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©  Mesophase  pitch,  processes  for  its  production  and  fibers  produced  therefrom. 

There  is  disclosed  a  mesophase  pitch  containing  at least 
about  70'%  by  weight  mesophase  produced  by  physical 
operations  without  chemical  operations  on  a  carbonaceous 
precursor  pitch.  The  mesophase  pitch  features  a  molecular 
weight  distribution  wherein  at  least  75%  of  the  molecules 
have  a  molecular  weight  in  the  range  of  from  about  600  to 
about  1300;  less  than  about  10%  of  the  molecules  have  a 
molecular  weight  less  than  about  600;  and  less  than  about 
15%  of  the  molecules  have  a  molecular  weight  more  than 
about  1300.  There  are  also  disclosed  processes  for  the 
production  of  such  a  mesophase  pitch.  The  mesophase  pitch 
is  useful in  producing  carbon  filter  and  fibers  produced  from 
the pitch  of the invention  are also disclosed. 



The  i nven t ion   r e l a t e s   to  a  mesophase  p i t ch   and 

p a r t i c u l a r l y   r e l a t e s   to  a  mesophase  p i t ch   c o n t a i n i n g  

at  l e a s t   about  70%  by  weight  mesophase  and  a  p r o c e s s  

for  producing  the  mesophase  p i t ch   and  carbon  f i b e r s  

from  the  mesophase  p i t c h .  

Mesophase  p i t ch   has  been  known  to  be  s u i t a b l e  

for  producing  carbon  f i be r s   having  e x c e l l e n t   p r o p e r t i e s  

s u i t a b l e   for  commercial  e x p l o i t a t i o n .   It  is  known  tha t   mrso-  

phase  derived  carbon  f i b e r s   are  l i g h t w e i g h t ,   s t rong ,   s t i f f ,  

e l e c t r i c a l l y   conduct ive   and  both  chemica l ly   and  t h e r m a l l y  

i n e r t .   The  mesophase  der ived  carbon  f i b e r s   perform  well  s s  

r e i n f o r c e m e n t s   in  composites  and  have  found  use  i n  

ae rospace   a p p l i c a t i o n s   and  q u a l i t y   spo r t ing   e q u i p m e n t .  

Genera l ly ,   carbon  f ibe r s   have  been  p r i m a r i l y   made 

from  three  types  of  p r e c u r s o r   m a t e r i a l s :   rayon,  p o l y -  

a c r y l o n i t r i l e   (PAN),  and  p i t c h .   The  use  of  p i t ch   as  a 

p r e c u r s o r   is  a t t r a c t i v e   e c o n o m i c a l l y .  

Low  cost  carbon  f ibe r s   produced  from  o rd inary   p i t c h  

e x h i b i t   l i t t l e   p r e f e r r e d   molecular   o r i e n t a t i o n   and  r e l a t i v e l y  

poor  mechanical   p r o p e r t i e s .  

In  c o n t r a s t ,   carbon  f ibe r s   produced  from  mesophase 

p i tch   exh ib i t   high  p r e f e r r e d   molecular   o r i e n t a t i o n   and 

r e l a t i v e l y   e x c e l l e n t   mechanical   p r o p e r t i e s .  

As  used  here in ,   the  term  "p i t ch"   is  to  be  

unders tood   as  used  in  the  i n s t a n t   ar t   and  g e n e r a l l y  

r e f e r s   to  a  carbonaceous  res idue   c o n s i s t i n g   of  a  complex 

mixture  of  p r i m a r i l y   aromatic   organic  compounds  which  a r e  

so l id   at  room  tempera ture   and  exh ib i t   a  r e l a t i v e l y   b r o a d  



mel t i ng   or  s o f t e n i n g   tempera ture   range.   When  c o o l e d  

from  the  mel t ,   the  p i t c h e s   behave  as  g l a s s e s .  

As  used  he re in ,   the  term  "mesophase"  is  to  be  

under s tood   as  used  in  the  i n s t a n t   a r t   and  g e n e r a l l y   i s  

synonymous  with  l i q u i d   c r y s t a l .   That  is,  a  s t a t e   o f  

ma t t e r   which  is  i n t e r m e d i a t e   between  c r y s t a l l i n e   s o l i d  

and  a  normal  l i q u i d .   O r d i n a r i l y ,   a  m a t e r i a l   in  t h e  

mesophase  s t a t e   e x h i b i t s   both  a n i s o t r o p i c   and  l i q u i d  

p r o p e r t i e s .  

As  used  he re in ,   the  term  " m e s o p h a s e - c o n t a i n i n g  

p i t c h "   is  a  p i t c h   c o n t a i n i n g   less  t han  abou t   40%  by 

weight   mesophase  and  the  non-mesophase  p o r t i o n   o r  

i s o t r o p i c   phase  is  t h e . c o n t i n u o u s   p h a s e .  

As  used  h e r e i n ,   the  term  "mesophase  p i t ch"   is  a  p i t c h  

c o n t a i n i n g   more  than  about  40%  by  weight  mesophase  and  

is  capable   of  forming  a  cont inuous  a n i s o t r o p i c   p h a s e  

when  d i s p e r s e d   by  a g i t a t i o n   or  the  l ike   in  a c c o r d a n c e  

with  the  p r io r   a r t .  

