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ABSTRACT

Mixtures of cesius iodide or silver iodide vapors in stean and bydroger

at 1170K were passed over stainless steel in & radiation field produced

by & 80Co source. Cesium iodide and silver iodide ware observed to

dissociate. The iodine passed through the systes Cenium was found to

hbave bound to oxide layers on the stainiess steel. Dissociation of
jodide vapors and cesium reaction were not observed in similar

experiments done without a radiation field

Thermochemical analyses of the Co-1-0-H systes in the presence of

ionizing radiation are presented and used to explain the reactions of

cesium iodide

INTRODUCTION

During severe reactor accidents, radionuclides released from degrading reacior

fuel must pass through the reactor coolant system before they cas contr

the threat to public safety The ability of vaporised radionuclides to

ibute Lo

negotinte passage through the reactor coolant systes is strongly dependent or

the chemical intera:tions of the radionuclides with saterials present a

long the

flow pathway The chemical enviroument encountered by the radionuciides in the

resctor coolant system during & severe accident is far more hostile tha

commonly encountered in laboratory chemistry studies. This environment

invelve high pressures (over 100 atmospheres) and strongly onidising or strongly

reducing conditiens Always bigh temperatures and intense radintion 1

would be expected

For severa)l years, the U § Nuclear Regulatory Comminnion has sponsore
Sandis Nationsl Laboratorias & progras to investigate the chemistry tha
affect transport of radionuc)lides during severe reactor accidents (1)

Experimental studies of the rates of deposition of ColM (2), Csl (3), »

on stainless steel have been conducted ae part of this ressnrch effort

n that
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These

enperisencal studies have involved attespis Lo produce prototypic thermal and
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chemical environments. JIntense radistion fields that would also be expected in
the coolant systes of & reactor during an accides : were not included in these

studies

Recently, a series of experiments to examine cesium jodide transport was done in
a radistion field (5) In this paper, the results of these experiments and some
discussion of their implications for the chemistry of iodine during severe

reactor accidents are presented

BXPERIMENTAL APPARATUS AND PROCEDURES
The experimental procedures snd apparatus were similar to those employed in
previous studies without a radiation field (2.3) The apparatus was the Fission
Product Remction Facility which is shown schematically in Figure 1 and has been
described elseshere (2) The apparatus was ocated for these experiments in
Sandia’'s Camms Irradiation Pacility (GIF) which umes & 130000 curie 80Co source

Lo produce an intense radiation field  O0Co gamma rays are peaked at energies

of 1 178 and ) 332 Wev  In typical experiments, & flow of stean at a pressure
somewhat shove ambient is introduced at the rate of 0 04 moles/min to the super
heater Reactions ¢ the stean with Inconel or stainliess steel liners in the
apparatus creatse a hydrogen partial pressure, or hydrogen say be introduced to

the flow

Cesium jodide or silver jodide vapors are introduced in a heliue carrier gas to
the flow as it emerges from the super heater The vapor mixture Lhen passes
through an isothermal (+ BK) test mection about 1/2 meter loeg The inside

dismeter of the piping aystes through the apparatus is 2 & e

Within the test section, the vapor Bigtare passes over type 304 stainless stes)

coupons . Thess coupuns are variously treated

(1) o% roaceived (¢)

(2) cold worked by glass bead peening (P)

‘3) pre-omidised at 1270K for 1} hour (0)y)

(4) pre-oxidised at 1170K for 2 hours (Dg)
(6) pre-onidined at 1170K for 4 hours (Uy




Also, for some of the experiments in the radiation field silver-plated copper
coupons (s) were located in the test section. Reference coupons are located

upstreanm of the point iodide vapors are introduced

The flow emerges from the test section into a condenser An avtomatic sampler
allows sequential samples of the condensate to be taken for subsequest analyses
A mass spectrometer is used to determine the hydrogen. belium and argon (&

buffer and calibrating gas for hydroger) gases in the flow

Tests 40, 41, and 42 were done in the radistion field The conditions of thess
tests are shown in Table 1. Results of these experiments will be compared to
results of tests 18 and 356 which are also described in Table 1 wnd were done
without & radiation field being present Test 40 involved Csl vapcors 16 stean

and hydrogen passing over stainiess steel and silver plated copper coupons
Test 41 was similar except silver iodide vapors were involved Test 42 was

