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i l l u m i n a t i o n  t 4 l .  D i f f e r e n t s  m i c r o s t r u c t u r e s  h a v e

b e e n  c h a r a c t e r l z e d  :  r o u g h  l a m i n a r  t L . R ) ,  s m o o t h  l a -

I  -  I n t roduc t i on

C a r b o n  d e n s i f i c a t i o n  p r o c e s s i n g  t ' 1 )  o f  p o r o u s  o r

f i b r o u s  s u b s t r a t e s  h a v e  b e e n  s t u d i e d  d u r i n g  t h e s e  r e -

c e n t  y e a r s  b e c a u s e  o f  t h e  a e r o s p a c e  a p p l i c a t i o n s  [ 2 ] .

i { e  have  p repa red  and  i nves t i ga ted  a  f am i l y  o f  ca rbon

f e l t - c a r b o n  m a t r i x  c o m p o s i t e s .  1 n  r e l a t l o n  w i t h  t h e

d i f f e ren t  m i c ros t r uc tu res  h l e  have  s tud ied  t he  e l ec -

t r o n i c  a n d  t h e r m a l  p r o p e r t i e s .

2 - Deposit jon tec.hl ique. .and_character jzatton
-  Ex¡ce ,n inenta .L :  the  iso thermal  p rocess  w i th  a

r e s i s t c r - g r a p h i t e  f u r n a c e  w o r k i n g  b e t w e e n ' 1 0 0 0  a n d

1 3 0 0 " C  h a s  b e e n  u s e d .  T h e  h y d r o c a r b o n s  i s  m e t h a n e  d i -

l  r t p r l  i  n  n i  t r n s c n  a n d  s n m p t  i  m e q  r r i  t h  h r ¡ ¡ l r n o e n  ¡ r l e t i  -v b ! ,  I  u u u ¡

t i o n s .  T h e  s u b s t r a t e  i s  a  c a r b o n  f e l t .

-  Eú. t t¿nce,  día"gnam :  the pyrolys is of  methane

occ r - . r r s  unde r  cond i t i ons  f a r  f r om  the rmodynam ica l

e q u i l i b r i u m ,  f n  o r d e r  t o  d e s c r i b e  s u c h  a  p r o c e s s  i t

i s  r s e F u l  t o  d i s t i n g u i s h  [ 3 ) .

The  cons t ra i . n t s  i  va r l ab les  wh i ch  m igh t  be  con -

t r o l l e d  b y  t h e  e x p e r l m e n t e r  ;  t h e y  a r e  e i t h e r  f i x e d

b y  t h e  m e t h o d  [ s h a p e  . a n d  s i z e  o f  t h e  f u r n a c e ,  n o

t h e r m a l  g r a d i e n t  b e c a u s e  o f  t h e  Í s o t h e r m a l  p r e c e s s ,

n ¡ n c l a n t  n r p q q r ! r p  n f  s a q e q l  n r  a r l i l l e f a h l e  f . l o n ñ a i +L U P f  U  \ U U P U J f  U

1 - o m n o n ¡ f , r r o  r  - ñ ñ ñ o s i t i o n  a n d  f l o w  ( D )  o f  g a s e s ,

+ i - ^  ^ ¡  , - ^ ^ ^ ¡  +  +  IL r r i E  u r  U E P U b ¿ L  L D r i

The responses  . '  var iab l ,es  measurab le  by  the  ex-

p e r i m e n t e r ,  a l l  t h e  o b s e r v a t i o n s  a n d  t h e  p h y s i c a l

n - ¡ n o r r ¡ o c  , . , h j ^ h  : n ó  i n v O l v e d  i n  t h e  s t u d r ¡  [ q e e  t ¡ h ] o

U .