.The  c o n v e n t i o n a l   method  for  p r epa r ing   mesophase  

p i t c h   from  a  p r e c u r s o r   p i t ch   inc ludes   heat   t r e a t i n g   a t  

a  t empera tu re   g r e a t e r   than  350°C.to  e f f e c t   t h e r m a l  

p o l y m e r i z a t i o n .   This  process   produces  large  m o l e c u l a r  

weight   molecules   capable   of  forming  mesophase .  

A  t y p i c a l   c o n v e n t i o n a l   method  is  c a r r i e d   o u t  u s i n g  

r e a c t o r s   ma in t a ined   at  about  400°C  f o r  

about  20  hours .   The  p r o p e r t i e s   of  the  f i n a l   m a t e r i a l  

can  be  c o n t r o l l e d   by  the  r e a c t i o n   t empera ture ,   h e a t -  

t r e a t m e n t   time,  and  v o l a t i l i z a t i o n   r a t e .   The  p r e s e n c e  



of  the  high  molecu la r   weight  f r a c t i o n   r e s u l t s   in  a  

mel t ing   point   of  the  mesophase  p i t ch   of  at  l e a s t   330.C.  

An  even  h igher   t empera ture   is  needed  to  t r ans form  t h e  

mesophase  p i t ch   into  f i b e r s .   This  is  termed  " s p i n n i n g "  

in  the  a r t .  

The  fo l lowing   pa t en t s   are  r e p r e s e n t a t i v e   of  t h e  

p r io r   art  and  are  i n c o r p o r a t e d   he re in   by  r e f e r e n c e :  

U.S.  pa tent   no.  4 ,005,183  to  Singer ,   U.S.  pa ten t   no .  

3,919,387  to  Singer ,   U.S.  pa t en t   no.  4 , 0 3 2 , 4 3 0 ,  

U.S.  pa tent   no.  3,976,729  to  Lewis  et  a l . ,   U.S.  p a t e n t  

no.  3,995,014  to  Lewis,  and  e s p e c i a l l y   B r i t i s h   p a t e n t  

2 ,005,298  to  Chwas t i ak .  

The  amount  of  mesophase  in  p i t ch   can  be  e v a l u a t e d  

by  known  methods  using  p o l a r i z e d   l i g h t   microscopy.   The 

presence  of  homogeneous  bulk  mesophase  reg ions   can  be 

v i s u a l l y   observed  by  p o l a r i z e d   l i g h t   microscopy  and 

q u a n t i t a t i v e l y   determined  by  the   method  d i s c l o s e d   i n  

the  a forement ioned   Chwastiak  p a t e n t .   P r e v i o u s l y ,   t h e  

c r i t e r i a   of  i n s o l u b i l i t y   in  c e r t a i n   organic   s o l v e n t s  

such  as  qu ino l ine   and  pyr id ine   was  used  to  e s t i m a t e  

mesophase  con ten t .   There  could,  however,  be  p re sen t   i n  

the  p r ecu r so r   p i t ch   c e r t a i n   non-mesophase  i n s o l u b l e s   and 

i t   is  a  common  p r a c t i c e   to  remove  these  i n s o l u b l e s   b e f o r e  

t r e a t i n g   the  p r ecu r so r   p i t c h .  

In  accordance  with  the  p r io r   a r t ,   %  Q .  I . "   r e f e r s  

to  qu ino l ine   i n s o l u b l e s   of  a  p i t ch   qu ino l ine   e x t r a c t e d   a t  

75°C.  Also,  "%  P .  I . "   r e f e r s   to  py r id ine   i n s o l u b l e s   o f  

a  p i t ch   by  Soxhlet   e x t r a c t i o n   in  b o i l i n g   py r id ine   a t  

about  115°C. 



Sof ten ing   point   or  s o f t e n i n g   t empera tu re   of  a  

p i t c h ,   is  r e l a t e d   to  i t s   molecu la r   weight  c o n s t i t u t i o n ,  

the  p resence   of  a  l a rge   amount  of  high  molecular   w e i g h t  

components  g e n e r a l l y   tends  to  r a i s e   the  so f t en ing   t em-  

p e r a t u r e .   It  is  a  common  p r a c t i c e   in  the  ar t   to  c h a r a c -  

t e r i z e   in  pa r t   a  p r e c u r s o r   p i t ch   by  i t s   so f t en ing   p o i n t .  

For  mesophase  p i t c h e s ,   the  s o f t e n i n g   po in t   is  used  t o  

d e t e r m i n e ,  s u i t a b l e   sp inn ing   t empera tu re .   Genera l ly ,   t h e  

sp inn ing   t empera tu re   is  about  40°C  or  more  h igher   t h a n  

the  s o f t e n i n g   t e m p e r a t u r e .  

Genera l ly ,   the re   are  s e v e r a l  m e t h o d s   for  d e t e r -  

mining  the  s o f t e n i n g   t empera tu re   and  the  t e m p e r a t u r e s  

measured  by  these  d i f f e r e n t   methods  vary  somewhat  f rom 

each  o t h e r .  

Gene ra l ly ,   the  M e t t l e r   s o f t e n i n g   poin t   p r o c e d u r e  

is  widely  accepted   as  the  s t andard   for  e v a l u a t i n g   p r e -  

cursor   p i t c h e s .   This  procedure   can  be  adapted  for  u s e  

on  mesophase  p i t c h e s .  

