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Department of Nuclear Energy F1s 666 3510

March 30, 1981

Mr. Mel 5ilberberg, Chairman

Peer Review Group

Fission Product Behavior Report

U. S. Nuclear Requlatory Commission
Washington, DC 20555

Dear Mr. Silberberg:

My following comments apply to both the Draft Report on Technical Bases
for Estimating Fission Product Behavior During LWR Accidents and to the
presentations and the comments made during the two-day review session.

The review panel and the meeting participants have pointed to a number of
corrections to the Draft. Most of these problems can probably be atcributed to
the multiple authorship and the speed with which the report was prepared. In
general, | agree with most of the comments covered in the two-day méeting. In
this letter my comments deal with points I feel were not made or not made
adequately.

With respect to the data and theories dealing with the chemistry and
physics of fodine releases:

1. A portifon of the data in the report are contradictory, inconclu-
sive, and incomplete. In my opinfon the experiments do not
suggest that the chemistry, physics, or mechanics of iodine
releases are understood well enough to warrant consideration of
requlatory changes at this time.

i§ 2. With the ,otable exception of the contribution by Wichner, Kress
" and Lorenz of ORNL and with the excention of a few cases of pure

(”Q | gas phase reactions involving no surfaces and no condensed phases,

( the use of equilibrium thermodynamics in this report can be un-
\ Justified and misleading, as suggested by the authors of Chapter 5.

’ In systems where dilute fission products are dispersed in con-
v | densed phases or where low pressure gases react to form thin

Y ‘ surface films, the thermodynamic activities can be many orders of

| maanitude different from *hose estimated from the equilibrium
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tables. In such systems reactions that are forbidden by macro-
scopic equilibrium thermodynamics have been observed and recog-
nized as resulting from large and unexpected deviations from ideal
activity estimates. In addition to this source of error, surface
reactions with low pressure gases may involve compounds and com-
plexes for which there are no appropriate thermodynamic data. The
use of equilibrium thermodynamics assumes that such compounds do
not exist.

3. The assumption expressed during the review "that equilibrium
| thermodynamics might be justified at higher temperatures because
A kinetics are rapid“ can be misleading. In high temperature
@ experiments performed in the HTGR program ifodine was deposited on
!VJ | steel surfaces. It was found that after the very rapid iodine
. reaction with various steel surfaces had occurred and when the
system was studied with time, the fodine redistributed itself to
different temperature zones from those it was first deposited on.
The initial deposit was believed due to a rapid surface reaction
followed by an fodine redistribution attributed to a slower
di ffusion controlled attempt to reach equilibrium between bulk and
surface components. (Copies of the results from HTGR-NRC progress
reports are enclosed.)

Whether or not the above explanation is correct is, I believe,
not important for this problem. What is important is the
a1 experimental observation that fodine deposited during the early
4% stages of a release may redistribute itself without a change in
| the gaseous environment. This is not a conclusion deducible from
| the assumption of therwodynamic equilibrium.

‘ In reviewing the report and presentations there appear to be contradictory
e ~ts and experiments that bear directly on the level of understanding of
fis. product releases.

‘ Nov ~ specific examp'e from an important report (referenced in this NRC
document) “issfon Product Release From Highly Irradiated LWR Fuel by

R. A, Lorer. J. L. Collins, A. P. Malinauskas, 0. L. Kirkland and R. L. Towns,

NUREG CR-07.  ORNL/NUREG/TM-287/R1."

The report deais with several release experiments in which elemenzal
iodine was a major form of the iodine released. In explaining the results the
authors assumed that equilibrium thermodynamics coula be used to imply that the
unexpected elemental fodine resulted from extraneous side reactions of the
predicted Csl with surfaces or by reactions with oxidizing impurities in the
gas streams. Again, after using equilibrium concepts to justify formation of )
Csl, on page 125 of the report the authors note “At first approximation we
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would be tempted to calculate concentrations from the vapor pressures of prob-
able specifes (e.qg., Csl or CsOH), but we have discovered that the experimen-
tally observed concentrations are much lower." Continuing in this vein on page
127 the report states “...1t was shown that the measured cesium and fodine
concentrations in the vented gas were one to two orders of magnitude less than
would prevail in equilibrium with bulk CsI and CsOH. ....The reason for the
Tow observed values is probably a combination of different species existing
(see Section 5.1) and the effect of sorption by fuel and cladding surfaces...

The cyclic use of invoking then denying equilibrium concepts to modify
observed facts pervades the literature on iodine and cesium releases. If
anytning, 1t is strong testimony to the fact that the physics and chemistry of
the release reactions are poorly understood.

Several speculations used in the report and in the literature cited in the
report have been actually tested and then published in 1iterature not cited in
the report. For example, a paper can be found in the Journal of Inorganic
Chemistry on the generation of [ by Csl reaction with steel (performed under
NRC funding in the HTGR program). A second study on Cs, I, and Cs!
deposition along with other studies of Cs and Csl reaction with quartz are
enclosed, All of the results bear on speculations in the report.

For the reasons cited above, I do not believe the report clearly {dent-
ffies what is known and what is not known in the area of chemistry of the fuel.
[ also believe that the report in its present form requires careful revision if
it s to be a useful resource for future research in the area of chemistry.

Many of the explanations of observed effects are controversial and may even be
incorrect.

[ feel that development of the technical report has been 2z worthwhile
effort. I believe the report does, in fact, present fairly strong circumstan-
tial evidence that although the processes involved in fissfon product release
experiments are not understood they seem to involve releases that are lower
than the estimates used to develop regulatory guidelines. Nevertheless, I feel
the NRC cannot consider changing regulatory criteria on the basis of 1imited
observations of phenomena that are not adequately understood.

Sincerely, .»

.ﬁf // & /)/L
Ly Sthrtidy,

Donald G. Schweitzer, Associate Chairman,
Head, Nuclear Waste Management Division

DGS:qfs
“aclosure
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A STUDY OF FISSION PRODUCT TRANSPORT AND
DEPOSITION USING THERMOCHROMATOGRAPHY#

I. M. Tang, 5. Aronson, H. R. Munkelwits,
J. M. Dickey and F. B. Growcock

Brockhaven National Laboratory
Upton, New York, 11973

ABSTRACT
A simple band theory is proposed to describe the thermochromatographic tech-

nique with which trace quantities of semi-volatile substances present in a flowing

gas may be separated on the walls of a temperature gradient tube. It is shown
that the speed of a moving band of a substance becomes essentially stationary at
& temperature characteristic of the heat of vaporization of the substance. The
thersochromatographic technique is well suited for studying the chemical state
of fiseion products released from heated specimens of reactor fuels into simu~
lated HTGR environments. Data are presented for the chemical stability of Cel
at high temperatures and in helium containing various oxidizing impurities.

INTRODUCTION

The potential release of radicactivity into the envirooment is ome of the
major hazards always associated with nuclear reactors. When saking reactor
safety analyses, it is often necessary to estimate the extent of fission product
release and the ultimate distribution of these radicactive materials within
and/or beyond reactor primary circuits. Such a consideration requires not only
s large data base for making computations, but a thorough understanding of the
fundamental processes governing the transformation and transport of fission
products under a variety of postulated accident conditions.

