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Description 

This  invention  relates  to  a  process  for 
producing  a  pitch  useful  as  a  raw  material  for 
carbon  fibers.  More  specifically,  it  pertains  to  a  5 
process  for  producing  a  pitch  which  has  good 
melt  spinnability  and  gives  carbon  fibers  having 
excellent  mechanical  properties. 

It  has  previously  been  known  to  produce 
carbon  fibers  using  various  pitches  as  raw  10 
materials.  But  some  of  such  starting  pitches  have 
no  sufficient  melt  spinnability,  or  the  mechanical 
properties  of  the  resulting  fibers  are  still  desired 
to  be  improved. 

Japanese  Laid-Open  patent  publication  No.  15 
19127/1974  discloses  a  method  of  obtaining  a 
spinnable  pitch  by  heat-treating  a  pitch  to 
convert  it  to  mesophase  pitch.  The  resulting 
spinnable  pitch  is  a  mixture  of  mesophase  pitch 
and  isotropie  pitch,  and  since  these  pitches  have  20 
poor  compatibility,  it  is  difficult  to  spin  the  mixed 
pitch  stably  over  an  extended  period  of  time. 

Japanese  patent  publication  No.  7533/1978 
describes  a  process  for  producing  a  pitch  useful 
as  a  raw  material  for  carbon  fibers  which  25 
comprises  heat-treating  a  petroleum-type  tar 
pitch  having  a  softening  point  of  not  more  than 
120°  C,  a  quinoline-insoluble  content  of  not  more 
than  4  %  and  a  carbon  content  of  92  to  95  %  at  a 
temperature  of  not  more  than  350°  C  in  the  30 
presence  of  a  Lewis  acid  catalyst,  removing  the 
catalyst,  and  then  heating  the  product  at  a 
temperature  of  350  to  500°  C.  The  resulting  pitch 
is  characterized  by  having  a  softening  point  of 
200  to  300°  C  and  containing  a  mesophase.  35 

Japanese  Patent  Publication  No.  179286/1982 
discloses  a  process  for  producing  a  pitch  useful 
as  a  raw  material  for  carbon  fibers,  which 
comprises  heat-treating  a  mixture  of  (1)  100  parts 
by  volume  of  a  heavy  oil  having  a  boiling  point  of  40 
at  least  200°  C  obtained  by  fluid  catalytic  cracking 
of  petroleums  and  (2)  10  to  200  parts  by  volume 
of  a  hydrogenated  product  of  a  fraction  having  a 
boiling  point  of  160  to  400°  C  derived  from  a  pitch, 
at  a  temperature  of  380  to  480°  C  under  a  pressure  45 
of  2  to  50  kg/cm2-G. 

Japanese  Laid-Open  patent  publication  No. 
18421/1983  describes  a  proess  for  producing 
carbon  fibers,  which  comprises  spinning  an 
optically  isotropic  premesophase  carbonaceous  50 
material  or  a  pitch-like  substance  composed 
mainly  of  a  premesophase  carbonaceous  material 
under  such  conditions  that  the  amount  of  a 
mesophase  carbonaceous  material  does  not 
substantially  increase,  then  subjecting  the  fibers  55 
to  a  treatment  of  rendering  them  infusible  and 
then  to  a  carbonization  treatment  to  thereby 
convert  substantially  all  of  the  premesophase 
carbonaceous  material  into  an  optically 
anisotropic  mesophase  carbonaceous  material.  60 
The  patent  document  states  that  the  optically 
isotropie  premesophase  carbonaceous  material 
is  produced  by  treating  a  pitch  with 
tetrahydroquinoline  which  is  expensive,  or  with 
quinoline  and  hydrogen  in  the  presence  of  a  65 

catalyst,  or  with  an  aromatie  hydrocarbon  and 
hydrogen. 

It  is  an  object  of  this  invention  to  provide  a 
novel  process  for  producing  a  pitch  useful  as  a 
raw  material  for  production  of  carbon  fibers. 

Another  object  of  this  invention  is  to  provide  a 
novel  process  for  producing  a  pitch  having  good 
spinnability. 

Still  another  object  of  this  invention  is  to 
provide  a  novel  process  for  producing  a  pitch 
which  gives  carbon  fibers  having  excellent 
mechanical  properties. 

