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In t roduc t i on

B r o o k s  a n d  T a y l o r [ 1 ]  s t u d i e d  t h e
s t ruc tu re  and  no lecu la r  a r rangenen t  o f
ca rbonaceous  nesophase  sphe ru les  wh i ch
r r , e re  f o rned  i n  p i t ches  du r i ng  hea t  t r ea t -
m e n t  a t  5 5 0 - 4 5 0 ' C  b y  t h e  u s e  o f  p o l a r i z e d -
l i g h t  m i c r o s c o p y  a n d  e l e c t r o n  d i f f r a c t i o n
m e t h o d .

On  the  o the r  hand ,  new t ype  nesophase
sphe ru les  hav ing  a  mo lecu la r  a r range rnen t
d i f f e ren t  f r on  t ha t  p roposed  by  B rooks  and
Tay lo r  have  been  found [2 ]  when  p i t ches  a re
hea t  t r ea ted  w i th  a  sna11  amoun t  o f  ca rbon
b l a c k  ( A P F  o r  c P F ) .  F i g . 1  s h o w s  t h e
m o l e c u l a r  a r r a n g e m e n t  o f  t h e s e  s p h e r u l e s .

T h e  b e h a v i o r  o f  B r o o k s - T a y l o r  t y p e
s p h e r u l e s  i n  a  n a g n e t i c  f i e l d  w a s  r e p o r t e d [ 3
- 4 ]  a n d  i t  w a s  p r o v e d  t h a t  t h e s e  s p h e r u l e s
were  a l i gned  w i th  t he i r  po la r  d ia rne te r
p e r p e n d i c u l a r  t o  t h e  m a g n e t i c  f i e l d
d i r e c t i o n .  I n  a b o v e  r e p o r t ,  n o l e c u l a r
a r rangemen t  o f  B rooks -Tay lo r  t ype  sphe ru les
rena ined  unchanged  i n  a  nagne t i c  f i e l d  up
t o  1 0 K  g a u s s .

We have  s tud ied  the  behav io r  o f  t he
new t ype  nesophase  sphe ru les  i n  va r i ous
magne t i c  f i e l d  s t reng ths  and  i t  was  found
tha t  t he  no lecu la r  a r rangenen t  o f  t he  new
type  sphe ru les  f o rned  by  add i t i on  o f  APF
cou ld  be  t rans fo r rned  i n to  t ha t  o f  t he
Brooks -Tay lo r  t ype  snhe ru les  when  a  nagne t i c
f i e l d  o f  ove r  3K  gauss  was  app l i ed  du r i ng
hea t  t r ea tnen t .  The  nechan i sn  o f  t h i s
phenomenon  was  i nves t i ga ted .

Expe r i nen t  a1

Abou t  5w t% o f  ca rbon  b lack  (APF  o r  GPF)
r "as  added  i n to  qu ino l i ne -so1ub le  coa l  t a r
p i t c h  a n d  n i x e d  h o n o g e n e o u s l y  a t  4 3 0 o C
under  s t i r r i ng .  The  n i x tu re  t hus  ob ta ined
was  hea t  t r ea ted  a t  430oC fo r  a  ce r ta in
p e r i o d  a t  v a r i o u s  n a g n e t i c  f i . e 1 d  s t r e n g t h s
w i t h  s a n p l e  r o t a t i o n  ( a l s o  c o o l e d  i n  t h e
f i e l d ) .  T h e  n e s o p h a s e  i n  p i t c h  w a s  e x a n i n e d
i n  b o t h  p a r a l l e l  a n d  p e r p e n d i c u l a r
d i r e c t i o n s  t o  t h e  m a g n e t i c  f i e l d  d i r e c t i o n
u s i n g  a  r e f l e c t e d  p o l a r i z e d - l i g h t  n i c r o s c o p y
w i t h  c r o s s e d  p o l a r i z e r s  a n d  a  g y p s u m  p 1 a t e .

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

When  the  p i t ch  i s  m ixed  w i th  GPF and
h e a t  t r e a t e d  i n  8 K  g a u s s  m a g n e t i c  f i e l d ,
t he  new t ype  mesophase  fo rned  w i th  t he i r
p o l a r  d i a n e t e r  p a r a l l e l  t o  t h e  d i r e c t i o n
o f  t he  nagne t i c  f i e l d .  Above  phenomenon
i s  p r o v e d  b y  t h e  p o l a r i z e d - 1 i g h t  r n i c r o s c o p e

obse rva t i on  t ha t  t he re  a re  nany  sphe ru les
wh ich  have  sane  ex t i nc t i on  con tou r  and
p l e o c h r o i s n  w i t h  s t á g e  r o t a t i o n  e s p e c i a l l y
on  the  face  pa ra l l e l  t o  t he  nagne t i c
d i r e c t i o n  a s  s h o w n  i n  F i g . 2 .  A n d  t h e '
mo lecu la r  a r rangemen t  o f  t he  sphe ru les
rena ins  t ha t  o f  t he  new t ype  ones  i n  a
m a g n e t i c  f i e l d  u p  t o  1 2 K  g a u s s .

