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Carbonaceous mesophase pitches hrere prepared from two
kinds of pitches by assuring homogeneóus- heating under
vacuum and s t i r r ing .  The d i f fe ren t  su lub i l i t ies  o f
mesophase pitches are compared in relat ion to their
chemica l  s t ruc tu res  and reac t iv i t ies .  The i r  mo lecu la r
weight and contents of naphthenic and alkyl groups
which  inher i ted  the i r  s ta r t ing  p i tches ,  appear - to  

-be

the  key  fac to rs  cont ro l l ing  the i r  so lub i l i t y .

INTRODUCTION
Mesophase pitch, which has been

recogn ized as  essent ia l  p recursor  fo r
c a r b o n  f i b e r s  o f  h i g h  p e r f o r m a n c e  ( L , 2 ) ,
shou ld  sa t is fy  the  severa l  requ i rment ,  such
requ i red  proper t ies  have in t imate  re la t ion
to  the  chemica l  s t ruc tu re  o f  i t s
cons t i tuent  mo lecu les .

In  th is  repor t ,  the  mesophase p i tches ,
which rdere prepared f rom tr.ro kinds of
pe t ro leum p i tches  were  charac ter ized  in
te rms o f  the i r  so lub i l i t y  and op t ica l
an iso t ropy .  The proper t ies  a re  re la ted  to
the i r  s t ruc tu re  wh ich  may inher i t  those.  o f
t h e  s t a r t i n g  p i t c h e s .

EXPERIMENTAL
Ana lyses  o f  two p i tehes  (p l  and p2)

are summarized in Table I.  pitches r.rere
heated under nitrogen f low in a pyrex tube
to  430oC and then hrere  fu r ther  heated  under
e v a c u a t i o n  ( 1 0  t o r r )  f o r  v a r i a b l e  t i m e s .
Strr ing r iras continued through the treatment
:o keep the homogeneous heating. The
:emain ing  res idure  in  the  tube was coo led
i-o room temperature at the rate of 3 eC,/¡nin
to develop anisotropy in an annealed form
( 3 ) .  The mesophase pitches were analysed
in  te rms o f  so lub i l i t y ,  op t ica l  an iso t ropy
and chemica l  s t ruc tu re .

"able 
l .  Some analyt ical data of raw pitches

Rar pi tch H/C f a a )  R n , r s b )  o  c )  ¡ t . p .  (  o c )

RESULTS
Both mesophase pitches, r¡hich were

p r e p a r e d  a t  4 3 0 o C  f o r  t  h  ( p l - 4 3 0 - l v s  a n d
P 2 - 4 3 0 - l V S ) ,  c o n s i s t e d  m a i n l y  o f  i s o t r o p i c
mat r ix  w i th  a  la rge  number  o f  smal l  an iéo-
t r o p i c  s p h e r e s  ( f i g .  l - a  a n d  f - d ) .  T h e
an iso t rop ic  conten ts ,  so lub i l i t ies  d i ra
res idure  y ie lds  o f  the  mesophase p i tches
are  summar ized in  E ig .  2 .  The an iso t rop ic
conten ts  were  less  than 10  vo l t  a t  the
res idure  y ie lds  o f  70  and 69  wt t ,
respec t ive ly .  The major  por t ions  (96  and
75 wt t )  were  so lub le  in  THF wi th  g  and
l 5  w t t  i n s o l u b l e  i n  q u i n o l i n e .
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a) :  carbon aromat ic i t y
r):  naphthenic r ing number per unit

structure
:):  number of substi tut ion groups per unit

structure

P t  0 .  7 5  0 . 8 4  0 . 4 0
P 2  0 . 7 3  0 . 8 6  0 . 8 0

Fig . l  Opt ica l  m ic rographs  o f  mesophase
p i t c h e s .

( a )  : P l - 4 3 0 - f V S  ( b )  : P l - 4 3 0 - 5 V S  ( c )  : p l - 4 3 0 - 7 v S
( d )  : P 2 - 4 3 0 - I V S  ( e )  : P 2 - 4 3 0 - 5 V S  ( f  )  : p 2 - 4 3 0 - 7 v S
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Table 2. Some analyt ical
Pitches

data of mesophase

Abbriviat ion c t Nt H / C  U . P .  ( ' C )H tP l -¿30
- r -v5

P2-130-l-vs
Pl-430
- 5-V5

P2-4f/O- 5-VS
P t -¿30
-7- VS

P2-t3o-7-VS

Pl-430- lvs
P2-430-IVS
Pr-430-5VS
P2-430-5vs
P l -430 -7VS
P2-430 -7vS

0 . 6 3  2 3 5
0 . 6 6  2 4 5
o . 5 7  2 7 0
0 . 5 7  3 1 0
0 . 5 7  3 0 0
0 . 5 4  3 3 0

6 9

69

67

6?

