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INTRODUCTION

The therrnal ly lnduced oxldation of nuclear grade
graphites by stearn at temperatures around 1000oC ls
control led by both mass tranaport and reactfon kl-ne-
tl.cs. Thls conpLlcatl-on has given rise to a number
o f  theore t fca l  t rea tments  (1 ,  2 ,  3 ,  4 )  wh ich  descr fbe
sLmultaneous dlf fuslon and chemical reactlon in the
poroua meglg. Ihfs paper ut l- l- l -zes a model advanced
by Dodson\c,, and compares ft  to experimental results
for ATJ nuclear graphfte. In this study the parame-
ters surface-to-volume ratfo, temperature, concentra-
t lon and in-pore dlf fuslon were considered.

THEORY

It 1s generally concluded that thernally induced
oxidation of graphite proceeds by the fol1-owing
steps3 (1) tn-pore gas phase dlf fuslon of reactant
to active sltes, (2) chernisorption, (3) chenlcal re-
actlon and (4) desorptlon and dif fusfon of products
out of the porous medla. The present theoretical
treatment neglects the f inal step in thls process,
assumlng that reactant dif fusion, chemisorption and
chenical reactfon are rate control l ing. The equa-
t ion of Dodson describlng simultaneous dfffusion and
chemlcal reactf.on 1n a porous media was re-deflned
to gfve a generaL solut lon for total rate of oxida-
t i o n :  i . e . ,

R r = S / V L F i R " ( 1 )

(2 )

(3 )

graphlte blocks as suppll ,ed by Unlon Carbide. They
were machined to the desired geoÍEtry, then ultrasonf-
ca1ly cleaned 1n acetone to remove residual graphlte
dust, organl-c or other lmpurit Íes, dried ln an oven at
l-00oC and welghed. Oxldatlon rate meaaurements were
perforrned wl-th use of automrtic recordlng mlcrobal-
ances. Reaction rates vrere cal,culated frorn weight lose
versus t lme data. Test sarnples were suspended from
the balance bearn by means of a plat inum wLre, inside a
gas t ight quartz hangdown tube posit loned lnsl-de a re-
slstfvel-y heated SCR control led furnace. Helfum was
passed over the samples at flow rates rangl-ng from J.00
to 1000 cc/min ( l inear velocit ies of 0.4 to 4 cm/sec.
Above 300 cc/rnin the increase in rate of oxLdatlon ap-
proached zero order r^r l th respect to f lor^7, thus rate
studies were conducted at 300 to 500 cc/min. Various
mofsture 1eve1s from 200 to 30,000 Uatm !¡ere obtained
by blending dry hel iurn wfth water saturated hel ium via
the use of cal ibrated f lowmeters. MoLsture concentra-
t ions were monitored nith either a MEECO electrolytfc
type (range 1-f000 pprnv) or an EG&G l,fodel 880 dewpoJ,nr
type (range 1000-30,000 pprnv) moisture monftor. Hy-
drogen concentrat ions from 500 to l-0,000 Uatm were
obtained by the use of premlxed cyl lnders. ATJ test
samples were r ight clrcular cyl inders 3.8 cm long hav-
i n g  d i a m e t e r s  o f  0 . 6 4 ,  L . 3 , 1 . 9 ,  2 . 5 ,  a n d  3 . 2  c m ,  a n d
h a v i n g  S / V  o f  6 . 8 ,  3 . 6 ,  2 . 6 ,  2 . ' J .  a n d  1 . 8  c m - l  r e s p e c -
t i ve ly .  In  add i t lon  th in  s labs  were  used,  0 .32x2.5x
5.0 cm, S/V = 7.5 crn-l .  The thin slabs and srnal l  cy-
l lnders were used to determine R" or Ky. The larger
cyl- inders were used to deternlne the mass transDort
parameter m.

