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Carbon-carbon cornpos i tes  a re  f ind ing  in -
c reas ing  use  in  ther rnos t ruc tura l  app l i ca t ions  such
as  reent ry  veh ic les  and rocket  nozz les .  A l though
some increases  iq  cornpos i te  p roper t ies  have been
ach ieved,  the  devé loprnent  o f  advanced rna ter ia ls
w i th  i rnproved per fo r rnance and un i fo r rn  p roper t ies
wi l l  requ i re  a  bas ic  unders tand ing  o f  the  rnacro /
rn ic ros t ¡uc tura l  charac ter is t i cs  tha t  con t ro l  p rop-
e r t i e s .  A f i r s t  s t e p t o w a r d t h i s  g o a l i s  t h e  d e s c r i p -
t ion  o f  the  charac ter is t i cs  and changes tha t  occur
a s  a  ¡ e s u l t  o f  p r o c e s s i n g .  T h e  a e r o s p a c e  c o ñ r -
rnun i ty  has  concent ra ted  on  the  use  o f  var ious
p y r o l y s i s  p r e s s u r e s  ( 6 . 9  t o  1 0 3  M p a )  a n d  f i l a r n e n t
coat ings  (w i th  and w i thout  chern ica l -vapor -depos i ted
carbon,  CVD)  as  a  r r reans  o f  i rnprov ing  per fo r rnance.
The ob jec t ive  o f  th is  exper i rnenta l  p rograrn  was to
s tudy  the  e f fec t  o f  pyro lys is  p ressure  and f i la rnent
sur face  t rea t rnent  on  the  resu l t ing  rna t r i x  s t ruc tu re .
The descr ip t ion  o f  the  rn ic ros t ruc tura l  charac ter -
i s t i cs  and ther rna l  and phys ica l  p roper t ies  o f  the
cons t i tuents  i s  essent ia l  to  an  unders tand ing  o f
p rocess ing  s t resses  and is  a  v i ta l  par t  o f  the  input
da ta  to  ana ly t i ca l  p rocess ing  rnode ls .  U l t i rna te ly ,
the  cor re la t ion  o f  per fo r rnance to  p roper t ies  and
s t r u c t u r a l  c h a r a c t e r i s t i c s  c a n  a i d  i n  e s t a b l i s h i n e
the  op t imum process ing  procedure .

The exper i rnenta l  approach has  been to  ex-
amine cornpos i tes  and bu lk  rna t r i x  a f te r  se lec ted
process ing  s teps .  A f te r  appropr ia te  rne ta l lograph ic
prepara t ion  and ion  e tch ing ,  the  rne thods  o f  op t ica l
and scann ing  e lec t ron  rn ic roscopy  were  u t i l i zed  to
charac ter ize  rn ic ros t ruc ture .  The xenon ion  e tch-
ing  prov ided a  s i rnp le  r r reans  o f  observ ing  the  or i -
en ta t ion  o f  the  graph i t i c  layer  p lanes  w i th  respec t
to  the  f i la rnent  sur faces  ( ¡ ' ig .  1 ) .  A  we l l -de f ined
etched la rne l la r  s t ruc tu re  in  the  rna t r i x  phase
occurs  when the  graph i t i c  basa l  p lanes  were  or i -
ented within -approxirnately 30 deg of the pol ished
sur face  l1 -4J .  I f  the  p lanes  were  para l le l  to  the
sur face ,  a  f la t  p lanar  appearance was ob ta ined
whi le  in te rmed ia te  o r ien ta t ions  v ie lded a  f i sh-sca le
aPPearance.

The major i t y  o f  the  carbon-ca¡bon cornpos i te
sar r rp les  were  fabr ica ted  w i th  Un ion  Carb ide  Thorne l
5 0  f i b e ¡ s  a n d  e i t h e r  A l l i e d  C h e r n i c a l  C p Z 7 7  1 5 V  o r
Ash land A240 p i tch .  In  o rder  to  supp lernent  these
s p e c i m e n s  a n d  r e p r e s e n t  e x t r e r n e s  i n  p r o c e s s i n g
p r e s s u r e ,  r n i n i a t u r e  u n i d i r e c t i o n a l  s a Á p l e s  w e ¿
f a b r i c a t e d  b y  l o w -  ( 6 . 9  M p a )  a n d  h i g h - p i e s s u r e
( 1 0 3  M p a )  p r o c e d u r e s ,

The e f fec t  o f  impregnat ion  and pyro lys is
p r e s s u r e  o n  m a t r i x  r n i c r o s t r u c t u r e  w a s  r n o s t  s t r i k -
ing  be tween ind iv idua l  f i l aments  o f  a  f iber  bund le .
Compos i tes  fabr ica ted  by  the  pyro lys is  o f  coa l  ta r
( l 5 V ) o r  p e t r o l e u r n  ( A Z 4 O l  p i t c h e s  u n d e r  p ¡ e s s u r e s
of  less  than 6 .9  Mpa resu l ted  in  the  graph i t i c  layer
p lanes  o f  the  rna t r i x  be ing  a l igned para l le l  to  the
f i la rnent  sur face  (F ig .  2 ) .  Th is  h igh ly  a l igned

sheath  o f  g raph i te  basa l  p lanes  fo r rned i r respec t ive
o f  the  type  o f  f i l a rnent  (h igh-  o r  low- rnodu lus  rayon,
p i tch ,  o r  po lyacry lon i t r i le )  o r  whether  o r  no t  the
f i la rnent  had a  CVD coat ing .  Progress ing  away
f rom the  f i lament  and sheath ,  the  rna t r i x  s t ruc tu re
becarne rnore  cor r rp lex  o r  in te r tw ined and,  as  such,
rnore  iso t rop ic .

