das Austreten von Gasen und
thermisch aus. Durch diese thermische Ausdehnung des Staub. die im Schmelzofen entstthen, verhindert.
Schmelatiegeli treten bei der Erfindung keine Schwie. Beispiele far die Ausbildung des Netzes 16 sind in
rigkeiten auf. da der Schmelztiegel im bzw. am M F i g. 4(ll)dargestellt
drehbaren Behalter 12 aufgehangt ist Das Eindringen von Staub in die Langsbohrung 13 des

Wuhrend des Erwarmens und Schmelsens des Tuners bzw. der Abstimmvorrichtung 4 kann durch
Schmeltgutes ist is bisu eilen notuendig, Reaktionen Einleiten eines inertrases durch einen inertgasans:b!v0
twischen dem Schmeltgui und der Atmosph5te im 18 in die Langsbohrung s erhindert w e rd e n. Das
Mikrow ellen.Schmekofen zu verhindern, um nach der 40 eingeleitete Inertgas hat einen Druck. der etw as hoher
Schmelsbehandlung erstarrtes Maierial mit bestimmten als der innendruck des Mikrow ellen.Schmelzofens ist
chemischen und physikalischen Eigenschaften zu erhal. Gegen Strahlungswarn e kann der Tuner geschutti
ien. In diesem Fall kann der Schmeltofen mit Mitteln w erden. indem durch eiren Wandungshohlraum 19 auf
rum Einleiten eines inertgases versehen sein, um auf seiner AuSenseite K0h4 asser utngewalti wiM.
d:ese Weise im Schmeltoien eine lnertgasatmosphgre 4 Der Schmelztiegel kann aus einem metallischen
u erzeugen. Das Einleiten eins inettases hat die Materist, beispielsweise rostfreiem Stahl, oder einem
usatzlichen Wirkungen. d 0 der durch Oxidation kohlensieffhaliigen Maierial. beisp;elsw eise < .phit

netsorgerufene Verschle 0 des Schmelttiegels geringer bestehen. Vorzugsweise wird allerdings i SC .cirtie.
b!ett und da0 ein K0hleffekt erzielt wird. der Schaden gel aus Metall benuirt. Wenn das Scraelzgut einen
a m Schmelatiegel durch Oberhitten S ethindert. W hohen Schmeltpu t hat, kann ein Schmelttiegel

Bei der Ausfunrungsform gem:0 Fig.2 ist am Boden benutzt werden, dessen Innenseite mit einer Lage aus
der unieren Ofenhallte 2 ein inertgasanschivD 14 w trmeisolierendem Material mit hohem Schmeltpunkt
sorgesehen, durch den ein lnertgas in einen Spalt G wie beispielsweise Aluminiumoxidtement beschichtet
zwiscnen der Au0caseite bzw. . wand des drehbaren is t.

Behniters 12 und der Innenseite der Wand der unteren H Wahrend des Schmeltens mittels der beschrietenen
Ofenhalfie geleitet wird. Der Druck der Intrigasatmo. Mikrowellen.Schmelz=orrghiung kann das 2u behan.
sphare im Spalt G wird auf einen Wert eingestellt, der delnde Material kontinuierlich dem Schmelttiegel
etwas hoher als der Druck der Atmosphire im zugef0hrt werden, wobei dann die Erwarmungs und
Schmelzofen ist, so da0 das inertgas im Spalt G in den Schmel2behandlung durch Mikrow eilenbestrahlung
Schmeltofen stremt und darin eine Inertgasatmosphkre e kontinuierlich erfolgt Alterr.ativ kann, nachdem eine
erzeugt, wobei es g!cichzeitig das Austreten von Rauch Materialcharge geschmolzen worden ist und dadurch
oder anderen Abgasen durch einen Spalt Cs erhindert. ihr Volumen Serringert worden ist, immer wieder

Rauchgase, d:e in die Mikrow ellenzuleitung 3 unbehandeltes Material in d e Schmelze zugegeben
gelangen. w erden mit Mikrow ellen bestrahlt und werden, bis die F0!!ung des Schme!:tiegels auf ein
settingern die nutzbaren Mikrow e!!eneneigie erheblich, e beitimmtes M 0 angew schsenist

Hierzu 4 Blatt Zeichnunten
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1