RESI'LTS AND DISCUSSION

It r¿as found that the local isothernal- cheni-
caL reactivi ty of thin slabs or cyJ-inders of ATJ gra-
phite was general ly described by:

whgre: \  is the total reaction rate of the sample,
s- ' ,  S/V ts the surface-to-voLume rat lo of the gra-
phite specfmen, cm:r, L is the trdif fusion lengthrt
gfven by (D"1¡/Ky)a where D.¡¡ is the effect ive dif-
fusion coeff icfent for water vapor in the porous
nedia gLven bI Deff = i l t-Z where D1 _2 1s the dif-
fuslon coeff icieñ[-of H2ó' in He and-ñ-is a constant
characterfst lc of the porosity and tortuosity of the
graphlte..  Ky is the vol-umetric reaction rate con-
s tan t ,  s - r ,  de f ined as :  Ky  =  R"pRT/12 PH'O.  F1  ls  a
geometrLcal effectíveness factor. For thÉ cylfndri-
ca1 samples used in thls study:

-  
r l ( R o ' L )

or = 
TTi-7TJ

where I1 Io are rnodif ied bessel functlons f irst kfnd,
f irst añd zero order, respectively, ro ls the radius
of the cy1lnder. R" is the chernl-cal surface reactim
rate 1n the absence of mass transport control,  frac/
sec. R" ln thls study is shown to be described ade-
quately by a Langmulr type equation as given ln the
results sectLon. A useful result of these formulae
1s the relat ion

( r / t  )
(r 

o/1,)

where Co is the hTater vapor concentrat ion at the sur-
face of the sanple or ro and C is the concentrat ion
at radius = r.

EXPERI}MNTAL

Samples r^7ere trepanned from ATJ production

o  , .  oo '9-  
b. '1 'Hro

R = '--s 
1+K, Pu- " 2

( sec  )

= a factor to normalize burnoff
' t l

-  3 '6540- - "xp- (68000/RT)  
(sec- l  a t ¡n -O '9)
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exp(14500/RT)^ 2 7

The thernally dependent constants K1 and K2 deternined
at 12 burnoff are slmllar to those óbtained by Everett
et al. ,  (Ref. 3) ln studies of G-5 nuclear grade gra-
phite. A plot of R" vs 1/T 1s given 1n Fig. 1 where
the experimental data pofnts are compared with the
ra te  express lon ,  equat ion  (4 ) .

By plott lng the overal l  reaction rates obtained
at^980oC expressed as a surface oriented process, mg/
cm¿ sec vs S/V, i t  was deterrnined that for S/V below
3.6  c rn- l ,  (D ia .>1 .3  cn)  the  reac t ion  ra te  per  

" r2  
r . "

relat ively constant, indicatlng that F1 ln Eq. I  was
essential ly 1. The dif fusion parameter m nas deter-
mined by substi tut ing into Eq. 1 values of Ky obtained
from the experlments using the thin slabs aná cyJ.in-
ders. The values of m for al l  the ATJ graphite
sanp les  ranged f ron  0 .002 to  0 .003.
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A plot of 1og Pg^6 vs. log rate is shor¡n in
F tg .  2  fo r  the  la rgesÉ spec imen used,3 .2  cm d ia .
The sol ld l ines, were calculated from the theore-
t i ca l  Eq.  1  us ing  the  reac t ion  ra te  da ta  and m fac-
tors prevlously determined. Flgure 3 is a plot of
1og H2 concentrat ion vs log rate showing the excel-
lent correlat ion !í l - th calculated l ines.

A long term proof test r{as performed in which
a 2,5 cm d1a. ATJ cyl inder was oxidized, to L6?weight
loss at condit lons deslgned to give a non-unfform
oxidatlon profi le. The burnoff prof i le of the oxi-
dized sample was determined with the use of a lathe
technique and cornpared to the predicted profi le ca1-
culated using a rnodlf ied form of Eq. 3. The results
of this conparison shor¿n in Fig. 4, and indicate
remarkable agreement between the calculated and ex-
per imenta l  resu l ts .

CONCLUSIONS

The steam oxidation characterist ics of ATJ gra-
phite has been shown to correl-ate well  with a simple
general relat ion describing simultaneous dif fusion
and chemical reaction. I t  was found that the re-
actlon kinetics were adequately described by a Lang-
muir type equation. Reactant transPort in the por-

ous media is shown to be correlated by a semi-em-
pir ical factor, m, appl ied to the ordinary gas phase

d i f  fus ion  coef  f i c ien t .
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