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Abstract

Concentration profiles have been cbtained for the migration of Mool in H451 graghite at

temperatures abcove the melting point of the carbide (2590°C). The diffusion is consistent

with the Fickian mocel and the diffusion ccefficients which have been cttained are several
b ]

orders of magnitude greater than those predicted from lower tamperature thermodynamic
cata.

High Temperature Gas Cooled Reactor, molybdenum, diffusion, graphite.

{ntroduction

In a hypethet ica]l worst case scenario the complete 19ss of cooling of the core of a High
Temperature 3as Cosled Reactor (HTGR) could ultimately result in core lemgeritures as high
as 3600°C. The prediction of migraticn of r.dicactive materfals through the graphite is
necessary for the analysis of such hypothetical accicents.

Since extrapzolation from models formulated for 1cwer :eﬁ era ures s uncertain, experimen-
t2l ceterminations of diffusion ccefficients were initia

In our initial work on this predlem, molycdenum, in the form of MeoC, has been chosen 2s
the migrating socecies. This is because molybgenum is a rission procuct, s chemically

tihle as a carbide and nas non-decaying isotopes that can be used to simulate the active
fsctopes.

sxseriment

The experiments are performed by lcading a thin layer cf MozC into 2 flat be
tty 1n 8 H831 grapnite (Great Lakes Cardon Corp.) cylinder used &s the susc
kw frduction furnace.

After heating the sampie to temperatures spanaing 're ﬂel“ﬁg soint of Moo (2590°C),

tme grighite Y5 machined 1O sesarate tne cylindrical portion lying directiy below the
plane of the MopC meit. This cylincer is then sliced alcrg planes parailel tc the glane
2f the melt and these slices are ashed and assayed for molybdenum. This resultz in values
of corcetration averaged cver the vo! "¢ of the slice for variocus distances frem the “c:C

-

scurce.

.

To check the zassidility that molyblenum was diffusing inte the sample suscepters from the
surrounding environment (e.g. the "s.Te ing o :i.*\, 3 blank graphite susceptor containe
ing no molytdanum was heated to 2 temjeratyre of 3000°C for 4 hours and then assayed. he
molyddenum other than an a:;rcx1xza.e C.5 ppm background was found.

e5y'ts

it 15 noteworthy that the family of curves (Figure 2) generated by this serfes of experi-
=2n%s See® S3 extrapolate back %0 a virtua) scurce of asout 30 3zm soncentraticn. This
would seam 5o indicate that there is Tore than one shengmenon invelved in the diffusicn
srecess, since tne real scu~ce has @ molyocenum congentration crcers f magnilile graater.

.-

incerestingly, 30 ppm mcliclenum correscords o less than monclayer coverige of the graghe
‘e Se2coroingly, the "i, irent” diffusion coe®fictents, 3. nave beegn calcyiated usirg
tre assuTpiion thet she =0)) ddenum is draan fre= 3 nonedezietadle ssurce of 30 22
coacentraticns  Uader tnese Cirumsiances, tne ¢iffuston -e'/ Slesely resesties Fickian

giffusicn in the gecmetry of the experiment.

The zecmetry of the sample had Deen selected :r’;ﬁ:l11y %5 approach a constent infinite
slane ::;rco to simplify the analysis. wowever, the regicn in wnich the molsScenuym Core
centraticn s non-negligible was found t0 have Zirensiors C'°'ereax¢ with the lateral dis
~ensions of the source and of the giffusion vslume. Therefore, the fittirg of the cata
for the 'n'*--cn of an effective ciffusion coefficient regquires e :"!“S Cﬂal time
geserdent arglysis. The heat conduction computer coce, 7aC-2202) was uses 22 salve the
sime sasensenistwt cimensicnal analeog. The gacretrical cimensions were retaings in the
caleclaticn and the Siffusivity was set 23 1 c™°/sec. Adtadbatic Scuncary "-:1"*“5

were 35s.ned for the duter surfaces of the -:‘.*e. Since the t17e ssales inversel; ;
sarzioral 36 the diffusion coefficients, 11 ihe cistribution casarved after 7 seconds
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matches the distridution computed for ¢ seconds;

D= % cmz/snc 3

The computed diffusion equation solutions were averaged over the cross section of the cyl-
inder sliced for samples for analysis. The average concentration as a function of dgis-
tance from the source was plotted as a function of distance from the source with time as 2
parameter. This set of curves was used to match the results and determine the time t, and
thereby infer D.

The experimentally odtained diffusion coefficients are;

0 s 8.5 %10 en’/sec 9 3200°C for 1 hour
0« 4.0x10° cmz/sec @ 3100°C for 33 minutes
0 2.6 210" cn¥/sec 0 3000°C for 8 hours
0= 2.8 x 107" ca’/sec @ 3000°C for & hours
0+ 8.3 x10°% ca’/sec 0 2500°C for 1 hour.

The resulss apsesr %o be internally self-consistent, with two independently obtained coef-
ficients at 3000°C agreeing within 163. Noteworthy is the fact that the experimental.

1y observed resylss give a diffusion coefficient wnicn is severs) ordars 5( magnitude
greater than that calculated using the correlation used in the 30RS code:

pd
=logys0 = A + 5_1?51_
where, for MO: A« 1.0, 8 »19.2 and T is in °K. ,The data incorporated fnto the SJRS
cace have Sesn cbtained from the review by Morman,'s! whose model for the estimation of
giffusion coafficients is dased upon the premise that the activation energy for diffusion
is nominally 53% of the neat of vaporization of the element of interest in grapnite. The
log of the pre-exponential factor, 0 is taken as 2.36% of the heat of vaporization.
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This expressicn was developed using the scant experimental data for the diffusion of Th,
Sr, 23, U and Ce in graphite. Since diffusicn data were not avatiadle for the cther fise
sion producs 2le=ants of interest in the BT3GR, the adbove expression was extrazolated to
those systems using the heyristic re’atron5": Satween the neat of vaporization and tne
asuivaticn anergy for 2iffusion in graphite. The experimentally citained <Jiffusicn coef.
fFicienss for ~oiyddenyn pofnt out the {nnerent dangers in making this sort of an extraps-

1attian.

'-.,-‘,q saveral Sr0ariTENts ware A!rfero,!d 2% semczeracyres 22low %he relti ng soine P

“aac (2832°2), d1f%usicn coefficienss far these have 5ot Deen cttaired. At these lcowar

sgratures the Ziffusion is $O slow that the ’:‘;.:e'.- sresent as Sackgroung in :re

snite { 3.1-5.5 280 masks any due %o ciffusicn. [ any case, the sud-gom region is at
-

ower 1imits of detectability for the wet :*emi:a1 method used for apalysis.

Corclusion

The experimenzal results, which are of a preliminary nature, indicate that the migration
af molyboenum in =451 graphite is much faster than expected.
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Tigure 2. Experimentally obtained ciffusicn profiles for the migraticn
of =olyocense in HES] grapnite
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