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Astention: MNr. Felix R. Beleo
Testnieal Dlwecter

Gontlemen:

Baslosed for your infermstion Lo a motise of prepesed rule meking te
vevise the Commission’s reguletions, 14 CFR Parts 30 and 32.

The pregesad revisisas weuld: 3
(a) estadlish a clase anduption for cslf-luminens preducts
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The metice of preposed yule making is bolng trmasnitted te the Office
of the Fedaval Ragilster. The nstisse will allew a peried of 60 days

for publisc comment after publicatisn in the foy
commants you may vish te offer will t-n-tvux!!!!!!*"!::&!’EE:&&-.
Sissezely yours,

Original signed by
Forrest Western

Perrest Usstern, ilm
Pivision of Mediagion Pretestion
Seandavds
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Lwninous Preducts Cexperatiem
575 Albeny Strest
Bosten, Msssachusetts 02118

Attemtiom: Mx, Velix R, Besleo
Techmical Birectexr

Gastleman3

“ET HUMBER
{TION RULE

PRM 30-20

Thesk you for your letter of Apzil 15, 1968, with the results
tests ¢o which you have subjected certaia of your

s
é

appeax to be ia geed agresmsnt with the

information you provided at the time of yowr recest visit

Distributien

Formal

Supplemental

Public Document Room
Secretariat

DSS D88
JNehemias: :f RJCatlin

Siacexely yours,
Original signed by
Forrest Westera

Fexzest Vestern, Pirector
Bivision of Safety Stemdaxds
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LUMINOUS PRODUCTS CORPORATION 575 ALBANY STREET, BOSTON, MASSACHUSETTS 02118

April 15, 1966

DOCKETED
USAEC

Dr. Forrest Western f\‘“’ 5 MAY 3 1966 »
Director, Division of Safety Standards ! el 0fflce of the

United States Atomic Energy Commission \ :
Washington, D. C. 20545

Dear Sir:

In further support of our petition for rule making, PRM-30, the following supplemental
information, demonstrating that the proposed self-luminous screws, prepared by our
molded plastic technique, possess an unusual degree of safety, is submitted.

The activated phosphor in these molded plastic sources is suspended in 80 = 90% of a
clear, inert, non-radioactive plastic, resulting in a rigid source in which nearly all
the radioactive phosphor particles are totally embedded in the clear plastic medium.
The possibility of chipping, flaking, cracking, peeling, or dusting commonly associated
with self-luminous painted surfaces is entirely eliminated.

To demonstrate the exireme inertness and insolubility of these molded plastics, sources
were prepared at different activity levels and soaked in 100 ml of a variety of solutions
for extended periods of time. Aliquots of the soaking media were removed periodically
and counted. These results are tabulated on the attached sheet.

It should be emphasized that these tested sources were not protected or coated in any
manner prior fo the immersion tests. The proposed use requests the exemption of 5 milli-
curies of tritium per unit in which these sources are further incorporated into a sturdy
metal housing and securely crimped behind a clear plastic window so that the self-
luminous source itself may be removed from the housing only with extreme difficulty.

Thank you for your consideration.

Sincerely yours,

LUMINOUS PRODUCTS CORRORATION

Z0. R
Felix R. Deleo
Technical Director

Attachment

ERN-irh A SUBSIDIARY OF NEW ENGLAND NUCLEAR CORPORATION
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Dr. Forrest Western Attachment April 15, 1966
Total
mcs. H Length of Microcuries Percentage of
In Source Soaking Medium - Soak (hrs.) H3 in Medium Total Soaked Off
59 0.1 N HCI 24 14 0.024
45 0.1 N HCI 24 13 0.031
59 0.1 N HCI 24 14 0.024
35 H20 24 15 0.043
144 95 0.27
312 135 0.39
35 H,O 24 .18 0.052
144 98 0.28
312 145 0.42
38 3% NaCl 24 28 0.074
168 123 0.32
40 3% NaCl 24 31 0.077
168 115 0.29
42 3% NaHCO3 24 28 0.067
168 123 0.30
42 3% NaHCO4 24 28 0.067
168 127 0.30
38 3% HOAc 24 34 0.09
' 168 121 0.32
38 3% HOAc 24 30 0.078
168 114 0.30
37 3% Lactic Acid 24 38 0.10
168 146 0.40
37 3% Lactic Acid 24 29 0.078
168 114 0.31
39 20% Sucrose 24 23 0.059
168 110 0.28
42 20% Sucrose 24 8 0.019
168 104 0.25
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DOCKETED Felix R. DelLeo, Technical Director

USKEC

MAY 3 1966 >

Qffive of the Secretary
Public Proceedings
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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

PRM 30-20
FEB 1 8 1966
Luminous Products Cerperatioa D%%’EEI;:ED
375 Albany Street F
Bosten, Massachusetts 02118 EB21 1966
OFFIC
Attention: Mr. Felix R. Deleo PUnE i St

Techunical Director

Contlemen:

Raference is made to your petition fer rule making PRM 30-20, requesting
certais amendments of the Comnission's regulation “Bules of General
Applicability to Licensing of Byproduct Material™, 10 CFR 30.

