
Introduction
The use of  graphi te for  load bear ing members in

a nuclear reactor  wi th a s l fght ly  corrosive environ-

ment ca1ls for  an understanding of  those factors

r¡h ich inf luence the degradat ion of  mechanical  pro-

pert ies by gasi f icat ion processes.  The work report-

ed here is solely concerned wlth the way in which

oxidat ion in a i r  inf luences the compressive strength

and stra in- to- fa i lure of  t ¡ , ¡o d i f ferent  graphl tes,

v iz. ,  StackpoLe 2020 and Great  Lakes H440 grades.

I t  ls  expected to have data on gasi f ícat i -on by COrr

and possib ly Hr,  avai lable for  presentat íon at  thé

conference.

Experimental
Saurples of both graphites in the forrn of rlght

cyl lnders 0.25" d iar¡eter  (4)  x 0.50" .1ong ( [ )  and

0 .75 t tQ  x  1 .50 t t [  r 4 ¡e re  compressed  t o  f r ac tu re  i n  an

Instron test ing machlne.  I t  l r tas found that  th in
pieces of  Tef lon tape at  the ends of  the sanple nln i -

mized f r ic t ional  ef fects.  The compressive strengths

and strains-to-failure r^¡ere found to have the same

mean values for  both sample s lzes in each case.

Stra ln rate hras var ied between 0. l " / rn in and

0.002rt /min and again no ef fect  was found on ei ther

the f racture stress or  st ra in- to- fa i lure.  I t  was

therefore decided to use a stra in rate of  0.0 l r r /n in

and  samp les  o f  0 .25 "Q  x  0 .50 "1 .
The data presented here r¡ere obtained by oxi-

dizing sanples 1n air ín an opgn ended tube furnace

at temperatures between 500'C and 800oC. The graph-

ite cylinders were held in Pyrex tongs during the

oxidat ion which protected the end faces f rom reac-

tlon and thus allowed the sarnples to be used in

subsequent compression tests wi thout  their  fa i l ing

due to these faces crunbl ing.

Resul ts
A compar ison of  compressl-ve strength and stra in-

to- fa i lure as measured on unoxid ized samples and the

corresponding values given by the manufacturers is

glven in Table 1.  The measured stra ins- to- fa l1ure

are approximately double those ant ic ipated.
The ef fect  of  oxidat ion on the compressive

strength (o^)  of  the t rúo graphi tes is  shown in Fig-

ure 1.  I t  Ean be seen that  even though oxidat ion

temperatures var ied between 500"C and 800"C, there

is apparent ly  no ef fect  of  ternperature on the re la-

t lonship beEween strength and burn-of f .  For both

graphl tes,  a burn-of f  of .  8-9% is suf f ic ient  to Pro-
duce a 50% loss in st rength.

Table 1
Fracture Stress Strain-to-Fai lure

Graphlte (psi) (Á)

Given Expt. Glven Expt .

4 . 4H440 7 , 8 0 0  8 , 1 0 0  - 2

I trhi le i t  was lmpossible to accurately measure
the diarneter of oxidized specimens due to thelr fr l-
able surface, i t  h¡as somewhat surprising that even
up to 502 burn-off there r^ras no appreciable change
1n external sample dimenslons.

Examination of sectlons of oxidized samples
using the 

"""n.t i . tg 
electron microscope reveals no

boundary betr^7een oxidized and unoxidized areas and
oxidation appears to be reasonably uniform through-
out the sample. Figure 2 shows regJ-ons of a sample
of H44O graphite oxidized to L5"l burn-off.  I lhi le
there is no signif icant dif ference between photo-
graphs from dif ferent regions of the sample, i t  is
obvious that the binder 1s oxidized much more rapidly
than the f i1ler. I"Ihereas oxidation of f l11er par-
t icles occurs nainly at their edges, oxidation of
binder occurs at si tes throughout i ts volume. The
larger number of act ive sites in the binder is re-
sponsible for l ts rapidly being transformed into a
spongy material ¡^¡h11e surroundíng f111er part icles
are relat lvely untouched. A hfgher nragnif icat lon
vlew of binder material (Flg. 2c) clearly shows that
the binder has a rather crude layer structure and
that oxidation has occurred at points r^r i thfn layers
as well  as at layer edges.

Discussion
The productl ,on of a 502 loss in cornpressive

strength by a 8-92 burn-off i rrespective of oxida-
Eion temperature i9. in agreement w1th the results of
Board and Squires \r ' '  on the effect of C0, oxidation
on Brit j -sh PGA graphite. I t  was assr:med Ehat such a
large strength reductlon was due to loss of binder
r¡hích holds f i11er part icles together. Flg. 2 does
in fact show greater reactÍvi ty of binder over f i l l -
er and hence the hypothesis is probably va1id.

A plot of 1og.,n o. against burn-off is shown in
Figure 3. For the^2020 graphite, the relat ionship
appears to fal l  on trro paral lel l ines with a jog at
abott 28% burn-off.  On the other hand, al l  data for
H440 seerns to fa11 on one stral-ght l ine. The lmpor-
tance of the apparent discontinuity in the 2020 data
ís not yet clear but there ls a discontinuity in the
strain-to-fai lure vs burn-off plot for the same
graph i te  (F igure  4) r " . ,Bo th  Board  and squ i res(1)  and
Rounthwai te  e t  a l . , \ ' /  ind ica te  tha t  s t ra in - to - fa i l - -
ure for tensl le fracture 1s approxlmately constant
wlth respect to burn-off and this is true here for
H440 but only irp to -28% burn-off for 2O2O after
slhich i t  lncreases r"gptdlV.

A tentative roüé1 of the observed behavlor
rnfght therefore l-nclude the follo¡¡ing features

a) nore rapid gasif icatfon of binder than f i l ler
b) load-bearing propert ies mainly due to f i l ler
c) total blnder removal ln 2O2O at -28% burn-off.

(n .b . ,  th is  does  no t  cor respond to  a  28%
binder content)

d) loss of specimen r idgidity and a rapid
strength decrease on removal of binder

d) a higher bínder concentrat ion 1n H440 (the
qreaker rnaterial) than in 2020.
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