Yet  another  object  of  this  invention  is  to 
provide  a  novel  process  for  producing  a  carbon 
fiber-forming  pitch  having  the  aforesaid  excellent 
properties  by  a  simple  operation. 

Further  objects  of  this  invention  along  with  its 
advantages  will  become  apparent  from  the 
following  description. 

These  objects  and  advantages  of  the  invention 
are  achieved  in  accordance  with  this  invention  by 
a  process  for  producing  a  pitch  useful  as  a  raw 
material  for  carbon  fibers,  which  comprises: 

(1)  heat-treating  at  least  one  starting  material 
selected  from  the  group  consisting  of  a  heavy  oil 
obtained  by  fluid  catalytic  cracking  of  a 
petroleum,  a  distillate  or  a  residual  oil  obtained 
by  distilling  the  heavy  oil,  and  a  pitch  obtained  by 
heat-treating  any  of  the  foregoing  materials  at  a 
temperature  of  350  to  550°  C, 

(2)  separating  and  removing  insoluble 
substances  from  the  reaction  mixture  obtained  in 
step  (1)  to  obtain  a  first  treated  mixture, 

(3)  heating  th  first  treated  mixture  obtained  in 
step  (2)  at  a  temperature  of  250  to  400°  C  and 
removing  light  fractions  which  distill  at  said 
temperature  to  obtain  a  second  treated  mixture, 
and 

(4)  treating  the  second  treated  mixture 
obtained  in  step  (3)  at  a  temperature  of  430  to 
500°  C. 

In  the  first  step  of  the  process  of  this  invention, 
at  least  one  of  a  heavy  oil  obtained  by  fluid 
catalytic  cracking  of  a  petroleum,  a  distillate  or  a 
residual  oil  (distillation  residue)  obtained  by 
distilling  the  heavy  oil,  and  a  pitch  obtained  by 
heat-treating  any  one  of  the  foregoing  materials 
is  used  as  a  starting  material. 

The  heavy  oil  is  a  cracked  oil  obtained  by 
cracking  a  petroleum  at  a  temperature  of  about 
480  to  560°  C  in  the  presence  of  a  silica/alumina- 
type  cracking  catalyst  or  a  zeolite-type  cracking 
catalyst  in  a  fluidized  bed,  and  usually  contains 
some  amount  of  the  catalyst  powder  entrained 
therein.  The  heavy  oil  has  a  boiling  point  of 
usually  200  to  560°  C,  preferably  300  to  560°  C. 

The  heavy  oil  may  be  used  as  the  starting 
material  without  removing  the  catalyst  powder. 
Alternatively,  a  distillate  having  a  suitable  boiling 
range  or  a  residual  oil  obtained  by  distilling  the 
heavy  oil,  or  a  pitch  obtained  by  heat-treating  the 
heavy  oil  or  the  distillate  or  residual  oil  may  be 
used  as  the  starting  material  in  the  present 
invention.  The  heat-treatment  for  obtaining  the 
pitch  may  be  carried  out  conveniently  at  a 

2 



3 EP  0223  387  B1 4 

temperature  of,  for  example,  350  to  450°  C. 
If  desired,  a  cycle  oil  recovered  from  the  fluid 

catalytic  cracking  apparatus  may  be  added  to 
such  a  starting  material  and  the  mixture  heat- 
treated  at  a  temperature  of  350  to  550°  C,  before  5 
the  starting  material  is  submitted  to  the  process 
of  this  invention.  When  this  heat-treatment  is 
carried  out  in  the  presence  of  a  silica/alumina- 
type  cracking  catalyst,  a  zeolite-type  cracking 
catalyst  or  an  alumina/magnesia-type  cracking  10 
catalyst,  the  resulting  starting  material  leads  to  a 
pitch  having  better  spinnability.  These  catalysts 
are  known  per  se  as  catalysts  for  fluid  catalytie 
cracking  of  petroleums.  The  heat-treatment  is 
carried  out  preferably  at  a  temperature  of  420  to  IS 
550°  C.  The  heat-treatment  time  is  preferably  10 
minutes  to  3  hours,  especially  about  20  minutes 
to  60  minutes. 