The patitiem describes the tritium-activated self-lumingus screws you
vish exewpted from Commission licemsing requirements asd, im bread,
gemeral terms, the kinds of preducts im which you envisage their use,
It appears that, if the petitiom were gramted ism its preseat ferm, the
self-lumineus screws would be available to the public as off~theeshelf
items., Alse, the screws would be imcorporated by memufacturers im a
vaziety ;f products imtended for use by the gemeral public (comssumer
producta).

In accordance with the provisiems of the statement published in the
Pederal Ragister 3462, 1965 "Use of Byproduct Material and Source
Material im Products Intemded for Use by Cemeral Public (Comsumer
Preducts)™, a copy of which is sttached, Commission pelicy curreatly
provides that exewptions frem licemsing requirements for consumer
preducts will be made on a cass-by-case basis.

As you kaow, the statemeant lists criteria wsed by the Commissiom im
meking a2 determisation that a preposed exsmption weuld be in the
naticnal imtersst. Im relatiom to your petitiom, Criteriom No. &
appears to be especially sigaificast. Up to this time the Commission
has omly exempted from regulatery cemtrel items in which the byproduct
mterial was incorporated im a preduct such that conditions of use could
be predicted with comsiderable comfidence.
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More specifically, the Commission has favered cowmditions uander whieh the
bypredust material could met be diverted te uanintended and undesizable
uses without adversely affesting a valuable product.

In viev of the possibility that the Commission will find that the
proposed axemption does a6t sest its coriteris, you mey wish Lo

amend your petitien to request ememption of speeific products of such
a sature that the radiesctive material is walikely to be divertad to
undesirable uses. 1If you were to so amend youwr petitien, it would be
accessary to describe sach of the produwcts im which byproduet msterial
wuld be {mcesperated.

If you de mot wish to amend your pstitiom, you may wish to previde
additional {nfermationm im am effort to demomstrate that the

sase vith vhich the byproduet material im the preposed self-luminous
scrows could be diverted to wsdesirable uses weuld be compamsated by
unusual degrees of wtility and safety.

Your letter of December 7, 1965, states that similar self-lumimous
screws have besn prappred by the thousends fer licessed users for manmy
yoars witheut incidemt. A more explicit discussiom of such emperience

Ve shall be glad to discuss this matter with you #r your resentative
is our office should yeu consider that this would be helpful.

Siscerely yours,

Original signed by
Forrest Western

Forrest Westera, Pirecter
Division of Safety Standards

Attachmants
"Use ¢f Byprodust Material and Sewrce Materisl
in Products Istended for Use by Gemaral Public
(Comsumer Preducte)”
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LUMINGCGUS PRODUCTS CORPORATION 575 ALBANY STREET, BOSTON, MASSACHUSETTS 02118

TRM 30-+

DOCKETED
USAEC
Chief, Isotopes Branch

Division of Licensing and Regulation
United States Atomic Energy Commission
Washington 25, D.C.

Dear Sir:

Under t'ie provisions of Federal Register 3462, 1965 "Use of [9 DO%‘%EE'-_TC;ED
Byproduct Material and Source Material in Products Intended Y

for Use by General Public (Consumer Products)'" exemption is S
requested of the possession and use of a tritium-activated,
self-luminous, screw from the licensing requirements for by-

ETARY

£ OF THE SECR

";gauc PROCEEDINGS
‘BRANGH

as amended; and of the Commission's regulations, '""Licensing
of Byproduct Material" 10 CFR Part 30 and Licensing of Source
Material, 10 CFR Part 40. '

A lot of 15 prototype sources as described in the accompanying
print was prepared and the sources subjected to the following

series of tests.

Test 1. - Accelerated Weathering

5 of the test sources, 1 to 5 inclusive, were cleaned, wipe
tested, and subjected to 100 hours of accelerated weathering

in a Type D1-TS Atlas Weather-ometer in accordance with Federal
Test Method Standard Number 141, Method 6151. At the conclusion
of the 100 hours the sources were again wipe tested.

