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OXIDATION BEHAVIOR OF SOMI CARBON/CARBON COMPOSITES
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The ox ida t ion  behav io r  o f  a  fami ly  o f  commerc ia l
carbon/carbon compos i te  mater ia ls  was s tud jed  w i th
par t i cu la r  a t ten t ion  to  mjc ros t ruc tura l  aspeets .  The
composites were character ized before oxidat ion by
X - r á y  d i f f r a c t j o n  a n d  p o r o s j m e t r y  ( l ) ;  a n d  b y  i g n i -
t ion  and iso thermal  burno f f  behav io r  in  d ry  a i r .
The major  emphas is  was on  scann ing  e lec t ron  mic ro-
graphy  o f  ox id ized  samples ,  and some resu l ts  o f  these
s tud ies  are  descr ibed here .

Four  commerc ia l  laminar  carbon f iber  c lo th /carbon
b inder  mat r ix  compos i tes  (carb i tex  R '  carborundum
C o .  )  w e r e  s t u d i e d :  C - . l 0 0 ,  c a r b o n j z e d  f i b e r  a n d  m a t r j x ;
C - 5 0 0 ,  g r a p h i t i z e d  f j b e r ,  c a r b o n i z e d . m a t r i x ;  C - 7 0 0 '
C-730,  ó raph i t ' i zed  f iber  and mat r ix  (d i f fe ren t  c ' lo th
weaves) .  t ¡ re  t jbers  were  ex- rayon.  A  p la in  weave
c lo th  was used in  C- . l00 ,  500 '  700 and these compo-
s i tes  were  less  an jso t rop ic  than C-730 '  made o f  a
f la t te r  sa t in  weave.  X- ray  d i f f rac t ion  showed tha t
the  compos i tes  were  more  graph i t j c '  d (004)  :  3 .43A
( C - . l 0 0 ) ,  3 . 3 9  ( 5 0 0 ) ,  3 . 3 6  ( 7 0 0 , 7 3 0 ) '  t h a n  t h e  f i b e r s '
d ( 0 0 4 )  Y  3 . 4 8 A  ( C ) ,  3 . 4 3  ( G ) ,  i n d i c a t i n o  a  g r a p h i t i c
pr imary  b jnder .  M ic rography  revea led  a  laminar ,
o r ien ted  pr imary  b inder  and a  "g1assy"  impregnant
b i n d e r  p h a s e  ( s e e  F i g .  3 ) '  B u l k  a n d  i m m e r s i o n
(benzene/ te t rabromethane)  dens j t ies  ind ica ted  tha t
acces ib le  poros i ty  (vo lume %)  inc reased in  the  order
c - 5 0 0  ( 7 . 4 ) ,  C - 7 3 0  ( 8 . 6 - 9 . 7 ) ,  C - . l 0 0  ( . l 0 . . l ) '  c - 7 0 0
( 1 2 . 3 - 1 3 . 5 ) .  T h e  l o w  C - 7 3 0  p o r o s i t y  i s  d u e  t o  t h e
d e n s e r  c l o t h  w e a v e ;  t h e  h i g h  C - 1 0 0  v a l u e  i s  a t t r i -
bu tab ' le  to  a  de f ic iency  o f  b inder .  Mercury  poros i -
met ry ,  cornb ined w i th  CCl4  adsorp t ion  poros imet ry  and
BET iurface area measurements, revealed a tr imodal
oore  d i  s t r ibu t ion  w i th  mean en t rance-d iameters
>  1 0 0  ¡ m  ( u n i m p r e g n a t e d  w e a v e  i n t e r s t i c e s '  e t c . ) ;
3 -8  ¡m ( in te rp ly  and yarn  gaps . ,  la rger  fo r  p la in
weaíe  and a f tb r  g raph j t i za t jon) ;  and '0 .4  ¡m ( f iber /
b inder  and pr imary / impregnant  b inder  jn te r faces) .
Some add i t iona l  poros i ty  ¿  0 .02  ¡m in  C-500 was a t t r i -
bu ted  to  ooor  g raph i t i zed  f iber /carbon mat r ix  wet t inq
a n d  b o n d i n g .  ( 2 ) .