In  the  second  step  of  this  invention,  insoluble 
solid  substances  such  as  a  coke-like  substance,  20 
the  catalyst  powder  contained  in  the  starting 
material  or  the  catalyst  added  in  the  first  step  are 
sepapated  and  removed  from  the  reaction 
mixture  obtained  in  the  first  step.  Separation  and 
removal  may  be  carried  out,  for  example,  by  25 
filtration,  preferably  filtration  under  reduced  or 
elevated  pressure,  or  by  centrifugal  separation. 

In  the  third  step  of  the  process  of  this 
invention,  the  mixture  obtained  by  separating  and 
removing  the  insoluble  substances  (a  first  treated  30 
mixture)  is  heated  at  a  temperature  of  250  to 
400°  C,  preferably  320  to  380°  C,  to  remove  light 
components  formed  mainly  in  the  first  step  as 
light  fractions  which  distill  at  the  above 
temperatutes  used.  Advantageously,  the  third  35 
step  is  carried  out  under  a  reduced  pressure  of, 
for  example,  up  to  1  mmHg  (133  Pa)  while 
passing  an  inert  gas  such  as  nitrogen  gas. 

The  fourth  step  of  the  process  of  this  invention 
is  especially  important  in  this  invention.  In  the  40 
fourth  step,  the  second  mixture  obtained  by 
removing  the  light  fractions  in  the  third  step  is 
further  treated  at  a  temperature  of  430  to  550°  C, 
preferably  450  to  500°  C.  Preferably,  the  fourth 
step  is  carried  out  in  a  stream  of  an  inert  gas  such  45 
as  nitrogen  under  reduced  pressure.  The  heat- 
treatment  in  the  fourth  step  is  carried  out 
preferably  for  about  10  to  60  minutes. 

Desirably,  the  temperature  used  in  the  fourth 
step  is  elevated  from  the  temperature  of  the  third  50 
step  as  quickly  as  possible,  for  example,  within  5 
to  30  minutes. 

The  treatment  in  the  fourth  step  is  important  to 
the  production  of  a  pitch  having  good 
spinnability.  If  this  treatment  is  insufficient,  the  55 
resulting  pitch  may  have  a  low  softening  point 
although  having  good  spinnability.  To  obtain 
carbon  fibers  from  the  pitch  having  a  low 
softening  point,  the  treatment  of  the  spun  fibers 
to  render  them  infusible  must  be  carried  out  at  60 
low  temperatures  for  a  long  period  of  time.  Such 
a  treatment  is  economically  disadvantageous.  On 
the  other  hand,  when  the  heat-treatment  is 
carried  out  excessively,  the  resulting  pitch  has 
too  high  a  softening  point.  When  spun,  such  a  65 

pitch  is  liable  to  form  a  coke-like  substance 
during  spinning,  and  filament  breakage  may 
occur  frequently. 

Advantageously,  the  heat-treatment  in  the 
fourth  step  is  carried  out  within  relatively  short 
periods  of  time  to  avoid  excessive  treatment 
under  the  above  conditions  so  that  the  resulting 
pitch  will  have  a  softening  point  of  preferably  260 
to  340°  C,  more  preferably  280  to  320°  C.  The  pitch 
obtained  in  the  fourth  step  has  a  toluene- 
insoluble  content  (after  extraction  at  110°C  for  1 
hour;  to  be  referred  to  as  Tl)  of  50  to  90  %  and  a 
quinoline-insoluble  content  (after  extraction  at 
75°  C  for  1  hour;  to  be  referred  to  as  Ql)  of  10  to 
40  0/b. 

The  starting  pitch  produced  by  the  process  of 
this  invention  can  be  melt-spun  from  a  spinneret 
by  methods  known  per  se  to  form  pitch  fibers. 
The  starting  pitch  shows  good  spinnability  with 
very  few  filament  breakage  during  melt  spinning. 
The  pitch  fibers  can  then  be  rendered  infusible 
by  maintaining  them  at  a  temperature  of,  for 
example,  200  to  350°  C  for  15  minutes  to  2  hours. 
By  maintaining  the  infusible  fibers  at  a 
temperature  of,  for  example,  1  000  to  2  500°  C  for 
10  to  60  minutes,  they  are  converted  into  carbon 
fibers. 

The  carbon  fibers  produced  as  above  from  the 
starting  pitch  obtained  in  this  invention  have  very 
superior  mechanical  properties  such  as  high 
tenacity  and  moduli  as  specifically  described  in 
the  following  working  examples. 