Net dpm Net dpm
Source Number before weathering after 100 hrs
1 2290 1120
2 220 1550
3 1380 1060
A - 1230
5 1450 1030

All counting in this test and subsequent tests was done in a Tri-
Carb Liquid Scintillation Spectrometer.

Visual examination of the test sources after weathering revealed no
detectable change in physical appearance. No trace of water was
" observed in the source cavity.
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Test 2. - Radiological soak test ',
4 N

5 sources, designated 6 - 10 inclusive, were separately submerged
in 100 ml of water for continuous soak testing. Aliquots of the
soaking water weré\removed for assay periodically and the results
tabulated below. : -

Total activity in 100 ml Hy0-microcuries i

Source Number 48 Hrs 96 Hrs 7 Days
6 - - 0.008
7 - 0.023 0.015
8 - 0.009 0.013 N
9 - 0.018 0.004
10 - - -

1

Each of the test sources has 5 millicuries of tritium. It should
be noted that in the least favorable case less than 0.0005% of the
total activty was observed in the aqueous phase after 96 hours of
continuous soaking.

Test 3. - Shock

Test was performed as specified in Par. 6+3-1 NBS Handbook 66, 28
May 1958. Ten sources, 1 - 5 and 11 - 15, were placed in a capped
metal pipe three feet long. The pipe was rotated about |its mid-
point at such a speed that the sources approximated a free fall
from one end to the other. The test was repeated for 100 falls.
The sources were individually wipe tested. Six areas of the pipe
interior were also wipe tested after removal of the sources.

Source Number . Net dpm - total wipe
After shock test

1 200

2 130

3 170

4 60

5. 40

11 190

12 ‘ 630

13 . 380

14 -

15 . 210
Pipe Interior Position A ' -
Pipe Interior Position B 540
Pipe Interior Position C -
Pipe Interior Position D -
Pipe Interior Position E -

Pipe Interior Position F 2410

As a result of this test the sources show surface scratching and
denting of the front plastic and the metal case. Ultra-violet ex-
amination of the interior of the test pipe and of the sources after

a1 Lot L aiend am Tiemtmnrra matanial An tha dntariar alla ar and
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caps of the pipe or on the exterior surfaces of the sources.

s

Test 4. = Vibration

Sources 1 to 5 and 11 to 15 were next attached to a Vibration Fatigue
Testing Machine and vibrated at 26 cycles per second and a vibration
acceleration .of twice the acceleration of gravity for one hour. The
sources were wipe tested and examined under ultra-violet light after
the test. No evidence of chipping, flaking or cracking of the lum-
inous source was detected,

Net dpm on total

Source Numberx wipe after vibration test
1 2040
2 1060
3 1670
4 . 1500
5 2100

11 1870
12 1760
13 1690
14 1990
15 1130

Tritium for the proposed use is incorporated into a recently developed
self~luminous molding plastic from which the sources are made upon the
application of heat and pressure. Our experience has demonstrated that
molded self-luminous sources are far superior to souxces prepared from
self~-luminous paints. Wipe tests and soak tests are reduced by large
factors., Chipping, flaking cracking and peeling, associated with
painted deposits, are entirely eliminated.

Similar self~luminous screws have been prepared by the thousands for \
licensed users for many years without incident,

Marking the approximate position of light switches, electrical outlets,
door bells, house numbers, dangercusly protruding beams, stairs, posts
or articles of furniture are a few benefits that may accrue to the public,

It 1s proposed that a maximum of 5 millicuries of tritium in the form

of a self-luminous molded plastic be allowed for each device, Since such

a device in normal use would be well removed from the person, the quantity
of radiocactivity is small and in an unusually safe physical form, the self-
luminous source itself is well contained and may be removed from the housing
only with extreme difficulty and force, and the external radiation is neg-
ligible, we feel that our material in the proposed form possesses an unusual
degree of safety, and that the exemption of 5 millicuries of tritium in the
described device, will not constitute an unreasonable risk to the common
defense -and security or to the health and safety of the public.

Respectfully submitted,

LUMINOUS PRODUCIS CORPORA;}ON

. / \ L
——t //; . S f,/v‘ A
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shown above are typical examples of molded,
creened and painted self-luminous products made
oy Luminous Products Corp.

