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Description 

The  present  invention  relates  to  mesophase  pitch 
for  use  in  the  production  of  high-performance  carbon 
fibers  and  other  carbon  materials. 

High-performance  carbon  fibers  are  commercial- 
ly  produced  chiefly  from  PAN  (polyacrylonitrile).  How- 
ever,  PAN  is  expensive  and  does  not  show  high  yield 
in  carbonization.  It  has  recently  been  found  that  car- 
bon  fibers  which  have  comparable  or  better  charac- 
teristics  than  those  prepared  from  PAN  can  be  pro- 
duced  from  inexpensive  pitch,  and  active  efforts  are 
being  made  to  commercialize  this  method. 

There  are  two  types  of  pitch  that  can  be  used  as 
a  starting  material  for  the  manufacture  of  carbon  ma- 
terials;  isotropic  pitch  and  anisotropic  pitch. 

Carbon  fibers  produced  from  isotropic  pitch  are 
inexpensive  but  they  suffer  from  the  disadvantage  of 
low  strength  due  to  poor  molecular  orientation.  There- 
fore,  high-performance  carbon  products  cannot  be 
produced  from  isotropic  pitch.  In  contrast,  carbon  fib- 
ers  produced  from  anisotropic  pitch  called  "meso- 
phase  pitch"  have  a  higher  degree  of  molecular  orien- 
tation  and  exhibit  improved  mechanical  properties  in 
terms  of  strength  and  modulus  of  elasticity.  There- 
fore,  with  a  view  to  producing  high-performance  car- 
bon  fibers,  extensive  studies  are  being  conducted  on 
the  production  of  mesophase  pitch  from  catalytic 
cracked  petroleum  pitch,  petroleum  tar  pitch  or  coal 
tar  pitch.  When  fibers  are  produced  by  a  melt  spinning 
process  using  mesophase  pitch,  the  developed  aro- 
matic  planar  molecules  are  brought  into  alignment 
with  the  fiber  axis  by  the  shear  force  exerted  as  the 
pitch  passes  through  nozzle  holes.  This  oriented 
structure  is  maintained  without  being  disturbed  dur- 
ing  the  stage  of  subsequent  "stabilization"  in  which 
the  surface  of  fibers  is  oxidized  by  gradual  heating 
under  an  air  current  and  during  the  stage  of  "carbon- 
ization"  in  which  the  stabilized  fibers  are  heat-treated 
in  an  inert  gas  atmosphere  at  temperatures  not  lower 
than  1  ,000°C.  It  has  been  confirmed  by  many  experi- 
ments  that  this  effect  contributes  to  the  production  of 
highly  oriented,  high-performance  carbon  fibers. 

The  portion  of  pitch  which  has  an  optically  aniso- 
tropic  phase  (this  portion  is  hereinafter  referred  to  as 
"mesophase")  is  insoluble  in  polar  solvents  such  as 
quinoline  and  pyridine  and  it  has  so  far  been  consid- 
ered  that  mesophase  is  identical  to  the  component 
which  is  insoluble  in  polar  solvents.  However,  later 
studies  have  shown  that  the  portion  which  exhibits 
anisotropy  when  observed  under  a  polarizing  micro- 
scope  is  not  necessarily  the  same  as  the  insoluble 
content  but  that  mesophase  contains  both  compo- 
nents  which  are  insoluble  in  polar  solvents  and  com- 
ponents  which  are  soluble  in  said  solvents.  Therefore, 
the  term  "mesophase"  as  used  herein  means  that 
portion  of  a  phase  which  shows  optical  anisotropy 
when  observed  under  a  polarizing  microscope,  and 

the  proportion  taken  by  the  area  of  this  optically  ani- 
sotropic  phase  under  observation  with  a  polarizing 
microscope  shall  be  called  "the  content  of  meso- 
phase",  or  more  simply  "the  mesophase  content". 

5  If  the  mesophase  content  of  pitch  is  small,  the 
anisotropic  phase  and  isotropic  phase  in  molten  pitch 
will  separate  to  interfere  with  the  spinning  operation. 
Therefore,  the  mesophase  content  of  pitch  is  prefer- 
ably  at  least  90%,  more  preferably  100%.  However, 

10  an  increase  in  the  mesophase  content  generally 
causes  an  increase  in  the  softening  point  and  viscos- 
ity  of  the  pitch  and  renders  it  difficult  to  perform  spin- 
ning  with  consistent  results.  The  high  softening  point 
and  viscosity  necessitate  spinning  at  elevated  tem- 

15  peratures  but  then  the  pitch  is  prone  to  thermal  de- 
composition  or  condensation,  and  the  resulting  gases 
and  infusible  high-molecular  weight  substances  make 
it  difficult  to  continue  spinning  operations  for  a  pro- 
longed  time  with  consistent  results. 