The  s o f t e n i n g   t empera tu re   of  a-mesophase  p i t c h  

can  also  be  determined  by  hot  s tage  microscopy.   I n  

th i s   method,  the  mesophase  p i t ch   is  heated  on  a  m i c r o -  

scope  hot  s tage  in  an  i ne r t   atmosphere  under  p o l a r i z e d  

l i g h t .   The  t empera tu re   of  the  mesophase  p i t ch   is  r a i s e d  

under  a  c o n t r o l l e d   r a t e   and  the  t empera ture   at  wh ich  

the  mesophase  p i t ch   commences  to  deform  is  noted  a s  

the  s o f t e n i n g   t e m p e r a t u r e .  

As  used  he re in ,   s o f t e n i n g  p o i n t   or  s o f t e n i n g  

t empera tu re   wi l l   r e f e r   to  the  t empera tu re   d e t e r m i n e d  

by  the  Me t t l e r   p rocedure   for  both  p r ecu r so r   and  meso- 

phase  p i t c h e s .  



According  to  the  p r e s e n t   i n v e n t i o n   there   is  p r o v i d e d  

a  mesophase  p i t ch   con t a in ing   at  l e a s t   about  70%  by  w e i g h t  

mesophase  produced  from  phys i ca l   o p e r a t i o n s   w i t h o u t  

chemical  o p e r a t i o n s   on  a  carbonaceous  p r e c u r s o r   p i t ch   so 

tha t   the  mesophase  p i tch   possesses   a  molecular   w e i g h t  

d i s t r i b u t i o n   wherein  at  l e a s t   about  75%  of  the  m o l e c u l e s  

have  a  molecular   weight  in  the  range  of  from  about  600  t o  

about  1300,  less   than  about  10%  of  the  molecules   have  

a  molecu la r   weight  less  than  about  600;  and  less  t h a n  

about  15%  of  the  molecules  have  a  molecular   weight  more 

than  about  1300. 

P r e f e r a b l y   the  mesophase  p i t c h   of  the  i n v e n t i o n  

p o s s e s s e s   x - ray   p r o p e r i t e s   of  i n t e r l a y e r   spac ing   Co/2  

of  l ess   than  about  3.60  Angstroms  and  an  apparen t   s t a c k  

he igh t   Lc  of  g r e a t e r   than  about  20  A n g s t r o m s .  

P r e f e r a b l y ,   the  m e s o p h a s e . p i t c h   of  the  i n v e n t i o n  

c o n t a i n s   at  l e a s t   about  90%  by  weight  mesophase  and 

more  p r e f e r a b l y   about  100%  by  weight  m e s o p h a s e .  

The  phys i ca l   ope ra t i ons   which  can  be  used  on  t h e  

carbonaceous  p r e c u r s o r  p i t c h   inc lude  d e v o l a t i l i z i n g ,  

so lvent   e x t r a c t i o n ,   a  sequence  of  so lvent   e x t r a c t i o n ;  

chromatographic   s e p a r a t i o n   such  as  gel  permeat ion  ch romato-  

graphy,  vacuum  sub l ima t ion ,   b lending  of  d i f f e r e n t  

p i t che s   any one  of  which  might  have  been  sub jec ted   t o  

the  same  ope ra t ion ,   and  combinat ions   of  the  f o r e g o i n g .  



According  to  ano the r   aspec t   of  the  p r e s e n t  

i n v e n t i o n   there   is  p rov ided   a  p i t c h   f i b e r   formed 

from  the  mesophase  p i t c h .   The  p i t ch   f i b r e   may  be  

formed  wi thou t   any  chemical   o p e r a t i o n s   e .g .   b y  

s p i n n i n g .   P r e f e r a b l y ,   the  s p i n n i n g   is  at  a  t e m p e r -  

a tu re   less   than  about  370°C.  Conven t iona l   s p i n n i n g  

does  not  s u b j e c t   the  p i t c h   to  a  chemical   change  f o r  

a  t e m p e r a t u r e   below  about  370°C.  for  the  pe r iod   o f  

t i m e  t h e   mesophase  p i t c h   is  at  t h a t   e l e v a t e d   t e m p e r a -  

t u r e .  

Thus,  the  i n s t a n t   i nven t ion   allows  the  f o r m a t i o n  

of  a  p i t ch   f i be r   from  a  carbonaceous  p i t ch   wi thout   any 

chemical   o p e r a t i o n s .  

Genera l ly ,   the  so lven t s   s u i t a b l e   for  t r e a t i n g   t h e  

carbonaceous   p i t ch   inc lude   t o luene ,   benzene,  N,  N - d i m e t h y l  

formamide,  a  mixture   of  to luene   and  petroleum  e the r ,   and  

carbon  d i s u l f i d e ,   of  course,   numerous  other   so lven t s   a r e  

s u i t a b l e ,   p a r t i c u l a r y   among  conven t iona l   p i t ch   s o l v e n t s .  

In  any  event,   the  s u i t a b i l i t y   of  a  so lvent   can  be  d e t e r -  

mined  e a s i l y   in  accordance   with  the  i n s t a n t   d i s c l o s u r e .  

Some  so lven t s   which  were  found  unaccep t ab l e   for  o b t a i n i n g  

at  l e a s t   about  70%  by  weight  mesophase  for  c e r t a i n   p i t c h e s  

inc lude   n i t r o m e t h a n e ,   a c e t o n i t r i l e ,   e t h y l a c e t a t e ,   and 

methyl  e thyl   ke tone.   It  appears  tha t   the  s o l u b i l i t y  

pa ramete r   of  the  so lven t s   is  not  i n d i c a t i v e   of  t h e  

s u i t a b i l i t y   of  the  s o l v e n t .  