In  the  present  application,  the  toluene- 
insoluble  content  (Tl)  and  quinoline-insoluble 
content  (Qi)  are  measured  by  the  following 
methods. 

Tl 
About  3  g  of  the  pitch  precisely  weighed  was 

put  in  30  ml  of  toluene,  and  the  mixture  was 
refluxed  for  1  hour.  The  insoluble  matter  was 
separated  by  filtration  at  room  temperature,  and 
dried  under  reduced  pressure  at  100°  C.  The 
weight  of  the  insoluble  matter  was  measured, 
and  Tl  was  calculated. 

Ql 
About  2  g  of  the  pitch  precisely  weighed  was 

put  in  30  ml  of  quinoline  and  the  mixture  was 
maintained  at  75°  C  for  1  hour.  The  insoluble 
matter  was  separated  by  filtration  at  room 
temperature,  and  dried  under  reduced  pressure 
at  100°C.  The  weight  of  the  insoluble  matter  was 
measured,  and  Ql  was  calculated. 

The  following  examples  illustrate  the  present 
invention  more  specifically. 

Example  1 

(1)  A  500  ml  autoclave  was  charged  with  235  g 
of  a  heavy  oil  (to  be  referred  to  as  the  FCC  oil) 
obtained  by  fluid  catalytic  cracking  of  a 
petroleum  and  25  g  of  a  silica/alumina-type 
cracking  catalyst.  The  air  inside  the  autoclave 
was  replaced  by  nitrogen  gas,  and  the  pressure 
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of  the  inside  of  the  autoclave  was  adjusted  to  30 
kg/cm2  (2.96  MPa)  with  hydrogen.  Then,  with 
stirring,  the  autoclave  was  heated  from  250°  C  to 
440°  C  at  an  average  temperature-elevating  rate 
of  2.5°  C/min.,  and  maintained  at  440°  C  for  30  5 
minutes.  The  pressure  of  the  inside  of  the 
autoclave  inereased  with  time,  and  finally 
reached  94  kg/cm2  (9.28  MPa).  After  a 
predetermined  period  of  time,  the  autoclave  was 
immediately  withdrawn  from  a  heating  bath  and  10 
allowed  to  cool  to  room  temperature.  The  heat- 
treated  product  was  filtered  through  a  filter 
paper  under  pressure  at  an  elevated  temperature 
to  remove  the  fine  catalyst  powder.  The  product 
was  distilled  under  reduced  pressure  in  a  three-  15 
necked  separable  flask  equipped  with  a  stirrer, 
and  fractions  having  a  degree  of  pressure 
reduction  of  less  than  5  mmHg  (667  Pa)  and  a 
temperature  of  less  than  350°  C  were  recovered, 
and  34  g  of  a  pitch  having  a  softening  point  of  20 
130°C  and  a  Tl  of  5.0  %  was  obtained  as  a 
residue. 

(2)  The  pitch  was  placed  in  a  three-necked 
stainless  steel  separable  container  equipped  with 
a  stirrer  and  set  over  a  tin  bath  previously  heated  25 
to  460°  C  to  melt  the  pitch.  Thereafter,  the  entire 
container  was  immersed  in  the  tin  bath  and  at  the 
same  time,  nitrogen  gas  was  passed  through  the 
container.  After  the  distillate  vigorously  lowed 
out,  the  reaction  mixture  was  maintained  under  a  30 
reduced  pressure  of  3  mmHg  (400  Pa)  for  15 
minutes  to  remove  the  decomposed  distillate. 
Immediately  after  completion  of  removal  of  the 
decomposed  distillate,  the  container  was  taken 
out  from  the  tin  bath.  The  inside  of  the  container  35 
was  cooled  to  room  temperature  while 
maintaining  it  in  a  nitrogen  gas  atmosphere. 
There  was  obtained  15  g  of  a  residual  pitch 
having  a  softening  point  of  288°  C,  at  Tl  of  69.7  °/o 
and  a  Ql  of  14.0  %  as  a  raw  material  for  spinning.  40 