20  Various  methods  have  been  proposed  for  solving 
these  problems  with  mesophase  pitch.  US-A- 
4,472,265  shows  a  method  in  which  the  mesophase 
pitch  is  partially  hydrogenated  to  reduce  the  degree 
of  stacking  of  its  molecules  to  an  appropriate  degree 

25  and  the  resulting  "isotropic  pitch"  is  subjected  to  spin- 
ning.  JP-A-1  8421/1  983  shows  a  method  character- 
ized  by  the  use  of  a  unique  kind  of  pitch,  or  "preme- 
sophase"  pitch  which  is  isotropic  during  spinning  but 
which  turns  anisotropic  during  carbonization.  US-A- 

30  4,208,267  shows  a  method  in  which  isotropic  pitch  is 
subjected  to  solvent  extraction,  followed  by  heating 
the  insoluble  matter  at  230  -  400°C.  JP-A- 
136835/1983  shows  a  method  in  which  isotropic  pitch 
is  heat-treated  and  the  resulting  mesophase  is  fil- 

35  tered  off,  with  the  remaining  pitch  being  subjected  to 
another  heat  treatment.  US-A-4,533,461  shows  a 
method  in  which  pitch  is  heat-treated  to  adjust  the 
mesophase  content  to  be  within  the  range  of  20-80%, 
followed  by  precipitation  and  recovery  of  the  meso- 

40  phase. 
While  these  methods  are  improved  in  one  way  or 

another  in  the  use  of  mesophase  pitch,  they  still  have 
the  problems  to  be  described  below  and  completely 
satisfactory  results  are  yet  to  be  attained  by  these 

45  methods. 
In  the  methods  described  in  US-A-4,472,265  and 

JP-A-1  8421/1  983,  spinning  is  performed  on  isotropic 
pitch  which  is  not  highly  oriented,  so  the  molecular  ori- 
entation  in  the  fibers  is  not  as  high  as  in  the  fibers 

so  spun  from  anisotropic  pitch  and  the  fiber  perfor- 
mance  is  rather  low  in  such  aspects  as  strength  and 
modulus  of  elasticity.  In  addition,  the  method  involv- 
ing  the  hydrogenation  of  highly  viscous  pitch  in  which 
the  polymerized  molecules  of  a  condensed  polycyclic 

55  aromatic  compound  are  stacked  one  on  another  is 
complicated  and  is  not  advantageous  for  industrial  ap- 
plications. 

In  the  method  described  in  US-A-4,208,267,  only 
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a  small  amount  of  the  insoluble  matter  is  extracted 
wit  h  a  solvent  and  t  he  yield  of  mesophase  pitch  is  low. 
The  method  described  in  JP-A-1  36835/1  983  has  the 
disadvantage  of  complexity  in  the  procedure  of  filtra- 
tion  to  be  performed  after  the  heat  treatment.  The 
method  described  in  US-A-4,533,461  involves  tech- 
nical  difficulty  in  recovering  the  mesophase  and  suf- 
fers  the  disadvantage  of  low  yield  in  carbonization. 

As  already  mentioned,  the  mesophase  content  of 
mesophase  pitch  for  use  in  the  production  of  carbon 
materials  has  to  be  increased  in  order  to  provide  high 
performance  in  such  aspects  as  strength  and  modu- 
lus  of  elasticity.  The  mesophase  content  of  the  pitch 
must  also  be  increased  for  the  purpose  of  facilitating 
spinning  operations  in  the  production  of  carbon  fib- 
ers.  Additional  requirements  include  high  heat  stabil- 
ity  during  spinning  operations,  high  stabilization  reac- 
tivity  of  the  spun  fibers  and  high  yield  in  carboniza- 
tion.  In  the  case  of  producing  carbon  materials,  the 
yield  of  the  carbon  material  produced  by  carboniza- 
tion  of  the  pitch  must  also  be  high. 

Therefore,  the  mesophase  pitch  for  use  in  the 
production  of  carbon  materials  is  required  to  satisfy 
the  following  conditions:  (1)  high  mesophase  content, 
(2)  high  heat  stability  during  spinning  operations,  (3) 
high  stabilization  reactivity,  and  (4)  high  yield  in  car- 
bonization. 

The  present  inventors  have  found  that  meso- 
phase  pitch  having  a  reasonable  degree  of  polymeri- 
zation  and  in  which  high  proportions  of  the  total  car- 
bon  atoms  were  occupied  by  methyl  groups  and  aro- 
matic  ring  structures  exhibits  excellent  performance 
and  satisfies  the  four  requirements  set  forth  above. 
It  is  thus  suitable  for  use  in  the  production  of  high- 
performance  carbon  products  and  can  be  spun  into 
fibers  in  an  easy  and  consistent  way.  Furthermore, 
the  spun  fibers  can  be  efficiently  stabilized  with  the 
added  advantage  of  high  yield  in  subsequent  carbon- 
ization.  The  present  invention  has  been  accomplished 
on  the  basis  of  these  findings. 

According  to  the  present  invention,  there  is  pro- 
vided  a  mesophase  pitch  for  use  in  the  production  of 
carbon  materials  said  pitch  having  an  average  molec- 
ular  weight  of  at  least  1  ,000  and  a  hydrogen-to-carbon 
atomic  ratio  of  0.5  -1.0  with  an  aromatic  carbon  ratio 
(fa)  being  at  least  0.7,  a  methyl  ic  carbon  content  of  at 
least  4%  of  the  total  carbon  atoms,  a  naphthenic  (i.e. 
cycloparaff  inic)  carbon  content  of  less  than  7%  of  the 
total  carbon  atoms  and  at  least  90%  of  an  optically 
anisotropic  phase. 