+

)
MIOLDED SELF=-LUNMINOUS

Until recently virtually all self-
luminous products have been pro-
duced by brush or silk-screen
application of self-luminous paints.
These techniques are tedious and
costly. In addition, the items pro-
duced are subject to chipping, flak-
ing, cracking, and peeling. Luminous
Products Corp. has now developed a
uruque, self-luminous plastic mold-
ing powder which permits the prep-
aration of self-luminous components
by injection molding. The radioactive
phosphor particles are embedded in
a clear plastic matrix which can be
injection molded to produce a light,
compact, rugged source. Both triti-
um and promethium-147 have been
successfully incorporated into
molded self-luminous components,

Injection molding is particu-
larly suited to production of large
numbers of specific end items such
as chain pulls, lock illuminator
sources, dark room markers, switch
plate sources, and self-luminous
automobile shift quadrants. Silk-
screen printing or the application of
decals directly to the lightweight
self-luminous molded plaques offer
great versatility in the preparation
of a variety of signs. The elimination
of handpainting or silk-screening of
radioactive luminous paints permits
substantial cost savings.

Molded sources have higher
brightnesses, longer luminous life,
and markedly improved soak and
wipe test characteristics than equiv-
alent sources prepared from self-
luminous paints.

RADICACTIVE ;
SELF-LUMINQUS
SUBSTANCES

Radioactive self-lununous substances are
materials which emit light continuousty
They consist of an intimate mixture of
radicactive isotopes and: phosphorescent
crystals. The radioisotopes supply a con-
tinuous source of energy to the phospho-
rescent crystals which transform the radio-
active energy into wisible light.

The mam advantages of self-luminous
compounds are that they requirs no ex-
ternal power supply and can be incorpo-
rated nto smaill rugged components which
have a useful luminous lifatime years in
length, Prior to World War I, radwum {3
naturally-ocourring radioactive element
which emuts alpha, beta, and gamms radia-
tion) was unwversally used in self-luminous
substances. Since World War 11, a grest
vanety of artificisl  radioactive elements
have become avalable, Two of these,
trittum and promsthium-147, have shown
marked superionty over radum.

SUGGESTED APPLICATION
- MILITARY AND SPACH
[7] SWITCH MARKERS
[T] PERSONNEL MARKERS
[] GUN SIGHTS
[] LEVEL GAUGES

[7] VEHICLE MARKERS

(] INSTRUMENT PANELS

INDUBTRIAL

(] EXIT SIGNS

[] DARKROOM MARKERS
[] DIRECTION POINTERS
[] SWITCH MARKERS

[] EMERGENCY BUTTONS

CIVILIAN

[] TIMEPIECES
(US. AEC APPROVED)

[] SCREW HEADS

] AUTOMOBILE LOCK ILLUMINATORS
{U.S. AEC APPROVED)

{] HOUSEHOLD LOCK ILLUMINATORS
" [ THERMOSTAT DIALS

[[] EMERGENCY BUTTONS FOR
ELEVATORS, TELEPHONES, ETC.

{7} LIGHT SWITCH MARKERS
[} FUSE BOX LOCATORS

[T DOORBELL MARKERS
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MOLDED PLASTIC DISC

&0 90 120 150 180 210

TIME IN DARKNESS AFTER ACTIVATIO
{IN SECONDS)

T - s s v oo rr———

lescription: The attached disc is an example of a molded luminous plaque. The printing was
pphed by silk screen stenciling. Instructions: U.S. AEC regulations prohibit the use of radio-
ctive materials in this demonstration disc. Therefore, the disc must be energized by exposure
> direct sunlight or a bright hight for at least 15 seconds. After exposure to light, transfer the disc
nmediately to a completely darkened area. A specific brightness can be visualizad by consuiting
je chart and determining the appropriate waiting time. For example, the brightness of the disc
ill be approximately 14 microlambarts 120 seconds after removing the disc to a dark area follow-
1g direct exposure to light.
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ADDITIONAT INFORMATION -

‘olors: All maximum brightnesses estimated for Maximum attainable brightnesses with red or

anous application procedures are based on blue emitting phosphors are only about one-tenth

mission in the green spectral range (~5200A). of the brightness obtainable with green-emitting

phosphors.
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WAKIMUM PRACTICAL
SURFACE BRIGHTNESS
{IN MICROLAMBERTS)
MAXIMUM ENERGY WAVE LENGTH
1SOTOPE
1SOTOPE HALF-LIFE |OF EMISSION (MEY) SURFACE Y GREEN RED
(YEARS) BETA GAMMA RADIATION FORM 4100 52008 63008
MOLDED
, PLASTIC 16 50 5
TRITIUM (H) 12.5¢ 0.018 NONE NEGLIGIBLE | EAINTED 5 25 .
GRSFILLED
SOURCE 150 1000 30
MOLDED - o0
ROMETHIUM — 147 ] 2.6Y 0.22 NONE Low gﬁ;g 20
SURFACE 20 150 10
KRYPTON — 85 10.76Y 0.57 0.54 siGnIFicaNT | SESFILLED 1 2000
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¢ TOTHER TECHNTQUES

