
Int roduct íon

The performance of  carbon composl tes as al rcraf t
f r ic t fon nater la ls 1s dependent on the oxLdat lon
resistance of  the composl te.  In order to lm-
prove th is oxidat lon resistance,  the mechanlsrns

by whfch oxldat ion occurs over the range of

remperatures encountered 1n afrcraf t  braklng
should be understood.  Therefore thfs lnvest i -
gaElon ! ¡as undertaken to determlne the rate

contro l lLng mechanisms as a funct ion of  oxid l -

z ing temperature.  In part lcular  at tenpEs rJere
made to d l f ferent iate betateen chemisorpt ion,
di f fus lon through pores,  and di f fus ion through
a stagnant gas f l lm.

Exper imental  Procedure

The composi te used in th ls study was made out  of
25' l  bhder A,  L57.  b inder B,  40% carbon f iber and

20"A flLLer. Two forms of composltes \rere

scudled.  One was in bulk form having dimensions
o f  1 .250  x  1 .000  x  0 .250  i n .  ( hence fo r t h  ca l l ed

bulk composi te) .  The other was in ground form

with submtcron part ic le s izes (hencefor th cal led
ground composi te) .  Three di f ferent  k inds of

lest  samples were invest lgated:  They were heat-

t reated at  dí f ferent  temperatures ranging be-

tween 1000 and 2400"C. The heat t reatment was

done wtth an i -nducEion furnace under a 99.998%
pure argon atmosphere.

The oxidat ion rates of  ground composi te were

measured by thermogravimetr lc  analysls on a

DuPont 950 analyzer,  using 5 mg sanples.  A 100

cc/mfn f low of  a i r  was used as the oxld iz ing
gas.  The oxldat lon rates of  bulk composl tes

were measured using a quarEz tube furnace.  A

per iodlc weight  .measur ing procedure was used.

The react lon rates were calculated f rom plots

of  weight  agaínst  react ion t ime between 5 and

l0Z sample burn-of f .

Resul ts and Discusslon

The oxidat ion rates of  both ground and bulk com-

posí te v¡ere found to fo l low the Arrhenius type

equa t i on :

rare = A.  .  exp (-EalRT)

Table I  summarizes the act ivat ion energies for

ground and bulk composi tes heat- t reated at  d i f -

ferent  tempratures.  The range of  act ivat ion

ene rgy  f o r  bu l k  compos i t es  i s  10 .5  t o  29 .5  kca l /

mole whi le ground composi tes have a range of  ac-

t i va t i on  ene rg ies  be tween  35  and  43 .3  kca l /mo le .

The fact  that  the act ivat ion energy of  the ground
composl te is  greater  than that  of  the bulk con-
posf te (Table I )  f rom 450 to 650"C indlcates
that  the bulk composi te o* idat lon Ls occurr ing
by dl f fus ion through pores 1-n th is temperature
range. The gr indlng reduces the dl f fus ion path
length of  the pores such that  i t  Ls no longer
l in i t ing and chemisorpt l -on whlch has a hlgher
act ivat Íon energy than di f fusLon through pores
becomes the rate contro l l lng oxidat ion mechanlsm.
I f  no change in act i -vat lon energy has occurred
with gr indlng,  then i t  would be concluded that
chemisorpt ion r^¡as the rate contro l l ing mechanism
fo r  bu l k  compos i t e  ox i da t i on .  I n  f ac t ,  t he  bu l k
composi te act ivat ion energies are abouE one hal f
of  those of  the ground composi te as shown in
Table I .  Thls is  in agreement wi th l , fheelerrs

discussion (1)  whích indlcates that  i f  the rate
con t ro l l i ng  s tep  o f  ox i da t i on  i s  d l f f us i on  o f
oxygen into the pores,  the act ivat ion energy
wl l l  be one hal f  of  the value one would obtain
under a str ic t ly  chernical ly  contro l led case.
Therefore,  in the temperature range f rom 450 to
650"C for  bulk composl te,  the di f fus ion through
pores is  the contro l l ing oxidat ion mechanism.
Al though Ehe act ivat ion energies for  ground com-
posi tes are greater  than those for  the bu1k,
í t s  va l ues  (35 .0  -  43 .3  kca l / no le )  a re  s t i 1 l
somewhat lower than those for  pure carbon or
g raph i t e  ( 2 )  ( 50 -58  kca l /mo le ) .  Th i s  may  be
att r ibutable to lmpur i t ies in the mater ia l
whlch are known to lower the activati-on energy
( 3 ) .