The  present  inventors  previously  obtained  meso- 
phase  pitch  from  a  condensed  polycyclic  hydrocarbon 
that  contained  naphthenic  (i.e.  cycloparaffinic)  car- 
bon  in  an  amount  of  at  least  7%  of  the  total  carbon 
atoms.  Since  this  pitch  satisfied  the  four  require- 
ments  described  above,  the  inventors  filed  a  patent 
application  on  it,  which  is  now  US-A-4,891,126.  As  a 
result  of  their  continued  studies  on  mesophase  pitch, 

the  present  inventors  found  that  when  napthalene 
derivatives  such  as  methylnaphthalene  having  at 
least  one  methyl  group  were  polymerized,  meso- 

5  phase  pitch  that  contained  less  than  7%  napthenic 
carbon  atoms  and  which  yet  exhibited  high  perfor- 
mance  could  be  produced  if  the  methylic  carbon  con- 
tent  is  at  least  4%  of  the  total  carbon  atoms.  In  par- 
ticular,  this  mesophase  pitch  has  a  higher  stabiliza- 

10  tion  reactivity  than  that  described  in  US-A-4,891,126. 
The  average  molecular  weight  of  the  mesophase 

pitch  of  the  present  invention  is  measured  with  a  va- 
por  pressure  osmometer  using  chloroform  as  a  sol- 
vent.  The  solvent-soluble  portion  of  the  pitch  dis- 

15  solves  in  chloroform  and  its  molecular  weight  is  meas- 
ured  with  a  vapor  pressure  osmometer.  The  insoluble 
portion  is  made  soluble  by  performing  a  hydrogena- 
tion  reaction  under  mild  conditions  using  metallic  li- 
thium  and  ethylenediamine,  and  its  molecular  weight 

20  is  measured  with  the  same  vapor  presure  osmomet- 
er.  The  results  of  the  two  measurements  are  used  to 
determine  the  average  molecular  weight  of  the  meso- 
phase  pitch.  The  mesophase  pitch  of  the  present  in- 
vention  has  an  average  molecular  weight  of  at  least 

25  1  ,000,  preferably  1  ,000  -  1  ,700,  as  measured  by  the 
above-described  method.  If  the  average  molecular 
weight  is  less  than  about  1,000,  the  degree  of  poly- 
merization  that  can  be  achieved  is  too  low  to  produce 
pitch  having  high  mesophase  content. 

30  The  carbon  and  hydrogen  contents  of  the  meso- 
phase  pitch  of  the  present  invention  are  measured 
with  an  automatic  analyzer  (CHN  coder)  utilizing  a  de- 
tection  technique  that  measures  the  thermal  conduc- 
tivity  of  combustion  gases.  The  aromatic  carbon  ratio 

35  (fa)  is  measured  by  an  IR  absorption  technique  and 
the  methylic  carbon  content  by  NMR. 

The  hydrogen  to  carbon  atomic  ratio  of  the  meso- 
phase  pitch  for  use  in  the  production  of  carbon  mate- 
rials  of  the  present  invention  is  in  the  range  of  from 

40  0.5  to  1  .0,  preferably  from  0.6  to  1  .0.  If  the  atomic  ratio 
of  hydrogen  to  carbon  is  less  than  about  0.5,  the  re- 
sulting  pitch  suffers  the  problem  of  excessive  dehy- 
drogenation  compared  to  polymerization  and  its  sof- 
tening  point  is  so  much  increased  as  to  render  subse- 

ts  quent  spinning  and  other  processing  operations  diffi- 
cult.  If  the  hydrogen  to  carbon  atomic  ratio  is  higher 
than  about  1.0,  the  resulting  pitch  has  a  low  degree 
of  orientation  on  account  of  insufficient  degree  of 
polymerization,  and  this  makes  it  impossible  to  obtain 

so  carbon  fibers  or  other  carbon  materials  having  de- 
sired  performance  in  such  aspects  as  strength  and 
modulus  of  elasticity. 

The  aromatic  carbon  ratio  (fa)  is  the  ratio  of  the 
number  of  carbon  atoms  in  aromatic  ring  structures  to 

55  the  total  number  of  carbon  atoms  present.  The  pitch 
of  the  present  invention  has  an  fa  of  at  least  0.7,  pre- 
ferably  between  0.75  and  0.87.  If  the  value  of  fa  is 
less  than  about  0.7,  the  molecules  that  constitute  a 
mesophase  do  not  have  a  high  degree  of  planar  struc- 

3 
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ture  and  it  is  difficult  to  achieve  consistent  production 
of  pitch  having  a  high  content  of  an  optically  anisotrop- 
ic  phase. 

The  methylic  carbon  content  of  the  pitch  of  the 
present  invention  is  at  least  4%,  preferably  at  least 
5%,  of  the  total  carbon  atoms  present.  If  the  methylic 
carbon  content  is  less  than  about4%,  the  stabilization 
reactivity  is  so  low  that  it  takes  an  unduly  long  time  to 
complete  the  stabilizing  treatment,  with  the  increased 
chance  of  fusion  occurring  between  stabilized  fibers. 

As  already  mentioned,  the  optically  anisotropic 
phase  (mesophase)  of  the  pitch  of  the  present  inven- 
tion  is  measured  with  a  polarizing  microscope.  The 
pitch  of  the  present  invention  has  a  mesophase  con- 
tent  of  at  least  90%,  preferably  at  least  95%.  More  pre- 
ferably,  substantially  all  of  the  pitch  is  composed  of  a 
mesophase.  If  the  pitch  has  a  mesophase  content  of 
less  than  about  90%,  carbon  fibers  or  other  carbon 
materials  that  are  formed  of  it  will  have  only  low  per- 
formance  in  such  aspects  as  strength  and  modulus  of 
elasticity.  From  the  spinning  viewpoint,  too,  the  me- 
sophase  content  must  be  at  least  about  90%. 