There are certain applications not
sutted to injection molding of self-
luminous components. For such
applications, available techniques
include:

Painting: Self-luminous paints are
prepared ,from an intimate mix 'of
phosphors and radioisotopes with
binders and thinners. These paints
can be applied by either silk-screen
process or brush techniques. Typi-
cal applications are clock, watch, or
instrument dials, watch hands, and
compass bowls, These paints may
also be used to fill or backfill en-
gravings in plastic.

Gas Filled Sources: When bright-
nesses must be in excess of those
obtainable by molding or painting,
gas-filled sources can be considered.
Gas filled sources employing tritium
are prepared in a manner similar to
the common fluorescent light buib.
The inner surface of a glass en-
velope is coated with phosphor and,
after subsequent drying and bak-
ing, tritum gas is introduced and
sealed into the cavity. The stronger
beta energy available from krypton-
85 permits the preparation of higher
brightness gas filled sources.

Gas activated sources in the green -4
spectral range have been prepared
as bright as 2000 microlamberts
for krypton-85 or 1000 microlam-
berts for tritium. By proper selec-
tion of the phosphor, it is possible
to vary the color of the light
produced.

1
) .
-
[

All gas-filled, seif-luminous sources
are hermetically sealed and pack-
aged in metal cases with plastic
windows. The radiation level at the
surface of tritium gas-filled sources
is negligible. However, the gamma
component of the krypton-85 isotope
presents shielding problems and
significant surface radiation.

TECHUNICAT, COMPETENCE

Luminous Products Corporation, a
subsidiary of New England Nuclear
Corp., has been engaged exclusively
in the research, development, manu-
facture, and application of radio-
isotope activated self-luminous
materials and sources since its for-
mation in 1858. Under the reg-
istered trade name ‘“‘Lumichron'’,
self-luminous products manufac-

~l . tured at LPC have been employed

for numerous applications. The
competence of LPC’s technical staff
has been demonstrated by the suc-
cessful completion of important gov-
ernment contracts for a variety of
self-luminous materials. Among
these was the first large scale gov-
ernment procurement of tritium
~~.activated self-luminous military com.

{...- passes. Under a U.S. Army contract,

-t

‘

LPC developed self-luminous light
sources totally embedded in clear
plastic for use as personnel and ve-
hicle markers. A number of sources
have been provided for the space
effort.

SOME LIMITATIONS

Although there are numerous fea-
sible and practical applications for
self-luminous substances, there are
many more applications which are
technically and/or economically un-
practical or prohibited by law.

For instance, thousands of curies
of tritium would be required to pro-
duce a light source equivalent to
the average two battery flashlight.

Economic limitations are illustrated
by the cost of producing the lumi-
nous area. Self-luminous materials
of 20 microlamberts brightness are
generally $1.50 per square inch for
tritium activated materials, and
$0.20 per square inch for
promethium-147,

In addition, statutary hmitations im-
‘posed by the U.S. AEC prohibit the
use of self-luminous components for
frivolous apphlications such as in-
fants toys, fish lures, cuff links, etc.

?Q‘» T LG L A T
BN ALS b > -
r . -

A S

. ,
LI

2Ens

¢

ALC LICERSING REGULATIONS

LUMINOUS LEVEL VIAL

U.S.A:: Individual organizations wishing to employ self-luminous products must obtain a license from the U.S. Atomic
Energy Commission. Luminous Products Corp., will assist prospective licensees in the preparation of the necessary forms.

Export Sales: Most export sales of self-luminous products are made without the necessity of a license from the U.S.
Atomic Energy Commussion. Prospective purchasers should, however, consult with local authorities. about regulations
governing the use of radicactive products in their countries.

BOSTON,

LUMINCQUS RPRODUCTS CORPORATION

575 ALBANY STREET, MASSBSACHUSETTS 02119
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caps of the pipe or on the exterior surfaces of the sources.

\

Test 4. =~ Vibration

Sources 1 to 5 and 1l to 15 were next attached to a Vibration Fatigue
Testing Machine and vibrated at 26 cycles per second and a vibration
acceleration of twice the acceleration of gravity for one hour. The
sources were wipe tested and examined under ultra-violet light after
the test. No evidence of chipping, flaking or cracking of the lum-
inous source was detected.