In  the  c o n v e n t i o n a l   thermal   mesophase  p rocess ,   t h e  

carbonaceous  p r e c u r s o r   p i t ch   is  heated  to  e f f e c t   p o l y m e r -  

i z a t i o n .   The  r e s u l t a n t   mesophase  p i t ch   is  c h a r a c t e r i z e d  

by  a  molecu la r   weight   d i s t r i b u t i o n   which  con ta ins   two 

major  peaks.  The  low  molecu la r   weight  peak  c o r r e s p o n d s  



to  components  of  the  p r e c u r s o r   p i t ch   and  the  h i g h  

molecular   weight  peak  cor responds   to  the  m o l e c u l e s  

produced  by  the  thermal  p o l y m e r i z a t i o n .  

In  c o n t r a s t ,   the  i n s t a n t   mesophase  p i t ch   p o s s -  

esses.  a   molecular   weight  d i s t r i b u t i o n   having  a  s i n g l e  

major  peak   g e n e r a l l y   p o s i t i o n e d   between  the  two  p e a k s  

which  would  have  a r i sen   if  the  thermal  p o l y m e r i z a t i o n  

had  been  c a r r i e d   o u t .  

In  c a r r y i n g   the  i n v e n t i o n   in to   e f f e c t ,   c e r t a i n  

embodiments  have  been  s e l e c t e d   for  i l l u s t r a t i o n   in  t h e  

t a b l e s   and  for   d e s c r i p t i o n   in  t h i s   s p e c i f i c a t i o n .  

I l l u s t r a t i v e ,   n o n - l i m i t i n g   examples  of  the  i n v e n t i o n  

are  set  out  below.  Numerous  other   examples  can  r e a d i l y  

be  evolved  in  the  l i gh t   of  t h e  g u i d i n g   p r i n c i p l e s   and 

teach ing   he re in .   The  examples  given  he re in   are  i n t e n d e d  

to  i l l u s t r a t e   the  i nven t ion   and  not  in  any  sense  to  l i m i t  

the  manner  in  which  the  i nven t ion   can  be  p r a c t i c e d .   The 

pa r t s   and  pe rcen tages   r e c i t e d   he re in ,   unless   s p e c i f i c a l l y  

s t a t e d   o the rwise ,   r e f e r   to  pa r t s   by  weight  and  p e r c e n t a g e s  

by  w e i g h t .  

Genera l ly ,   the  carbonaceous  p r e c u r s o r   p i t ch   s u i t a b l e  

for  ca r ry ing   out  the  inven t ion   should  be  a  p r e c u r s o r   p i t c h  

capable   of  forming  a  l a rge-domained   mesophase  p i t c h   by  



c o n v e n t i o n a l   thermal  p o r c e s s e s   as  set  fo r th   in  t h e  

a fo r emen t ioned   Singer  p a t e n t   no.  4 ,005 ,183 .   The 

s u i t a b i l i t y   of  any  carbonaceous   p i t ch   can  be  d e t e r m i n e d  

in  a  s t r a i g h t   forward  manner  in  accordance  with  t h e  

t e a c h i n g s   h e r e i n .  

There  is ,   of  course ,   an  i n t e r r e l a t i o n s h i p   be tween  

the  carbonaceous   p r e c u r s o r   p i t c h   and  the  phys i ca l   o p e r -  

a t i o n s   s u i t a b l e   and  p r e f e r a b l e   for  producing  the  meso-  

phase  p i t c h .   The  t e ach ings   he re in   provide   the  g u i d e -  

l i ne s   for  s e l e c t i n g   and  op t im iz ing   the  phys i ca l   o p e r a t i o n s  

for  a  p a r t i c u l a r   carbonaceous  p i t c h .  

Example  1 

A  commercia l ly   a v a i l a b l e   pet roleum  p i t ch   w a s  

used  in  a  so lven t   e x t r a c t i o n   o p e r a t i o n .   The  p e t r o l e u m  

p i t c h   had  a  s o f t e n i n g   t empera tu re   of  about  130°C  and  h a d  

0%  P . I .   and  conta ined   no  mesophase .  

Ten  grams  of  the  p i t ch   were  s t i r r e d   with  200  ml 

of  to luene   a t   room  t empera tu re   for  about  one  hour  and  

then  f i l t e r e d   by  vacuum  f i l t r a t i o n .   The  dried  i n s o l u b l e s  

or  y i e l d   was  about  8%  by  weight .   The  y ie ld   had  a  s o f t e n -  

ing  po in t   of  about  319°C,  e x h i b i t e d   47%  P . I . ,   and  c o n t a i n e d  

about  40% by  weight  mesophase .  

Example  2  

The  Example  1  was  r e p e a t e d   except  tha t   b o i l i n g  

to luene   was  used.  The  y i e ld   was  6%  by  weight  and  t h e  

mesophase  content   was  about  100%  by  w e i g h t .  

Example  3 

A  commercial ly   a v a i l a b l e   pet roleum  p i tch   d i f f e r e n t  

from  the  Example  1  was  s e l e c t e d .   The  petroleum  p i t c h  



had  a  so f t en ing   t empera ture   of  about  123°C  and  had  a b o u t  

0%  P.I .   and  conta ined   no  mesophase .  

The  ope ra t i ons   of  the:Example  1  were  r e p e a t e d  

except  that   the  so lvent   was  a  1:2  mixture  of  p e t r o l e u m  

ether   and  to luene .   About  14%  by  weight  y i e ld   was 

ob ta ined   and  the  y ie ld   had  a . s o f t e n i n g   t empera ture   o f  

about  239°C  and  had  about  3%  P. I .   and  conta ined   a b o u t  

100%  by  weight  mesophase .  