The  mesophase  pitch  of  the  present  invention 
can  be  produced  by  polymerizing  naphthalene  deriv- 
atives  having  at  least  one  methyl  group  in  the  pres- 
ence  of  hydrogen  fluoride  and  boron  trifluoride.  Illus- 
trative  naphthalene  derivatives  that  can  be  used  as 
the  starting  material  include  methylnaphthalene,  di- 
methylnaphthalene  and  mixtures  thereof.  Materials 
containing  these  naphthalene  derivatives  are  also 
usable  and  they  include  various  petroleum  fractions, 
the  residual  oil  originating  from  petroleum  processing 
steps,  and  coal  tar  fractions. 

As  mentioned  above,  a  hydrogen  fluoride/boron 
trifluoride  catalyst  is  used  as  a  catalyst  for  polymeriz- 
ing  these  naphthalene  derivatives.  In  this  regard, 
particularly  suitable  starting  materials  are  those 
which  have  low  contents  of  nitrogen-,  sulfur-  and  oxy- 
gen-containing  compounds,  all  being  basic  com- 
pounds  that  strongly  bind  to  the  hydrogen  fluor- 
ide/boron  trifluoride  catalyst.  The  polymerization  cat- 
alyst  is  preferably  used  in  such  an  amount  that  from 
0.1  to  20  moles  of  hydrogen  fluoride  and  from  0.05  to 
1  .0  mole  of  boron  trifluoride  are  present  per  mole  of 
the  naphthalene  derivative.  Even  if  more  than  20  mo- 
les  of  hydrogen  fluoride  or  more  than  1  .0  mole  of  bor- 
on  trifluoride  is  used,  there  will  be  no  corresponding 
increase  in  the  rate  of  reaction.  To  the  contrary,  the 
circulation  of  the  catalyst  is  increased,  leading  to  the 
need  to  employ  a  large-size  reactor.  If  less  than  about 
0.1  mole  of  hydrogen  fluoride  or  less  than  about  0.05 
moles  of  boron  trifluoride  is  used,  mesophase  pitch 
with  a  mesophase  content  of  at  least  90%  is  not  at- 
tainable.  Hydrogen  fluoride  or  boron  trifluoride  used 
alone  is  not  effective  as  a  polymerization  catalyst,  so 
they  must  be  used  in  combination  in  the  present  in- 
vention. 

Hydrogen  fluoride  (HF),  when  used  together  with 

boron  trifluoride  (BF3),  forms  a  strong  protic  acid, 
which  reacts  with  the  basic  naphthalene  derivative  to 
form  a  complex. 

5  The  temperature  for  obtaining  the  desired  meso- 
phase  by  polymerization  reaction  ranges  from  180  to 
400°C,  preferably  from  250  to  320°C.  If  the  tempera- 
ture  is  higher  than  about  400°C,  polymerization  pro- 
ceeds  excessively  and  the  resulting  pitch  will  have  an 

10  unduly  high  softening  point.  If  the  temperature  is  low- 
er  than  about  180°C,  mesophase  pitch  having  a  me- 
sophase  content  of  at  least  90%  is  not  attainable. 

The  time  required  to  complete  the  polymerization 
reaction  varies  with  the  type  of  starting  material  used, 

15  the  temperature  and  the  amount  of  catalyst  used,  but 
it  is  typically  within  the  range  of  from  5  to  300  minutes, 
preferably  from  30  to  240  minutes.  The  pressure  for 
the  polymerization  reaction  generally  ranges  from 
about  5  to  about  100  bar,  preferably  from  about  20  to 

20  about  50  bar. 
The  polymerization  reaction  is  performed  by  mix- 

ing  under  agitation  the  starting  material  and  the  cat- 
alyst  fed  into  a  corrosion-resistant  reactor  equipped 
with  a  stirrer.  The  procedures  of  reaction  may  be 

25  batchwise  or  continuous. 
The  naphthalene  derivative  (Nd)  fed  as  the  start- 

ing  material  forms  a  complex  when  mixed  with  the 
catalyst  and  undergoes  rapid  polymerization  to  form 
a  polymer  in  complex  form  according  to  the  following 

30  scheme: 
HF  +  BF3  +  (Nd)n  <  —  >  H+(Nd)nBF4"  (1) 

The  resulting  polymer  in  complex  form  is  in  equi- 
librium  as  shown  by  equation  (1),  so  after  completion 
of  the  polymerization  the  volatile  components,  HF 

35  and  BF3,  are  distilled  off  at  the  polymerization  temper- 
ature  and  recovered  as  catalyst  components.  At  the 
same  time,  some  volatile  fractions  are  recovered  and 
the  polymerized  pitch  is  separated. 

Specific  procedures  for  separating  and  recover- 
40  ing  the  catalyst  from  the  pitch  are  as  follows. 