¢ Net dpm on total
Source Number wipe after vibration test

1 2040

2 1060

3 1670

4 1500

5 2100 '

11 1870
12 1760
13 1690
14 1990
<15 1130

Tritium for the proposed use is incorporated into a recently developed
self-luminous molding plastic from which the sources are made upon the
application of heat and pressure. Our experience has demonstrated that
.molded self-luminous sources are far superior to sources prepared from
self-luminous paints. Wipe tests and soak tests are reduced by large
factors. Chipping, flaking cracking and peeling, associated with
painted deposits, are entirely eliminated.

Similar self-luminous screws have been prepared by the thousands for \
licensed users for many years without incident.

Ma%king the approximate position of light switches, electrical outlets,
door bells, house numbers, dangerously protruding beams, stairs, posts
or articles of furniture are a few benefits that may accrue to the public.

It is proposed that a maximum of 5 millicuries of tritium in the form

of a self-luminous molded plastic be allowed for each device. Since such

a device in normal use would be well removed from the person, the quantity
of radiocactivity is small and in an unusually safe physical form, the self~
luminous source itself is well contained and may be removed from the housing
only with extreme difficulty and force, and the external radiation is neg-
ligible, we feel that our material in the proposed form possesses an unusual
degree of safety, and that the exemption of 5 millicuries of tritium in the
described device, will not constitute an unreasonable risk to the common
defense and security or to the health and safety of the public,

Respectfully submitted,
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OF. 10% TRITIUM ACTIVATED SELF
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Shown above are typical examples of molded,
screened and painted self-luminous products made
by Luminous Products Corp.

o
MOLDED SELF-LUMINCOUS

Until recently virtually all self-
luminous products have been pro-
duced by brush or silk-screen
application of self-luminous paints.
These techniques are tedious and
costly. In addition, the items pro-
duced are subject to chipping, flak-
ing, cracking, and peeling. Luminous
Products Corp. has now developed a
unique, self-luminous plastic mold-
ing powder which permits the prep-
aration of seif-luminous components
by injection molding. The radioactive
phosphor particles are embedded in
a clear plastic matrix which can be
injection molded to produce a light,
compact, rugged source. Both triti-
um and promethium-147 have been
successfully incorporated into
molded self-luminous components.

Injection molding is particu-

" larly suited to production of large

numbers of specific end items such
as chain pulls, lock illuminator
sources, dark room markers, switch
plate sources, and self-luminous
automobile shift quadrants. Silk-
screen printing or the application of
decals directly to the lightweight
self-luminous molded plaques offer
great versatility in the preparation
of a varety of signs. The slimination
of handpainting or silk-screening of
radioactive luminous paints permits
substantial cost savings.

Molded sources have higher
brightnesses, longer luminous life,
and markedly improved soak and
wipe test characteristics than equiv-
alent sources prepared from self-
luminous paints.

RADIOACTIVE
SELF-LUMINOUS
SUBSTANCES |
Radicactive self-luminous substances are
| matenals which emit night continuously.
« They consist of an intimate mixture of
‘radicactive isotopes and phosphorescent
crystals. The radioisotopes supply a con-
tinuous source of energy to the phospho-
rescent crystals which transform the radio-
active anergy into visible Light.

The “main advantages of self-luminous
compounds are that they require no &x-
tornal power supply and can be ncorpo-
reted nto-small rugged components which
have a useful Juminous lifetims years In
fength, Prior to World War |, radium {(a
naturally-occurring radioactive element
which emits alpha, beta, and. gamma radia-
tion) was universally used n self-luminous
substances, Since World War [, a great
variety of artificial radloactive elements
have become avaiable, Two of these,
tntium and promethium-147, have shown ~
marked supersority over radium.

H

SUGGESTED APPLICVITON

MILITARY AND SPACH

[] SWITCH MARKERS
[] PERSONNEL MARKERS
[] GUN SIGHTS

(] LEVEL GAUGES

[] VEHICLE MARKERS

[T] INSTRUMENT PANELS

INDUSTRIAL

[ EXIT SIGNS

[[] DARKROOM MARKERS
[7] DIRECTION PQINTERS

7] SWITCH MARKERS

[] EMERGENCY BUTTONS

CIVILIAN

[ TIMEPIECES
{US. AEC APPROVED)

(] SCREW HEADS

[} AUTOMOBILE LOCK ILLUMINATORS
{U.S. AEC APPROVED)

("] HOUSEHOLD LOCK ILLUMINATORS
{7] THERMOSTAT DIALS

[] EMERGENCY BUTTONS FOR
ELEVATORS, TELEPHONES, ETC.