similar to test 40 and used Csl vapors, but no silver coupons were present

Radiation intensities were measured using thersolusinescent dosiseters arrayed
as shown in Figure 2 The peak radiation intensity was found to be 1610
rads/min.  The radiation intensity fell by about 400 rads min scross the
apparatus widih Microprobe analyses that are reported are for as received

coupons exposed to a field of 1430 to 1020 rads /misute

RESULTS OF THE EXPERIMENTS

“he most immediate results of the experiments came fros the analyses of stean
condensate samples which are sumsarised in Table 2 Condensate from test 18 and
test 35, which were done without a radiation field, contained about equal paris
of cesium ard todine an detersined by stomic adsorption spectroscopy end ion
chromatograph;, , respectively This is the expectad result since crsium and
sodine are introduced as Csl Condensate from tests 40 and 42, which were done
in & radiation field, contained about B to 10 tiwes as puch jodine as conium
Test 41, which involved Agl vapors, produced condensate contaising more than

1000 t.mes &% much iodine as silver

It is apparent from these few results that jodide vapors were being affected by
the radistion field The effect is o caurr Ol (and, apparently, Agl) to
dissociate in & sanner that permitted the cesiug Lo be retained preferentially
in the test apparatus, but with an iodine species free Lo pass into the

condenser and to be collected in the condensate



To sscertain where the cesium was retaiced, several of the as received stainless
steel coupons exposed to the vapors were examined by x-ray fluorescence and
electron microprobe X-ray fluorescence did not show more than background
levels of either cesium or iodine on the surfaces of the coupons. This result
is snalogous to that obtained in tests without a radiation field present
Electron micrographs of sectioned specimens did show cesium was present in the

oxide But, the cesium » ~ found deep within the oxide layer on the coupons

Results of electron micrunrobe analyses of coupons from tests 18 and 40 are
shown in Figures 3 and 4, respectively The oxide on the coupon from test 18
(Csl vapors without s radiation field present) consists of two layers The
outer layer is Fegl4 containing about 2 percent manganese The inner layer is
an iron-chromius inverse spinel phase containing some metallic inclusions
composed of iron and nickel Both layers are free of cesium and jodine to the

limits of detectability defined by the instrusent background (~0 056 wt % Cs)

The oxide layer on stainless steel exposed to gamms radiation in test 40 was
different It was & triplen structure. The outer two Jayers were similar te
the two layers found on the stainless steel in test 18 with a radiation field
present. That is, the outersost layer was FegOy The middie layer was an iren
chromium oxide The third oxide layer has been found only in tests with a
radistion field This layer is rich in chromius, sanganese . and silicon 1t

seems very tightly sdhered to the wetal

Cesius was found at concentrations of up to 1 wt % in the middle oxide layer on
the coupons from tests with & radiation field present The disposition of
cesiup in the onide layer can be seen sore elearly in the plot of concentration
against position in Figure 6. 1n this figure, powition is measured from the
extarcal surface of the specimen The approximate boundaries of the oxide
Jayers are marked and nusbered in the figure The metallic material is
Jjabelled "M" Concentrations of silicon (8i) and sanganese (Mn) as well an

conium (Co) are whown in the figure

The tendency for cesium o collect in the inner oxide layers on stainless stee]
ba® been obeerved in previcus tests with Coll vapors done without & radiation
field present (2) Blectron micrography of the coupons from these tLests
established a correspondence between the locations of cesium and silicon in the
janer onide layer This correspondence has Jed Elrick and Sallsch Lo propose

Cagliqlg forms within the onide layer (8)



Attempts to quantitatively analyse the results of electron micrography of
samples from the tests of Cel interactions with stainless steel in a radiation
field bave pot yielded a definitive correlation of silicon and cesium. It is,
then, not clear that reactions of cesium dissociated from Csl in a radiation
field are identical to reactions of CsON vapors with the oxide in the absence of
the field. It is apparent, though, that the reactions are similar and that
cesium reaction with the oxide is responsible for cesium retention in the test

apparatus when a radiation field is present

THERMOCHEMISTRY OF THE Cs-1-0 W SYSTEM

Elrick and Sallach (7) and Caristo (8B) have analyzed the gas phase speciation of

the Ce-1-0-H system. The examinations have proved useful in the analysis of the
chesical behavior of the Cs-1-0-H system under laboratory conditions Ne i ther
of these examinations considered ions and ionization The effects of an intense
radiation field ought to include the formation of ions in the gas phase
Therefore, our first steps in the analysis of the experiment results has been to
re-exanmine the gas phase speciation of the Cs-I-0-H wystem including ion