Example  4 

The  Example  3  was  r e p e a t e d . e x c e p t   that   t h e  

so lven t   was  a  1:1  mixture  of  pe t ro leum  e ther   and 

to luene .   The  y ie ld   was  about  32%  and  conta ined   a b o u t '  

50%  by  weight  mesophase .  

Example  5 

The  mesophase  p i t ch   of  the.Example  3  was  spun  i n t o  

f i be r s   on  a  monofi lament  spinning  machine  at  about  290°C. 

The  f i be r s   had  a  d iameter   of  about  20  microns  and  were  

the rmose t  by   hea t ing   them  in  air   at  2°C  per  minute  t o  

about  375°C.  The  thermoset   f i b e r s   were  examined  by 

p o l a r i z e d   l igh t   microscopy  and  were  determined  to  c o n t a i n  

about  100%  a n i s o t r o p i c   s t a t e .   The  thermoset   f i be r s   were  

carbonized   to  1700°C  in  an  i n e r t   atmosphere  in  a c c o r d a n c e  

with  conven t iona l   methods  and  t e s t s   on  the  c a r b o n i z e d  

f i be r s   exh ib i t ed   a  modulus  of  about  25  x  106  psi  (172  GPa) 

and  250,000  psi  (1.72  GPa)  t e n s i l e   s t r e n g t h .  

The  methods  for  making  carbonized   f i b e r s   from  meso- 

phase  p i t ch   are  well  known  in  the  art   and  p a r t i c u l a r  

r e f e rence   is  had  to  the  a fo rement ioned   Singer  pa t en t   no.  

4,005,183  and  Chwastiak  pa t en t   no.  2 , 0 0 5 , 2 9 8 .  



Example  6 

A  th i rd   type  of  commercia l ly   a v a i l a b l e   p e t r o l e u m  

p i t c h   was  s e l e c t e d .   The  pe t ro leum  p i t ch   had  a  s o f t e n i n g  

t empera tu re   of  about  130°C.  In  accordance  with  the  p r e -  

f e r a b l e   embodiment,  the  p i t ch .was   f i r s t   d i s t i l l e d   and  t h e  

new  s o f t e n i n g   t empera tu re   was  about  201°C  with  about  3% 

P . I .  a n d   3%  by  weight  mesophase .  

Next,  the  p i t c h   was  so lven t   e x t r a c t e d   as  in  t h e  

Example  1  to  give  a  y i e ld   of  about  36%  by  weight,   41% 

P . I . ,   and  about  90%  by  weight  mesophase.  The  s o f t e n i n g  

t e m p e r a t u r e   of  the  mesophase  p i t ch   was  about  343°C. 

Example  7 

The  Example  6  was  r e p e a t e d   except  tha t   the  s o l v e n t  

e x t r a c t i o n   was  c a r r i e d   out  with  b o i l i n g   to luene .   About  

30%  by  weight  y i e ld   was  ob ta ined   with  a  s o f t e n i n g   tem- 

p e r a t u r e   of  about  360°C.  The  y ie ld   had  about  69%  P . I .  

and  con ta ined   about  100%  by  weight  mesophase .  

Example  8 

The  Example  7  was  r e p e a t e d   except  that   the  s o l v e n t  

e x t r a c t i o n   was  c a r r i e d   out  w i th  benzene   at  a  t e m p e r a t u r e  

of  about  80°C.  The  y i e ld   was  about  30%  by  weight  and  h a d  

about  35%  P . I .   and  con ta ined   about  100%  by  weight  meso-  

phase.   The  s o f t e n i n g   t empera tu re   was  about  360°C. 

Example  9 

An  a i r -b lown   pe t ro leum  p i t ch   having  a  s o f t e n i n g  

t empera tu re   of  about  152°C  was  so lven t   e x t r a c t e d   w i t h  

to luene   at  room  t empera tu re   and  gave  a  y ie ld   of  about  34% 

by  weight .   The  y i e ld   con ta ined   no  mesophase.  A  s i m i l a r  

r e s u l t   was  ob ta ined   for  a  p i t ch   der ived  from  p y r o l y s i s  

t a r .  



Both  of  these  p i t ches   do  not  y ie ld   large  domain 

mesophase  when  heat  t r e a t e d   in  accordance  with  c o n v e n t i o n -  

al  methods.  This  shows  that  such  p i t ches   do  not  a p p e a r  

s u i t a b l e   for  the  i n v e n t i o n .  

Example  10  

The  petroleum  p i tch   of  the  Example  6  was  h e a t e d  

a t   a  t e m p e r a t u r e   of  about  390°C  under  an  i ne r t   gas  p u r g e  

for  about  one  hour  to  remove  the  lowest  molecular   w e i g h t  

components.  About  21%  by  weight  was  d i s t i l l e d   off  and 

the  remaining  p i t ch   had  a  so f t en ing   t empera ture   of  a b o u t  

162°C,  e x h i b i t e d   0%  P . I . ,   a n d  c o n t a i n e d   no  mesophase .  

Solvent  e x t r a c t i o n   was  c a r r i e d   out  at  room  t e m p e r -  

a ture   by  s t i r r i n g   2400  ml  of  to luene   with  120  grams  o f  .  

ground  up  p i tch .   After   f i l t e r i n g   through  a  s i n t e r e d  

glass   f i l t e r   using  vacuum  suc t ion ,   the  y ie ld   was  a b o u t  

19%  by  weight.   The  yie ld   had  a  so f t en ing   t e m p e r a t u r e  

of  about  320°C,  exh ib i t ed   about  39%  P . I . ,   and  c o n t a i n e d  

about  80%  by  weight  mesophase.  