Catalyst  separation  by  a  batch  system  consists  of 
holding  the  polymerization  temperature  after  the 
polymerization  reaction  has  been  completed,  and 
withdrawing  HF  and  BF3  as  a  vapor  phase  from  the 

45  reactor,  with  the  polymer  recovered  as  molten  pitch. 
The  heating  effected  for  this  purpose  may  be  indirect 
(external  heating  through  a  jacket,  etc.)  or  direct  (by 
introducing  the  heated  vapor  of  a  diluent  such  as  ben- 
zene,  toluene  or  halogenated  hydrocarbon  which  are 

so  comparatively  inert  to  the  catalyst). 
Catalyst  separation  may  also  be  performed  by  a 

continuous  method  in  a  distillation  column,  with  the 
inert  diluent  being  refluxed,  which  is  continuously 
supplied  with  the  polymerization  reaction  solution  so 

55  as  to  extract  the  HF  and  BF3  vapors  from  the  top  of 
the  column,  with  the  pitch  being  recovered  from  the 
bottom  of  the  column  in  the  form  of  a  solution  in  the 
diluent. 

Whichever  method  is  used,  the  temperature  nec- 

4 
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essary  for  recovering  the  catalyst  is  the  same  as  the 
temperature  for  polymerization,  whereas  the  pres- 
sure  for  the  catalyst  recovery  is  generally  within  the 
range  of  from  about  0  to  about  30  atmospheres,  pre- 
ferably  from  about  1  to  about  5  atmospheres. 

The  pitch  obtained  by  the  procedure  described 
above  is  characterized  by  high  mesophase  content 
and  the  presence  of  many  carbon  atoms  in  aromatic 
ring  structures  as  well  as  in  methyl  groups.  This  pitch 
also  has  a  low  softening  point  which  is  in  the  range 
of  200-250°C  as  measured  by  a  micromelting  point 
method. 

The  pitch  described  above  is  mesophase  pitch 
which  is  substantially  free  of  HF  and  BF3  and  which 
has  an  anisotropic  phase  of  at  least  about  90%.  It  can 
be  used  as  a  starting  material  for  the  production  of 
carbon  fibers  and  other  carbon  materials  without  be- 
ing  subjected  to  any  special  treatment.  For  instance, 
this  mesophase  pitch  can  be  readily  spun  into  fibers 
at  a  spinning  temperature  of  from  about  280  to  about 
340°C.  The  spun  pitch  fibers  have  such  a  high  stabil- 
ization  reactivity  that  they  can  be  satisfactorily  stabil- 
ized  by  heating  up  to  a  temperature  of  about  300°C  at 
a  rate  of  about  7°C/min  underan  aircurrent.  This  ease 
of  stabilization  can  be  ascribed  to  the  high  content  of 
methyl-derived  carbon  atoms  in  the  pitch. 

Carbon  fibers  may  be  produced  from  the  pitch  of 
the  present  invention  by  the  following  procedures:  the 
pitch  is  first  extruded  through  a  nozzle  (ca.  0.25  urn) 
in  a  nitrogen  atmosphere  at  a  pressure  of  from  about 
1  to  about  3  bar  and  at  a  temperature  of  from  about 
280  to  about  340°C  and  the  filaments  are  wound  up 
on  a  roll  at  a  take-up  speed  of,  say,  about  500  m/min; 
then,  the  filaments  are  stabilized  by  heating  from  am- 
bient  temperature  to  a  temperature  between  about 
200  and  about  350°C  at  a  typical  rate  of  from  about  1 
to  about  7°C/min  under  an  air  current;  finally,  the  sta- 
bilized  fibers  are  carbonized  orgraphitized  by  heating 
to  about  1,000°C  or  above  at  a  typical  rate  of  about 
10°C/min  in  an  inert  gas  stream  such  as  nitrogen. 

The  mesophase  pitch  of  the  present  invention 
has  the  following  advantages. 

(1)  The  mesophase  pitch  of  the  present  invention 
can  be  stabilized  without  employing  any  complex 
and  costly  steps  such  as  filtration  of  infusible  mat- 
ter  at  high  temperature  and  solvent  extraction 
thereof.  The  pitch  of  the  present  invention  is  com- 
posed  of  a  substantially  homogeneous  meso- 
phase  and  can  be  spun  into  carbon  fibers  at  a 
temperature  between  about  280  and  about 
340°C,  which  is  appreciably  lower  than  the  con- 
ventionally  employed  temperature  range. 
(2)  The  mesophase  pitch  of  the  present  invention 
can  be  spun  into  fibers  at  a  temperature  that  is 
much  lower  than  the  point  at  which  marked  ther- 
mal  decomposition  or  polycondensation  occurs 
(ca.  400°C).  Therefore,  the  spinnability  of  the 
pitch  is  good  enough  to  resist  deterioration  during 

spinning  and  carbon  fibers  of  consistent  quality 
can  be  produced. 
(3)  In  the  absence  of  the  evolution  of  any  decom- 

5  position  gases  as  well  as  the  formation  of  infusi- 
ble  matter,  the  pitch  of  the  present  invention  can 
be  spun  at  high  speed  and  the  spun  pitch  fibers 
have  so  few  defects  that  carbon  fibers  of  high 
strength  can  be  produced. 