,m vertical bore forming intet and outlet openings on
SPfCIFICATIONy) System for treating radioactive weste with an opening at the bottom of said

[ 65 the upper and lower sides thereof in alignment

sedimentation tank and a tapered bote formed
Background of the Invention pe*peldiculatly to, ano acrCss, said ve*tical berg, aThis invention relates to comprehensive system

rots'y shah having a tapered body portion f,tted #5 for treating the radioactive W45te which is 70 said tapered bore and provided with a caWty in
discharged as a slurryin large cuantities from an said tapered body porton in alignment with said
aromatic plant and is subsecuently thickened,
dried and prept'td for melting. inlet opening for collec'ir'Q radioactive sediment, s

There have already been proposed a number of spring urging one end of said rotary shah in tne
tapered direction thereof, and a totationa! crive10 rnethods for treating radioactive waste in slurry

75 trechanism connected to the other end of saidform,which contains radioactive components*

such as the primary cooling water of an atomic rotary shaft for rotating the latter through a

ple.These proposals include that of Japanese predetermined ang!e,the radioactive sediment

Laid Open Patent Specification No. 17572/78,in collected in said cavity being dropped through saic

15 which it has been ensidered advantageous from outlet opening upon rotation of said rotary shah,,

80 in one embodiment of the apparatus of the
the viewpoint of the economic disposal of invention the lif t mechanism ls so designed a s to
radioactive waste to store the latter aher lift said rotary arms up and down.
sedimental collection, drying, melting and in another embodiment, said lif t mechanism is
solidification of the radioactive component,

20 However, up to the present, apparatus for installed beneath said drier or said rotary co!!ectc*-

putting such proposals into practicaloperation has 65 whereby said container is lifted up and down
when said container cc mes bsne ath said drier ornot yet been developed. said rotary col!ector,

Su'mmary of the Invention Brief Description of the Drawings
Under these circumstances, the present Reference is now made to the accompanying

**

25 invection has as its eclect the provision of a
comprehensive system which can treat a sturry 50 drawingsin which:

Fig.1 is a schematic illustration of one
O with radioactive components efficiently in one embodiment according to the presentinvention e'
i place by successively thickening and drying the apparatus for treating radioactive waste:YM radioactive waste into a form ready for charging to

Fig. 2 is a schematic vertical section of a tota y30 the hopper of a metter. 95 coHector;
According to the present invention, there is

provided an apparatus for the treatment of Fig. 3 is a sectional view scrocs a rotary
colle ctor shaft;radioactive waste, comprising:

a storage tank holding a slurry of the Fig. 4 is a p!an view of the rotary coHector:
Sig.5 is a schematic view of a toiary transfer

35 radioactive waste:
a sedimentation tank for thickening the sferry of 100 mechanism

radioactive waste received from said storage tank; Fig. 6 is a plan view of the rotary transfer
mechanism:a drier for drying the thickened radioactive waste; Fig.7 is a schematic section of pot supputin;a hopper for receiving the dried radioactive,

. structures:
40 waste:and 105 Fig. 8 is a plan view of the pot supportinga rotary mechanism for transferring the

structures;
radioactive waste to and from the sedimentation Fig. 9 is a view explanatory of the inversion c' a

,

tank, drier and hopper, said mechanism having a
*

number of containers for holding the radioactive pot: and
Fig.101s a view showing an inverted pot to te

45 waste, rotary arms for supporting said containers: 110 uptumed into initial upright position..

a rotational drive mechanism for said rotary arms,
and a lift mechanism for vertically lif ting said Description of Preferred Embodiments
containers up and down. Ref erring to the accompanying drawings andin one embodiment of the apparatus of the

first to Fig.1, indicated at 1 is a tank whichis-

50 invention the sedimentation tank and drier are provided in the lower half of a fined frame 2 tolocated successively above the rotational path of 115 hold a slurry of radicactive waste therein, and at 3
travel of said containers, and said hopper is a vesselwhichis supported on top of the frame 2
located beneath said rotational path of travelin a for thickening the $!vrry and which is,in the
position spaced from said drier by a

55 predetermined angle about the sais of rotation of
particular example shown, a sedimentation tant
Provided beside the frame 2 is a side frame 5 of aj [q said rotary mechanism.The apparatus may also 120 senalter height supporting thereon a rotary}t