formation

The nusber of gas phase species that sust be considered in the analysis of the
Cs-1-0-H system expands considerable when ions are included The species
considered in the analyses here are listed in Table 3 Gibbs free-energies for

these species were calculated using the eguatior

G(T) = AH¢(208) - TO(T)

whare BHg(208) is the enthalpy of forsation at 208 15K and ¢/T) is the free

energy functior

O(T) = <[G(T) - Mg(208)] /T

The free-energy functions were themselves caleculated from the correlation

expression

O(T) » A[1] « ALZ)X « A[BIXZ & Ala)X3 .
ABlIn(X) « A8, /X +» A7 XIn(X)




where X = T/10,000. Parametric values for these correlations are listed in

-' Table 3. For many of the species, values of the free-energy functions were
available from standard sources (9) When this was the case, parametric values
were determined by non-linear 'east squares fitting of the above correlation to
tabulated values at 208 15K and at 100K intervals between 300 and 3500K  The

correlations will reproduce the tabulated valuss t> within +0 001 Gibbs/mole-K

Thermodynamic properties have not been tabulated for many of the species in
Table 3, especially some of the ionic species. For tiese species, the

thermodynamic properties were determined as follows

CsH(g) ¢ Thermodynamic properties were calculated using the rigid-rotor,
anharmonic oscillator model (10) prd spectroscopic data cited by Huber and

Hertzberg (12). The enthalpy of formation is that cited by Wagman et al (11)

Cel*(g): Thermodynamic properties were calculated using structural and
vibrational data for Csl(g) and electronic data for Csl*(g) (12) The enthalpy
of formation was taken to be the average of values cited by Franklin et al. (13)

and should be considered quite uncertain

Csgl®: Thermodynamic properties were calculated for & lineas rigid-rotor,
barmonic oscillator ucing structural and vibrational data calculated by Miine

and Cubicciotti (14) The molecule was assumed to hare a 40 ground state The

enthalpy of formsation, 70 kcal/mole, is the average nf values cited by Franklin
et al (13) Recent work (18,16) seems to favor a lower value, 38-40 kcal ‘mole,

though the evidence is eguivocal.

E!;Sll Thersodynamic properties were calculated for a rigid rotor-anharmonic
oscillator using structural and vibrational data for Cep(g) (¥) The electronic
ground state was taken to be 2L The enthalpy of formation is that cited by

Wagman et al (11)

Co0z(g) Free-energy function values were calculated from a correlation found
by Garisto (B) and these values were fit to the functional form used here

Cariste's estimate of the enthalpy of formation has been adopted



HI*(g): Thermodynami~ properties were calculated for a rigid rotor-anharmonic
oscillator using spectroscopic and structural data cited by Huber and Hertzberg

(12). The entbalpy of formation is taken from Wagman et al. (11).

Hp0*(g): Thermodynamic properties were calculated using structural ard
vibrational data for H0(g). The electronic ground state was taken to be a

doublet. The enthalpy of formation is from Wagman et al. (11).

1*(g): Thermodynamic properties were calculated using a conventional
statistical mechanics model and the 121 energy levels between the ground state
and the dissociation limit (15). The enthalpy of formation is that cited in

reference 11

I"(g): This ion is iscelectronic with Xe(g) Its thermodynamic properties were
calculated assuming a ground state singlet and no excited states up to the

disscciation limit. The enthalpy of formation is from reference 11

;i“l: The thermodynamic properties were calculated from spectroscopic data
cited by Huber and Hertzberg (12) The enthalpy of formation was calculated

from the dissociation energy, 24 kcal/mole and collateral data for I1(g) and

I"(s) .

;;‘.2 The thermodynamic properties were calculated for a rigid
rotor-anharsonic oscillator using spectroscopic data (12) The enthalpy of

formation is from reference 11.

!29;' HO;, and 0; Free-energy functions for the neutral molecules were
assumed for the ions. The enthalpies of formation are those cited by Frankliin

et al. (13).