10  (4)  The  mesophase  pitch  of  the  present  invention 
has  a  high  anisotropic  phase  content  of  at  least 
about  90%,  so  carbon  fibers  produced  from  this 
pitch  are  characterized  by  well  developed  orien- 
tation  in  the  direction  of  fiber  axis  and  exhibit  high 

15  modulus  of  elasticity. 
(5)  In  spite  of  this  high  content  of  anisotropic 
phase,  the  mesophase  pitch  of  the  present  inven- 
tion  has  a  high  H/C  atomic  ratio  and  the  propor- 
tion  of  methylic  carbon  in  the  total  carbon  content 

20  is  high  enough  to  enhance  the  adaptability  of  the 
pitch  for  stabilization,  thereby  enabling  complete- 
ly  unfusible  (stabilized)  fibers  to  be  obtained  in  a 
shorter  period  of  time. 
(6)  The  mesophase  pitch  of  the  present  invention 

25  ensures  high  yield  in  carbonization  because  of  its 
high  degree  of  polymerization. 
For  these  features  (1)  to  (6),  the  present  inven- 

tion  offers  great  benefits  to  industry. 
The  following  examples  are  provided  for  the  pur- 

30  pose  of  further  illustrating  the  present  invention  but 
are  in  no  way  to  be  taken  as  limiting. 

Example  1 

35  a-Methylnaphthalene  (1  mole),  HF  (0.5  moles) 
and  BF3  (0.2  moles)  were  charged  into  a  0.5-f  acid- 
resistant  autoclave,  and  after  raising  the  temperature 
in  the  autoclave  to  270°C,  reaction  was  performed  for 
4  hours.  Thereafter,  the  release  valve  on  the  auto- 

40  clave  was  opened  so  that  substantially  all  of  the  HF 
and  BF3  charged  could  be  recovered  in  a  gaseous 
form  at  an  atmospheric  pressure.  Thereafter,  nitrogen 
was  blown  into  the  autoclave  to  remove  the  low-boil- 
ing  point  components.  The  yield  of  the  pitch  obtained 

45  was  76%  of  the  weight  of  the  a-methylnaphthalene 
supplied.  When  observed  with  a  polarizing  micro- 
scope,  this  pitch  was  found  to  be  100%  anisotropic 
mesophase  pitch  with  a  softening  point  of  240°C,  an 
average  molecular  weight  of  1  360,  a  H/C  atomic  ratio 

so  of  0.65,  and  an  aromatic  carbon  ratio  (fa)  of  0.82,  with 
the  methylic  carbon  content  being  6%  of  the  total  car- 
bon  atoms.  The  naphthenic  carbon  content  of  this 
pitch  was  3%  of  the  total  carbon.  All  of  these  parame- 
ters  except  naphthenic  carbon  content  were  meas- 

55  ured  by  the  methods  described  hereinabove.  The 
naphthenic  carbon  content  was  measured  by  an  NMR 
spectrum  technique. 

This  mesophase  pitch  could  be  spun  into  fibers  at 
310°C  and  at  a  take-up  speed  of  500  m/min  without 

5 
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any  fiber  being  broken  during  spinning.  The  fibers 
could  be  readily  stabilized  by  heating  to  300°C  at  a 
rate  of  7°C/min.  The  stabilized  fibers  were  entirely 
free  from  fusion. 

The  stabilized  fibers  were  heated  to  1  ,000°C  at  a 
rate  of  10°C/min  in  an  inert  gas  atmosphere  so  as  to 
produce  carbon  fibers  having  a  diameter  of  10  urn. 
The  yield  in  carbonization  was  90%,  and  the  carbon 
fibers  produced  had  a  tensile  strength  of  2747  N/mm2 
(280  kgf/mm2)  and  a  modulus  of  elasticity  of  215.8 
kN/mm2  (22  tf/mm2). 

Example  2 

A  mixture  of  60%  a-methyl  naphthalene  and  40% 
p-methylnaphthalene  (7  moles),  HF  (3  moles)  and 
BF3  (1  .0  moles)  were  charged  into  a  3-f  acid-resistant 
autoclave,  and  reaction  was  performed  for  5  hours  at 
a  raised  temperature  of  265°C.  By  performing  subse- 
quent  operations  as  in  Example  1  ,  pitch  was  obtained 
in  a  yield  of  76  wt%  of  the  mixed  methylnaphthalene 
supplied.  When  observed  with  a  polarizing  micro- 
scope,  this  pitch  was  found  to  be  100%  anisotropic 
mesophase  pitch.  It  had  a  softening  point  of  212°C, 
an  average  molecular  weight  of  1220,  a  H/C  atomic 
ratio  of  0.68,  and  an  fa  of  0.81  ,  with  the  methylic  and 
naphthenic  carbon  contents  being  7%  and  4%,  re- 
spectively,  of  the  total  carbon  atoms.  All  measure- 
ments  were  conducted  by  the  same  methods  as  em- 
ployed  in  Example  1  . 

This  mesophase  pitch  could  be  spun  into  fibers  at 
280°C  and  at  a  take-up  speed  of  500  m/min  without 
any  fiber  being  broken  during  spinning.  The  fibers 
could  be  readily  stabilized  by  heating  to  280°C  at  a 
rate  of  7°C/min.  The  stabilized  fibers  were  entirely 
free  from  fusion. 

The  stabilized  fibers  were  heated  to  1  ,000°C  at  a 
rate  of  10°C/min  in  an  inert  gas  atmosphere  so  as  to 
produce  carbon  fibers  having  a  diameter  of  8  urn.  The 
yield  in  carbonization  was  90%  and  the  carbon  fibers 
produced  had  a  tensile  strength  of  3139  N/mm2  (320 
kgf/mm2)  and  a  modulus  of  elasticity  of  1  96,2  kN/mm2 
(20  tf/mm2). 