(q comprise means for inverting and upturning said mechanism which turns a number cf pots 6 alcrgl
containers, provided respectively before and aher a predetermined rotational path of travel.
said hopper in t,he rotational path of travel of said Designated at 7 is a dryer such as a microwave

|
60 containers. 0 yer for drying the condensate which is ,

in a particular ambodiment of the invention, 125 accommodated in the pot 6, and at 108 is al

said sedimentation tankis provided with a rotary - m ev. m .,:e .er. e , ecee - m e T a-dt

|
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supplies it to a melter 110 of the next stage,if intermediate ponion thereof, a tapered body 9a
necessary,by means of a feeder 109. whichis fitted licuid t:ghtin the horigentalbore B/

In the upper portion of the sivtry storage t&nk 1 to present leaks;e of the slurry. The tapered body
there is provided a stirrer 112 with upper and port cn 9a is centravy orovi:ed with a cup. shaped

5 lower stirring blades 114 and 114b which are 70 cavity 96 at a pcsit.on s.bstantially in venical
mounted on a drive Shah 113.The slurry in the al:gnment with the creMn; $c in the b0ttom wall
tank 1 is sucked by a slurry feed pump 116 of the housin; 8. to receive and co!'ect flocks
thrcugh a suction pipe 115 and quantitatively fed which gravitate thrcugh the crening 6c.
to the sedimentation tank 3 through a pipe 118 One end 9c of the rotary sha*t 9 is entended

10 with an electromagnetic valve 117. 75 aviat!y through a cup ring 9v and ke,ed to a
The sedimentation tank 3 is provided with a rotational sleeve 14 whichis rotatably journalted

level switch 120 which produces a signal when in bearings 13 within a housing 12 of a rotatier.al .

the slurry fed from the slurry feed pump 116 drive rnechanism 11 fixed on a support frame 10.
reaches a predetermined level, thereby stopping The totational sleeve 14 has a worm wheel 15

15 the operation of the pump 116 and closing the 80 finedly fitted thereon and rctatably delven by a
'

electromagnetic valve 117 to suspend the supply worm shaft 16. which is conneeted to a motor 10,
of the sluny to the tank 3.The sedimentation tank therety rctatably drlying the collector shaft 9.
3 is supplied with a high molecular weight flocking The other end of the collector shaft 9 is

. ticuid through a nettle 121.which is mined with extended through a cylindrical spring cover 19,
30 the slurry by a stirrer 122,which is mounted on 85 which is rotatab!y and antally sfidably fitted in the

F top of the tank 3. The slurry contains in addition cylindrical hool 18 fixed on one side wall of the
iron rust such as hematite, and magnetite, housing B. An externally threaded end 9e of the*

radioactive corrosion products of cobalt, shaft is engaged in an internslly threaded screw

manganese and the like.The suspended member 20 which is supported on an end wall

35 radioactive components are fiocked by the high 90 19s of the cover 19. A compression coit spring 23
molecular weight flocking licuid and gradually f all having a targe spring constant is interposed
to the bottom 3a of inverted contcal shape and between the slot Wall of the housing 8 and a

finally in to a rotary co'fector 123 which is located spring seat 22, which is supported on the end wall '

at the pointed end of the bottom portion 3a. 19e of the cover 19. A compression coil spring 23

30 Indicated at 125 is e hopper which holds a 95 having a large spring constant is interposed

fusible additive which is to be used in the between the side wallof the housing 8 and a
succeeding melting and solidifying stage, the spring seat 22,which is supported on the end w all
fusible additive in the hopper 12 5 being supplied 19e through a bearing 21, coaxially and totatably
to the sedimentation tar:k 3 in a predetermined relative to the shaft 9. constantly urging the shaft

35 cuantity through a feeder 126.The fusible additive 100 9 in the directionindicated by snow X to maintain
is dispersed into the aiurry by the stirrer 122 and the intimate fitting contact between the tapered
coSeted ir. the rotary collector 123 in the f orm of body 9a of the shaf t 9 and the bore 8/. in this

a mixture with the radioactive substance or instance,it is desirable to have a fitleg surf ace
8

I pressure of 1 kg/cm or greater from thesubstances,

40 The above mentioned rotary collector 123 105 standpoint of secure sealing.
consists of a cylindricat rotary shah 9 whichis The cavity 96 in the tapered body 9a of the ,

,_

provided with a cavity 9b in alignment with the rotary shaft 9 is shaped in an oval form in section.
openir g 3b at the bottom end of the sedimental as shown in Fig. 4, with the longer sais of the oval
tank 3 to receive the condensate in the cavity 9b. being dispesed in the axial direction of the rotary .