Example  11 

The  Example  10  was  repea ted   except  tha t   the  s o l v e n t  

e x t r a c t i o n   was  ca r r i ed   out  at  about  110°C. 

The  y ie ld   was  about  7%  by  weight.   The  y ie ld   had  

a  so f t en ing   temperature   of  about  370°C,  e x h i b i t e d  

about  64%  P . I . ,   and  conta ined  about  100%  b y  w e i g h t  

mesophase .  

Example  12 

The  d i s t i l l e d   p i tch   of  the  Example  6  was  s o l v e n t  

e x t r a c t e d   with  bo i l ing   benzene  by  r e f l u x i n g   50  grams  o f  

the  powdered  pi tch  with  1000  ml  f o r  a b o u t   two  h o u r s .  



The  hot  s o l u t i o n   was  f i l t e r e d   on  a  s i n t e r e d   g l a s s  

funnel   and  the  y ie ld   was  about  30%  by  weight.   The 

y i e l d   had  a  s o f t e n i n g   t empera tu re   of  about  360°C, 

e x h i b i t e d   about  55%  P . I . ,   and  con ta ined   about  100%  by 

weight  mesophase .  

ExamDle  13 

The  Example  6  was  r epea t ed   except  that   there   was 

no  p r i o r   d i s t i l l a t i o n .   No  i n s o l u b l e s   were  o b t a i n e d .  

Example  14  - 

The  pe t ro leum  p i t ch   of  the  Example  3  was  s o l v e n t  

e x t r a c t e d   with  pe t ro leum  e ther .   The  y ie ld   was  a b o u t  

77%  by  weight   and  conta ined   no  mesophase.  F u r t h e r  

s o l v e n t   e x t r a c t i o n   with  to luene   in  accordance  with  t h e  

Example  3  produced  about  1%  by  weight  y i e ld   wh ich  

c o n t a i n e d   about  100%  by  weight  mesophase .  

Example  15  

Solvent   e x t r a c t i o n   was  c a r r i e d   out  on  a  coal  t a r  

p i t c h   having  a  s o f t e n i n g   t empera tu re   of  about  125°C, 

and  about  0%  mesophase.  At  r oom t empera tu r e ,   60  grams 

of  p i t c h   was  s t i r r e d   with  1200  ml  of  to luene   for  a b o u t  

two  hours .   The  y ie ld   was  about  47%  by  weight.   The 

y i e ld   had  a  s o f t e n i n g   t empera tu re   of  about  318°C, 

e x h i b i t e d   about  53%  P . I . ,   and  con ta ined   about  60%  by 

weight  mesophase .  



Example  16 

The  coal  tar  p i tch   of  the  Example  15  was  s o l v e n t  

e x t r a c t e d   by  r e f l u x i n g   29.5:grams  of  the  p i t ch   w i t h  

500  ml  of  toluene  at  a  t empera ture   of  about  110°C  f o r  

about  two  hours.   A  40%  by  weight  y ie ld   conta ined   a b o u t  

85%  by  weight  mesophase .  

Example  17 

T e s t s   were  c a r r i ed   out  to  determine  mesophase  

content   as  a  func t ion   of  b lending  so luble   and  i n s o l u b l e  

po r t i ons   of  the  so lvent   e x t r a c t e d   p i t c h .  

For  a  naph tha lene   p i t ch   so lvent   e x t r a c t e d   at  room 

tempera ture   with  to luene ,   i t   was  determined  that   t h e r e  

was  a  s u b s t a n t i a l l y   l i nea r   r e l a t i o n s h i p   between  mesophase  

content   by  weight  and  i n so lub le   content   by  weight  f o r  

the  range  of  from  about  10%  to  about  100%  by  w e i g h t  

mesophase  which  corresponded  to  the  range  of  from  abou t  

35%  to  about  82%  by  weight  of  i n s o l u b l e s .  

This  r e l a t i o n s h i p   was  s u b s t a n t i a l l y   the  same  when 

blending  experiments   were  performed  using  the  s o l u b l e  

and  i n so lub l e   po r t i ons   from  the  naph tha lene   p i t ch   w i t h  

the  cor responding   f r a c t i o n s   from  the  Example  3.  Fo r  

example  r e p l a c i n g   a  given  weight  of  i n s o l u b l e s   for  t h e  

naph tha lene   p i t ch   with  the  same  weight  of  i n s o l u b l e s  

from  the  Example  3  produced  the  same  mesophase  c o n t e n t .  

This  is  an  unexpected  r e s u l t   in  view  of  the  d i f f e r e n c e s  

in  the  chemical  composi t ions  of  the  p recu r so r   p i t c h e s .  

Example 18 

Tests  were  conducted  to  determine  the  e f f e c t   o f  

repeated   so lvent   e x t r a c t i o n .  



It  has  been  found  that   the  exhaus t ive   s o l v e n t  

e x t r a c t i o n   with  to luene   a t  room  tempera ture   r e s u l t s  

in  a  d imin i sh ing   y ie ld   and  v i r t u a l l y   no  m e a s u r a b l e  

mesophase .  

Thus,  th i s   is  an  a d d i t i o n a l   gu ide l i ne   for  t h e  

p r a c t i c e   of  the  i n v e n t i o n .  