The present paper describes an experimental technique with which the chemi-
cal state of fission products released from HTCR fuels may be investigated. In
addition, the thermodynamic stability, potential chemical reactions with the
contaminants in the helium coolant, and the transport and deposition behavior
of the released fission products are readily studied. The technique, known as
thermochromatography, wae originally developed at the Brockhaven National
Laboratory! and has since been employed at BNLZ»? and elsevhere* for fission-
product studies related to the LWR and LMFBR programs. Essentially, the thermo~
chromatograph is an apparatus for separating trace quantities of semi-volatile
chemical species by the differences in their mobilities along & tube which 1s
held in a temperature gradient. In the present work, a simplified theory of
thermochromatography is proposed. In addition, since Csl has frequently been
regarded as the most likely chemical form for filssion product cesium and ifodine
in high burnup ceramic fuels®+®, data on Cel deposition on quartz and metallic
surfaces and its stability at high temperatures and in oxidizing atmospheres are
presented.

*This work was pecformed under the auspices of the United States Nuclear
Regulatory Commission.
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EXPERIMENTAL METECOD

The thermochromatographic techanique has previously been described in
detail.! Since the apparatus employed in the present study is a new setup
incorporating several modifications, a brief accoumt of the technique is given
here.

A schematic diagram of the appsratus is shown in Figure 1. A quarts tube,
usually 30 me in diameter, is placed in a custom-built 48-inch Marshall furnace
with a split core made up of 12 separately wired heating sections, esch equipped
with a temperature controller actuated by thermocouples numbered 1 through 12
as shown in the diagram. This furnace is capable of producing & temperaturs
gradient linearly descending from 1200°C to smbient along the length of the
quarts tube. A thin-walled metal tube may be inserted inside the quartsz tube
to change the deposition surface, if necessary. For release temperatures below
1000°C, the sample crucible is heated by a separate resistance furnace placed
adjacent to the hot end of the gradient furnace. For higher temperatures, in~-
duction heating is employed.

The inert carrier gas, usually helium, is purified by passage through cold
traps containing molecular sieve and charcoal and subsequently over copper turn~
ings at 500°C. The helium can be mixed with oxygen, C0;, or other gases in all
proportions by using gas proportioning units. Water vapor is introduced, whea
necessary, into the carrier gas over a range of partial pressures by passing
through a water bubbler held at a desired temperature; .he concentration of
wvater vapor is monitored with a dew-point meter.

In a typical experiment, the sample, which is tagged with appropriate radio-
active isotopes, is heated and the volatized material carried in the gas streas
through the temperature gradient tube, where successive stages of condensation
and vaporization take place. The release, usually completed in 20 to 30 minutes,
is followed by an additicnal 30 minutes of helium flow. At the end of an experi-
ment, the split furnace 1is opened to quench the temperature gradient tube quickly
to room temperature. The deposition of the material is established by a gamma

scan along the tube length. Figure 2 shows a typical deprsition profile obtained
vith Cel tagged with 137Cq anda 1311,

THEORETICAL CONSIDERATIONS

The thermochromatographic technique (TC) is particularly suited for sepa-
rating substances which become volatile only at high temperatures. As ia conven~
tional gas chromatography (GC) the movement of a substance down the tuba (or a
packed column) is due to a frequent exchange of molecules back and forth between
mobile and stationary phases. Whereas in the CC the partition of a substance
between phases is fixed by the solubility or adeorption isotherm at a given temp-
erature, in TC it 1s the variation of vapor pressure with temperature that deter-
mines the probabilicty of a molecule being in the vapor phase at a particular
location. Thus, the speed of the impurity band in GC is constant and independent
of the position along the columa., Ia TC the band travels at a high speed in the
high temperature region and slows down very sharply with decreasing temperatures;
the location at which the band becomes almost stationary depends only slightly oa
the carrier gas flow rate and the total quantity of the substance in the band,
but very strongly on the vapor pressure of the substance.

- 28] -
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Although a detailed mathematical analysis of the thermochromatography is
possible by considering non~equilibrium tramsport processes in s well-defined
boundary and flow regime, only a much simplified theory is given here to illus-
trate the usefulness, asz well as the limitations, of the technique when applied

to studies of fission product rulease. A more genaral theory is being dcvclopod
and will be published elsevhere.

Consider the flow of a carrier gas at an average velocity, v,., inside a
tube, the wall temperature of which decreasas linearly with distafice, x. Let
the temperature of the tube wall at position x be represented by the equation,

TeT - Bx (68

vhere T, and 8 are constants. Suppose that at time t=o a puff of N moles of
an impurity is released instantaneously into the cairier stream at x=o. The
following assumptions are made:

(1) The impurity travels down the tube as a narrow band of constant width
L with a speed v,.

(2) At any distance x the impurity maintains its vapor prezsure p° at the

tube wall temperature. The vapor pressure is expreszsd 'n the usual
fecrm:

!.np"-A-% (2)

(3) The system behaves like an ideal gas at constant pressure.
(4) Convection and diffusional processes are ignored. -

Following the treatment of conventional chro-ntogr-phy', the band speed is

proportional to the mobile phase velocity and to the probability that the impurity
molecules are found in the gas phase. Thus,

“w " .9 : )

vhere n, the amount of the impurity present in the gas phase at x, is given by
p°V/RT. V is the total volume occupied by the band. It follows that

Vv A
“" (“'““m° )""r )
o

where vg, is the carrier gas velocity at T,. The ratio 'go/To is constant through-
out the temperature gradient tuba.

Eq. (4) shows that the band v.locity changes exponentially with temperature,
the extent of change being determined by the constant B which is related to the
heat of vaporization. Thus, two substances having different heats of vaporiza-
tion will become stationary at two different temperatures, thereby effecting a
separation along the temperature gradient tube.




Taking the vapor pressure of Cel,? the band velocities were calculated
as & function of temperature. The results ars shown as Curve b in Figure 3.
A slight variation of the band theory is the convection model shown as Curve a
in Figure ). IEssentially, in the convection model the restriction of a fixed band
wvidth is 1ifted, and, instead, local equilibrium is assused to be established at
all temperatures along the tube wall. The true picture in which there will be
some variation in density of the vapor along the tube will be between these
two extreme cases. A detailed analysis is in progress. Nevertheless, both
models show that in the case of Csl deposition the band becomes essentially
{mmobile at temperatures below ~600°C, in good agreewent with the experimental
data. Filgure 4 shows calculated curves of deposition temperatures vs. time
for Cal, Cs, and I3, clearly predicting an effective separation of these chemical
species in a temperature gradient tube.

CHEMICAL STABILITY OF Cal

Based on fission yielde and thermodynamic considerations, Csl has often
been inferred as the compound likely to form im high burnup oxide and carbide
fuels. Recent electron microprobe work!? has indicated the possible presence
of Csl in the pyrocarbon coatings of uranium carbide fuel particles. Csl has
 also been identified’? as a product form:’ from a synthetic mixture of (U,Pu)024x,
Caz0 and PAI; heated to 1150°C in the hot .ad of a sealed stainless steel (0.0.?
temperature gradient capsule. A knowledge of the stability and reactivity of Csl
1s needed for calculating the distribution of fission product cesium and iodine
released into the envirooment from a potential sccident.

Experiments were performed with chemically pure Cal (tagged with 137Ca and
1317) vaporized at high temperatures in the thermochromatograph. The released
Csl was deposited om the surfaces of either quartz or Type 304 s.s. It was
found that Csl is stable in purified helium up to 1550°C and deposits on quarts
or #.s8. surfaces in the temperature region 630°-530°C. The effect of various
contaminants introduced in helium on the stability of Csl was iunvestigated both
during its release at high temperatures and after deposition. A summary of the
results to date is given in Table 1. Although the resulcs are still preliminary,
some interesting conclusions may be drawvn from the experimental observations.