45 The condensate received in the cavity 9b is 110 shaft. 9 to give a large allowance toits antal ,

dropped into a pot 6 as the cavity 9b 5 turned alignment with the opening 8e at the bottom of
'

180* about the axis of the shaft 9. the housing 8.In aninitially assembled state, the
Fig. 2 shows a rnore particular example of the center O of the cavity 9b is preferred to be located *

rotary collector 123,in which the collector 123 slightly cleser to the divergent end of the bore 8/
50 includes a metal housing of stainless steel having 115 in eersideration of the friction which would result

an annular portion $a fizeoly fitted on the outer frcm the rotation of the rotary shaft 9. ;
,

periphery of the sedimentation tank 3 and, in Figs. 2 to 4, the reference numeral 24
I

| contiguous!y to the annular portion Se, a denotes a passage which opens into the bottom

) collecting portion of inverted conical shape portion 86 ofinverted conical shape of the

I 55 forming tne bottom of the sedimentation tank 3. 120 housing 8 andis connected to a discharge pipe

| The housing 8 is provided with an opening 8d at 2 5. as snown in Fig. 3, to discharge a supematant

the pointed bottom end of the collecting portion liquid from the tank 3. Designated at 26 in Figs. 2
8b in communication with a conical opening Svin and 4 is a hand!e for manual cperation of the

the bottom wall of the housing 8. through a rotary shaft 9.

60 vertica' bore Be formed in alignment wlth the 125 in operation. the sedimentation tank 3 receives

vertical center line of the sedimentation tank 3. a slurry to be treated. for exam:1e. a slurry

A rota y shaf t 9 is jo,rnalted in a horizontal, containing radioactive suspended matter
bore Bf which is formed in the housing 8 of (hereinafter referred to as "clud slurry"), which is ,

stainless steel or et"er r etal nrcss the vertical filtered out from pt: mary cooling water of a pi!e or
.e .. . ,, s , _ c .. - ......, g g g g ..y. ..

|
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i sre iron caldes which are suspenced in a the coilected sediment in the pot 6 is subjected to
' concentration of 500--50.000 ppm. crying treatment in the drier 7.

When feeding the ciud slurry to the As shown in fig. 7, each pot 6 is in a tapered
sedimentation tank 3, the rotary co!!ector shah 9 form with an insiot d|ameter increasing tow args

e is retained in the collecting pcsition shown in Figs- 70 the Vpper opth end and a round cottom, so that
'

2 and 3. After feeding a predetermined ovar tity cf its content is e asily teleased when the pot is
,

the (lvd slurry to the tank 3, the stirrer is started to turned uplice down. Contiguously beneath an |

m:n the ciud slurry, For this purpcse, the stirrer is an',vlar groove 6cf. the pot 6 is proviced with a
prefstred to be driven at a speed of 103-200 flanged bottom wall $c to be fitted with a recess

10 r.p.m. Nest, a predetermined amount of fiocking 75 38a of a seat plate 38, which is mounted on the
agent of high molecular weight is added to the rotary arm 32.The seat plate 38 is provided with a j

slurry in a concentration of about 2-10 ppm, to flanged ponion 38b around its outer periphery, on j
flock the suspendet! substances, which a lucking lever 401s hinged by a hinge pin

After continVing the stirring at that speed for a 39,rockablyin a horisontal plane. As shown in Fig.
15 predetermined time period,the stirring speed is 80 8, e pawl portion 40s at the front end of the

dropped to allow snll flocks to grow into larger locking lever 40 is fitted into the annular groove
ones, to facilitate the sedimentation of the flocks. $cr on the outer periphery of the pot 6. In this
Uponlapse of a predetermined time,the stirreris manner, the pot 6 and the seat plate 38 are
stopped and the suspension is left to stand for e integrally connected with each other by hinge

20 while for sedimentation of the ficeks. The 65 pins, which are located at three positions on the |
f' precipitated flocks go down the tank, guided by outer periphery of the pot 6. As shown in Figs.1 ;

the bottom wall 86 of Inverted conical shape, and and 8, a spring 41 tensioned between a spring +

finally sett!s in the cavity 9b in the tapered body stop pin 42 fised at the rear end of the locking
portion 9a of the rotary collector shaft 9, lever 40 and a spring stop pin 43 fined on the |