Example  19 

Tests  were  c a r r i e d   out  on  the  var ious   y i e l d s  

from  the  examples  to  determine  the  c h a r a c t e r i s t i c s   o f  

both  the  molecu la r   weight  d i s t r i b u t i o n s   and  x - r a y  

d i f f r a c t i o n .  

Using  gel  pe rmea t ion   chromatography,   the  v a l u e s  

were  de termined  for  number  average  molecular   w e i g h t  

(Mn),  weight  average  molecu la r   weight  (Mw),  and 

z -ave rage   molecu la r   weight  (Mz).  Also,  the  q u a n t i t a -  

t ive   d i s t r i b u t i o n   of  molecu la r   weights  was  d e t e r m i n e d .  

In  a d d i t i o n ,   x-ray  d i f f r a c t i o n   measurements  w e r e  

made  to  determine  the  values   of  Co/2  and  Lc.  

Table  1  shows  the  r e s u l t s   of  these  t e s t s   for  -  

mesophase  p i t c h e s   of  va r ious   examples .  

The  molecu la r   weight  d i s t r i b u t i o n   data  was  o b t a i n e d  

in  accordance  with  the  a fo rement ioned   Lewis  et  al.  p a t e n t  

no.  3 ,976,729  and  Chwastiak  B r i t i s h   pa ten t   2 , 0 0 5 , 2 9 3 .  

The  so lvent   employed  in  the  gel  permeat ion  c h r o m a t o g r a p h i c  

p rocedure   was  q u i n o l i n e .  







For  comparison,   Table  2  shows  mesophase  p i t ches   produced  by  
c o n v e n t i o n a l  t h e r m a l  p r o c e s s e s   for  p i t c h e s   used  in  var ious   e x a m p l e s .  

For  comple teness ,   Table  3  shows  x-ray  data  for  p r e c u r s o r  
p i t c h e s   p r i o r   to  any  o p e r a t i o n s .  



A  comparison  between  t h e  v a l u e s   for  Co/2  and  

Lc  for  the  p r e c u r s o r   p i t c h e s   as  shown  in  the  Table  3 

to  the  va lues   of  the  i n s t a n t  m e s o p h a s e   p i t ch   shows  t h e  

i n s t a n t   mesophase  p i t c h e s   e x h i b i t   s u b s t a n t i a l   m o l e c u l a r  

.o rder   due  to  the  i n s t a n t   p rocess .   In  p a r t i c u l a r ,   t h e  

i n s t a n t   so lven t   e x t r a c t i o n   wi thou t   any  appl ied   h e a t  

t r a n s f o r m s   a  r e l a t i v e l y   d i s o r d e r e d   p r e c u r s o r   p i t c h  

into  a  s u b s t a n t i a l l y   ordered   mesophase  p i t c h .  

I t   is  i n t e r e s t i n g   to  compare  the  s o l u b i l i t y  

pa rame te r   3  of  va r ious   so lven t s   to  the  mesophase  c o n t e n t  

of  the  p i t c h   a f t e r   t r e a t m e n t .   Table  4  shows  tha t   t h e  

a c c e p t a b l e   and  u n a c c e p t a b l e   so lven t s   appear  to  f a l l  

w i t h i n   the  same  r a n g e .  





Example  20 

The  mesophase  p i t ch   of  the  Example  3  was  melted  a t  

a  t e m p e r a t u r e   of  about  300°C and  s t i r r e d   for  about  30 

minutes   in  an  i n e r t   atmosphere  in  order  to  remove  t h e  

s o l v e n t .   The  product   was  spun- in to   monofi laments   at  a  

t e m p e r a t u r e   of  about  300°C.  The  as-spun  f i b e r s   had  a  

d iamete r   of  15  microns  and  25  m i c r o n s .  

The  25  micron  f i b e r s   were  crushed  to  a  powder  and  

e x a m i n e d   by  x - ray .   The  Co/2  was  measured  as  3.54  Angs t rom 

and  Lc  was  measured  as  34  Angstrom.  The  x-ray  data  for  t h e  

mesophase  p i t c h   p r i o r   to  spinning  showed  Co/2=3.58  

Angstroms  and  Lc  of  about  25  Angs t roms.  

The  p r e f e r r e d   o r i e n t a t i o n   of  the  as-spun  f i b e r s   was 

measured  as  being  about  3 0 .  

By  comparison,   the  a s - s p u n  f i b e r s   made  by  conven-  

t i o n a l   p roce s se s   as  d i s c l o s e d   in  the  a fo rement ioned   S i n g e r  

p a t e n t   no.  4 ,032 ,430   had  a  Co/2  of  from  3.45  to  3 . 5 5  

Angstroms,  Lc  of  from  30  to  50  Angstroms,  and  a  p r e f e r r e d  

o r i e n t a t i o n   of  from  25°  to  30° .  

A d d i t i o n a l l y ,   the  15  micron  f i b e r s   were  t h e r m o s e t  

by  h e a t i n g   in  a i r   at  2°  per  minute  to  about  375°C.  The 

the rmose t   f i b e r s   were  examined  and  con ta ined   about  100% 

a n i s o t r o p i c   s t a t e .   The  t h e r m o s e t  f i b e r s   were  c a r b o n i z e d  

to  1700°C  in  an  i n e r t   atmosphere  in  accordance  w i t h  

c o n v e n t i o n a l   methods  and  the  ca rbon ized   f i be r s   e x h i b i t e d  

a  modulus  of  about  28  x  106  psi  (193  GPa)  and  a  t e n s i l e  

s t r e n g t h   of  273,000  psi  (1.88  GPa). 