No attempt was made to include in the calculations more exotic cesium iodide

ions such as Clsla. C.Ié or 0'215 which have been reported (18,19)

Nor has hydration of the ions such as the hydration of the hydronium ion (17):
- o - .
H3°("20Jn»l . H20 . ”3°f"2°)n

n=1¢%?7



been considered Such bydrates become of decreasing importance with increasing
temperature The hydrates are more stable, bowever, in L. gh pressure stean

The presence of bydrates in a reacto: coolant system cwnnot be totally
discounted. Significant hydrate formation will affect the validity of the ideal

gas assumption invoked below

Further details or the thermodynamic properties of species considered here will

be published in a Sandia Navional Laboratories report (16)

The gas phase speciation of the Cs-1-0-H system in the absence of a radiation
field was calculated assuming all species were ideal gases Conventiocsnal
equilibrium methods were used except an additional charge neutrality constraint
was imposed Results of such a calculation are shown in Figure € for a systex
at one atmosphere total pressure and baving a hydrogen-to-steaz ratio of 0.1 and
s Cs/H ratio of 4.95 x 104 The source of cesiuz was taken to be Csl  The
predominant vapor species is, As expected, Csl(g) Jonu are present Cs* (g
and 1-(g) are the moust abundant ions (On the scale of the plot, the partial
pressures of these ions are nearly indistinguishable.) It is apparent, however,
that for most purposes the contributions of ions to the gas phase speciation 1is

negligible.

Camma ray interactions with materials will free electrons Primary electrons
produced by Compton scattering of 60Co gumma rays have a meaun energy of about
0.5 Mev. Simple shielding calculations indicate these electrons (delta rays) in
the tests considered here come primarily from the interaction of gamma rays with
structural elements of the test apparatus rather than direct interaction of
gamma rays with the vapor phase The highly energetic primary electrons will

interact with vapor species to free additional electrons in a reaction chain

M + hv+ (M)* + e
M+ e + M + 2e”

This chain propagates until electron energies become too low to induce
jonization. The ions that are formed can participate in various charge sxchange

reactions while the low energy electrons can be zaptured



M« M+ M« M (exchange)

M+ e = N (capture)

Finally, ions can be neutralized:

-

M, « M- = M, <« M
-

My 26" = ¥,

The formation, charge exchange and neutralization reactions of ions all proceed
at finite rates. These rates are not known, in general They are, however,
dependent on the radiation dose rate, natures of the ions, and the geometry of
the system. The charge exchange and neutralization processes tend to move the
systen toward thermal equilibrium speciation This is frustrated by the
continuous bombardment by gamma rays, primary electrors and the shower of

secondary electrons.

If it is assumed that a steady state is achieved and that the processes of ion
formation and evolution are fast in comparison tc the neutralization processes,
the system will establish a dynamic equilibrium, This will not be a true
chemical equilibrium since it will be dependent on system geometry, etc Some
insight into the nature of speciation during this dynamic equilibrium can be
gained by considering the system to be equilibrated except ion populations are
shifted to bigher levels by the continuous bombardment The ion population can
be quantitatively characterized by the so-called "dynamic charge separation,”

M., which is defined by:
Mg = Im,(i) = Lm. (i)

where Im.(i) and Lm_(i) are the total moles of positively and negatively charged
species in the system. Mc has, of course, finite values even in the absence of
a radiation field. For the system described by Figure 6, M. varies between
10-11 and 107 as T varies from 1090 to 1600K. Under the action of the
radiation field, M. is increased. Speciation of the system can be estimated
using the definition of M. in place of the normal charge neutrality constraint
(Note, however, that the definition of M. still enforces overall electrical

neutrality.)



Results of a calculation for the system described above except

.c = 10'3 are shown in Figure 7. Jons, especially HSO and I are the dominant
contributors to the vapor speciation aside from Hp0(g) and Ha(g). The most
ipportant cesium species is CsOH(g). The effect of radiation on the system is

then, apparently, promotion of the over all reaction:

b
2H,0 + Csl = a;o + CsOH + 17

where X~ simply designates some ion source Increasing the hydrogen-to-steanm
ratio to 10 or the system pressure to 100 atmospheres does not alter this as the
dominant reaction. At bhigher hydrogen concentrations, formation of Cs(g) rather
than CsOH(g) does make a significant contribution to thr speciation

Incremental changes in the dysamic charge separation, M., from thermal values
shows that the cesium hydroxide partial pressure is nearly directly proportional

to M..