-

25 After sedimentation of a predetermined tirne 90 circumference of the seat plate 38, urges the
period, the supernatant liculd is drawn out and locking lever 40 in the locking direction,
collected by opening a valve (not shown) of the Flaediy secured to the centet ponlon of the seate
discharge pipe 25.Thereafter,the motor of the plate 38 of the pot 6 is the upper end of a '

retallonel drive mechen!sm 11 is actuated to reversing rod 45 which is extended vertically
'30 rotate the rotary collecting shaft 9 by 160' 95 through a bore 32a in the front end portion of the,

through the worm shaft 16 and worm wheel 15, rotary arm 32, and provided with an externally
turning the cavity 9b upside down, to drop the threaded portion 45a at its lower end,in
sedimentinto a pot of the rota y transfer engagement with a welsht 46 and a stop nut 47,
meet anism 4, which ls located beneath the The pot 61s thus stably supported on the rotary ;

35 cot'ector shaft 9. 100 arm 32 by the weight 46,and,when the pot is
"

A;; shown in Fig. 5, the rotary transfer tumed upside down, the contents of the pot are
me:nsnism 4 basically includes a center shaft 29 securely released by the f alling impact of the
which is rotetably supported on the side frame 5 weight 46.
by a bear |ng 28 for rotation about a vertical sais, a in F!gs.1,5 and 6, designated at 48 is a circular

40 hydraulic cylinder 30 which is cosalally fixed to 105 guide rail which guides the turning movements of
the upper portion c.f the center shaft 29 and a the rotary arms 32 on the underside thereof, and,,

totary head 31, which is attached to the upper end wh;ch is liftable up and down and normally urged
of 8 plunget 30s of the hydraulic cylinder 30.The upward by guide rods de and o1ce cylinders 50.
rotary head 31 supports thereon four rotary arrns As shownin Fig.1 the se< mentation tank 3

45. 32 which have their respective base ends 110 and drier 7 are located above the locus of rotation
supported in be arings for rotation about a of the pots 6 on the rotary arms 32, and in - ~

horizontal axis, each totpry prm 32 supporting positions spaced from each other by 90* about !

reversibly, at its outer or front end, a pot 6 for the sais of rotation, as particularly shown in Fig. 6.
receiving the collected sediment, in this instance, the lower opening of the rotary

50 A driven gest 33, which is finedly mounted at 115 collector shaft g at the bottom of the
an intermediate position on the center shaft 29,is sedimentation tank 3 is positioned so that it is
meshed with a drive gear 36 which is driven from brought into alignment with the center sais of a
a motor 34 through a reducer 35, so that the pot 6 vyhtchla!'er pot is turned into a receiving j
eenter shaf t 29 is rotated upon actuating the position, ensuring that the dropped sediment is :

55 . motor 34,if necessary,the hydraulic cylinder 30 is 120 seevrely received in the pot 6,
operated by a hydraulic control device 37 to lift or On the other hand, the hopper 108 ls located

'

to lower the rotary heed 31 through the plunger banesth the locus of rotation of the' pots 6 at a7 30s. . position 90' shifted from the drier 7, so that the
k Instead of a mechanism such as power cylinder, dried materialin the pot 6 is dropped into the

60 e g. the hydraulic cylinder 30, the lifting and 125 hopper 108 when the pot 6 is turned upsice
' lowering means may be installed beneath the drier down, as will be described hereinafter.
7 or the rotary collector 123, respectively, As shown in Fig. 6,in order to invert the pots 6

The pot 6 is lifted end loWef ed whtn, through 3 pot. inverting mechanism is provided above the
the rotstbn, the pot 6 reaches positions where the hopper 108. including a knock pin 52 which is

ee p*t $ re*eives the collected sedif* eat 2*d whe'e te e,a** * *a** * * - 8 'd k a M 'a a **Ya~ ,a
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the pots 6 which are successively turned towards During the above.descrited flocking and
the hopper B. The inverted pot 6 is upturned again collecting operation.a condeetate collected by

h an upturning knock pin 54, sim:lar to the pot. tne prececing flo: ting and cel:ecting ope'atien is
upsetting knock pin 52, which is sutponed on an cried in the crier 7 until the succeto.eg mass of