I  wish  it  to  be  unders tood  that   I  do  not  d e s i r e  

to  be  l imi t ed   to  the  exact  d e t a i l s   of  c o n s t r u c t i o n  

shown  and  desc r ibed ,   for  obvious  m o d i f i c a t i o n s   w i l l  

occur  to  a  person  s k i l l e d   in  the  a r t .  



1.  A  m e s o p h a s e   p i t c h   c o n t a i n i n g   a t   l e a s t   a b o u t  

70%  by  w e i g h t   m e s o p h a s e   c h a r a c t e r i s e d   by  b e i n g   p r o d u c e d  

f r o m   p h y s i c a l   o p e r a t i o n s   w i t h o u t  c h e m i c a l   o p e r a t i o n s   o n  

a  c a r b o n a c e o u s   p r e c u r s o r   p i t c h   so  t h a t   t h e   m e s o p h a s e  

p i t c h   p o s s e s s e s   a  m o l e c u l a r   w e i g h t  d i s t r i b u t i o n   w h e r e i n  

a t   l e a s t   a b o u t   75%  of  t h e   m o l e c u l e s   h a v e   a  m o l e c u l a r  

w e i g h t   i n   t h e   r a n g e   of  f r o m   a b o u t   600  to   a b o u t   1 3 0 0 ,  

l e s s   t h a n   10%  of  t h e   m o l e c u l e s   h a v e   a  m o l e c u l a r   w e i g h t  

l e s s   t h a n   a b o u t   600 ,   and  l e s s   t h a n   a b o u t   15%  of  t h e  

m o l e - c u l e s   h a v e   a  m o l e c u l a r   w e i g h t   of  more   t h a n   a b o u t  

1 3 0 0 .  

2.  A  m e s o p h a s e   p i t c h   as  c l a i m e d   i n   c l a i m  1 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   m e s o p h a s e   c o n t e n t   i s   a t   l e a s t  

a b o u t   90%  by  w e i g h t .  

3.  A  m e s o p h a s e   p i t c h   as  c l a i m e d  i n   c l a i m   1  or   2 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   m e s o p h a s e   c o n t e n t   i s   a b o u t  

100%  by  w e i g h t .  

4 .   A  m e s o p h a s e   p i t c h   as  c l a i m e d   i n   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   x - r a y  

p r o p e r t i e s   show  an  i n t e r a t o m i s   s p a c i n g   Co /2   of  l e s s   t h a n  

a b o u t   3 . 6 0   A n g s t r o m s   and  an  a p p a r e n t   s t a c k   h e i g h t   Lc  o f  

g r e a t e r   t h a n   a b o u t   20  A n g s t r o m s .  

5.  A  p i t c h   f i b e r   c h a r a c t e r i s e d   i n   t h a t   i t   h a s   b e e n  

f o r m e d   f r o m   t h e   m e s o p h a s e   of  a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s .  

6 .   A  p r o c e s s   f o r   p r o d u c i n g   a  m e s o p h a s e   p i t c h  

c o n t a i n i n g   a t   l e a s t   a b o u t   70%  by  w e i g h t   m e s o p h a s e  

c h a r a c t e r i s e d   by  a p p l y i n g   p h y s i c a l   o p e r a t i o n s   to   a  

c a r b o n a c e o u s   p r e c u r s o r   p i t c h .  

7.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t e r i s e d  

i n   t h a t   t h e   p h y s i c a l   o p e r a t i o n s   i n c l u d e   at   l e a s t   one  s t e p  

of   s o l v e n t   e x t r a c t i o n .  

8.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   6  or  7,  c h a r a c t e r -  

i s e d   i n   t h a t   t h e   p h y s i c a l   o p e r a t i o n s   i n c l u d e   a  s e q u e n c e  
of   s o l v e n t   e x t r a c t i o n   s t e p s .  



9.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   6 ,  7   or  8 ,  

c h a r a c t e r i s e d   in  t h a t   t he   s o l v e n t   e x t r a c t i o n   i s   p r e c e d e d  

by  d i s t i l l i n g   s a i d   c a r b o n a c e o u s   p i t c h .  

10.   A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   6  to   9 ,  

c h a r a c t e r i s e d   i n   t h a t   s o l v e n t   e x t r a c t i o n   i s   u s e d   w i t h   a  

s o l v e n t   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  t o l u e n e ,  

b e n z e n e ,   N,  N - d i m e t h y l   f o r m a m i d e ,   a  m i x t u r e   of  t o l u e n e  

and  p e t r o l e u m   e t h e r ,   and  c a r b o n   d i s u l f i d e .  

11 .   A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   6  t o  

10,   c h a r a c t e r i s e d   in   t h a t   a  m e s o p h a s e   p i t c h   c o n t a i n i n g  

a  p r e d e t e r m i n e d   a m o u n t   of  m e s o p h a s e   i s   o b t a i n e d   b y  

b l e n d i n g   t o g e t h e r   s o l u b l e   and  i n s o l u b l e   p o r t i o n s   r e s u l t i n g  

f r o m   s o l v e n t   e x t r a c t i o n   on  s a i d   c a r b o n a c e o u s   p r e c u r s o r  

p i t c h .  

12 .   A  c a r b o n i z e d   f i b e r   made  f r o m   a  m e s o p h a s e   p i t c h  

as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   4 .  
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