(1) The presence of up to 1X water vapor in bhelium did not affect the
stability of Csl upon release at 800°C; however, partial dissociation of Csl
occurred when it was heated to 1500°C in helium containing 2% water vapor. The
dissociation product iodine was carried by the gas flow to the charcoal trap
located at the cold end of the temperature gradient tube, while cesium was found
to have reacted with quartz surfaces on the hot end of the gradient tube where
it was collected.

(2) Cal deposited on quartz surfaces at 550°C was not oxidiszed by passing
over it helium containing 2% water vapor, 15X CO; + 15X CO, 30X Oz or air com~
taining 2% water vapor. However, Csl deposited on Type 304 s.s. surfaces,
although resistant to water vapor oxidation, was found to decompose quickly and
completely in & helium stream containing 10X oxygen. Figure 5 shows the thermo-
chropatogram of a decomposed Csl deposit: Cs remained in the same deposition

region, vhile {odine was carried down the tube and collected in the charcoal trap.

- 283 -
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Table 1. Susmary of Resultd from Csl Deposition Experiments
Deposition Deposition
Sample Description Atmosphere Surface Temperature Comments
15 mg Cal in graphite Be at 50 ml/min s.s. 304 570-630°C Molecular Csl was relessed.
crucible at 800°C
15 mg Csl in Al;03 Het0.6X K30 s.s. 304 S40-610°C Csl was not oxidized by
crucible at 800°C at 50 mi/min water vapor.
15 mg Csl ia graphite  He#0.6% Hy0 e.s. 304 560-610°C Cel wvas not oxidized by
crucible at 800°C at 50 ml/min water vapor.
Cel deposited on s.8. Het+l0X 0y e.s. 304 Cs: 490-560°C Cel was oxidized by 03.
surfaces at 550°C at 50 ml/min I: charcoal trap
at ambiemnt
10 mg Cal im graphite Be 2t 140 ml/min quarts 520-570°C Csl was stable up to 1550°C.
crucible at 1550°C
10 mg Cal in graphite Bet2X H0 quarts Cel: 460-500°C Csl was partially oxidized
crucible at 1500°C at 140 al/min Cs:  850-900°C by water vapor.
I: charcoal trap
at ambient
Csl dsposited on quarts Ha+2% H0 quarts Csl peak posi”ion moved Cal remained on surfaces.
surfaces at 550°C He+30X 07 from 550°C to 475°C in

He+15X CO+15X CO;
ALr+2IR,0

9 hours at 140 ml/min

¥

o S

-y -
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(3) It was found that a large fraction of the Cs residua (possibly Ce20)
from the oxidation of Cal deposited on 8.8 surfaces would be revaporized by '
besting it to 800°C. This is illustrated io the thermochromatogram shown in |
Figure 6. While the firet peak represents the fraction of '37Ce remaining on
the surface after raheating, the second peak is the new deposit of the vola-
tized Cs residus.

COWCLUS IOW

- ——— g

P st astl

It has been shown that the thermochromatograph 1s a useful technique for
studying the chealatry of fission products which are only volatile at high
temperatures. The tschnique 1s particularly suited for investigating the
{nteraction of fission products with the contaminants in the helium coolant
during their release at elevated temparatures and/or after thay have deposited
on surfaces of different nuclear saterials. The theory of thermochromatography
is currently being developed and as the theory develops, a better insight into
the parameters controlling the deposition temperature, as well as the spread of
the deposition band, is expected. Such information will be valusble as a guide
to future refinement of the technique. It is anticipated that the thermochromat=
ographic techrigue vill be employed to full advantage i{n fission product release
experiments with {rradiated HTGR fuel materials in the near future.

ACKNOWLEDGEMENT

The assistance of R. D. Taylor in the construction of the apraratus and
in performing part of the experiments is greatly apprecisted.

- 290 -



4

ACTIVITY (COUNTS/min)

- Bl i e s —— . — —— " —

| 1 i % ¥ i
§ 9 RUN 3d 800
oCs-137
a Temperature

ke -700

6000 -600
Q

©

5000} -1500w
[va
B
<
4000 --‘400?5J
a
=
e

3000 —1300

ZOOOL— -200

1000 . -1100

original
deposit ‘}
0 1 LY ] | 0
50 40 30 20 10 0

DEPOSITION POSITION (inches)

Figure 6

-29]1 -




1.
2.

3.

4.
5.
6.

7.
..

9.
10.

— St bl —

REFERENCES
CASTLRMAN, A. W., Jr. and TANG, I. W., Bucl. Sei. Eog. 29, 156 (1967). |
CASTLDWN, A. ¥., Jr. and TANG, I. M., J. Inorg. Buel. Ches. 32, 1057 (1970). l

CASTLRMAN, A. W., Jr., TANG, I. W. and MACKAY, R. A., ia Alksll Meral '
Coolants, IAZA, Vienns, 1967, pp. 729-4l. T

SHIBA, K., BANADA, M. and YAJIMA, S., J. Wucl. Sci. Tech. 6, 333 (1969).
,Im. | 9 'o. m. E. Lo “‘ mr‘ “ ‘:‘. Jo uc. m-m'azts (1’71)0

GOTZMANN, O. and OHSE, R. W., in Behavicr and Chemical State of Irradiated
Ceramic Fuels, IAEZA, Vienna, 1974, pp. 255-68.

DICKEY, J. M. and TANG, I. N., unpublished work.

GIDDINGS, J. C., amics of omatography, Pact I, Marcel Dekker, New
York (1965), p. 97. N

SCHEER, M. D. and FINE, J., J. Chem. Phys. 36, 1647 (1967).
KLEYKARMP, H., Rept. KFK-2213, Karlsruhe, Germany (1975).

AITKEN, E. A., EVANS, S. K. and RUBIN, B. ¥., in Behsvior and Chemical State
of Irradiated Ceramic Fuels, IAEA, Vienna, 1974, pp. 269-85.

- 292 -



5
-

.- - b B W

DISCUSSION

Q. Is thera any carry over of material?

A. We have & series of traps at the end. Ve have a charcoal trap at liquid

nitrogen temperature, so that we should be able to catch all the radicactive
materials.

Q. What is the amount of material trapped?

A. We find no activity vhatsoever in the trap. When you have Csl depcsit at
a clear peak, there is 100 percent collection in the tube.

Q. In the test you did with cesium aend graphite at 1500 dagres C, you show a
cesiur peak at about 800 degre: C.

A. Right.

Q. now do you know that it was not some type of compound formation from irsar=
action?

A. The crucible material is graphite. Wa have watar vapor flowing over the
grapnite. The decomposition products should be cesiua oxide or hydroxide. how-
ever, cesium oxide, you can see from the latest studies, deposits somewhere
around 450 degrees C; also :esium oxide thermodynamically is not stable at the
temper~tures above 800 degrces C. So, you wouldn’'t expect to find cesium oxide
or hydroxide in that temperature region because of the thermodynamic considera-
tions. They are 2ot stable. If they wera, they should be carried doim to about
450 degrees C. And also we find 1t 1is very hard tec get rid of the cesium de-

posit on the wall., You have to leach with HF to remove it. It penetrates the
glass.

Q. Once the material is 4Acposited on the wall, it {s governed mores or less by
the equilibrium vapor pressures of the materials. I would think tha= it is a
very complex situation. TYou've got to taks into account chemical reaction of
the materials with the wall, whether the material or the vapor has the high or
low condensation coefficient.