5 arm !$ at a pcsition rotationally forward of the 70 condensata is re:ehed in a va: ant pct 6.

hopper 108. whereupon the cylincer 30 is lowered ence and

Ref t* ring to Fig. 9 tne pot upsetting pin 52 hits the motor 34 is a:tLated to 'etate the rotary arm
the outer well surf ace of the pot 6 when the latter 32 through 90' to tnng the recened conceasate
is rotated bV the r0tary arm 32 to a point above to a pcsitiCn be*eath tne Cr;er 7.The water vapour

10 the he;per 1C6. and. upon funher rotation, the pot 75 which is generated by heating is passed through
6 is turned upside down tcgether with the rotary an enhaust gas treatment device like a condemser,

*

arm 32, about the sais thereof. asindicated by the As a result of the rotation of the arm 32.the pot

arrow R in Fig. 9. Upon inversion of the pot 6. the 6 which holds the dried condensate is turned

weight 46 is allowed to drop freely by a play of the upside down above the hopper 6 by the pin $2 of
15 red 45 re'ative to the rotary arm 32 and hits 80 the pot inverting mechanism of Fig. 6. to release

against the arm, the impact transmitted to the pot the dried condensate into the hoppet 6 in the

6 encouraging dumping of its contents, manner emplained hereinbefore in cor nection with
The inverted pot 6 then abuts against a pot Fig. 9. At this time, the dried material which is

upturning pin 54 which, as shown in fig.10 is deposited on the inner well sudace of the pot 6 is
located in a position beneath and spaced by a E 5 caused to f all off more forcibly by the impact of"

certain angle from, the pot inverting pin 52, the dropping we:ght 46 than when resort is made ;]
causing the vectht pot 6 and arm 32 to turn to natural or spontaneous f all of the material. L
clockwise to assume again their original upright Aher the 90' rotation, the rotary head 31 is
90sition, lihed by the operation of the lift cylinder 30 in

25 in the operation of the above described 90 position a vacant pot 6 Immediately beneath the
treatment system, with stirring by the stirrer 112, rotary collector 123 of the sedimentation tank 3.
a slurry in the slurry tank 11s fed to the while passing a pot 6 filled with a condensate to*

sedimentation tenk 3 through conduit 115 and the dryer 7 from beneath for heating and drying
*

116 by operation of the s!very feed pump 116. As the condensate. ,

30 soon as the slurryin the sedimentation tank 3 95 During the above described revolution of the
re aches a predetermined level, the level switch rotary head 31 a pot 6 which passes over the
1201: actuated te step the slurry feed pump 110 hopper 108 in a'n inverted state is upturned into
so as to serend the feed of the slurry. A an upright position and is stopped in a stand by
predetermined amount of a high molecular weight position.

35 flocking licuid is added to the slurry in the 100 The dried condensate released into the hopper
sedimentation tank 3 though the nott'e 121 and 8,whichis a mixture of the radioective substances
mixed therewith by actuating the stirrer 122. and fusible additive.is fed into the melting furnace'

Simultaneously, a fusible additive stored in the 110 by the feeder 9.The mixture which is melted
hopper 12 5, which is Quantitatively fed by the in the furnace 110 is solidified and put in a storage

40 feeder 126,is else minedin:o the slurry in the tank 105 container, which is then capped, sealed and
3. cleaned c! contam;nants for storage over a long'

in this stirring and mixing stage, the radioactive time period. [ ,,
vsubstances in the slurry are flocked by the high The condensate in the pots, which is heated

molecular weight flocking licuid and.uptn and dried by a singte dryerin the foregoing -

4 5 stupping the stirrer 122, allowed to f all by ,1 to errbodiment.may be adapted to be $rebested and
gravitation onto the bottom portion 3a of the tank. then fully heated by d-iers which are located in
finaliy settling in the cavity 9b of the rotary two separate positions in the rotational path of ,

collector 123.In this fiocking and sett!ing stage. travel.
the fusible adoitive is also Collected together with Further, a!though the fus:bf e additive is

50 the condensate in the form of a mixture with the 115 admined to the slurry in the sedimentation tank,it
radioactive substances, may be fed to, and mixed with, the condensate in

