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lnt rod uct i  on

The f rac tu re  behav io r  o f  the  mat rJx  o f
carbon-carbon compos i tes  f rom p i tch  precursors  has
been shown to  be  cont fo l led  by  the  d isc l ina t ion
s t ruc tures  oresent . l ,2  Crack i  a re  d iver ted  or
altered depending on the type and structure of the
d isc l ina t ions .  Improvement  in  compos i te  p roper t ies
may be accomplished by optlmization of these
d isc l  ina t ion  s t ruc tu res .  A l  ignment  o f  the
carbonaceous mesophase by a magnetic f ield offers
th is  po ten t la l .  Thus ,  the  ob jec t ive  o f  th is
research on magnetic f ield effects was to deteñnine
how the  d isc l ina t ion  s t ruc tu res  cou ld  be  cont ro l led
or altered to lmprove the propert ies of the
resu l t ing  carbon-carbon compos i te .

The polynuclear aromatic mo'lecules of the
carbonaceous mesophase conslst of several fused
b e n z e n e  r l n g s ,  g i v i n g  t h e  m o l e c u l e  a  d i s k l i k e  s h a p e .
Th is  a romat ic  mo lecu le  l s  d iamagnet ic  and is
or ien ted  by  a  magnet ic  f ie ld  and tends  to  a l ign
para l le l  to  the  magnet ic  f ie ld .  However ,  the
molecu la r  o r ien ta t ion  is  no t  un ique ly  de f ined.  l { i th
the  use  o f  the  normal  to  the  d isk l i ke  molecu le  to
def ine  i t s  o r ien ta t ion ,  the  normals  to  the  molecu les
in  the  magnet ic  f ie ' ld  l ie  anyrhere  ln  the  p lane
perpend icu la r  to  the  magnet lc  f ie ld .

Previous research on the effect of a m¿gnetic
f ield on the carbonaceous mesophase has centered on
demonst ra t lon  o f  the  or ien ta t ion  o f  the  mesophase by
a magnet ic  fJe ld  and the  use  o f  a  magnet ic  f ie ld  fo r
prepara t ion  o f  we l l -o r ien ted  samples  fo r  measurement
o f  d i a m a g n e t i c  s g s c e p t i b i l i t y .  I n i t i a l  w o r k  b y
Singer and Lewisr showed that the spherules of the
carbonaceous mesophase ¡rere oriented by a magnetic
f ie ld .  The po la r  axes  o f  the  spheru les  a l igned to
l ie  in  the  p lane perpend icu la r  to  the  magnet ic
f ie ld .  A  h igher  degree o f  o r ien ta t ion  was ob ta ined
when the sample was rotated about an axls
perpend icu la r  to  the  magnet ic  f ie ld .  The mesophase
spheru les  re re  a l l  o r len ted  w i th  the i r  po la r  axes
para l le l  to  the  ax is  o f  ro ta t ion .  The d iamagnet ic
suscept ib i l l t y  o f  t l . le  carbonaceous nnsophase has
a lso  been measured.4

Experimental Procedure

The pyrolysis of carbon composites with
pet ro leum-p i tch  precursor  was conducted  w i th  the  use
of  rad ian t  lamps and in  the  presence o f  a  magnet ic
f i e l d .  G l a s s  t e s t  t u b e s  o f  i n s i d e  d i a m e t e r  o f  1 0  n m
were  p laced ver t i ca l l y  be tween oppos ing  rad ian t
lamps.  A t  90o to  the  lamps were  the  po les  o f  the
permanent  C magnet  o f  5500 gauss .  The nad ian t  lamps

r {ere  used,  ra ther  than a . res is t i ve ly  heated  fu rnace,
to  e l im lna te  any  in te r fe rence w i th  the  magnet ic
f ie ld .  A  chromel -a lumel  thermocoup le  was p laced in
a  graph i te  s leeve and inser ted  in  the  p i tch .

