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Introduction
In recent years data has been publíshed showing

a large effect of tensi le stress on the oxidatíon
rate of graphlte in argon wlth srnal l  addit ions of
water vapor (1,2). This work was undertaken primar-
i ly to determlne the effect of compressive stress on
such a reactlon. In the course of the work, other
factors affect ing gasif lcat ion rate, such as temper-
ature, f lorú rate and concentratÍons of lnhibit ing
species are also being investlgated.

Experimental

^-Graphite samples in the form of r ight cyl inders
0.75t '  dlameEer and 1.50't  long were cut from blocks
of Stackpole 2O20 and Grear Lakes H440 graphlte and
r¡ere held betr¡een an alumina anvil and ram. The load
was applied vía a lever arur by a símple dead wetght
loading technique. The sarnple was placed in a ver-
tlcal tube furnace with a bellows arrangement at the
top to al1ow load to be transurit ted to the sample.
The load htas measured using a Tyco 1000 pound load
c e l 1 .

He-C0 and He-CO, gas mixtures were obtained by
conblnlng gas from cilinders of He, He + 1000 pp. 

-CO

and He + 1000 ppn C0r. Water vapor was added to the
gas stream by passin! i t  over Íce fn a refrfgerated
bath r¡hose temperature was varíed to change H.0 con-
centration. During any run six parameters ¡¡efe con-
t lnuously monitored viz.,  furnace and sample temper-
atures, compressive load, and the concentrat lons of
CO?, C0 and HrO fn either the inflowing or outfloaring
gas- stream. f irO concentrat ion was measured using a
Beckman trace ñoisture analyzer and C0 and C0, con-
centrations were measured using Beckman fnfrafed gas
analyzers. The respective accuracies were ! 5Z a¡d,
! L7". The data col- lected r¿ere recorded using a slx
point recorder.

Effect of Conpressive Loading
In no case investigated so far has there been

the sl ightest hint of any effect of cornpressive load-
lng on reaction rate. A sumary of some of the data
obtained using Stackpole 2020 graphite is given in
Tabl-e 1. Gas concentrat ions are given to the nearest
5 ppn but in most cases the accuracy of measurement
was sl ightly better than that. In al l  cases in whlch
a He-Co, reactant gas mixture was used there rúas con-
servatidn of oxygen.

The compressíve strength (oc) of Stackpole 2020
graphite 1s around 12,000 psi so that Ehe loads ap-
pl ied here are <6a/20, however even when the experi-
menterrs own weight was added to the load to give a
s t ress  o f .  "o^ /7  there  was s t i l1  no  e f fec t  on  reac t ion
rate !

A typical data output for the C-H.O reaction is
shown in Figure 1. There are very sl i fht varíatíons
in gas concentrat ions during the run but no sign of
any  e f fec t  o f  s t ress .  The or ig ina l  Eurg to4 \pe t ten
work  on  th ls  e f fec t  by  Kre fe ld  e t  a l .  ,  \L rz )  d i f fe red
from our investigations in that tensi le stresses v/ere

used. Effects were observed at 1000"C wlth only
20 ppm HrO present and stresses of 350 psl vere suf-
f icient Eo produce the maximum effect, which consist-
ed of a 2-7 foLd, i-ncrease in the concentrat ions of
reaction products.

Duplication of Krefeldrs work (3) has been at-
tempted by other workers using an identical apparatus
and the sane graphite material as Ehat for which
Krefeld found the largest effect, in addft ion to
other materlals. In no case rJas any effect of ten-
si le stress on oxidatlon found.

No model which can qualltatively explaln Krefeld
et al.  rs results (vl-2. pore opening or impurity ni-
grat ion due to the stress f ield) would predict zero
effect for compressive stress. Our results are ob-
viously ínconsistent wlth those of Krefeld et al.
In addit lon to the dlf ferent mode of stress there is
a maJor dif ference in the gas f low rates (33,000 -
55,000 ml/hr vs 200 rnL/hr). Lower f low rates cannoE
be used 1n our apparatus because of the requirernents
of the infrared gas analyzers.

Table 1

Sample Stress - in - ln
Temp. Comp. 

^co, ^H"o

( "c )  (ps i )  (ppñ)  (pÉ*

888 0 85

267 85

362 85

. ,ouE

ltoz. .x¿ó:(Ppn, (ppm/

60 45

60 45

60 45

888 0 175 -  135 80

267 L75 - 135 80

362 L75 - 135 80

893 0 - 885 75 r25

267 - 885 75 r25

362 - 885 75 t25

456 - 885 75 r25

908 0 115 - 85 60

456 115 85 60

650 115 -  85 60

908 0 - L25 15 30

362 - I25 15 30

456 - L25 15 30

g$_."t 
"f 

Gas Fl.r Rate .
Using the apparatus designed for  examining oxida-

t lon under stress i t  has been possib le co commence
inves t i ga t l ons  i n t o  t he  e f f ec t  o f  gas  f l ow  ra te  on

4 l



r4rhere -dr  /dt  is  the number of  moles of  carbon con-
. c

sumed per 'second, Vi '  i "  lhe gas f low rate 1n crn3/

sec  ana  x l l  and  x l l t  a re  t he  i n l e t  and  ou t l e t  mo le
" " 2 " " 2

f r ac t i ons  o f  COr .  P to t r l  1s  one  a tnosphe re .

For the graphi te -H.0 react ion the rate is

ox i da t i on  ra te .  The  exac t  f l ow  ra tes  used  we re  9 .2 ,
13 .8  and  15 .3  m1 /sec  co r respond ing  t o  ve l oc i t i e s  o f

2 . I ,  3 . 2  a n d  3 . 6  m m / s e c  p a s t  t h e  s a m p l e .
Reac t i on  ra tes  a re  ca l cu l a ted  us i ng  t he  f i qs t

order rate equat ion given by Hedden and Li jwe\ ' / for

their  t 'open círcuí t"  oxidat . ion exper lments.  For the
graphi te -  C0^ react ion the rate ís g iven by
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where x9^uE is the mole f ract ion of  C0 ín the out let
UU

g a s .
React ion rates as def ined in the above equat ions

a re  p l o t t ed  as  f unc t i ons  o f  t he  i n l e t  C0 ,  and  H rO
part ia l  pressures (¡n¡n Hg) in Figures 2 aí .d 3.  fhe

three curves on each f igure correspond to the three
f low rates used. I t  can be seen that  for  any glven

pa r t i a l  p ressu re  t he  ra tes  i nc rease  on  i nc reas ing

the  f l ow  ra te  f r om 9 .2  m l / sec  t o  13 .8  m l / sec  bu t

decrease when the f low rate is  fur ther increased to

15 .3  m l / sec .  These  resu l t s  a re  somewha t  mys te r i ous

and fur ther invest ígat ion is  necessary.  However

the same ef fect  1s found for  both the C-H"O and
C-CO^ react ions and there is  no reason to-doubt i ts
va l i á i t y  a t  p resen t .
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Fig. 1 Typical data output for StackpoTe 2020 graptr
i te oxidized in hel ium containlng 930 ppn Hr0 under
d i f fe ren t  compress ive  loads .
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F ig .  2  ReacL ion  ra te  o f  S tackPo le

sus  pa r t i a l  p ressu re  o f  C0 "  i n  Ehe

8 9 3 o C  f o r  d i f f e r e n t  f l o w  r á t e s .
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