A. That is true., However, this is the only case vhere we present cesivm io-
dide. We use the heat of vaporization which gives a good prediction. If there
is some heat absorption, we have this data we can incorporate intc the theory.
There is nothing special about the heat of vzporization term. That term can be
& sum of many terms as long as it is in the exponential term. It is a very sim~
plified theory. Normally you should work in the diffusion processes or cocvec=
tion process into i{t. That will allow you to predict a spread of the deposition
profile.
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Q. Can you obt the constants A and B?

A. The constan. A and the B, if you believe this model, can be derived from
axperiments. Howaver, we assumed that we hoow all this information and =ried
to predict wvhere this temperature dasposit 1is.
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1978d) This unexpected result has prompted speculation on the source of iodine
evo'ution and necessitated repeating the experiment. A schematic of the apparatus
is hown in Figure l.7. The result of the carbon steel/air/Csl experiment is
shown in Figure 1.8. Wher air was replaced with pure 02, no effect on the rate
of I evolution was observed; however, when 07 was replaced with He, the rate
decreased substantially and probably would have reached a neglig’ble level given
sufficient time. The zero-order depen. ‘nce of the rate on 0 conceniration is
indicative of virtually complete react: of the CsT vv of a diffusion ccitrolled
reaction which is relatively independent o’ ... 0: concentration. The high rate
of 13 evolution confirms the previous result that Csl can attack cacbon steel in
the presence of 07. The reaction of CsI witi. "'3h purity iron in the presence
of 07 is currciatly being investigated to elucidate the nature of the carbon LZ
SEERL. SRisiem. N Liter Dpanisvsats showed Fal BT s
Gtnolivr GMaznimy  Tha Spaa T 2T

The effect of flow rate on the reaction CoIdbz/S.S. 304 was “explored also.
The data from 2 experiments are shown in Figures 1.9 and 1.10. Limiting I2 par~
tial pressures were obtained, which indicate that the equilibrium reaction is 2CsI
+ 5/4 02 + 1/2 Cr203 = Cs2Cr04 + I12.

This project is being concluded before the end of April 1979.

High Temperature Vaporization Studies of HTGR Fuel Components and Fission
Products (S. Aronson, P. Epstein - Brooklyn College)

An experimental program has been initiated to investigate gas formation
(primarily CO and CO2) resulting from the high temperature reaction of mixtures

of graphite, U0z, ThOz, SiC and simulated fission products. U0, ThOz and
graphite powders have been procured. Graphite crucibles are being fabricated. A
7 kW high frequency induction heating unit is being readied for use and a fused
quartz reaction system is being fabricrt-d.

In a continuation of the study of the interaction of cesium with fusad
quartz, a sample of the quartz tube exposed tc cesium vapor at 730°C (Aronson,
1978b, Experiment I1) was examined by SEM to gain information about the nature of
t 2 attack. A photomicrograph is shown in Figure l.1l. In Figure l.lla, circular
regions of attack with small central nuclei are observed. One of the circular re-
gions ts magnified in Flgure l.11b. Superimposed on the photomicrograph is a
trace representing the concentration of cesium. Cesium ls present throughout the
region with the highest concentration occurring in the nucleus.

The long term test on the interaction of fused quartz with cesium vapor was
continued. The temperature of the liquid cesium reservoir was 40°C corresponding
to a cesium vapor pressure of 108 atm. The temperature of the fused quartz
tube ranged from 40°C in the vicinity of the cesium reservoir to 740°C at the cen-
ter of the furnace. No attack was observed visuall+ after a total exposure of
3,720 hours. A long term test was run oa the {nteraction of fused quartz with
tellurium. ~he tellurium resebvoir was at 300°C (106 atm). The temperature of
the fused ,.irtz ranged from 300° to 740°C. No attack was observed after 1,875
hours of eaposure. P

This program on the interaction of volatile fission products with fused
quartz has now been terminated.
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that they are more than 3 orders of magnitude greater than the diffusion coef=-
ficient, D, as calculated using the correlation used in the SORS code,

3
~logioD = A + E’%—o— (Sciivartz, 1974)
where fcr Mo: A = 1.0, B = 19.2 2nd T is in °K.
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1.3 Interaction of Csl With Stainless Steel, Incoloy 800 and Hastelloy X
(S. Aronson, M. Friedlander - Brooklyn College)

Experimental evidence was presented (Aronson, 1978) that the interaction
of Csl in air or oxygen at 600°C with 304 stainless steel, Incoloy B00 and
Hastelloy X is related to the oxidation of chromium to the VI state. Addi-
ticnal evidence has been obtained by rinsing the reacted metal turnings in
water and measuring. the visible spectra of the resulting yellow solutions.

In addicion, samples of Na;Cr0,, K;Cr;07 and CrOj; were dissolved in water
and their spectra were measuresw.

The spectrophotometric data are shown in Figure 1.9. It is observed that
the absurbance maxima for the three alloys occur at the same wavelength, 372
nm, as the absorbance maximum for Na;CrOy. CrO3; and K;Cr;07 have absorbance
maxima at 347 nm. Thus, it is likely that CsI reacts with chromium-bearing
alloys in the presence of oxygen to form Cs,CrO,. A reaction of the type

2CsI(2) + Cr(alloy) + 202(3) -+ (s CrOa(s) + Iz(g)

2
prubably occurs. It is also possible that formation of Crl; or Fel; occurs.
Thermodynamic data on Cs;CrOy are not available. However, potassium and cesium
compounds have similar thermodynamic properties. It is, therefore, instructive
to look at the corresponding reaction of KI to form K;CrO,.

2KI(s) + Cr(s) + 202(3) - K2CrOA(s) + Iz(g)

The standard enthalpy change at 25°C for this reaction is highly negative, =159
kcal. Therefore, the postulated reaction of CsI with the alloys seems quite
reasonable even taking into account the substitution of cesium for potassium,
the lower activities of chromium (in stainless steel) and oxygen (in air), the
difference in temperature (600°C vs. 25°C) and the use of enthalpy instead of
free energy.

Additional experiments are under way to investigate the disposition of the
icdine in the reaction.

1.4 Interaction of Cesium With Fused Silica (S. Aronsor, M. Friedlander,
J. Mittelman - Brooklyn College)

The U-tube apparatus for studying the interaction of elemental cesium with
fused silica described previouslg (Aronson, 1978) was used in an experiment in
which the cesium was held at 140°C (Cs vapor pressure 6 x 10~% atm) and the
small-bore quartz tubing was kept at 840°C. After 60 hours, no transfer of
radioactive cesium from the cesium reservoir to the small-bore tubing was ob-
served. However, the tubing had turned grey and translucent indicating that
some attack had occurred. To check the maximum - of transfer of cesium
from one leg of the U-tube to the other, the leg concaining the small-bore
quartz tubing was immersed in liquid nitrogen. Even after several hours no
cesium transfer was observed. It is not clear whether the lack of transfer
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due to difficulties in vaporization, the presence of impurity gases or the
adsorption of cesium in other parts cf the system. An additional preliminary
experiment is under way in which son-radioactive cesium is being vaporized

in a quartz tube placed in a temperature gradient.