[} LIGHT SWITCH MARKERS
7] FUSE BOX LOCATORS

[T] DOCRBELL MARKERS
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Jescription: The attached disc 1s an example of a molded luminous plaque. The printing was
applied by silk screen stenciling. Instructions: U.S. AEC regulations prohibit the use of radio-
ictive materials in this demonstration disc. Therefore, the disc must be energized by exposure
‘o direct sunlight or a bright light for at least 15 seconds. After exposure to light, transfer the disc
mmediately to a completely darkened area. A specific brightness can be visualized by consulting
the chart and determining the appropriate waiting time. For example, the brightnass of the disc
~ill be approximately 14 microlamberts 120 seconds after removing the disc to a dark area follow-
Ing direct exposure to light. -
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Colors: All maximﬁm brightnesses estimated for Maximum attainable brightnesses with red or

varlous application procedures are based on blue emitting phosphors are only about one-tenth

emission in the green spectral range (~5200A). of the brightness obfainable with green-emitting
phosphors. .

T = E ~ 1%
A GOV BARTSONE D ERRRINCI PAIXISOTOPESEEORRS ELRIMINOUSER
SURFACE BRIGHTNESS
(IN_MICROLAMBERTS)
MAXIMUM ENERGY WAVE LENGTH
1SOTOPE
1S0TOPE Hap-Lipg |OF EMISSION MEV) | gypeace B GREEN RED
(YEARS) BETA CAMMA RADIATION FORM 4100, 52004 53004
FOLDED
PLASTIC 15 50 5
TRITIUR (H2) 12.5¢ o018 | none | mecuiewste | PAINTED 5 25 )
GAS-FILLED
SOURCE 150 1000 30
PLASTIO 50 200 20
P
PROMETHIUM — 147 | 2.6 0.22 NONE Low SATES
SURFACE 20 150 10
KRYPTON — 85 10.76Y 0.67 054 | SIGNIFICANT | SASTILLED | 2000




OTHER TECHNTIQUES

There are certain applications not
suited to injection molding of self-
luminous components. For such
applications, available techniques
include:

Painting: Self-luminous paints are
prepared from an intimate mix of
phosphors and radioisotopes with
binders and thinners. These paints
can be applied by sither silk-screen
process or brush techniques. Typi-
cal applications are clock, watch, or
instrument dials, watch hands, and
compass bowls. These paints may
also be used to fill or backfill en-
gravings in plastic.

Gas Filled Sources: When bright.
nesses must be in excess of those
obtainable by molding or painting,
gas-filled sources can beconsidered.
Gas filled sources employing tritium
are prepared in a manner similar to
the common fluorescent light bulb, -
The inner- surface of a glass en-
velope is coated with phosphor and,
after subsequent drying and bak-
ing, tritium gas is introduced and
sealed into the cavity. The stronger
beta energy available from krypton-
85 permits the preparation of higher
brightness gas filled sources.

Gas activated sources in the green
spectral range have been prepared ‘-
as bright as 2000 micrclamberts
for krypton-85 or 1000 microlam-
berts for tritium. By proper selec-
tion of the phosphor, it is possible
to vary the color of the light
produced.

.oy

L.
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All gas-filled, self-luminous sources
are hermetically sealed and pack-
aged in metal cases with plastic
windows. The radiation level at the
surface of tritium gas-filled sources
is negligible. However, the gamma
component of the krypton-85 isotope
presents shielding problems and
significant surface radiation.

TECHINICATL COMPETENCE
Luminous Products Corporation, a
subsidiary of New England Nuclear
Corp., has been engaged exclusively
in the research, development, manu-
facture, and application of radio-
isotope activated self-luminous
materials and sources since tis for-
mation in 1959. Under the reg-
istered trade name “Lumichron'’,
self-luminous products manufac-
tured at LPC have been employed
for numerous applications. The
competence of LPC's technical staff
has been demonstrated by the suc-
cessful completion of important gov-
ernment contracts for a variety of
self-luminous materials. Among
these was the first large scale gov-
ernment procurement of tntium
.activated self-luminous military com-
4 passes. Under a U.S. Army contract,

LPC developed self-luminous light
sources totally embedded in clear
plastic for use as personnel and ve-
hicle markers. A number of sources
have been provided for the space
gffort.

SOME LIMITATIONS

Although there are numerous fea-
sible and practical applications for
self-luminous substances, there are
many more applications which are
technically and /or economically un-
practical or prohibited by law.

