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Abstract
'

C ncentration ;refiles have been btair.ed f:r the migratten :f Mo2C in M451 gra;hite at
temperatures above the melting point of the carbide (2590'C). The diffusi:n is c:nsistent
with the Fickian mocel and the diffusien c:afficients which have been cc:ained are several
crders of ma;nitude greater than those predicted from lower temperature ther : dynamic
data.

High Temperature Gas C:oled Reactor, molybdenum, diffusion, graphite.

Introduction

in a hy;othetical worst case 1:enario the c:c;1ete less of cooling of the ccre cf a High
Temperature 34s Cooled Reactor (HTGR) Oculd ultimately result in core temperatures as high
as 3500'0. The prediction of migration of r dicactive materials thecugh the gra;hite is
necessary for the analysis of such hy;cthetical ac:idents.

Since extra;olation fr:m ecdels formulated for lower temperatures is uncertain, ex;erimen-
tal determinations of diffusion c:efficients were initiated.

CIn our initial work on this pr:olem, moly:denum, in the form of Mc2 , has been enesen as
the migrating s;ecies. This is because colybcenum is a fission precuct, is chemically
sti.ble as a carbide and has ncn-decaying iso::;es that :an be used to simulate the active
isc:o;es.

Ex:eriment

Tne expert:ents are perforced by leading a thin layer cf Mc2C into a flat actt: ed cav-
1:y in a H451 gra; nite (Great Lakes Car:en Corp.) cylinder used as the susce; or cf a 30
kw irdu::icn furnace.

Af:er heating the sa .;1e to ter;eratures spanning the melting point of MooC (2590'0),
:ne ;-a: nite is machined to separate the cylindrical portien lying dire::Iy bel:w the
plane of :ne M:2C melt. This cylinder is : hen sliced aieng planes parallel to the ; lane
of :ne :el: and these slices are ashed and assayed fer relybdenum. This result; in values
of ceneetration averaged over the v:1 'e Of :ne slice for varicus distances fr:m the M C

2
scurce.

T: heck the ;:ssibility that colybdenuS n'as diffusing into the sample sus:e;t:rs fren the
s: re:uncing envir:neen: (e.g. the insulating me:f um), a blank gracnite suscept:r contain-
in; no cly:danum was heated to a tem:erature of 3000'c for 4 hours and then assayed. No
molyedenum other than an a;;rcxixmate C.5 ;;m backg-cund was f:und.

:esults

:: is ncte-crthy that the f amily of curves (Figure 2) generated by this series f erreri-
en s :een to extra:clate ba:k to a virtual s:urce Of a: cut 30 ;;m ::-cen:rati:n. This |

would seem ic in:fcate that there is ::re than :ne ;nencrenen in< lved in the dif fusi:n
1 :denum ::n:er. rati:n Orders :f magni *:de greater. lpr::ess, s tree the real s:u=:e has a 2: 7

*rteres*ic;1y, 30 p;m :l e terum : Pres;ceds to less : nan ::n: layer ::.easse cf the ;ra;n-
'te. ::::rcirgly, the "ai 2 rent" diffusi:n c:e'ficients, D, have been cal:ulated ustr;
tre assa?;;i:. :ha: :ne mol; den;: is cra n fr:: a r:n-depletable s: rce :f 30 ;:-
:: :ea:-a:icn. 'meer tnese :f r::. stan:ss, :ne ciffusi:n very :1:sely resa :les Fi:kf an I.

ciffusi:n in the ge etry of the ex;eri en:. )

The ;e: etry of the sample had been sele::ed rtginally := approach a constant infinite
; lane s:urce to simplify the analysis. ': wever, the reglen in anich the ::lytdenum cen-
cen: ration is non-negligible was fLnd to have dirensions ec ;arasle wi*h the lateral di-
ensions cf *he secree and of the diffusi:n v:lume. Therefore, *he fittir; cf the cata

for the inference of an ef fective diffusi:n c efficient re:uir9d)a
t.o dimensicnal time

ee:erdent analysis. The heat ::nduction com; uter cece, TA -20G was used :: solve the
:tre ce;en:ent- mo dimensi:nal anales. Tae ge: etrical dvensi:ns were retaine: in the
cal:clatt:n and the diffusivity .as set to I ced/se:. *dtabati =cuncary ::n:itices
.ere ass. red f r tne cater su-f a:es cf the volure. Sin:e One :tre 3: ales inversely ;re-
;;r t:ral *.: the diffus1cn c0ef ficients, i' the dis *ributi:n :: served af te* I se: *:s
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eat:hes the distributien c: ;uted for t se::nds;

t 2
0 = T cm /see .