The ign i t ion  behav io r  (we igh t  loss  vs  tempera ture
a t  cons tan t  heat jnq  ra te )  in  d ry  a i r  o f  the  compos i tes
is compared with that of  some homogeneous carbon
m a t e r i a l s  i n  F i g .  1 .  O x i d a t i o n  r e s j s t a n c e  i s  o o o r
re la t i ve  to  tha t  o f  2000 and 3000"C HTT g lassy  carbons
and as-depos i  ted  and graph i  t i  zed  pyro ly t i  c  carbons  ;
b u t  i t  i n c r e a s e s  a p p r e c i a b l y  w i t h  g r a p h i t i z a t i o n  f o r
a l I  o f  the  mater ia ls ,  in  agreement  w i th  o ther  obser -
va t jons .  Iso thermal  wer 'gh t  loss  behav ' i  o l i  n  f low inc l
d ry  a i r  a t  650"C is  shown in  F ig .  2  fo r  the  foqr
coñpós i tes .  The samples  were  abóut  4x6x6 mm3 and
w e i o h t  l o s s  h a s  b e e n  n o r m a l i z e d  t o  u n i t  i n i t i a l  e x t e r n a l
a rea .  The sma ' l l  reac t iv i t y  d i f fe rences  be tween C-700 and
730,  and be tween C- ]00  and 500 cor re la te  qua l i ta t j ve ly
w i t h  p o r o s i t y  d i f f e r e n c e s ;  b u t . f i b e r .  g r a p h i t i z a t i o n
( C - 5 0 0 )  a n d ' b i n d e r  d e f i c i e n c y  ( C - . l 0 0 )  m a y  a 1 ! 9  c o ! - -
i r ibu te .  The la rge  d i f fe rence be tween the  C- l00 '  500
and the  C-700,  730 compos i tes  resu l ts  f rom two
fac tors :  Fa l l -o f f  o f  unburned mater ia l  may cont r ibu te
to  we igh t  loss  o f  the  carbon ized mat r ix  compos i tes ;
and gráph i t i za t ion  inc reases  pur i ty  and s t ruc tu ra l
deve iopment ,  espec ia l l . y  o f  the  b jnder '  reduc ing
reac t i  v  i  t y .

Sequent ia ' l  SE l4  observa t ions  on  se lec ted  areas  o f
jn te r laminar  c leavage and po l j shed c ross  sec t ion
sur faces  as  a  func t ion  o f  inc reas ino  650"C burn-o f f
revea led  many de ta i l s  o f  the  ox ida t jon  process .
F igs .  3  and 4  j l l us t ra te  some o f  the  impor tan t  fea-
tu ies  tha t  were  ident i f ied  f rom s tudy ing  a  la rge
number  o f  rn ic rographs .  In  genera l ,  the  la te ra l  sur -
faces  o f  the  f ibers  (about  8 ¡m in i t ia l  d iameter )  q re
a t tacked f i rs t  (even on  po l i shed c ross  sec t ions) ,
espec ia l l -y  a t  the  bo t toms o f  the  long i tud ' ina1  grooves
charac ter is t i c  o f  ex- rayon f jbers .  The f iber  cores
rena in  a f te r  ex tens ive  burn  o f f ,  due ev ident ly  to
lower  reac t iv i t y ,  a ided by  s t ruc tu ra l  in tegr i t y .
A f te r  the  jn i t ia l  ox ida t ion  s tages ,  the  carbon jzed
b inder  and f iber  nhases  in  C- ]00  are  consumed a t
about  the  same ra te ;  and the  res idua l  carbon ized
f iber  cores  are  decora ted  w i th  f ine  ash  par t i c les
( F i g .  4 ) .  T h e  a v e r a g e  r e a c t i v i t y  o f  t h e  g r a p h i t i z e d .
i iUérs  in  C-500 is  lower  than tha t  o f  the  carbon ized
mat r ix ;  bu t  a  s t ronq o i t t ing  a t tack  occurs  a t  ac t i ve
s i tes  ( res idua l  imoúr i t ies  o r  s t ruc tu ra ' l  f laws)
d is t r jbu ted  randomly  a long the  f iber  leng th .  The
r e a c t i v i t y  o f  t h e  b i n d e r  m a t r i x  i s  s i q n i f i c a n t l y
reduced by  graph i t i za t jon  in  C-700 '  730.  Fur thermore '
the  f iber  sur faces  jn  these cor rpos i tes  a re  coated
wi th  wr ink led  bu t  o r jen ted  and adherent  th in  f i lms
o f  b i n d e r  g r a o h i t e .  A s  s h o w n ' i n  F i g .  4 '  t h e s e  f i ' l m s
have low reac t iv i t y  and pro tec t  the  f ibers ;  ox ida t ion
at tack  in j t ia tes  p re fe ren t ia l l y  a t  po in ts  where  the
f i lm is  ruo tured .  Smooth  or ien ted  carbon ized b inder
f j lms coat  the  f ibers  in  C-100,  bu t  o rov ide  less  pro-
tect ion because the.v are poorly adherent and rela-
t i ve ly  reac t ive .  The graph i t j zed  f ibers  jn  C-500
are not wet by the binder,  and bare f ibers are exposed
on c leavage sur faces ,  in  agreement  w i th  observa t ions
e l s e w h e r e  ( 2 ) .

