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Int roduc t ion

The mechan ica l  p roper t ies  o f  carbon
f i -ber -carbon compos i te  a re  cons idered to
be s t rong ly  dependent  on  mater ia l  s t ruc tu re ,
i e . ,  m a t r i x ,  f i b e r  o r  i - n t e r f a c e [ 1 ] .  T h e
f rac ture  behav io r  o f  carbon f iber -g lassy
carbon compos i te  h ras  inves t iga ted  and
d i s c u s s e d  i n  r e l a t i o n  t o  t h e  m i c r o s t r u c -

f t  was  repor ted  prev ious ly  tha t  the
g lassy  carbon was graph i t i zed  to  layer
s t ruc tu re  in  the  compos j - te  a t  about  2400
o C .  T h e  g r a p h i t i z a t i o n  s t a r t s  a t  t h e
f iber -mat r ix  in te r face  and proceeds in to
t h e  m a t r i x [ 2 ] .  T h e  g r a p h i t i c  l a y e r
s t r u c t u r e  a l i g n s  i t s  l a y e r s  p a r a l l e 1  t o
t h e  f i b e r  a x i s .  T h e  g r a p h i t i z a t i o n
seems to  be  acce le ra ted  by  the  s t ress
accumula ted  around f ibers  when the  res in
mat r ix  shr inks  by  47  wt?  dur ing  carbon-
i  z a t i o n .

In  th is  s tudy ,  i t  i s  found tha t  the
i -ncrease o f  s t rength  accompan j_ed the
pseud-p las t ic  f rac tu re  manner  i s  meas-
ured  by  the  graph i t i za t ion  o f  the  mat r ix .

Exper imenta l  p rocedure

Unid j - rec t iona l l y  re in fo rced compo-
s i te  were  prepared by  f i - lament  w i -nd ing
techn ique,  us ing  fu r fu ry l  a lcoho l  con-
densate  as  mat r ix  carbon precursor .
Commerc ia l l y  ava i - lab1e PAN based carbon
f iber  yarns  (  Torayca T200,  Toray  Indus-
t r i e s ,  f n c . ,  )  w e r e  e m p l o y e d .  T h e
s t rength  and the  young 's  mgdu lus  o f  the
f i b e r s  a r e  a b o u t  2 0 0  k g / m m ' a n d  2 0 x 1 0 3
kg /rwo,2 respectively.

C a r b o n i z a t i o n  t e m p e r a t u r e  w a s  1 0 0 0
nC and graph i - t i za t j -on  was car r ied  ou t
u p  t o  2 8 0 0 o C .  T h e  f i b e r  c o n t e n t  i s  a b o u t
5 0  v o 1 ?  a f t e r  c a r b o n i z a t i o n  t r e a t m e n t .

T h e  t e s t i n g  b a r s  w e r e  c u t  i n t o
6 0 x 1 0 x 3  m m  o r i e ñ t a t i n g  f i b e r s  p a r a l l e 1
to  long i - tud i -na1 d i - rec t ion .  The no tch  (
0 . 2 5  m m  w i d t h  a n d  1  m m  d e p t h  )  w a s
mach ined by  a  d iamond b lade.
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po in t  bend ing  tes t  w i th  cons tan t  load ing
v e l o c i t y .  T h e  d y n a m i c  y o u n g ' s  m o d u l u s
was ca l -cu la ted  f rom the  measurement  o f
u l t r a s o n i c  v e l o c i t y .

R e s u l t s  a n d  d i s c u s s i o n

( 1 )  Y o u n q ' s  m o d u l u s

F ig .1  shows the  dynamic  young 's  modu-
1 i -  in  the  long i tud ina l  (  f iber  )  d i rec t ion
and the  t ransverse  (  perpend icu la r  to  f iber
a x i s  )  d i r e c t i o n -

The long i tud ina l  young 's  modu lus  in -
c reased f rom about  9  to  17x103 kgrzmm2 by
the  heat  t rea tment .  Th i_s  modu lus  seems
to  be  de termined by  the  h igh  modu lus  o f
PAN based carbon f iber ,  s ince  f ibers  a re
cont i -nuous  th rough the  spec imen in  th is
d i r e c t i o n .

The t ransverse  young,s  modu lus  was in
t h e  r a n g e  o f  0 . 2 * O . 4 x l _ 0 3  k g / m m 2 .  I t  i n -
c f ined to  reduce by  the  heat  t rea tment .
I n  t h e  t r a n s v e r s e  d i r e c t i o n ,  t h e  y o u n g , s
modu lus  shou ld  be  a  re f lec t i_on o f  1ow
modu lus  carbon mat r ix .  The pores  induced
in  the  mat r ix  inc reas inS ly  by  the  heat
t rea tment  migh t  con t r ibu te  to  reduce the
y o u n g ' s  m o d u l u s .

( 2 )  S t r e n g t h

The s t ruc tu ra l  change o f  mat r ix  was
i n f l u e n c i n g  t h e  s t r e n g t h - a n d  t h e  f r a c t u r e
b e h a v i o r .

F í9 .2  shor . /s  tha t  the  s t rength  j_ncreases
by  the  inc rease o f  heat  t rea tment  tempera-
tu re .  The s t rength  was ca lcu la ted  f rom a
max imum load o f  bend ing  tes t .

Typ ica l  load-def lec t ion  curves  fo r
spec imens heat  t rea ted  a t  tempera ture  o f
1 0 0 0 "  . u  2 8 0 0 " C  a r e  s h o w n  i n  f i g . 3 .  S p e c i m e n
c a r b o n i z e d  a l o n e  s h o w s  a n  e l a s t i c  f a i l u r e .

C a r b o n i z e d  c o m p o s i t e  (  H . T . T .  1 O O O o c  )
cons is ts  o f  carbon f iber  and g lassy  carbon
mat r ix .  Th is  compos i te  \ ^ /as  b roken- in  a
br i t t le  manner ,  and gave re la t j_ve ly  1ow's t rength  o f  about  10  kg /mm2 .  Scann ing
e lec t ron  mic roscopy  has  revea led  the  smooth
f rac ture  sur faces  wh ich  opened perpend icu la r
t o  f i b e r  a x i s  (  F i 9 . 4 a  ) .  T h e  f i b e r  p u 1 l -
ou t  \ ^ /as  no t  observed.  The c rack  seems to
propagate  mat r ix  c ross ing  f ibers  in  one d i -
rec t ion .  The re in fo rcement  o f  f ibers  mav
not  appear  in  the  br i t t le  f rac tu re  m.n . re i .

F i g . 4 b  s h o w s  t h e  f r a c t u r e  s u r f a c e  o f
t h e  c o m p o s i t e  h e a t  t r e a t e d  a t  2 8 0 0 o C .  T h e
mat r ix  has  changed to  g raph i t i c  layer  s t ruc-
tu re .  The f rac tu re  sur face  revea led  a
f i b r o u s  o n e  w i t h  f i b e r  p u l l - o u t .  T h e  c r a c k
d id  no t  p ropagate  co l inear  to  the  mach ined
notch ,  ra ther ,  bu t  to  the  re la t i ve lv  weak
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interfaces bet\^teen fibers and matrix by a
delaminat ion process.  The delaminat ion
blunts the crack and absorbs energy.  In
fact ,  the load-def lect ion curve deviated
from the l inear  re lat ion.

The anisotropic  layer  s t ructure of
matr ix  prevents the crack propagat ion,  and
resul ts  in  h igh st rength and large energy
fo r  f a i l u re .
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Fig .1  Dynamic  young 's  modu lus .
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Fí9 .2  S t rength  o f  the  compos i te .
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