Additional experiments in the quartz spring balance system were performed
on the decomposition of CsNO3. Data on the vaporizltionoof CsNO3 in helium
are shown in Figure 1.10 at temperatures of 625°C to 750 C. The CsNO3 sample
weipghts were approximat ly 200 mg. It is observed that the rate of weight
loss is very low at 625°C and increases shsrply with 1ncreaging temperature.
Some molecular decomposition occurs a 750°C but not at 700°C or below since
only the residual sample from the 750°C vaporization expe iment gave a basic
solution when Jissolved in vater. The weight loss at 575°C for CsNOj is
compared to the weight loss on » mixture of CsNO3 with graphite in Figure 1.11.
1t is apparent that graphite is instrumental in decomposing CsNO3. The weight
loss of almest 50 milligrams corresponds approximately to the decomposition
of CsNO3 to elemental cesium. The aqueous solution obtained by dissolving the
remairing sample in water was basic. The results of _.e experiments can be
tentatively summarized in the following chemical equations:

CINOS(C) W“> CINO3(S) £3:.X)
CsNOs(s) + C(s) 37355-> Cs(adsorbed on C) + co(g) + NO_ (1.2)

Additional experimental work would be required to identify the acrual gaseous
reaction products. Confirmation is also required for the production of adsorbed
cesium rather than elemental cesium or cecium oxide.

1.5 Mass Spectrometric Study of Volatile HIGR Fission Products (S. Nicolosi,

1. Tang, H. Munkelwitz)

High temperature mass spectrometry is being used to determine the identity
and stability of species present in the gas phase over volatile HTGR fission
products. A quadrupole mass spectrometer is being utilized in conjunction
with a Knudeen-type cell. The system has been greatly improved with the re-
placement of induction heating by radiative heating of the cell. This has
eliminated troublesome r.f. interference and has made more precise temperatursa
control possible. This was necessary since r.f. radiation was interf{ering
with the quadrupole mass filter causing a severe loss of resolution at high
heater power.

Cs;0, CsOH, and CsOD systems have been studied to verify spectrometer
operation and to settle upon an optimum crucible material. Most of our previous
work has been performed in Ta cells with Au, Ni, or Pt orifice foils. It has
been determined that Csy0 reacts with Ta and Ni resulting in suppression of the
Cs;0 species in the gas phase and abnormally high Cs pressures. Preliminary work
with a crude Pt foil crucible has given results qualitntively in agreement with
those of previous {nvest .gators. We are currently awaiting completion of fabri-
cation of Pt liners for use in stainless steel crucibles. The preliminary data
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Figure 1.10. This profile was verified with the recently installed Ge(lLi)
detector. This result indicates that Fel, formed on a well oxidized surface is
relatively immobile if the gaseous environment is inert.

Suf ficient data is no* vet available to justifiably reconcile all of the
results cun iodine sorption. lodine and Fel; appear to behave similarly when
exposed to carbon steel. Iodine which interacts with carbon steel can be as
mobile as other species deposited on inert substrates if the gaseous
environment is such as to alter the nature of the surface or maintain it in
a reduced state. Temperature excursions imposed on reduced surfaces bearing
jodine can also cause the adsorbate to move as expected on an inert surface.

1.3 Interaction of Cesium with Fused Silica (S. Aronson and J. Mittclman -
Brooklyn College)

The interaction of cesium with fused quartz was studied in 3 sealed tube
experiments. In each experiment, a small sample of cesium metal (~0.1 gram)
was placed in a fused quartz tube in a helium filled glove bhox. The quartz
tube (13 mm o0.d.) vas evacuated to 10™%® torr, was sealed off (28 cm long) and
was positioned in a tube furnace so that the cesium was near the end of the
furnace. The other end of the quartz tube was at the center of the furnace
at a temperature of v750°C. The experimental conditions employed for the 3
experiments are given in Table 1.1.

Table 1.1
e Cs Vapor Pressure Duration of
Temp. of Cs at Sample Location Experiment

Experiment Sample (°C) (torr) (hours)

1 250 . 48
11 210 .08 190
111 140 .004 330

The appearance of the fused quartz tube after Experiment III is sketched
in Figure 1.11. The approximate temperature at each location during the run
is also given. It is apparent in Figure 1.1l that reaction-of cesium with quartz
occurred at all temperatures above 320°C. Assuming that the severity of attack
is directly proportional to the darkness of the color formed, then the quartz
at temperatures of 420°C to 650°C suffered the worsc attack. It is l‘kely that
this region was exposed to cesium at the highest vapor pressure. As the cesium
traveled down the tube the vapur pressure decreased as a result of interaction
with the quartz walls. An increase in coloration at the hot end of the tube
probably resulted from cesium molecules moving horizontally with relatively few
collisions under the high vacuum conditions present in the tube.

The pattern of attack in all 3 experiments was similar. The degree of
attack in all temperature regions was highest in Experiment I and lowest in
Experiment III. This is consistent with the cesium vapor pressure present in
each tube.
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These preliminary experimental results suggest that the fused quartz insu~
lation and core support components in an HTGR which are exposed to fission product
cesium will suffer attack. The nature of the interaction of cesium with fused
quartz remains to be elucidated. It is likely that the interaction involves
incipient devitrification (crystallization) of the amorphous glass. An experi-
ment was performed on the quartz tube from Experimeat 11. The area that had been
heated to approximately 700°C and was covered with a light brown frosting, was
reheated, after opening the tube to air, in an oxygen-methane flame to approxi-
mately 1200°C. After removing the [lame, a bending force was applied by hand
to the two ends of the tube. The reheated area i{mmediately became white, opaque
and crystalline. This result suggests that fused silica in an HTGR which is
exposed to cesium at high temperatures under mechanical stress may be especially
susceptible to devitrification.

An additional, longer term experiment is under way in which the cesium
metal will be kept at room temperature and exposure of the quartz to the vapor
at tcmperatures up to 750°C will continue for 2 months. The vapor pressure
of cesium at room temperature is 2 X 10~® torr. Since depletion of the cesium
occurs due to interaction with the quartz as it travels through the tube, the
vapor pressure of cesjum in the high temperature end of the tube may not be much
higher than the estimated vapor pressure of cesium in an HIGR, ~10-10 torr.

The conditions are, therefore, similar to those present in an HTGR and the
information obtained should be directly applicable to HTGR operation.

1.4 Mass Spectrometric Study of Volatile Fission Products (S. Nicolosi, I. Tang,
H. Munkelwitz)

High temperature mass spectromefry is being used to determine the identity
and stability of simulated volatile fission products. Since we are awaiting
delivery of platinum crucible liners, necessary for quantitative high tempera-
ture measurements, we utilized this quarter to improve t1e quality and reliability
of the mass spectrometer system. The Xnudsen type cell was moved closer to the
jonizer for greater signal intensity and an additiona. magion pump was installed
in the quadrupole reginn of the vacuum system. Also, a troublesome electronic
component, the mass programmer, was sent to the factory for repair and calibra-
Lion.

1.5 Aerosol Formation During Graphite Oxidation by Water Vapor (S. Nicolesi,
I. Tang, H. Munkelwitz)

Experiments have been performed to determine the extent of aerosol formation
from core graphite when the temperature is elevated above that of the normal
operating regime. The flow system used is illustrated in Figure 1.12, A typical
experiment begins with the establishment of a steady helium-water composition,
as measured by the Model 440 EGSG optical dew point hygru-oter. The temperature
is then raised to the maximum temperature for that run and the system is ailowed
to stabilize at a constant level of condensation nuclei (CN) per cm?., When a
previously untested graphite specimen is i{nitially heated to 1200°C. levels in
excess of 10% CN/cm? are alwvays achieved. When the CN/cm?® level has stabilized,
*he temperature is gradually lowered and the CN/cm? levels are recorded. As long
as the temperature at which the system was "stabilized" is not exceeded, the data
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sbtained in air and oxygen, to be discussed below, were similar indicating that
altrogen does not play a significant role in the interaction of metals with
csI. The most extensive data were cbtained on samples exprsed to air at

§20°C for 4 hours. The results are shown in Table 1.2.