At the time point when the sedimentation has the hopper 108 prior to chargir.g to the melting
proceeded to a sufficient degree.the supernatant fumace 110.
I; Quid is drawn out of the tar.k 3 by opening the As appears from the foregoing description, the

55 electromagnetic valve in the discharge pipe 60 120 present invention emp!oys a rotary mechanism
whlCh communicates with the bottom portion 3a which includes in its rotational path of travel a

of the tank 3. Sending the liquid to a waste watef number of stages teavited for treating a sivtry of
treatment process, radioactiva substances.i.e.. a stage of

Aher the entraction of the supernstant licuid. condensation of the sturry,a stage of heating and
60 the rotary sbsft 9 of the rotary collector 123 is 125 dryir.g the condensate and a stage of tra sfer to a

rotated by 180' to crop the condensate in the melting f umace, prior to the final melting and
cavity 96 into a pot 6. which has been lihed to a solidifying stagee, thereby allowing treatment of
P0sition close to the Cutlet opthing 6e of the radio active V6 ste continuously in one place. ,

t0*aN cot'ector 123 oy the coe'atien of the lih According to the invention, the waste is
*-a . . ..... 4 .. . . .

_ . ~ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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I /espective stages of treatment by the operation of me cha nism.

3. Apperstws as set fenhin claim 1 or 2,fu therrj e single totary mechanism, so that it becemes
possible to er, hance the capacity of treatment and comprising meens for inverting and UptVrning said

,

to re0WCe the floor space reowired for the containers. provided respectively before and afur

$ treatment operation.In addition the rotary 40 said hopper in the totatieralpath of travelof said

mechanism with lif tsble pots simphf'es the containers.
treatment operation and permits of remote contrcl 4. Apparatws a s set foa.h in claim 1,2 or 3,

wherein said sedimentation tank is provided withor complete automation of the trestrrent
a rotary collector includ>g a hcusing block havingoperation,

45 a venical bcre forming in et and outte openings
on the Upper and Icwer side thereof in alignment

10 CLAIMS with an opening at the bottom of said
1. Apparatus for the treatment of radioactive sedimentation tank and a tacered bore formed

wa ste, comprisingt perpendicularly to, a nd acress, said venical bore, e

a storage tank holding a slurry of the 50 totary shaft having a tapered body portion fitted in
said tapered bore and provided with a cavity inradioactive waste;

15 a sedimentatier, tank for thickening the slurry of said tapered body portion in stignment with said

radicactive waste received from said storage tank: inlet opening for collecting radioactive sediment, a

a drier for drying the thickened radioactive spring urging one end of said rotary shaft in the
55 tapered direction thereof,and a rotational drivewaste:,,,-

a hopper for receiving the dried radioactive mechanism connected to the other end of said$

20 waste;and rotary shaf t for rotating the latter through 4#
<

a rotary mechanism for transferring the oredetermined angle, the radioactive sediment

radioactive waste to and from the sedimentation collected in said oavity being. dropped throvoh said

tank, drier and hopper, said mechanism having a 60 outlet opening upon rotation of aald rotary thaft,
number of containers for holding the radioactive 5. Apparatus as set forth in claim 1,2,3 or 4,

25 waste, rotary arms for supponing said containers; wherein said litt mechanism is so cesigned as to
*

a rotational drive mechanism for said rotary arms, lif t said totary arms up and down.

and a lif t mechanism for vertically lifting said 6, Apparatus as set forth in claim 1,2,3 or 4
~

[]) containers up and down, 65 wherein said litt mechanism is it,stal'ed beneath
('v 2. Apparatus as sat forth in claim 1, wherein said drier cr said rotary coffector whereby said

30 said sedimentation tank and drier are located
container is lifted up and down when said

successively above tne rotational path of travel of container comes beneath said drier or said rotary

said containers, and said hcpper is located collector,
beneath saic rotational patn of travel:n a position 70 7. Apparatus as set forth in claim 1 ,_,

spaced from said Grier by a predetermined ang's substant; ally as hereinbefore described with

35 about the axis of rotation of said rotation reference to the accompanying drawings,

Pr nico so, wie ue;eive sm.on ,y emc. 6, we en. nee P . .. t . .aeios see. issa. P+ree s, we * 1.u omee,
Is sowthampte aWitags. (cecom. WC1A 1 AY. from wb tk sop *.s may be ette.a.d.
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