IVhen APF is  used,  the new type
nesophase  sphe ru les  a re  a l so  f o rmed  i n  t he
p i t c h  a t  a  f i e l d  s t r e n g t h  l e s s  t h a n  2 K
g a u s s ,  b u t  t h e  B r o o k s - T a y l o r  t y p e  s p h e r u l e s
a re  a l so  f ound  when  the  f i e l d  s t reng th  i s
i nc reased  above  3K  gauss ,  as  shown  i n
T a b l e  1 .

As  nen t i oned  above ,  t he  add i t i on  o f
G P F  t o  t h e  p i t c h  l o a d s  t o  t h e  f o r n a t i o n  o f
t h e  n e w  t y p e  n e s o p h a s e  s p h e r u l e s  i r r e s p e c -
t i v e  o f  t h e  f i e l d  s t r e n g t h  a p p l i e d ,  w h i l e
APF  p roduces  i n  t he  p i t ch  bo th  t he  B rooks -
Tay lo r  t ype  and  new t ype  sphe ru les  depend -
i ng  on  the  f i e l d  s t reng th .  Anong  seve ra l
a t t e n p t s  u s i n g  c a r b o n  b l a c k s ,  t h e  n e w  t y p e
sphe ru les  a re  f ound  en l y  when  APF  and  GPF
are  emp loyed .  Those  ca rbon  b lacks  a re
a lways  a t t ached  to  t he  su r face  o f  r nesophase
s p h e r u l e s  r e g a r d l e s s  o f  t h e  n a g n e t i c  f i e l d
s t r e n g t h .  C a r b o n  b l a c k s  o t h e r  t h a n  A P F
and  GPF a re  no t  a t t ached  to  t he  su r face  o f
mesophase  sphe ru les  and  do  no t  p roduce  the
n e w  t y p e  s p h e r u l e s .  T h e r e  i s  n o  a p p r e c i a b l e
d i f f e rence  be tween  APF  and  GPF w i th  respec t
t o  p a r t i c l e  s i z e ,  m a n u f a c t u r i n g  p r o c e d u i e ,
p r o p e r t i e s  a n d  n i c r o s t r u c t u r e .  I l o w e v e r ,
t hose  ca rbon  b lacks  have  d i f f e ren t  i n f l uence
on  the  fo rna t i on  p rocess  o f  r nesophase
s p h e r u l e s  i . n  t h e  m a g n e t i c  f i e 1 d ,  a s  i s
e v i d e n t  i n  T a b l e  l .  I t  c a n  b e  c o n s i d e r e d
tha t  ca rbon  b lacks  such  as  APF  and  GPF
g ive  a  s t rong  e f f ec t  on  the  no lecu la r
a r rangenen t  o f  r nesophase  sphe ru les  espec ia l l y '
b y  t h e  f i n e  c r y s t a l  f a c e  e x i s t i n g  o n
e x t e r i o r  o f  t h e s e  c a r b o n  b l a c k s .

I t  i s  o f  p a t i c u l a r  i n t e r e s t  t o  k n o w  a t
wha t  s tage  o f  nesophase  fo rna t i on  t he
magne t i c  f i e l d  i n f l uences  on  the  mo lecu la r
a r rangenen t  o f  r nesophase  sphe ru les .  A f te r
neh ¡  t ype  sphe ru les  we re  fo rmed  i n  t he  p i t ch
con ta in ing  APF  unde r  t he  i n f l uence  o f  t he
n a g n e t i c  f i e l d  o f  2 K  g a u s s  a t  4 3 0 o C  a n d
coo led  down  to  roon  tenpe ra tu re .  The  p i t ch
con ta in ing  the  new t ype  sphe ru les  we re  hea t
t r e a t e d  a g a i n  i n  t h e  n a g n e t i c  f i e l d  o f  8 K
g a u s s  a t  4 3 0 o C  f o r  3 0  n i n .  T h e  m e s o p h a s e
sphe ru les  ob ta ined  by  t h i s  t r ea tmen t  we re
a l s o  t h e  n e w  t y p e  o n e s .  F r o m  t h i s  f a c t ,
t he  new t ype  mesophase  sphe ru les  f o rmed  once
in  t he  p i t ch  canno t  be  t rans fo rned  i n to  t he
Brooks -Tay lo r  t ype  sphe ru les  even  though  the
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F i p . 2 .  E x t i n c t i o n"  of  the nerv
w i t h ,  s t a g e
P o l a r i  z e r s

con tou r  and  P leoch ro i sm
type  nesophase  sPheru les
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