We observe in Table 1.2 that exposure of Hastelloy X and Incoloy 800 to
air at 620°C resulted in the formation of a blue surface film. The metal
surface remained shiny. The stainless steel surface appeared to be more tar-
nished. The presence of Csl resulted in a dull grayish-brown tarnish film om all
3 alloys. Rinsing the turnings in distilled water imparted a yellow color to
the water. A positive qualitative test for Cr*® vas obtained (nitric acid,
ethyl ether, hydrogen peroxide, blue color in ether layer) on the rinsings
from the Incoloy 800 and Hastelloy X turnings. Negative results were obtained
on tests for nickel and iron ions.

The data on the alloys indicate that CsI interacts with the chromium in
the presence of an oxidizing atmosphere. This observation was confirmed by
exposing mixtures of CsI and either ironm, nickel or nickel powders to air at
620°C for 4 hours. Only chromium interacted with CsI with the formation of
some Cr*® ion.

The investigation is continuing with the objective of obtaining information
on the interaction of CsI with HTCR alloys in the presence of preformed surface
oxide films and mild oxidizing environments (e.g. water vapor).
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1.4 Interaction of Cesium with Fused Silica (S. Aronson, M. Friedlander and
J. Mittelman - Brooklyn Colliege)
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The apparatus for studying the interaction of elemental cesium with fused
silica which was previously described (Aronson, 1977) was modified to make the
preliminary experimentation more convenient. The modified apparatus is shown in
Figure 1.7. A 0.3 gram sample of cesium metal was irradiated in a sealed quartz
tube at BNL to a 0.3 mC level. The sample tube was opened and was inserted
in the left leg of the quartz U-tube apparatus in an argon atmosphere glovebox.
The other leg of the U-tube was filled with 22, 1 1/2 inch lengths of quartz
tubirg, 2 mm I.D. and 3 mm 0.D. The upparatus was attached to an ion pump
vacuum station, was evacuated to 10~7 torr and was sealed off. The legs of the
U-tube were inserted into an oil bath and a tube furnace. Measurements of
cesium absorption by quartz at temperatures of 600-1100°C are currently under way.

Other experiments on the interaction of cesium with quartz will require
work in a flowing mixture of helium and water vapor. It will be expedient to use
a salt such as CsNQO; as the source of cesium in this type of experiment. Work
was, therefore, begun on the thermal decomposition of CsNO3. Several CsNO;
composition expariments were performed in a system containing a quartz spring
balance in which sample weight changes could be observed. The preliminary tesglts
indicate that CsNOj does not significantly decompose at temperatures up to 752 c.
In contact with powdered graphite, however, rapid decomposition occurs at 570 C.
This latter observation is in accord with previous observations made on graphite
Soaked with an aqueous CsNQj solution and heated in vacuua.

fidane r
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species CsI, I; and Cs using the convection model, and the experimental peaks
are indicaced. It can be seen that even these simple models can predict the
widely different temperatures at which different compounds should be deposited

(Figure 1.7).

1.4 Iateraction of Cesium with Fused Silica (S. Aronson, J. Mittelman -
Brooklyn College)

The HTCR primary coolant, helium, circulates through the reactor system at
relatively high temperatures, 400°C to 900°C, with transient temperatures of
1200°C possible at certain locations. Both metallic and ceramic thermal insu-
lating materials are used to keep the PCRV at a reasonably cool temperature.
The principal metallic high temperature materials are Incoloy-800, Hastelloy-X
and special composition steels (Roberts, 1974). The principal ceramic high-
temperature materials are fused silica block, fused sil.ca fiber and alumino-
silicate fiber (Roberts, 1974). There is relatively little information in the
literature on interactions with metallic materials and almost no information on
interactions with non-metallic materials.

We plan to investigate plate-out, lift-off and penetration of cesium,
strontium and icdine-base substances with fused silica whicn is the material
that will be exposed to the gaseous helium environment at the highest tempera-
tures during normal operation, 1200°C. The chemical interactions will be
studied as a function of temperature and fission product concentration in
vacuo and in gaseous environments of either helium or mixtures of helium and
water vapor.

The apparatus shown in Figure 1.8 will be used to study the interaction
of elemental cesium with fused silica in vacuo. This system is similar to that
used by Milstead and Zumwalt (Milstead, 1966) to study cesium interactions with
steels., Elemental cesium tagged with l3“Cs will be vaporized by the furnace at
the left of Figure 1.8 to achieve cesium vapor pressures of 10~¢ to 10~® torr.
The cesium vapor will interact with fine quartz rods (v2 mm diameter) positioned
in a second furnace at a temperature of interest in the range of 600°C to 1100°C.
Absorpti.n of cesium by the quartz in cesium vapor and desorption of cesium from
the quartz in vacuo will be followed with a y-scintillation detector focused on
the quartz rods. Construction of the apparatus is now under way.

A study which is under way of the release of cesium from graphite in mixed
ddsorbates containing cesium and strontium has been temporarily suspended. This
investigation requires the doping of graphite with cesium and strontium salts
(e.3., CsNOjy, Sr(OH);) which would presumably decompose at elevated temperatures
£2 yield elemental cesium and strontium co-adsorbed on graphite. S w« ~reliminary
#%eriments on the volatilization of CsNOj performed in the thermoc -  s«tographic
&7Paratus at BNL have indicated that the decomposition of CsNOj in the presence
‘%0 absence of graphite is more complex than expected. The decomposition processes
=7f other cesium and strontium salts are equally obscure. Experimental work will,
“itrefore, be deferred until a reliable method is found to co-adsorb ce' ium and
‘=7'atium on graphite.

——
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periods {“2 to 3 days) to allow the trarsport ph:nomenon t> reach a stead,
state. The count rates obtained were plot:ed as a function of time (Figure
1.16). From this plot, the slope for the linear-mos® sections cocresponding
to 8 given flow ra.e vas obtained.

A plot of the slope as a function of flow rate is showr in Pigure 1.17.
The plot shows & linear behavior up to a helium flow rate of 950 wl/min.
Beyond this flow rate there is a large deviacion from linearity. This leads us
to conclude that helium passed over the tagged iodine crystals is saturated with
{fodine for flow rates up to about 950 ml/min. Lower flow rates were employed
in all of our sorption and peraseabilit; experiments; accordingly, & sturation
can be assumed in sstimating the vapor pressure of iodine to which concrete
sanples were exposed.

1.6.4 High Temperature Sorption Experiment

The high temperature sorption exparinent was started in rhe second week of
September. For sorption experiment procedures refer to Quarterly Reports
January through June 1977. The only difference in this experiment is that the
concrete samples are being held at 100°C instead of room temperature (~200C)

To date, two samples have been exposed to nlI-tagged iodine vapar for
9 days .nd 3 days, respectively. These samples were subseguently sectioned to
obtain iodine concentration profiles. The data from these samples are being
enalyzed.,

Currently, a third sample is being exposed. The plarned exposure period
for this sawple is 27 days.
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The internction of Cal with high-chromium aBoys in the presence of oxygen!