For instance, thousands of curies
of tritium would be required to pro-
duce a light source equivalent to
the average two battery flashlight,

Economic limitations are illustrated
by the cost of producing the lumi-
nous area. Self-luminous materials
of 20 microlamberts brightness are
generally $1.50 per square inch for
tritium activated materials, and
$0.20 per square inch for
promethium-147,

In addition, statutary limitations im-
posed by the U.S. AEC prohibit the
use of self-luminous components for
frivolous applications such as in-
fants toys, fish lures, cuff links, etc.
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AEC LICENSING REGULATIONS

LUMINOUS LEVEL VIAL

U.S.A.: Individual organizations wishing to employ self-luminous products must obtain a license from the U.S. Atomic
Energy Commission. Luminous Products Corp., will assist prospectlve licensees in the preparation of the necessary forms.

Export Sales: Most export sales of selfluminous products are made without the necessity of a license from the U.S.
Atomic Energy Commission. Prospective purchasers should, however, consult with local authorities about regulations
governing the use of radloactive products 1n their countries.
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LUMINOUS RPRODUCTS CORPORATICN

575 ALBANY STREET. MASSACHUSETTS 02118



LUMINOUS PRODUCTS CORPORATION

TEL &Q286-73M

LUMINOQUS

Chief, Isotopes Branch

Division of Licensing and Regulation
United States Atomic Energy Commission
Washington 25, D.C.

Dear Sir:

Under the provisions of Federal Register 3462, 1965 "Use of
Byproduct Material and Source Material in Products Intended
for Use by General Public (Consumer Products)' exemption is
requested of the possession and use of a tritium-activated,
self-luminous, screw from the licensing requirements for by-
product and source material of the Atomic Energy Act of 1954,
as amended; and of the Commission's regulations, 'Licensing
of Byproduct Material' 10 CFR Part 30 and Licensing of Source
Material, 10 CFR Part 40. '

A lot of 15 prototype sources as described in the accompanying
print was prepared and the sources subjected to the following

series of tests.

Test 1., - Accelerated Weathering

5 of the test sources, 1 to 5 inclusive, were cleaned, wipe
tested, and subjected to 100 hours of accelerated weathering

in a Type D1-TS Atlas Weather-ometer in accordance with Federal
Test Method Standard Number 141, Method 6151. At the conclusion
of the 100 hours the sources were again wipe tested.

AHCEA CODE B17

575 ALBANY STREET, BOSTON, MASSACHUSETTS 02118

Net dpm Net dpm
Source Number before weathering after 100 hrs
1 2290 1120
2 220 1550
3 1380 1060
4 - 1230
5 1450 1030

All counting in this test and subsequent tests was done in a Tri-
Carb Liquid Scintillation Spectrometer.

Visual examination of the test sources after weathering revealed no
detectable change in physical appearance. No trace of water was
observed in the source cavity.
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Test 2. =~ Radiological soak test

5 sources, designated 6 - 10 inclusive, were separately submerged
in 100 ml of water for continuous soak testing. Aliquots of the

soaking water were removed for assay periodically and the results
tabulated below.

Total activity in 100 ml HpO-microcuries B

Source Number 48 Hrs 96 Hrs 7 Days
6 - - 0.008
7 - 0.023 0.015
- 8 - - 0.009 0.013
"9 - 0.018 0.004
10 - ’ - -

Each of the test sources has 5 millicuries of tritium. It should
be noted that in the least favorable case less than 0.0005% of the
total activty was observed in the aqueous phase after 96 hours of
continuous socaking.

Test 3. =~ Shock

Test was performed as specified in Par. 6-3-1 NBS Handbook 66, 28
May 1958. Ten sources, 1 - 5 and 11 - 15, were placed in a capped
metal pipe three feet long. The pipe was rotated about its mid-
point at such a speed that the sources approximated a free £fall
from one end to the other. The test was repeated for 100 falls.
The sources were individually wipe tested. Six areas of the pipe
interior were also wipe tested after removal of the sources.

Source Number . Net dpm ~ total wipe '
After shock test

1 200

2 130

3 170

4 60

‘5{ 40

11 190

12 630

13 380

14 ¢ -

15 - 210
Pipe Interior Position A -

Pipe Interior Position B 540
Pipe Interior Position C -
Pipe Interior Position D -
Pipe Interior Position E -

Pipe Interior Position F 2410

As a result of this test the sources show surface scratching and
denting of the front plastic and the metal case. Ultra-violet ex-
amination of the interior of the test pipe and of the sources after
the test showed no luminous material on the interior walls or end