Example  3 

A  mixture  of  60%  2,6-dimethylnaphthalene  and 
40%  of  1,4-dimethylnaphthalene  (7  moles),  HF  (3.5 
moles)  and  BF3  (1.4  moles)  were  charged  into  a  3-f 
acid-resistant  autoclave,  and  reaction  was  performed 
for  4  hours  at  a  raised  temperature  of  275°C.  By  per- 
forming  subsequent  operations  as  in  Example  1  ,  pitch 
was  obtained  in  a  yield  of  68  wt%  of  the  mixed  dime- 
thylnaphthalene  supplied.  When  observed  with  a  po- 
larizing  microscope,  this  pitch  was  found  to  be  100% 
anisotropic  mesophase  pitch.  It  had  a  softening  point 
of  230°C,  an  average  molecular  weight  of  1  330,  a  H/C 
atomic  ratio  of  0.70,  and  an  fa  of  0.80,  with  the  me- 

thylic  and  naphthenic  carbon  contents  being  9%  and 
3%,  respectively,  of  the  total  carbon  atoms. 

This  mesophase  pitch  could  be  spun  into  fibers  at 
5  310°C  and  at  a  take-up  speed  of  500  m/min  without 

any  fiber  being  broken  during  spinning.  The  fibers 
could  be  readily  stabilized  by  heating  to  270°C  at  a 
rate  of  7°C/min.  The  stabilized  fibers  were  entirely 
free  from  fusion. 

10  The  stabilized  fibers  were  heated  to  1  ,000°C  at  a 
rate  of  10°C/min  in  an  inert  gas  atmosphere  so  as  to 
produce  carbon  fibers  having  a  diameter  of  10  urn. 
The  yield  in  carbonization  was  90%,  and  the  carbon 
fibers  produced  had  a  tensile  strength  of  2845  N/mm2 

15  (290  kgf/mm2)  and  a  modulus  of  elasticity  of  225,6 
kN/mm2  (23  tf/mm2). 

Comparative  Example  1 

20  a-Methylnaphthalene  (1  mole),  HF  (3  moles)  and 
BF3  (0.5  moles)  were  charged  into  a  3-f  acid-resistant 
autoclave,  and  reaction  was  performed  for  3  hours  at 
a  raised  temperature  of  80°C.  Thereafter,  the  release 
valve  on  the  autoclave  was  opened  and  gradual  heat- 

25  ing  to  180-200°C  was  conducted  at  one  atmosphere 
so  that  substantially  all  of  the  HF  and  BF3  charged 
could  be  recovered  in  a  gaseous  form.  Thereafter,  the 
pitch  in  molten  state  was  withdrawn  from  the  auto- 
clave.  This  pitch  had  a  softening  point  of  72°C  and 

30  contained  no  mesophase. 
This  pitch  was  heat-treated  first  at  475°C  for  50 

minutes  under  one  bar,  then  at  420°C  for  30  minutes 
under  a  reduced  pressure  of  133.3  mbar,  thereby  ob- 
taining  100%  mesophase  pitch  (softening  point, 

35  2  50°C)  in  a  yield  of  50%  based  on  a-methylnaphtha- 
lene. 

The  resulting  mesophase  pitch  had  an  average 
molecular  weight  of  900,  a  H/C  atomic  ratio  of  0.51, 
and  an  fa  of  0.93,  with  the  methylic  and  naphthenic 

40  carbon  contents  being  2%  and  6%,  respectively,  of 
the  total  carbon  atoms.  This  pitch  could  be  spun  into 
fibers  at  a  take-up  speed  of  300  m/min  and  at  360°C 
but  not  at  a  higher  take-up  speed  of  500  m/min.  The 
pitch  fibers  obtained  by  spinning  at  a  take-up  speed 

45  of  300  m/min  could  not  be  stabilized  by  heating  up  to 
270°C  at  a  rate  of  5°C/min. 

In  this  comparative  example,  a-methylnaphtha- 
lene  was  polymerized  in  the  presence  of  a  HF/BF3 
catalyst  and  the  resulting  pitch  was  converted  to  me- 

50  sophase  pitch  by  subsequent  heat  treatments.  How- 
ever,  it  turned  out  that  this  pitch  was  not  suitable  for 
high-speed  spinning  and  stabilization  when  it  was  low 
in  average  molecular  weight  and  methylic  carbon 
content. 

55 

Claims 

1  .  Mesophase  pitch  for  use  in  the  production  of  car- 

6 
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bon  materials,  said  pitch  having  an  average  mo- 
lecular  weight  of  at  leaast  1,000,  a  hydrogen-to- 
carbon  atomic  ratio  of  0.5  -  1  .0,  an  aromatic  car- 
bon  ratio  of  at  least  0.7,  a  methylic  carbon  content 
of  at  least  4%  of  the  total  carbon  atoms,  a  naph- 
thenic  carbon  content  of  less  than  7%  of  the  total 
carbon  atoms  and  containing  at  least  90%  of  an 
optically  anisotropic  phase. 

2.  Mesophase  pitch  according  to  claim  1  wherein 
the  average  molecular  weight  is  in  the  range  of 
from  1,000  to  1,700. 

3.  Mesophase  pitch  according  to  claim  1  or  claim  2 
wherein  the  hydrogen-to-carbon  atomic  ratio  is  in 
the  range  of  from  0.6  -  1.0. 

