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A nr¡nber of studies inclicate volatile metals
such as cesium, bariun and. strontium sholr concen-
tration dependent ctiffusion in graphite (t, Z, 3).
In connection w:ith a study of the effect of stron-
tirzn concentration on cesiun sorption in H-451
nuclear grade graphite, the cLlffusion of Sr-85
traces was stud:ied. in samples preloadecl with orcli-
narXr stable strontir¡n at several selected. concen-
trations. The experimental technique involvetl the
cLeter:nination of tracer actiirity profiles in rod--
shaped samples after they had been annealed- j.n con-
tact with a source disk of the same üiameter. ltre
¡rethocl is sjmilar to that of the classical stud¡r of
"se1f-diffusion" in metals where the ctiff\¡sion is
at a constant chemieal potential.

The sor¡¡ce d.isk anci sample rods, of U-\5t gra-
phite, were of d:iameter, 0.794 cn, an¿l of lengths
L = O.l cm and S = 1.9 crn respectively. Strontirm
was originally add.ed- as the nitrate d.issolved in a
rÍater-acetone mixture. Afber a series of proces-
ses of inpregnation, evaporation, baking and fin-
a1J.y annealing at 14oOoc in a graphite tube (t<i"e)
furnace u¡rifor':n impregnations of stable strontir¡n
at nminal concentrations of J-OrlOOr3OO and 1OOO
pS Sr/S C were obtainecl. Ihe source d.isks l¡ere
then fl¡rther impregnated r,rith strontirm-85 (and
arurealed) whLch adctecl 18 I 4 ¡r,s Sr-85 to the source
cLisk depentLing on the ex¡leriment. The manipuJ-a-
tions involrring the impregnatecl a¡¡d a,nnealed- stron-
tiw-graphite sarnples l¡ere ca¡ried out in a drxrr
inert gas (argon) atmosphere. After adiling the
Sr-B!, the source clisk anct rocl sample faces, which
hacl been lapped. to a good fit before the impregna-
tions, r,¡ere put together ancL placed inside a nolyb-
clenun container provicled. with a tantah¡r spring
which presseti the graphite sor:rce-rod. couple to-
gether j.n an arcial d-irection througb pressu?e ap-
plied by the screw-top closure of the container.
This assernbly was transfe¡red. to the King Furnace
ancl then üiffusion runs were carri-ed out at l3OOoC
for two hours in ¿m argon afunosphere.

After the cliff\rsion rrrns the source d.isk was
cor¡nted to d.etenni.ne the amount (using a calibrated.
reference source) of strontirm-85 renaining in the
disk, C". Successive a¡<ia1 sectLons of the grap-
hite rocl were taken using the lathe and a vacuum
collection ri-g whereby the graphite cuttings of
each section were collected on a p um iiia¡neter fil-
ter paper. These papers w.ere folded., weighetl ancl
counted to tteterruine the amount of Sr-85 a.nd mass
of graphite in each section. In this manner stron-
tiun-85 concentration profiles were obtained-. Ihese
were integratett to find the average coneentration e.
Frqr a pJ-ot of Sr-B) concentration C(x) versus d.is-
tance along the rocl axis (x), the extrapolated
boundary concentration C(O) was obtaineal fron a
cr¡rve fit so as to avoicl any perturbations, nhich
occu¡recL in sme cases, of concentrations for sec-
tions taken very near the sr¡rface (x - O).

Plots of c(x)/c(o) vs x, i .e. norrnal ized con-
centration profiles, a'l'l for 2.0 hour d.iff\rsion
anneals at 13OO I IOoC but for tllfferent lnltlal
preloaded strontir¡n concentrations a,re given in
Figure J-. The proflle curves which are the resul-t

of an "eyeba'l'l fit" of the data points show the
d.ata to have ]-i.ttIe scatter and. i-nd-icate a mona-
tonically increasing rate of diffusion u"ith increas-
ing strontium concentratlon.

To obtain a first approximation of the ctiffusion
coefficients it was assr¡rect that the first portion
of the curves would. approxi_rnately correspond to the
d.iffusion equation solution for constant Sr-85 con-
centration at x = o. Ttren at tine t at the end of
the anneal

c(x)/c(o) = erfc (*/?JTT) (r)

.Figure 2 ls a plot of the d.iffusion coefficients,
Dg" (obtainetl frm a curve fit using Equation 1)
versus the approxÍmately uniforn total strontirm
concentration of the graphite-rod.s.

The plot shows the cliffusion coefficient to varXr
approxímately as the square-root of concentration.
The empirical equation correspond.ing to the straight
l ine f i t  is,
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This relationship is substantially d.ifferent
than the variation of D r¡ith strontirm concentration
reported by SantLa'l'ls a¡rct lla.lforcL (f) for AGL-p gra-
phite at lOOOoC. They give

z*2:' 2 'Lj
D fs-) = \.r+z x 10-16 fc fuÉ,)l 
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where C must exceed 62 vg/e.
Once the necessalXr computer prograning is com-

plete it is plannetl to revah:ate the diffusion co-
efficients obtainedl in our ex¡reriments by a more
precise analysis l¡hich takes account of the depIe-
tion of the source ancl employs a bound.ar¡r cond.ition
of the third kind which takes into account the resi-
stance to mass transfer due to the smaJ-1 gap at the
source disk - graphite rod interface.

The solution, obtainecl using the nethod of the
integral transform (4) is
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The concentratlon of its source disk at time t
¡ D  t

." [#] "* (-o') + c"o fs-LJ,
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( 6 )

T,¡nere

C = the initiaJ- sou.rce concentration.
so

AIL boundaries, excepting the source-graphite inter-
face, are taken as of the second. kind. - i.e.
s ¡  l a - .  -  a
u v / q  -  v .
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Figure J-. NornaJ-izecl Concentration hofiles
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