Ash land 4240 pe t ro leum p i tch  | ras  used,  as  i t  i s
r e l a t i v e l y  f r e e  o f  i n e r t  q u i n o l i n e  i n s o l u b l e s  w h i c h
cou ld  in te r fe re  w i th  the  deve lopment  o f  the
mesophase s t ruc tu re .  A  graph i te - f iber  fabr ic  w i th
T300 PAN f ibers in an 8-harness satin weave was
r rapped c i rcumferent ia l l y  ins ide  the  g lass  tubes .
The pyrolysis heating rate vras 100'C/hr from room
tenperature to 380"C and 20oClhr from 380"C to
460"C. The pyrolysls in the test tubes rvas
conducted in a nitrogen atmosphere to prevent
oxidation. In some cases, the test tube yras rotated
about  i t s  ax is  (ver t i ca l )  a t  10  to  15  npm wi th  the
use of an electr ic motor and belt systef i .  A
c i rcu la r ,  s l id ing-contac t  mechan ism was used a t  the
top of the tube for the thermocoupl e wi res. '

E u b b l e  p e r c o l a t i o n  o f  e s c a p i n g  v o l a t i l e  g a s e s
tended to  d is rup t  any  a l ignment  in t roduced by  the
magnet lc  f ie ld .  Thus ,  the  f iber -p i tch  samples  were
slow cooled from the maximum pyrolysis tef iperature
to  a l low a l ignment  by  the  magnet ic  f ie ld  w i thout
in te r fe rence f rom bubb le  perco la t ion .

Al ignnent in a Fiber Cornposite

One o f  the  pr imary  fa i lu re  modes o f  a
b id i rec t iona l  carbon-carbon compos i te  i s
ih te r laminar  shear .  Th is  shear  f rac tu r ing  in  the
mat r ix  occurs  on  p lanes  para l le l  to  the  fabr ic
l a m i n a t e  p 1 i e s ,  a s  t h e  e a s y ' c l e a v a g e  d i r e c t i o n
(para l le l  to  the  graph i t i c  layers )  tends  to  be
p a r a l l e l  t o  t h e  p l i e s .  I f  t h e  m a t r i x  l a y e r s  w e r e
perpend icu la r  to  the  p l ies ,  such f rac tu r ing  may be
m o r e  d i f f i c u l t .  B u l k  m e s o p h a s e ,  w h i c h  i s
charac ter is t i c  o f  the  mat r ix  be tween f iber  bund les
in the carbon-carbon composite, has been shovrn in
th is  s tudy  to  be  a l igned by  a  magnet ic  f ie1d .  The
resu l t ing  s t ruc tu re  i s  the  f lb rous  s t ruc tu re
charac ter is t i c  o f  need le  coke.  The tough f rac tu re
d i rec t ion  fo r  th is  f ib rous  s t ruc tu re  i s
perpend icu la r  to  i t s  ax is .  Thus ,  i f  the  compos i te
mat r ix  cou ld  be  a l igned w i th  th is  f ib rous  s t ruc tu re
perpend icu la r  to  the  shear  f rac tu re  p lane,  the
compos i te  may have improved shear  p roper t ies .  The
magnet ic  f ie ld  wou ld  be  perpend icu la r  to  the  fabr ic
p l  i e s .

Opt ica l  m ic rographs  o f  a  b id i rec t iona l
compos i te  carbon ' i zed  in  th is  magnet ic  f ie ld  a re
shoyrn  in  F igure  l .  The p lane o f  sec t ion  fo r  these
micrographs  is  perpend icu la r  to  the  fabr ic  p l ies  and
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p a r a l l e l  t o  t h e  m a g n e t i c  f i e l d .  I n  t h e  t o p  f i g u r e ,
the  mat r ix  be tween the  f iber  bund les  is  dark  ( in
e x t i n c t i o n ) ,  i m p l y i n g  t h a t  t h e  m o l e c u l a r  l a y e r s  a r e
a l igned and are  perpend icu la r  to  the  ver t i ca l
p o l a r i z i n g  d i r e c t i o n .  A t  t h e  4 5 o  n o t a t i o n  o f  t h e
p o l a r i z e r s ,  t h i s  s a m e  a l i g n e d  m a t r i x  i s  l i g h t ,
ind ica t ing  i t  i s  non no t  perpend icu la r  to  the
po lar izers .  The mat r ix  w i th in  the  t igh t ly  packed
f iber  bund les  is  no t  so  a l igned.  These mic rographs

F igure  l .  l { i c rographs  o f  b id i rec t iona l  compos i te
perpend icu la r  to  magnet ic  f ie ld

O rolalion a¡is

H

Figure  2 .  Mic rograph o f  f iber  bund le  ro ta ted  in
magnet ic  f ie ld  perpend icu la r  to
bund l  e  ax i  s

show tha t  the  magnet ic  f ie ld  a l igned the  mesophase
matn ix  be tween the  f iber  bund les  perpend icu la r  to
the  laminate  f iber  d i rec t ions .  The wedoe
d i s c l i n a t i o n s ' i n  t h e  f i b r o u s  m i c r o s t r u c i u r e  o f  t h e
mat r ix  a re  thus  a l igned perpend icu ' la r  to  the  fabn ic
p l i e s .  T h i s  p e r p e n d i c u l a r  a l i g n m e n t  o f  t h e  m a t n i x
shou ld  p rov ide  inc reased res is tance to  in te r laminar
s h e a r  f r a c t u r e  i n  t h i s  b l d i r e c t i o n a l  c o m D o s i t e .