(Received 13 October 1978 received for publicatin || Janwary 1979)

Based on fsswn ywids and thermodynams consderations, Csl
has often been mierred as a compound likely 0 form ~. high
burnup otsde and cartnde nucicar fuch. Recent eleciron micro-
probe work 1] has indicaled the possible presence of Csl in the
pyrocarbon costings of ursmum carbede fuel particies. Csl has
also been wWenuBed[l] as & product formed from a synthetc
mixture of (U, PuiOy,,, CosO and Pdl; heated to 1150°C in the
hot end of a sealed stanless sieel lempersture gradient capsule
A knowicdge of the stabality and reactivity of Cul s necded lor
calculating the dustribution of Assion product cesum and wdine
reieased 100 the eaviroament from a potential accxdent.

The stability ot Csl volatilized at temperstures sbove MOC
and passed Uhrough a lemperature gradient furnace has been
studied by the High Temperature Gas-Cooled Reacior (HTUR)
Salety Group st Brookhaven Nalwnal Laborstory(J). It was
observed that Cal volatihized at B00°C amd tramsported = &
fowing helium stmosphere (S mi STP/mim) deposited on 2
quartz or Y04 stamless steel tube at temperatures of 540-630°C
The additwon of waler vapor as an impunty i the belium Junng
volatiization had no - dect on the deposiion charsclenstcs

In the partcular sap-niment shown in Fig. 1(a), Csl tagged
with 'Cs and "1 was vaporized in & helium-0.6% water vroor
camer-gas and was deposited v SBOC om & 304 stainless steel
tube. The carmerg's compositicn was ther changsd 0 helium-
10% oxygen. As » observed ia Fig. I(b), the Csl deporit lost ns
wdine which try clled downsiream and redeposiied om the ¥4
staniess steel tube al room (empernture and 18 & charcoal trap &t
boud nirogza tempersture. However, m subsequent expen-
ments using quarts tubes, it was observed that whilke Csl
deposiied sl he same lemperatue on quartz as on staniess steel,
decomposion of Cal did not occur when & helum- 0% oxygen
atmotphere was introduced

An eapenimential program was undertaken 0 cluckdate the
reasons for (he different behavior of Csl on quartz and o M
clanbess sieel (0% Fe, 0% Cr, 10% Ni) and 0 obtam »
formaton on the wiersction of Csl with the potential HTGR
alloys (4] Incoloy 800 (30% Fe, 20% Cr, 0% Ni) and Hastelloy X
(18% Fe, 22% (., 0% N, "% Mo)

This work was performed under (he auspices of the US
Nuxhear Regulstory Comminsion under subcoatract 1366445

Mixtares of Cal with 304 stuniess sicel, lncoloy 900 and
Hastelloy X turnings as well as with Fe, Ni and Cr powders were
heated cither i s, oxygen or in helum for periods of several
hours st lemperutures of 550-650°C. In helium, no corroswn of
the metals occur. ed either in the presence or absence of Csl. The
data obtained w awr and oxygen, 1o be discussed below, were
sumilas indicating that only oxygen played a significant role i the
interaction of metals with Csl. T™he most extensive data were
obtamned on samplcs cxposed 1e arr . 620°C for 4 . T¥2 resulls
e shown in Tabie |

We observe in Table | that exposure of 304 stunless steel,
Hastelloy X and Incoloy 500 to air at 620°C resulted in the
formation of a blue surface film. The metal surface remased
shiny. The presence of Csl resulted i a dull grayish-brown
tarnush Aum on all three alloys. Rinsing the turmings i distilled
waler imparted a yellow color (o the waler. A positive qualitative
test for Cr** was obtained (nitnc acud, ethyl ether, hydrogen
peroxide. blue color in ether layer) on the rinsings from the
Incoloy 500, Hasiclioy X and 04 stamiess slecl turnings. Nega-
Uve results were oblaned on lests 1o wentify kel and oo
wons

The data on the alioys indicate that Csl interacts with the
chromium i the presence of an oxidizing atmosphere. This
observalion was confirmed by exposing mixtures of Csl and
either won. + chel or chromeum powders 10 ar at 620°C for 4 .
Only chromium mieracied with Csl with U.e formation of some
C™ e

Addi onal informaion was oblansd by measuring the visible
spectra of the yellow aqueous solutions The spectra of aqueous
soluticns of NagCrOq, KCriOy and CrO, were also oblained. The
spectrophotometnc data are shown e Fig 2. The significast
feature in each curve i Fig. 1 is the wavelength of maximum
absorbance. The sbsorbance maxima for the thrze alloys occur at
the same wavelength, 172 am, as the absorbance maximum for
NalrOy CrOy and K Lry0y have absorbance maxima at M7 am
Thus, it 1s likely that Csl reacts with chromium-beanng alloys w
the presence of oxygen 1o form Cs,CrQy A reaction of the type

205kl + Crialioy) + 204(g) = CsoCrOuds) + Ing)

probably occurs. Thermodynamic data on CuCrO, are not
available. However, polassum and cesium compounds have

Tabie 1. Data obtaned on metal-Csl samples exposed to aur at 620°C

Matenal Cal

AqQueous
Appeasance soluboe

W04 Stainkess steel Blue Aim Coloriess
S04 Staundess soel Tarmush Yeliow
Incoloy 00 Brse Alm Coloriess
Incoloy W0 Tarmsh Yellow
Hastelloy X Blue Mm Coloriess
iasteloy X Tunsh Yeliow

lrom powder
lron powder
Nicke! powder
Nxhel powder

- Coloriess
-— Coloriess
— Coloriess
- Coloriess

b6 Al ot 10 = Siaen St 1o
IRy £ i "

C e ey g —y Yy

Chvommm powder
Cwvommm powder

Green powder (Criy) Coloriess
Green powder (CrdDy) Yeliow
Yellow powder (Cr*)
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Fig. 1. O, ""Cs. @, ™1 (a), upper figure, Csl depositen al S00°C on 04 staindess sieel in He-0.6% H;0: (b), lower
figure, iodine transported in He-10% O, to ambrent temperature and chascoal trap. Most of the decomposed '] (over
9000 counts/mn) was retained in the cold trap.

umilar thermodynamic properties. It 15, therefore, ins. ective 10
ook at the corresponding reaction of Ki to form K:Ci

IKi(s) + Cris) + 205(g) = KCrOds) + Ig).

The reactson 1 highly exothermic. The standard entha'py change
o 25°C is <159 kee!' (5] Therefore, the postulated reaction of Csl
with (he alloys seems quite reasonable even laking 1nto account
the substitution of cesium for , Massium, the lower aciivities of
chromium (in the alloy), the di%erence in temperature (600 vs
25°C) and the use of enthalpy ins. sad of free energy
Addibonal eapenments were performed o verdy the for-
mabion of clemental wdine. Samples of Hattefloy X, lncoloy
800 and 304 stanless steel turnings were heated with Csl at 600°C
in the presence of oxygen. Afler the oxygen was passed over the
wample, @ was bubbled (hrough sbsolute ethanol Flemental
Fig 1 Visuble spectra of yellow solutions: O, Y04 stainiess steel, wdine dissoived in ethanol gives a browmsh-red solut:on with an
Hastelloy X. ¢, Incolo. 800, O, NalrO.. x, CrOy: O absorption matimum al o0 am  Elemental wodine was weaued
Kacriy a8 & reachon product. The rate of produchon of wdine was




Notes

measured by mserting the exit tube inlo & spectropholometer
sample cell contaming ethanol The increase 1 absorbance with
time was followed The raie of production of wdine was high for
the first few minuies and then tapered off mapedly This type of
behavior i typecal for & chemical reaction occwming sl & sold
surface
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Polarographic stedy oa dihydroxobisbiguanide manganese(lV) hydroxide

(Received 27 October '978; received [or publication | February 1979)

1t s well known that the stability of & metal complex 1 related 10
s polarographc hall - wave potential. the later becoming more
negalive with increasing magmiude of the former|i] A large
amount of work has been done on the polarographic reduction of
manganese(ll) and ganesetl1) comp al the DME[2] In
order 10 study the reduction of manganesellV) st the DME. the
present complex was chosen as it s the only cationc complex of
manganere(IV) which s soluble in water and stable under
ordinary condstions [}

EXPERIMENTAL

The compounds, dihydrorobisbiguansde manganese(|V)
hydroxsde()]  and  dibydroubisbiguansde  manganese(ll])
hydroxsde (4] were prepared by the methods of Ray and Ray and
the puntty of (he compounds was checked by elemental analywis.