The p i tch  rn ic ¡os t ruc ture  deve loped under
h i g h - p r e s s u r e  p r o c e d u r e s  ( 1 0 3  M p a )  w a s  f o u n d  t o
be s ign i f i can t ly  d i f fe ren t .  In  the  in te r f i la rnent  re -
g ions  o f  a  cornpos i te  tha t  had rece ived an  in i t ia l
CVD coat ing ,  the  graph i te  basa l  p lanes  were  ran-
dorn ly  o r ien ted  to  the  f i la rnent  sur face  ( t r . ig .  3 ) .
A l though reg ions  o f  para l le l  o r ien ta t ion  ex is ted ,  the
t ransverse  or ien ta t ion  predorn ina ted .  Th is  random
rnat r i x  had a  charac ter is t i c  s t ruc tu re  ind ica t ive  o f
inh ib i ted  r r resophase spheru le  coa lescence.  In
add i t ion ,  th is  s t ruc tu re  d id  no t  possess  the  long-
range order  o f  the  cornpos i tes  fabr ica ted  by  low-
pressure  procedures .  I rn rned ia te ly  a t  the  CVD
pi tch  in te r face ,  the  basa l  p lanes  were  a l igned a t
ang les  o f  0  to  90  deg w i th  the  0  deg or  para l le l
al ignrnent occurring the rnajori ty of the t irne. Ex-
arn ina t ion  o f  t ransverse  sec t ions  o f  th is  cornpos i te
ind ica ted  tha t  the  p i tch  rna t r i x  had penet ra ted  those
reg ions  whe¡e  the  CVD coat ing  had separa ted  f ro rn
the  Thorne l  50  f i la rnent  [5 ] .

The un id i rec t iona l  cornpos i tes  fabr ica ted  by
h igh-pressure  i rnpregnat ion  procedures  w i thout  an
in i t ia l  CVD coat ing  a lso  had the  randorn  basa l  p lane
or ien ta t ion  w i th  respec t  to  f i la rnent  sur face  (F ig .  a ) .
However ,  a  qua l i ta t i ve  assessr r ren t  o f  the  arnount  o f
randorn  or  t ransverse ly  o r ien ted  rna t r i x  suggested
tha t  a  s l igh ly  less  randorn  s t ruc tu re  was ob ta ined
than when a  CVD coat ing  was present .

S ince  the  p i tch  rna t r i x  rn ic ros t ruc ture  is  es-
tab l i shed dur ing  the  rnesophase pyro lys is  occur r ing
be low 600 'C and the  in te r io r  o f  f i l ament  bund les
dens i ty  ear ly  in  l iqu id  i rnpregnat ion  procedures ,  the
a l ignment  o f  the  graph i te  basa l  p lanes  be tween f i la -
rnents  w i l l  be  de ter rn ined by  the  pyro lys is  p ressure
ernp loyed dur ing  the  in i t ia l  dens i f i ca t ion  cyc les .
There fore ,  in  those cornpos i tes  where  in i t ia l  low-
pressure  pyro lys is  p rocedures  are  fo l lowed by  h igh-
p r e s s u ¡ e  p r o c e d u r e s ,  t h e  g r a p h i t e  b a s a l  p l a n e s  w i l l
be  a l igned para l le l  to  the  f i la rnent  sur faces  w i th in
the  f iber  bund les .

These rn ic ros t ruc tura l  observa t ions  ind ica ted
tha t  h igh-presDure  i rnpregnat ion  and pyro lys is  re -
su l ts  in  a  random or ien ta t ion  o f  bo t ryo ida l  spheres ,
a s  w a s  d i s c u s s e d  b y  M a r s h  1 6 ] .  T h e  e f f e c t  o f  t h i s
pressure ,  then,  appears  to  be  to  inh ib i t  the  coa les-
cence o f  the  r r resophase spheru les .  Under  low-
p r e s s u r e  p r o c e d u r e s ,  t h i s  c o a l e s c e n c e  r e s u l t s  i n  a
h igh ly  an iso t rop ic  sheath .
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A l though pressure  was pr i rnar i l y  respons ib le
: : :  : :npar t ing  the  randorn  s t ruc tu re ,  i t  appears  tha t
:e  CVD coat ing  inc reases  the  arnount  o f  random
E: l - -e ru les  o r  decreases  the  arnount  o f  coa lescence.
S- -ce  f iber  sur faces  prorno te  para l le l  a l ignrnent  be-
: reen p lanes ,  the  e f fec t  o f  the  CVD coat ing  rnay  be
: :  :educe the  p i tch  wet t i_ng o f  f i l a rnents ,  thereby
- - : : : c i n g  c o a l e s c e n c e  [ 7 1 .
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Frg. 2. Scanning electron rnicrographs of rnatr ix
s t ruc tu re  due to  low-pressure
pro  ce  s  s ing .
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Fig .  3 .  Scann ing  e lec t ron  rn ic rographs  o f  rna t r i x
s t ruc tu re  due to  h igh-pressure
pro  ce  s  s ing .

F ig .  4 .  Scann ing  e lec t ron  rn ic rograph o f  rna t r i x
s t ruc tu ¡e  due to  h igh-pressure
p r o c e s  s i n g .  N o  C V D .
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Fig .  1 .  -Scann ing  e lec t ron  rn ic rograph
pattern orientat ions.
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