The results of the tests of Csl transport in a radiation field can be understocd
in terms of the vapor speciation shown in Figure 7 The effect of radiation is
to increase the vapor concentration of CsOH(g) which can react with oxidizing
stainless steel as observed in earlier experiments (2). This removes cesium
from the gas phase so that reformation of Csl(g) cannot occur when the gas phase

emerges from the radiation field.

The calculated speciation alsc suggests the disposition of iodine freed by the
disscciation of CsI(g). This iodine is present predominantly as I (g)  The
vapor concentrations of I(g) and Iz(g) are kept quite low At these low iodine
concentrations, formation of other metal iodides such as Felp(g) and Nilp(g)
will be quite limited. Though not examined here, it is likely that formation of
organic iodides will also be inhibited by the low partial pressures of I(g) and

I2(g) -

CONCLUSIONS

Experiments have shown that radiation fields can affect the transport chemistry
of Csl. The effect is to liberate iodine and to trap cesium in the oxide layers
on stainless steel in the flow pathway. Thermochemical analyses suggest the
liberated iodine will be present predominantly as I (g) and largely unavailable

for reaction with other metals to form vapor phase metal iodides.



These results can have signific.unt ramifications on the expected bebavior of
radionuclide iodine and cesium under accident conditions. The results alsoc
isply radiation is an important constituent of the chemical environment of the
reactor coolant system under accident conditicns. The effects of radiation and
the ionization it induces ought to be considered in the development cf models of

radionuclide behavior during severe reactor accidents
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Table 1

Experiment Conditions

Laboratory Tests

Test 18 Csl vapor/stean OHE/SOASS coupons

Test 35 Cs] vapor/steam + Hp/3048S + Ag coupons
GIF Tests

Test 40 Csl vapor/steam +Hp/3045S8 + Ag coupons

Test 42 Csl vapor/steam +Hp/304SS coupons

Test 41 Agl vapor/steam +Hp/304SS + Ag coupons

Test 1B Test 35 Test 40 Test 42 Test 41

Run duration (hrs) 3 3 e ] o

Nominal steam flow 0.04 0.04 0.04 0.04 0.04

rate (mole/min)

Superheater temp (K) 1370 1240 1270 1260 1320

Reaction tube temp 270 1170 1170 1170 1170
(K)

Nominal flow rate Csl Csl Csl Csl Agl

of species

(mole/min) 5 x 10-6 5§ x108 5x 106 5 : 10065 x 106

Table 2

Analysis of Steam Condensate Samples. Cesium and Silver
Determined by Atomic Absorption Spectroscopy; lodine
Determined by lon Chromatography

Cesium lodine

{pp=)  (ppm)

No Field
Test 18 Cs1/304SS ~1000 =~1000
Test 35 Cs1/304SS + Ag ~1000 ~1000
Field
Test 40 Csl/304SS + Ag 155 1500
Test 42 Cs1/304SS (no Ag) 290 1000
Silver
{ppm)

Test 41 Agl /30488 + Ag <0.1 700




Species
1O
2. MWy
3 Oy
4 H
5 OH
6. 0
7
o oy
9. 03

10, HO*
11

12 :’7‘
13, Hp*
14 Wy
15 0O
6. 0O
17 (U
18 Ot
19

2.

21

BREN
T55% 99

« G(T) = BHy (298)
1/10,

WERE X =
+ See text

Al1]

71 5353
52 446
57 B57

5.17062
70.0373

§3.7172
-3 94422
37 1605
46 0284
2 4079

Table 3

Correlation Parameters Used to Calculate Gibbs Free Energy

Al2)

40 66
9 (K77

0 (x312473
-135.714

25 8297
4 11753

~243 968

~-83 1478
-50 4520
49 7575

48 1810
2 3819

36 865
9 1133
2 BaD47

-1 43070
-16.6177
2 6636
35 021
23.2657

-83 1478

~-243 968

44520
-1 93452

0.677752

A[3]

~TR (775
11 73R
15 5420
317 063
-48 5113

-10. 7695
606 6851
231 520
146 190
~79 4254

-42 2018
-5 55621
-65 4733
~-1.98798
-7 58038

3 33468
50 6145
=30 9175
-65 6889
-42 3697

231.520

606 851

146 10
4 49737
-1.60180

Parameters®

Al4]
32,719

1), 415187
1. 7Poeex 1073

-192 163
17.3238

4 75467
-361) 074
-91 6313
-6 5335

34 5683

20 1083
3. 14606
35 8378
5. 79897
3.17474

-1.93317
-20 3134
19 7863
30 0036
15.7772

-91 6313
~-360 074
-60) 5335
-2 61200
1.12449

A[5]