T h p  s r ¡ q - p r  i e  t h c  w h n l e  s c t  n c  r p s n o n s e  a n o  c e -' , ' "  " , "
o e n d i n g  o n  t h e  p r o c e s s i n g  c o n s t r a i n t s  a n  e t i s t e n c e

d i a g r a n  c a n  b e  e s t a b l i s l e d  i n  t h e  c o n s t r a i n t s  s p a c o .

I n  o r d e r  t o  d o  t h a t  a  r e s p o n s e  m u s t  b e  c h o s e n  a s  p e r -

t i n e n t  :  t h i s  i s  t h e  n a t u r e  o f  t h e  m i c r o s t r u c t u r e  d e -

t o - n i  n e r '  h r i  n n f  i  n a l  m i  n r n q e  n n \ /  r  n . e r  n n  l  ¡ r  i  z e e l  I  i  o h 1q ,  , , J U r  P U  r  u  r

m i n a r  I L . L ) ,  g r a n u l a r  I L . G ) ,  i s o t r o p i c  ( I ]  a n d  m i x

r e  o f  t h e m  f n  a g r e e m e n t  w i t h  p r e v i o u s  i n v e s t i g a t i o n s

( 5 J  e x c e p t  a  d i f f e r e n c e  q u o t e d  f o r  t h e  g r a n u l a r  m i -

c r o s t r u c t u r e  ( 4 1 ,  F o r  a  q u a s i - c o n s t a n t  f l o w  a  s e c -

t i o n  o f  t h e  e x i s t e n c e  d i a s r a m  c h a r a c t e r i s t i c  o f  t h e

c a r b o n  f e l t  l s  d r a w n  w i t h  o n l y  1 5  r e s p o n s e s  ( f i g u r e

- PkqúcoL pL()p¿tLtiQA I they are presented on

tabLe I  fo r  the  CVD as  depos i ted  :

-  i h e  a p p a r e n t  a n d  p o w d e r  d e n s i t i e s ,  t h e  X - r a y

ln fo r rna t ions  h ,h ich  are  1n  agreement  w i th  resu l ts  on

s l m l l a r  c o m p o s i t e s  ( 3 1  ( 5 1 .

-  t he  magne t i c  p rope r t l es  have  been  exam ined  f o r

t h e  f l r s t  t i m e  :  t h e  E P R  l i n e  w l d t h s  a r e  c h a r a e t e r i

t l c  f o r  e a c h  m l c r o s t r u c t u r e  a n d  t h e  d i a m a s n e t i s m  f u r

n i q h F {  a  l r o r \ ¡  i n 1 - o r o e f i n o  r o e r r l f  T h o r o  i .  - i ñ ñ i f i -u r , , É  r E r q r L '  r ¡ 6 r , r , ¿

c a n t  d i f f e r e n c e s  b e t w e e n  t h e  c h a r a c t e r i z e d  m i c r o -

s t r u c t u r e s  l s e e  f l g u r e  l l .  F u r t h e r m o r e  t h e  r e l a t i v e

d l a m a g n e t i c  a n l s o t r o p y  I A ¡ ? )  a l 1 o w s  u s  t o  c o n f i r m

n n a n f i t a t i r i p l r ¡  t h p  n n t i e a l  a n i q n f r n n r i  . f  t h e  d i f f e -

r e n t  s a m p l e s ,

-  t h e  e l e c t r i c a l  a n d  t h e r m a l  c o n d u c t j . v i t i e s  c o r r

f i r m  t h e  p l c t u r e  :  t h e  t h e r m a l  v a r i a t i o n s  o f  t h e

m a l  c o n d u c t i v i t y  g i v e  f u r t h e r  e v i d e n c e  o f  t w o  c l a s s e

o f  m a t e r i a l s  I f i  o t r . ' e  2 ) .

