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In t roduc t ion
Mesophase p i tch ,  recogn ized as  an

essent ia l  p recursor  fo r  h igh  per fo rmance
c a r b o n  f i b e r ( l ) ,  n e e d s  t o  b e  s p i n n a b l e  a t .
1ow tempera ture ,  h igh ly  o r ien ted ,  reac t ive
for  ox ida t ion  to  p romote  thermoset t ing ,  and
of  h igh  cok ing  va lue .

Mesophase pitch has been prepared via
severa f  s tages  o f  p i tch  mod i f i ca t ion  and
mesophase induc t ion .  Thus ,  e f f i c iency  o f
removal of l ight components is inportant
for the preparation of mesophse pitch of
h igh  so lub i l i t y  and fus ib i l i t y .

In  . the  present  s tudy ,  mesophase p i tch
f rom a  pe t ro leun p i tch  o f  re la t i ve ly  h igh
hydrogen content was prepared under vacuum
at  a  re la t i ve  h igh  tempera ture  a t  shor t
exper imenta l  t imes to  ach ieve  e f f i c ien t
removal of l ight componets. The compara-
t i ve  s tudy  o f  p roper t ies  and s t ruc t .u re  o f
mesophase p i tch  prepared under  re f lux j .ng ,
gas  b lowing  and vacuum cond i t ions ,
d i s c u s s e s  t h e  o r i g i n s  o f  h i g h  s o l u b i l i t y ,
low mel t ing  tempera ture  and fo rmat ion  o f
meosphase p i tch .

Exper imenta l
The pe t ro leum p i tch  used and ana lyses

are  in  Tab le  l .  Sample  p i tch  was heat -
t rea ted  in  a  pyrex  g lass  tube a t  430 eC
under ref luxJ,ng, gas blowing or vacuum
cond i t ions .  The p i tch  hras  s t i r red
v igorous ly  dur ing  heat - t rea tment  in  a l l
sys tem a t  600 rpm wi th  a  s t i r r ing  screw
made o f  s ta in less  s tee l .  A f te r  the
prescr ibed -soak  t ime,  the  mesophase p i tch
thus  produced was coo led  to  room
tempera ture .
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Aniso t rop ic  mesophase p i tch  o f  h igh  so lub i l i t y  and low
melt ing temperature was prepared from a petroleum
pi tch  by  carbon iz ing  under  vacuum cond i t ions  a t  430 oC
for  5  h .  The so lub i l i t y  and mel t ing  tempera ture  r . re re
55 wt t  in  qu ino l ine  and 270 oC,  respec t ive ly  a t
complete development anisotropic mesophase pitch.
This solubi l i ty is much higher than that of mesophase
pj.tch fron the same feedstock using ref luxing and gas
b lowing  cond i t ions .  Y ie lds  o f  the  mesophase p i tch  o f
complete ani.sotropic development r.rere 60 wtt under
vacuum. Structure of these mesophase pitches were
ana lyzed.

Tab le  l .  Ana lyses  o f  Parent  P i tch

soqlqe- - q/g faa) R r,rsb) Rnus,/ntus (t) c)
FeEro-Ie-um- 6'.7snls5s- 6".T0- 

- - 
nls-

a) carbon arornatici ty
b) naphthenic r ing number per

uni.t structure
c) naphthenic ring nurnber,/total ring number

per unit structure

R e s u l t s
P i tches  RS and BS cons is ted  main ly  o f

i so t rop ic  carbon w i th  a  smaL l  amount  o f
an iso t rop ic  carbon and an iso t rop ic  spheres
were  sca t te red  w i th in  in  the  iso t rop ic
m a t r i x  ( F i g .  l - a  a n d  l - b ) .  I n  c o n t r a s t ,
the  VS p i tch  hras  to ta l l y  an iso t rop ic  in
F ig .  l -c .  The an iso t rop ic  conten ts  and
so lub i l i t ies  o f  the  mesophase p i tches  are
s u m m a r i z e d  i n  F i g . 2 .  A  m a j o r  p r o t i o n
(86  wt t )  was  so lub le  in  THF wi t .h  9  wt t
i n s o l u b l e  i n  q u i n o l i n e  ( P - 4 3 0 - 5 R S ) .
B lowing  heat - t rea tment  (P-430-5BS)  in -
c reased the  an iso t rop ic  conten t  to  28  vo l t
and the  QI  to  26  wt t .  Heat - t rea tment  under
vacuum (P-430-5VS)  was e f fec t i ve  in
enhanc ing  the  deve lopment  o f  an iso t rop ic
carbon ( I00  t )  rd i th  a  modera te  inc rease i -n
0 I  ( 4 5  w t t ) .  T h i s  a n i s o t r o p i c  m e s o p h a s e
p i tch  conta ined 40  wt t  THFS,  l l  v r t t  THFI -PS
a n d  4  w t t  P I - Q S ,  s o l u b l e  f r a c t i o n s .