)

5} Reacd

gt

85 aichd

:

1

sactd oooas vowon 05650 cwawo

: BRI 66

- T(A[1] + A[2]X + A[3]X2 + A[4]X3 + A[5]1n(X) + A[6]/X + A[7]XIn(X))
000

Al7]

31 9148
11 (344
-16. 7050
~117 136
26.2017

5. 99812
~243 656
~120.478

~£3 0087
31 1464

) 274354
2 19440

4 3%!6

Mg (298)

(ca /mole)

7171
3657235

24322

374949
-11614

314800
212000

271000
318000

RE*** SHLLL LXERY *§PER eogee
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Table 3

(continued)
Parameters*

: AHg (298)
Species Al1] A[2] A(3] Al4] A[5] A[6) A[7] (ca /mole) Ref
Csl 87 7432 0 455567 1 98633 054047 R R2342 0 266638 ) BI756 K% 1) B
(Csl)o 151 730 O a3 2 54081 1. 15800 19 6712 0 550180 1 44663 U ] 8
Cs 55. 2284 651345 18 (747 19 447 5. 1440 0149513 3 91440 (ESA 1) a
C . IRl Asd 0 253858 5 xxy77 1. 37570 H AKX 0 2661968 -3 2544 254 a
(‘3 78 5451 -7 414 19 a2 9 22688 B (X513 0. 253281 884657 U0 G
Ca0) 104 (X8 113324 2 (R -13. 2027 12 .07 0385426 ~15 589 Zann O
g}i 72 49 -51 9615 132 485 -61 5160 5 BB O0.2nw 68 0R52 K Lt .

88 573 3 27662 7.54214 7 08251 11 4201 0 354543 -4 25062 6400 Ua
(&i}{)g 106 810 23 75 21 68M 4 44148 12 W78 0 Svweg7 -5 . 22X -164400) Ca
CsH 58 2%7 18 50M8 54,1664 22 . Wr7 4 HrZs 0 19497 -31 6508 27653 .
I 54 1543 6 7366 15 6400 8 47545 4 B 0 144204 542560 26617 G
1 83 0657 2.01Mm3 6 _RE623 3736 B aunan 0 260026 -3 BRORG 14924 L2
H S SB35 32 B -57 6152 31.3an g 0. AK%7 18 (rxs A40 Ya
Cs{H* L AR ¥ 7 K14 -2 1M 1 WSS 120113 0 3%337m 0 9496511 1060 ob
Osl* 890 5 08454 14 4760 7 HEAN 856668 0. R -5 (6411 15900 +
Cepl* 123 266 145445 3.85119 166267 14 68X 0440680 ~1.9171 L L) R
' 551837 -6 TTRG4 161413 9. 14077 475K 0 14968% ~4 P65 2N .
o 53. 1044 1 0404 -2.4428) 1 62191 5 z9 0. 14815 0 76878 47000 +
Cs* 5¢ 526 S IRER ) 4. 575 2.61117 4 RNy 0 146661 -1.721%8 100 @b
(‘ng‘ o1 4312 2. 55877 0.527582 0. 260832 B 91785 0 28713 -0 241853 113163 +
HI* 70 7R 26 4370 ~40) 4586 16 910 7 4% 0. 2AW530 5 R22D 247320 +
Io* B4 762 5 U6484 A) X6 15 42532 B 65K+ 0 2622% R . SR 231 .
Iz B 1606 2 MR B.7173 4 07136 B 42x%) 0 284852 4 450 AR .



LEAD BRICKS

SUPERHEATER

BOILER

CAROUSEL TO SAMPLE
STEAM CONDENSATE

Figure 1
configured for the tests in a radiation field

Schematic diagram of the Fission Product Reaction Facility as
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Figure 2 Schematic diagram of dosimetry measurements (rads/min) made for the

tests
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POINT-BY-POINT MEASUREMENT OF COMPOSITION
THROUGH OXIDE CROSS SECTION IN TEST 40. CONCENTRATIONS
CALCULATED FOR CORRESPONDING OXIDE OF ELEMENTS
Mn(Mn02), Si(Si03) AND Cs(Cs0)
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Figure 5 Elemental concentrations plotted against position for the stainless

steel coupon from test 40
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