4.  Mesophase  pitch  according  to  any  one  of  the  pre- 
ceding  claims  wherein  the  aromatic  carbon  ratio 
is  in  the  range  of  0.75  -  0.87. 

5.  Mesophase  pitch  according  to  any  one  of  the  pre- 
ceding  claims  wherein  the  methylic  carbon  con- 
tent  is  at  least  5%  of  the  total  carbon  atoms. 

6.  Mesophase  pitch  according  to  any  one  of  the  pre- 
ceding  claims  which  has  a  softening  point  in  the 
range  of  from  200  -  250°C. 

7.  Mesophase  pitch  according  to  any  one  of  the  pre- 
ceding  claims  which  contains  at  least  95%  of  an 
optically  anisotropic  phase. 

8.  Mesophase  pitch  according  to  claim  7  wherein 
the  content  of  an  optically  anisotropic  phase  is 
substantially  100%. 

Patentanspruche 

1.  Mesophasenpech  zur  Verwendung  bei  der  Her- 
stellung  von  Kohlenstoffmaterialien,  wobei  das 
Pech  ein  durchschnittliches  Molekulargewicht 
von  mindestens  1000,  ein  Atomverhaltnis  Was- 
serstoff/Kohlenstoff  von  0,5  bis  1,0,  einen  Anteil 
an  aromatischen  Kohlenstoffatomen  von  minde- 
stens  0,7,  einen  Methylkohlenstoffgehalt  von 
mindestens  4  %  dergesamten  Kohlenstoffatome, 
einen  Naphthenkohlenstoffgehalt  von  minde- 
stens  7  %  der  gesamten  Kohlenstoffatome  auf- 
weist  und  mindestens  90  %  einer  optisch  aniso- 
tropen  Phase  enthalt. 

2.  Mesophasenpech  nach  Anspruch  1,  wobei  das 
durchschnittliche  Molekulargewicht  in  einem  Be- 
reich  von  1000  bis  1700  liegt. 

3.  Mesophasenpech  nach  Anspruch  1  oder  An- 

spruch  2,  wobei  das  Atomverhaltnis  Wasser- 
stoff/Kohlenstoff  in  einem  Bereich  von  0,6  bis  1  ,0 
liegt. 

5 
4.  Mesophasenpech  nach  einem  der  vorhergehen- 

den  Anspruche,  wobei  der  Anteil  an  aromatischen 
Kohlenstoffatomen  in  einem  Bereich  von  0,75  bis 
0,87  liegt. 

10 
5.  Mesophasenpech  nach  einem  der  vorhergehen- 

den  Anspruche,  wobei  der  Methylkohlenstoffge- 
halt  mindestens  5  %  der  Gesamtkohlenstoffato- 
me  betragt. 

15 
6.  Mesophasenpech  nach  einem  der  vorhergehen- 

den  Anspruche  mit  einem  Erweichungspunkt  im 
Bereich  von  200  bis  250°C. 

20  7.  Mesophasenpech  nach  einem  der  vorhergehen- 
den  Anspruche,  das  mindestens  95  %  einer  op- 
tisch  anisotropen  Phase  enthalt. 

8.  Mesophasenpech  nach  Anspruch  7,  wobei  der 
25  Gehalt  an  einer  optischen  anisotropen  Phase  im 

wesentlichen  100  %  betragt. 

Revendications 
30 

1.  Brai  en  mesophase  a  utiliser  dans  la  production 
de  materiaux  de  carbone,  led  it  brai  ayant  un  poids 
moleculaire  moyen  d'au  moins  1  000,  un  rapport 
atomique  hydrogene  a  carbone  de  0,5-1,0,  un 

35  rapport  du  carbone  aromatique  d'au  moins  0,7, 
une  teneur  en  carbone  methyl  ique  d'au  moins  4% 
des  atomes  totaux  de  carbone,  une  teneur  en  car- 
bone  naphtenique  de  moins  de  7%  des  atomes 
totaux  de  carbone  et  contenant  au  moins  90% 

40  d'une  phase  optiquement  anisotrope. 

2.  Brai  en  mesophase  selon  la  revendication  1,  ou 
le  poids  moleculaire  moyen  est  compris  entre  1 
000  et  1  700. 

45 
3.  Brai  en  mesophase  selon  la  revendication  1  ou  la 

revendication  2,  ou  le  rapport  atomique  hydroge- 
ne  a  carbone  est  compris  entre  0,6  et  1,0. 

so  4.  Brai  en  mesophase  selon  I'une  quelconque  des 
revendications  precedentes,  ou  le  rapport  du  car- 
bone  aromatique  est  compris  entre  0,75  et  0,87. 

5.  Brai  en  mesophase  selon  I'une  quelconque  des 
55  revendications  precedentes,  ou  la  teneur  en  car- 

bone  methyl  ique  est  d'au  moins  5%  des  atomes 
totaux  de  carbone. 

6.  Brai  en  mesophase  selon  I'une  quelconque  des 
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revendications  precedentes,  qui  a  un  point 
d'amollissement  compris  entre  200  et  250°C. 

7.  Brai  en  mesophase  selon  I'une  quelconque  des  5 
revendications  precedentes,  qui  contient  au 
moins  95%  d'une  phase  optiquement  anisotrope. 

8.  Brai  en  mesophase  selon  la  revendication  7,  ou 
la  teneur  en  phase  optiquement  anisotrope  est  10 
sensiblement  de  100%. 
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