: The computed diffusion equation solutions were averaged over the cross se: tion of the cyl- !
; inder sliced for samples for analysis. The average concentration as a function of dis- I

d.

tance from the source was plotted as a function of distance fr:m the scurce with time as a
parameter. This set of curves was used to mat:h the results and determine the time t, and
...ereby infer D.;

i

: The experi entally obtained diffusion c:efficients are;
1

O = 5.6 x 10*# cm /sec 3 3200*C for 1 hour2'

D = 4.0 x 10*# cm /sec G 3100*C for 33 minutes
2

.

2l D = 2.4 x 10 cm j3,g 3 3ggg.C for 3 hours
!

20 = 2.8 x 10*# cm /sec 3 3000*C for 4 hours
1

|

j D = 8.3 x 10~5 cm'/sec G 2900*C for 1 hour.'

j The results ap; ear to be internally self-consistent, with two independently obtained c:ef-
' ficients at 3000*C agreeing within 16 . P.ote.orthy is the fact that the experimental-

ly cDserved results give a diffusien coefficient wnien is several Ordars
greater than :nat calculated using the correlation used in the 50R5 ceded]: magnitude

-log 100=A+8*I7

where, for MO: A = 1.0, S = 19.2 and T is in 'K. Th 25
coce have teen cbtained frcm the review by Nor an,b)e data incorporated into the 5:whose model for the estimation of;

diffusion coefficients is based upon the premise that the activation energy for diffusion
is reminally 55 of the heat of vaporization of the element of interest in graonite. The
log of the pre-exponential factor, D is taken as 2.357, of the heat of vaporf:stien.o

4

'
\ :.Hs

-1c;gg3 = -1 g;g 3 +jD

ec
.0236 3,37 - y 3 ,,=

y

.A+3x,d
,

i

Tnis expression was developed using tne scant experieental data for the diffusion of Th.
Sr, Ba, U and ce in ; aohite. Since diffusien data were n:t available fer the ether fis-
sien pr:du:t ele ents f interest in the HT~A, tne above expression was extra;olated to
t' ese syste*s using the heuristic relations .ip between the heat of vapori:atien and tre

,

a:tivsti:n entriy f:r diffusion in ;rs: nite. The experimentally catained diffusien :cef-
I ficients f0* rol)bdenun point cut tne interent dan;ers in making tnis sort cf an extea;o-
: lation.

Alte:g;n several e.r:eri ents were perforred at ter:eratures cel:w tee reltin; ::cir.: :f
| "c3; (253;'*). ciffusi:n ::efficients for tnese have n:t teen :ttaired. At these 10.er

teSeratures the :iffusion is so s10e that tae 1y :enum : resent as ts:k;-:anc in thet

;ra; nite ( 0.1-0.5 ::31 = asks any due to di f f si:n. In any case, the tu:-:;m regi:n is at'

tne Ic.er limits of detectability for the -et cremical .9etnod used for analysis.

Cerclusion

i The exoerimental results, which are of a prel!cinary nature, indicate that the migration
' of molybecaum in :-451 graphite is me:h faster than ex;ected.
4
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pi;ure 2, Ex;eri entally Obtaintd diffusi:n profiles f:r the migrati:n
of P:iyteem in H 51 grapnite.
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-5 c, f = 3.0 sec.
! b, t = 2 0 se:
f, e, f = 1O se:

8 d, ? = 0 SO se:.
3 e, t = 0 50 se:

.J f C - f, t = 0 30 se:- .

= g, t = 010 se:.
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Fi p re 3. Solutiens, in the ex;erimental ge::etry. ;enerated by .r.e :::: uter

c:ce TAC D.
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