As the réact ion temperature increases,  Wicke
po in t s  ou t  ( 4 )  t ha t  t he  ra te  con t ro l l i ng  s tep
becomes the di f fus ion of  oxygen through the
stagnanL f i lm to the exter ior  of  the carbon sam-
ple.  Under such a case,  Walker (2)  shows that

the oxidat ion rate is  proport j -onal  to Ehe square
Too t  o f  t he  reac tan t  f l ow  ra te ,  í . e .

1 I t

R a t e  ( I )  _ r f - I o w  ( l )  1 ' ' '
R"r. (D 

- ( fror (D ,|

In order Eo def ine the temperat .ure at  which the
di f fusion through a sEagnant gaseous surface

layers becomes the rate contro lJ. ing step,  the

oxidat ion rates of  bulk composi tes were

measured at  h igher temperaEures than Ehe Pre-
ceding exper iments at  d i f ferent  f low rates.

Tab le  I I  sunmar i zes  t he  resu l t s .  A t  750 "C ,  che
relat ion between rate rat io and f low rat io

holds very wel l ,  indicat ing that  the predomi-

nant  oxldat ion mechanism at  th is temperature
is d i f fus ion of  oxygen through the scagnant
gas f i ln .  However,  at  650"C the above equat ion
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does  no l  ho ld ,  con f i rm ing  t ha t  t he  po re  d i f -
fusion mechanism is dominant at .  Lhis Lennera-
L u r e .

I n  conc lus i on  t he  ra te  con t ro l l i ng  mechan i sms

in  ca rbon  compos i t e  ox i da t i on  i s  d i f f us i on
through pores in the temperature range f rom

450  t o  650 'C ,  wh i l e  be tween  650  and  750oC  Ehe
ra te  con t ro l - L i ng  mechan ibm sh i f t s  t o  d i f f us i on

th rough  a  s tagnan t  f i lm .

Re fe rences

I .  I n l h e e l e r ,  A , ,  A d v .  i n  C a t a l y s i s  3  2 4 9  ( f 9 5 1 - ) .

2 .  I ^ l a l k e r ,  J r . ,  P .  L . ,  R u s i n k o ,  J t . ,  F . ,  a n d

A u s t o n ,  L .  G . ,  A d v .  i n  C a t a l y s i s  I I  1 3 3
( 1 9 s 9 ) .

3 .  Rakszawsk l ,  J .  E .  and  Pa rke r ,  W .  E .  Ca rbon
2  5 3  ( 1 9 6 4 ) .

4 .  W icke ,  E . ,  P roceed ings  o f  F i f t h  Sympos ium on

Combus t i on  p  245  Re inho ld ,  New  Yo rk  1955 .

TABLE I  COMPARISON OF ACTIVATION ENERGY (KCAL/MOLE)
(REACTION TEMPERATURE 450-650.C)

SAMPLE GROUND BULK
RATIO

(BULK/GROUND)

B

C

3 5 . 0

3 9 .  r

43 .3

- i 0 . 5

1 9 .  8

? q q

0 . 3 0

0 . 5 1

0 . 6 8

TABLE I I  MTIOS OF OXIDATION MTES AND FLOW MTES
(BULK  COMPOSITE)

FIow ¡ F-tow \+
( cc /m in )  \  I ' t ow :  t 00 ' i  

¿

6 5 0 ' c
Rate

Race  (Z  Loss /M in ) R a t e  ( F  =  I 0 0 )

750  " c
R a t e

Rare  (Z  Loss /M in )  Ra re  (F  =  l - 00 )

r00

500

1000

1500

1 . 0 0

2 . 2 4

3 .  1 6

3  . 8 7

0 .  l t

0.  - r3

0 .  1 5

0 . 1 6

r . 4

1 . 0

1 . 2

0 . 2 9

o . 7  r

0 . 9 7

1 . 0 3

2 . 4

r . 0

3 . 3

3 . 61 . 5
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