In  summary ,  re la t i ve  apparent  reac t iv j t jes  may be
ranked as  fo l lo t^ ts :  laminar  o r imary  b ' i  nder>g lassy
impregnant  b inder ;  f iber  la te ra l  sur face  > f iber  core
or  b iñder ;  and fo r  h igh  burn  o f f ,  b inder 'v f iber in
C - ] 0 0 ,  b i n d e r ) f i b e r  i n  C - 5 0 0 ,  a n d  b i n d e r <  f j b e r  i n
C-700,730.  0x ida t ion  res is tance o f  these compos i tes
is  improved by  qraph i t i za t ion '  desp j te  inc reased onen
poros i ty .  Th is  resu l ts  f ro rn  reduced f iber  and mat r ix
phase r 'eac t iv i t v  (p robab l .v  due to  pur i f i ca t jon) ;  and
the  pro tec t jve  e f fec ts  o f  o r jen ted ,  g raph i t i c  b inder
f i lms on  the  f ibers .  The res t ¡ l t s  ob ta ined here
cornp lement  those o f  a  s tudy  o f  the  ox jda t ion  behav io r
o f  PAN t iber /g lass-v  carbon (PFA)  mat r ix .compos i tes
b y  K i m u r a ,  S h i b u s a - ,  T a n a k a ,  a n d  Y a s u d a  ( 3 ) .

Th is  research  was suppor ted  by  the  Nat iona l  Aero-
naut ics  and Space Admin is t ra t ion  as  par t  o f  work
done under  g ran ts  NGR 48-002-129 and NGL 48-002-004.

C . S . ,  4 t h  L o n d o n  C a r b o n
C o l l e g e ,  S e p t . . l 9 7 4

Carbon  l 0  (4 )  383

1  .  F i  s c h b a c hD.  B.  &  Kucher i  a
C o n f . ,  I m p e r i a l
&  T e r w i e s c h  B . ,

(1e72)
3 .  K imura  S . ,  Sh ibusa
Carbon  ' 76  Con f .  Abs . ,
f f i re ,  to  be pub1.

Y . ,  T a n a k a  H . ,  a n d  Y a s u d a  E . ,
Baden -Baden ,  June  ,  1976 ;

and  Graph i  t e
2.--Tltien E.

1 3 0



¡e
a
a
o

l-

I
t¡J
3

ñ

tJl
ao
J

F
-
I
L¡J
3

" 9 .  1  B u r n o f f
: '  the  compos i tes
:a rbons .  Numbers

b e h a v i o r  a t  1 0
and  some g lassy
' ' i  n  brackets are

C/min  heat ing  ra te
and pyro ly t i c
H T T  i n  1 0 0  C .

%w
' '¡'.',,

c- 100 c- 500

' i g .  3 .  S e o u e n t i a l  S E M  m i c r o g r a p h s  o f
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: x i da t i on  bu rno f f .  F rom top  to  bo t tom,
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'o r  C -500 .
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F iq .  2 .  I so the rma l  bu rno f f
carbon/carbon compos i  tes.
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F ig .  4 .  Seouen t i a l  SEM m ic roo raphs  o f  i nd i v i dua l
f i be rs  exposed  on  i n te r l am ina r  c l eavaoe  su r faces .
Bu l k  samp le  we iqh t  1oss ,  f r om top  to  bo t tom,  i s
0 , 2 ,  4 %  f o r  C - 1 0 0 ;  a n d  0 ,  4 , 8 . 5 %  f o r  C - 7 0 0 .
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