Longer treatment under RS and BS
cond i t ions  inc reased the  an iso t rop ic
conten t ,  30  and 12  h  be ing  regu i red ,
respec t ive ly  to  deve lop  100 t  an i .so t ropy .
At  the  same t ime,  QI  conten ts  inc reased to



Table 3. Analyses of the
from mesophase

THFI-PS fract ion
pitches

üesophase pitch H/c fa Rnus o 
t) e¡qwb)

P- 4 30- 5RS
P - 4 3 0 - 5 B S
P-430-5vS
P-430-3oRS
P - 4 3 0 - 1 2 8 S

a): nu¡nber of substitution groups Per unit
structure

b): average molecular weight

larger fa and smaller t l /C values and a
lower average molecular weight than the
other mesophase pitches. The extended
t rea tment  (RS,  BS)  inc reased H/C and fa  and
decreased the molecular weight and
o value, indicating that the comPonents

became smaller in molecular hteight although
the  aromat iza t ion  (dehydrogenat ion)  and
dea lky la t ion  had taken p lace  (Tab le  3 ) .

The QI  o f  P-430-5VS showed s imi la r  H, /C
and s l igh t ly  la rger  fa  va lue  than those o f
P-430-5RS and P-430-58s .  However ,  the
former values were considerable lower and
greater  respec t ive ly  than those P-430-3ORS
and P-430-128S wh ich  exh ib i ted  100 t
anisotropy.

D iscuss ion----Tñe -mesophase 
pitch prepared under

vacuum and vigorous st irr ing exhibited
h igher  so lub i l i t y  and lower  ne l t ing  po in t
at 100 t anisotropic developnent than
p i tches  prepared under  re f lux ing  and gas
b lowing  cond i t ions .  Mesophase ' i r i t ch

prepared under vacuum has more homogeneous
dest r ibu t ion  o f  mo lecu la r  s ize  a t  I00  t
anisotropy than pitches prepared under RS
and BS cond i t ions ;  the  so lub le  f rac t ion  o f
the former pitch has a larger average mole-
cu la r  we igh t  than the  la t te r .

The structure of the mesophase pitch
prepared under vacuum is created during i ts
prepara t ion .  vacuum pyro lys is  w i th
v igorous  s t i r r ing  assures  the  e f f i c ien t
remova l  o f  the  I igh tes t  componets ,  a l low ing
an iso t rop ic  deve lopment  w i th  a  re la t i ve ly
shor t  soak  t ime a t  a  re la t i ve ly  h igh
tempera ture .  The shor te r  t ime suppresses
excess  condensat ion  and c rack ing  wh ich  lead
to  the  fo rmat ion  o f  more  QI  and l igh ter
f rac t ions ,  so  main ta in ing  a  more  homo-
geneous distr ibution of components and
improv ing  the  p i tch  y ie ld .  Dehydrogenat ion
is  kept  to  a  min imum to  main ta in  naphthen ic
grouPs.

I t  con t tas t ,  the  re la t i ve ly  poor
e f f i c iency  o f  remova l  under  the  re f lux ing
cond i t ion  necess i ta tes  a  longer  soak ing
time for compl.ete anisotropic development
and th is  causes  excess ive  condensat ion  and
crack ing  dur ing  the  ex tended heat -
t rea tment .
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Fig. I  Optical micrographs of mesophase
p i t c h e s .

( a )  : P - 4 3 0 - 5 R S  ( b )  : P - 4 3 0 - 5 B S  ( c )  : P - 4 3 0 - 5 v S
( d )  : P - 4 3 0 - 3 O R S  ( e )  : P - 4 3 0 - l 2 B s  ( f  )  : P - 4 3 0 - 5 v S
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Fig .  2  So lub i l i t ie3  and an iso t ropy  conten ts
o f  mesophase P i tches .

65  and 55  wt t ,  w i th  30  and 23  wt t  o f  THFS
remaini.ng respectively. l i rhen the mesophase
p i tches  o f  100 t  an iso t roPy are  compared,
the  y ie ld  o f  P-430-5vS h tas  67  wt t  be ing
h i g h e r  b y  1 0 - 1 4  t  t h a n  t h  o t h e r  ( T a b l e  2 ) -
The lowest melt ing points of al l  mesophase
p i tch  was 270 eC.  Thus '  the  mesophase
pitcn prepared under vacuum has the
h ighes t  so lub i l i t y ,  loh tes t  rne l t ing  po in t ,
and h ighes t  y ie ld  a t  I00  t  an iso t ropy
development.

The THFI -PS f rac t ion  o f  P-430-5VS had

Table 2. Analyses of mesoPhasg Pitches

Mesophase p i tch  H/c  t t .P .  (oc)  Y ie ld (wt t )

P-4  30-5RS
P-4 30-5BS
P-430-5VS
P-4 30-3oRS
P-4 30-128S

0 . 6 7
0 . 6 1
0 .  5 7
0 . 5 5
0 .  5 5

L25
1 7 0
270
3 9 5
290

7 9
7 0
6 7
5 7
5 3