9 4 . 0 8  4 . 9 0  0 . 1 7
9 2 - 5 2  5 . 0 9  0 . 1 1
9 0 . 2 9  4 - 2 9  0 . 2 7
9 0 . 0 1  4 . 8 1  r . 4 6
9 4 . 7 5  4 . 5 0  0 . 1 2
9 3 . 0 6  4 . 2 0  0 . 1 0

Table 3. Some analyt ical
from mesophase

data of PS fract ions
pitches

Abbrivlation f a A¡{Wa )
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SlAnisotropy

Fig .2  So lub i l i t , ies  and an iso t ropy
of  mesophase p i tches .

A longer  heat - t rea tment  o f  5  h  (P I -
430-5vS and P2-430-5vs  )  inc reased the
an iso t rop ic  conten ts  to  100 t  and the  QI  to
45 and 55  wt t ,  w i th  40  and 28  wt t  o f  THFS
rernaining respectively. A further longer
t rea tment  o f  7  h  (P1-430-7VS and P2-430-
7vs) increased the amount of insoluble
material.  The amounts of insoluble
mater ia l  o f  P2-4  30-  7VS,  espec ia l l y  QI  ,
increased more rapidly than those of Pl-
4 3 0 - 7 V S .

tfhen the mesophase pitches of I00 t
anisotropy are compared, Pl provided higher
so lub i l i t y  and lower  ne l t ing  . tenpera ture .

The PS f rac t ion  o f  P I -430-sVS h tas
found to have value of larger t l /C, a
smal le r  fa ,  and h igher  average molecu la r
we igh t  than those o f  P2-430-5VS.  The PS
fractions of Pl gave much more hydrogen
su l f ide  be low 250eC dur ing  the  heat -
t rea tment .

Optical rnicrographs of cokesr produced
f rom the  or ig ina l  p i . t ches  w i th  su l fu r  a re
compared in  F ig .3 ,  r rhere  the  heat - t rea tment
was car r ied  ou t  a t  450sC fo r  5  h .  P2-coke
showed very f ine anisotropic units in the
major  i so t rop ic  mat r ix .  P l -coke showed
I00 t  an iso t ropy  mix tu re  o f  f low,  coarse
and f ine  mosa ics .  The PS f rac t ions  o f
mesophase p i tches  prepared f rom PI  a lso
gave much more  hydrogen su l f ide  be low 250oC
dur ing  the  heat - t rea tment .

-usggstq
The propert ies of a mesophase pitch

such as  so lub i l i t y ,  me l t ing  tempera ture  and
s tab i l i t y  aga ins t  the  fu r ther  the i r  conden-
sation were found to strongly depend on the
s t a r t i n g  p i t c h .

The propert ies ref lect the chemical
structure of a mesophase which inherit  that
o f  the  s ta r t ing  p i tch .  A  p i tch  wh ich
contains more naphthenic hydrogen (measured
by  desu l fu r iza t ion)  leaves  more  hydrogens
in  the  mesophase p i tch .  Such hydrogen in
the  cons t i tuent  mo lecu les  a l lowed the i r
h igher  so lub i l i t y ,  lower  the  mel t ing  tem-

a): average molecular eteight

F ig .  3  Opt ica l  m ic rographs  o f  cokes ,  p roduced
f rom the  or ig ina l  p i tches  w i th  su l fu r .

( a ) :  P l - p i t c h '  ( b ) :  P 2 - P i t c h

pera ture  and s tab i l i . t y  aga ins t  the  fu r ther
the i r  condensat ion  in  sp i te  o f  la rge
molecu la r  we igh t  th rough h igher  a f f in i t y  to
the  so lvents ,  lower  in t ramolecu la r  Van der
WaaIs  fo rces '  and the  hydrogen t rans fer
dur ing  the  heat - t rea tment .

I t  i s  wor th  wh i le  to  d iscuss  reasons
why Pl lJave an anisotropic coke in the
presence o f  excess  su l fu r .  The dehydro-
genated form of the pitch may have moderate
condensat ion  reac t iv i t y  su i tab le  fo r  the
an iso t rop ic  deve lopment .

In  cont ras t ,  more  a lky l  l J roups  in  P2
may be  h iqh ly  ac t i va ted  by  su l fu r  to  g ive
an iso t rop ic  ca . .bon.

a
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PI-430- lVS-PS
P2-430- lVS-PS
Pl -4  30-  5VS-PS
P2-430-5VS-PS
Pl -4  30-7vs-PS
P2-4  30-7VS-PS

6 0 0
400

0 . 9 0  0 . 2 0  1 0 5 0
0 . 9 2  0 . 2 5  7 r 0
0 . 9 0  0 . 2 0  7 1 0
o . 9 2  0 . 2 6  6 5 0

0 .  6 9
0 .  6 6
0 . 6 6
0 . 6 3
0 . 6 6
0 .  6 3
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