A Cambrwige pen-recording Polarograph was used for record-
g he polarograms, the capenmental procedure being same as
descrnibed earhier [S] The solutions were made by dissolving the
requisite rmount of the complex in 0 | M potassium hydroxide and
then the mavimum suppressor (001% gelatine) was added. he
polarograms were recorded immediately after making up the
volume

RESULTS AND DESCUSSMON

Figure | shows the polarograms of fresh 00005 M agqueous
solutions of manganeset|V) (curve @) and manganeseti11) (curve
b) complexes along with the polarogram of the supporting elec
trolyte with musimum suppressor (0.1 M KOH + 001% gelatine,
curve )

The polarogram of the manganese(!V) complex shows three
detinct polarographc waves. The diffusion currents and ihe
hall wave potentialy corresponding 10 each wave were deduced
from the polarogram obtained by subtracting the resadual currest
(curve ) ot each pomt of curve @ Mall -wave potentials for sach
wave were oblained from the ~ Eouy vs iog #ii, = i) ploty and
wre pven in Table | slong with respective diffusion currents. The
waves are dilfusion controlied and reveruble, except (he second
oee, for which only the tial portion indicates a reversible
sature. In aqueous solution, this complex suffers progressive
hydrolyss on duution and ot s Sifficuli to obtam relable data for
the ome mobaliy ot mBaste dilution For (his reason ihe number
of elecirons mvolved “a"™ corresponding 10 each wive. could aot
be obtawmed from diffusion coefoemt data but were obtamed
from the siopes of "he plot of ~ Eguy v8 log dli, = ()(6) and are
alse grven o Table |

The first wave starts around ~0.13 V. The slope of = Epgs v8
log d(i, = 7) plot gves a value of 22 for “a™ (E\n= ~0.202V).
ndicating & two clectron reduction ai this stage, so (hat
Ma(lV) = Matil). Most Mna(lll) compounds, in the presence of
vanous supporting clectrolytes, are reduced around zero volis
with respect 1o the SCE[2] In the case that the reduction of
Mntlll) 10 Matll) occurs at & less negulive voltuge than the
reduction of Ma(IV) 10 Mn(ll1), the reduction of Mn(lV) st the
DME would pive only one wave, including the reduction of
Mndlll) 1o Mn(l]) and the product would be Mnill), the result of
& two electron reduction siep. Whether the reduction of Ma(lll)
10 Mn(ll) occurs st a less negative voltage was lested by
measuring (he polarogram o the corresponding Mndiil)-
biguanide complex under the same conditions. The half-wave
potential for the first wave of thir polarogram i ~0.237V, which
" almost the same as for the Mn(1V) compound. The value of
“a” lor this wave indicates & one ehxctron reduction siep The
second wave of the polarogram “a” starts like a reversible wave
and the initial pounts of the ~ Epyy vs log i, - /) plot indicate 3
“one electron reduction sizp”. but at later stage the wope of the
plot changes to g gher value giving a fractional value for “a™
and this 15 characterstic of the wreveruible nature of this wave

Table |. Half-wave potentials and diffusion currents for the
polarographc  reduction of dibydrorobisbiguanide mangaa-
eset1V) and manganese(lll) complere:

m=6708
mgm 1~ 295
D usion wc
Compiex current for En lemp W°
00005 M Waves, x amps  volls w
ManganesetlV)
I 1.52 -0232 22200
Ind 1.3 054} WL
Ird 1M 1760 1OBY;
Manganese(iil)
Ist 135 023 wW?
nd on -0.57 -
nd 162 1T oM

*Obtained from the mitial portion of the wave
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Fig | Polarograms of dihydrozobisbiguamde compiexes of manganese m presence of 0.1 M KOH and 001%
gelatine m = 6708 mgm (= 1965 sec lemp W, sensitivity /50 damping 5. (a) 00005 M manganese(IV)
complex; (b) 0.0005 M manganese(|ll) complex; (c) blank. without any compiex

Some wde reachions interfere witk the elecirode process al this
stage. the nature of which could not be «dentified. The second
wave (or the Matll]) compound also gives a straight line for the

Eows ¥4 log tiliy = 1) pi=*. “1 the value of “a” denved from
this hine agun gives & fractonal vilue. Hall-wave potential
values of the second waves in both the compounds are very near
10 sach other and i s very hkely thal sumilar processes occur At
this stage (he reduction of Mall) to Makl) takes place. The third
wave i both the compounds again gives umilar E,, values, and
coh one indicate one clectron reduction giving Madl) 1o MaiO)
Thus aithough Matlll)-bigusnide compound shows all the three
stages of reduction indicating the formation of each lower oxide-
ton states, the first step for the reduction of Mn(lV) is 3 two
eleciron step gpiving Matll) with 3 half-wave polestial simos!
cqual 1o that for the reduction of Malll) to Mmil)
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Isomeric cross section ratios for the (x, 2a)
reactions on “Sc and 'Vla

(Recerved 1) December 1978, received [or publication |6 Februwry 1979)

T™he measurement of isomernc cross-section rabios is of interest
for a number of ressons. They can be used 1o study the transfer
of angulas momentum 0 nuclear reactions and the spwn depen-
dence of the nuclear level densities in the final nucier. A know-
ledge of the ratios may also be useful for reactions which are W
be used for activation analysis or neutron detection.

We have messured (he nomenc cross-sechion ralicn o /e, for
he resctions “'Scia, 20" *ScT e =244, Ty, = 19) and

nin. 20) " 10T 5 = 21 min, Ty, = 14.5min). The method
used rehed on the analyss of the ime behaviour of the decay of
the ground state. Since only (he ground stale actwily was
measured many of the sources of error present i methods which
depend on observing the decay of the nomenc and ground siales
separately wer? avosded

“Scin, ) =esc

Samples of » few grams of natural scandium oxwie In pow-
der form were wiadated with fast neutrons for penods of about
three hours. The neutrons were denved from the DT reaction
using deuterons accelerated 10 300 keV in 2 Van de Graal ac-
celerator. The samples were placed in different positions with
respect 10 the tntwm target and the beam direction in order 0
obtain & range of neutron energies. A number of runs were made
ot each sampic pontoa.

Alter wradiation each sample was transferred to & 3 x Jin® Nal
detector. The wtensity of the 0511 MeV anmbilabion radiabion
anving from the 8 decay of “*5¢ was followed for a peniod of a
few days after wraduation. The count rate of the pholopeak was
observed and. after correction for the contnbubion from “K
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