- Gna¡t l tLüzaLLon pnocQ,6á : af ter heat-treatment

a t  2 5 0 0 o C  d u r i n g  ' 1  h  3 0  m n  t h e  s t u d i e s  o f  s t r u c t u r a l

a n ' J  n h v s i e a l  n - n n e - t i e s  c o n f i r r  t h a t  o n l v  l L c  r n r r s h" - t s J

l a m i n a r  m l c r o s t r u c t ¡ r e  i s  g r a p h i t i z e d  t h e  o t h e r  o n e s

f l e h a v e  a s  h a r d  c a r b o n s .

3  -  C o n c l u s l o n

T h e  m o d e l  p r o p o s e d  b v  L I E B E R I 1 A N  [ 6 )  w h i c h  r e l a -

t e s  g a s  p h a s e  c o n d i t i o r s  t o  L h e  s L r u c t u r e  o F  d e p o s i t

i s  d i s c u s s e d  i n  t h e  f r a m e  o f  t h e  e s t a b l i s h e d  c o r r e l a -

t i o n s  b e t w e e n  e l e c t r o n i c  p i - o o e r t l e s  a n d  m i c r o s t r u c t u -
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r es .  ! üe  show  l n  t h i s  s t udy  t ha t  a  g raph i t ab le  m fc ro -

s t r u c t u r e  I L . R )  e x i s t s  b e t w e e n  t h e  n o n r g r a p h l t a b l e

o n e s  I s e e  f i g u r e  1 ) .  T h i s  b e h a v l o r  c o u l d  b e  c o r r e l a -

t ed  w i t h  t he  f o rma t i on  o f  a  mesophase  f r om the  gas

phase  reac t l on  p rocesses  wh i ch  m igh t  occu rs  on l y  f o r

t h e s e  c o n s t r a i n t  c o n d l t l o n s .

The  ex l s t ence  d i ag rao  shows  up  how  to  ob ta i n  t he

des l r ed  m lc roE t : . uc tu res  €nden  de f r \ ned  cond f t i ons .

T h e y  c h a n g e  w i t h  t h e  f i x e d  a n d  a d j u s t a b l e  c o n s t r a i n t s .

F i na l l y  we  p roposed  a  me thod  t o  ana l yze  t he  pa rame-

te r s  wh i ch  de f l ne  an  evo lu t r . on  and  t o  mak ,e  poss ibLe  a

se lec t l on  o f  a  spec i f l c  ma te r i ' a l  f o r  a  g i ven  app l i ca -

t i o n .

(11 W.V. KOTENLSKY - Physics and Chem¿strA of Cca'bans,

uoL,  9 ,  p ,  183,  (Ed,  ba  P,L .  WALKER,  1973) ,

t 2  )  B .  B R A N O F F ,  H , 0 .  P I E R S O N  a n d  D . l v l  .  S C F I U S T E R  -  J .

Cowosdte  Mater taLs ,  ooL.  7 ,  p ,  36  (1973) ,

( 3 ]  A .  P A C A U L T ,  P .  F I A N U S S E ,  P .  D E  K E P P E R ,  C .  V I D A L

and J. BOISSONADE - Accounts of ChenrtcaL Research

p .  4 3 8  ( 1 9 7 6 ) ,

(4) P. L0LL - Ph, D Thests, Bordeaur 1976.

ts )  B .  GRANOFF .  Carbon,  uo l ,  12 ,  p .  681 (1974) (and

p14eútous pubLteattons fyom SANDJA Laboratories).

(61 N.L. LIEBERMAN - Ptoceedt)tgs of, the 3?d Con¡eren-

ce on Carbon úapo" deposí ' t ,  p, 95 (19.72),
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Fig. 1 : Eristenee dtagron in the constralnt
spaee, The daslled pant represents
the graphitable L.R mierostyueture
zone and the nwnbers betueen braekets
are the diqnaqnetic suseentíbiLies
neasured at y,oom te¡tneratuy,e.

FIe, 2 t Thennal conduetiuitu De?sus tenpera-
tuye betueen 80 and 1300 K for seue-
raL eharacterist ic com)os¿tes.
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