Bend Elast ic  Constant

I n  a n  l n d i v i d u a l  b u n d l e  o f  g r a p h i t e  f i l a m e n t s ,
there is a cunpeti t ion between the al ignment of the
d isk l l ke  molecu les  by  the  f l lament  sur faces5 and the
a l ignment  by  an  ex terna l  magnet ic  f ie ld .  For  a
f iber  bund le  ro ta ted  in  the  magnet ic  f ie ld  w i th  i t s
a x i s  p a r a l l e l  t o  t h e  f i e l d ,  a l l  t h e  m o l e c u l e s  s h o u l d
I  i e  p e r p e n d l c u l a r  t o  t h e  f i l a m e n t s .  T h i s  i s  t h e
case in  F igure  2  fo r  the  bu lk  mesophase sur round ing
t h e  t i g h t l y  p a c k e d  f i l a m e n t s .  B u t  w i t h i n  t h e  f i b e r
b u n d l e  i t s e l f ,  t h e  a l i g n m e n t  b y  t h e  f i b e r  s u r f a c e
dominates .  The dark  aneas do  no t  change w i th
nota t ion  o f  the  c rossed po la r izers .  The wh i te  r ing
about  i so la ted  f i laments  denotes  a  reg ion  o f  layer
o r i e n t a t i o n  p a r a l l e l  t o  t h e  f i l a m e n t  s u r f a c e .

For  the  compet ing  e f fec ts  o f  s t rong anchor ing
at  the  f i lament  sur face  and the  a l ignment  by  the
magnet lc  f ie ld ,  the  molecu la r  o r ien ta t ion  changes
f rom para l le l  a t  the  sur face  to  perpend icu la r  in  the
bu lk  mat r ix .  Th is  curva ture  is  bend and is  one o f
th ree  curva tures  poss ib le  fo r  a  l iqu id  c rys ta l .  (The
other  t ro  a re  sp lay  and tw is t . )  The sur face  exer ts
a  to rgue on  the  mater ia l  away f rom the  wa l l ;  th is
to rque is  re la ted  to  the  e las t i c  cons tan t  Kr  fo r
bend.  Th is  e las t i c  cons tan t  i s  a  measure  o I  the
res is tance o f  the  l iqu id  c rys ta l  to  bend as  a  resu l t
o f  sorne  ex terna l  fo rce .  The magnet ic  f ie ld  a lso
exer ts  a  to rque on  the  bu lk  I iqu ' id  cnys ta l ,  wh ich  is
ne la ted  to  the  d i f fe rence in  the  para l le l  and
p e r p e n d i c u l a r  d i a m a g n e t i c  s u s c e p t i b i l i t i e s  a n d  t h e
magnet ic  f ie ld  s t rength .  A  length  can be  de f ined
over  wh ich  these two to rques  ba lance.  Th is  length
is  ca l led  the  magnet ic  coherence length  and is  the
th ickness  o f  the  wh i te  r ing  about  the  f i laments  in
F igure  2 .  S ince  bo th  the  d iamagnet ic  an iso t ropy  o f
the carbonaceous mesophase and the magnetic f ield
s t rength  are  known,  the  e las t i c  cons tan t  fo r  bend
for the carbonaceous mesophase can be deteñnined.
For  a  magnet ic  coherence length  o f  about  7  ¡m
( F i g u r e  2 ) ,  t h e  b e n d  e l a s t i c  c o n s t a n t  i s  K 3  =  l 0 - 5
dynes .  Th is  e las t i c  cons tan t  fon  bend fo r  the
m e s o p h a s e ,  a  d i s c o t i c  n e m a t i c  l i q u i d  c r y s t a l ,  i s
about  10  t imes la rger  than the  bend cons tan t  fo r
r o d l i k e  n e m a t i c  l i q u i d  c r y s t a l s .  T h i s  d i f f e r e n c e
may be  re la ted  to  the  h igher  mo lecu la r  ne igh t  and
t h e  d i s k l i k e  s h a p e  o f  t h e  a r o m a t i c  m o l e c u l e s .  T h i s
is  the  f i rs t  de termina t ion  o f  one o f  the  th ree
e las t ic  cons tan ts  fo r  bend,  tw is t ,  and sp lay  fo r  the
carbonaceous lrcsophase.
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