(3)  The  pitch  was  melt-spun  at  350°  C  from  a 
spinneret  having  a  nozzle  with  a  diameter  of  0.3 
mm  to  obtain  a  pitch  fiber  having  a  diameter  of 
1  1  micrometers.  The  pitch  had  excellent 
spinnability  without  filament  breakage  for  more  45 
than  30  minutes.  The  pitch  fiber  was  heated  in  an 
air  atmosphere  from  50°  C  to  300°  C  at  a 
temperature-elevating  rate  of  3°  C/min.,  and 
maintained  at  this  temperature  for  30  minutes  to 
obtain  an  infusibilized  fiber.  The  infusibilized  50 
fiber  was  heated  in  a  nitrogen  atmosphere  to 
1500°C  at  a  temperature-elevating  rate  of  30°  C/ 
min.,  and  maintained  at  this  temperature  for  10 
minutes  to  obtain  a  carbon  fiber.  The  carbon  fiber 
had  a  tenacity  of  244  kg/mm2,  a  modulus  of  23.7  55 
tons/mm2  and  an  elongation  of  1.4  %  as 
measured  in  accordance  with  JIS  R7601  (Method 
of  Testing  Carbon  Fibers). 

It  will  be  obvious  to  those  skilled  in  the  art  that 
by  heat-treating  this  carbon  fiber  further  at  a  high  60 
temperature  to  induce  advanced  graphatization, 
the  carbon  fiber  will  have  an  inereased  tenacity, 
modulus  and  elongation. 

65 

Example  2 

(1)  A  pitch  (50.8  g)  having  a  softening  point  of 
122°  C  and  a  Tl  of  5.0  %  was  produced  by  the 
same  method  as  described  in  Example  1,  (1) 
except  that  150  g  of  the  FCC  oil  and  75  g  of  an  oil 
having  a  softening  point  of  76°  C  and  a  boiling 
point  of  more  than  460°  C  (calculated  for 
atmospherie  pressure)  derived  from  the  FCC  oil 
were  used  as  the  starting  material.  The  resulting 
pitch  was  treated  in  the  same  way  as  in  Example 
1,  (2)  except  that  the  temperature,  the  pressure 
and  the  time  were  changed  to  460°  C,  5  mmHg 
(667  Pa),  and  20  minutes,  respectively,  to  give  23.0 
g  of  a  spinnable  pitch  having  a  softening  point  of 
290°  C,  a  Tl  of  74.7  %  and  a  Ql  of  34.7  °/o.  The 
pitch  had  good  spinnability.  When  it  was  spun 
and  treated  in  the  same  way  as  in  Example  1,  (3), 
a  carbon  fiber  having  a  tenacity  of  248  kg/mm2,  a 
modulus  of  29.8  tons/mm2  and  an  elongation  of 
1.2  %  was  obtained. 

Example  3 

A  pitch  (38.7  g)  having  a  softening  point  of 
120°  C  and  a  Tl  of  2.8  %  was  produced  by  the 
same  method  as  described  in  Example  1,  (1) 
except  that  75  g  of  a  pitch  having  a  softening 
point  of  105°  C  and  a  Tl  of  12.5  %  obtained  by 
heat-treating  the  FCC  oil  and  150  g  of  fractions 
recovered  at  temperatures  of  up  to  375°  C 
(calculated  for  atmospherie  pressure)  from  the 
FCC  oil  were  used  as  the  starting  material.  The 
pitch  was  then  treated  in  the  same  way  as  in 
Example  1,  (2)  except  that  the  temperature,  the 
pressure  and  the  time  were  changed  to  460°  C,  3 
mmHg,  (400  Pa),  and  17  minutes,  respectively,  to 
give  20.5  g  of  a  spinnable  pitch  having  a 
softening  point  of  284°  C,  a  Tl  of  93.3  %  and  a  Ql 
of  36.5  %.  The  pitch  had  good  spinnability.  The 
resulting  pitch  was  spun  and  treated  in  the  same 
way  as  in  Example  1,  (3)  to  give  a  carbon  fiber 
having  a  tenacity  of  258  kg/mm2,  a  modulus  of 
19.0  tons/m2  and  an  elongation  of  1.5  %. 

Example  4 

In  this  example,  the  high-temperature 
treatment  in  the  presence  of  the  cracking  catalyst 
in  Example  1,  (1)  was  carried  out  in  the  absence 
of  hydrogen. 

A  pitch  (31  .4  g)  having  a  softening  point  of 
133°  C  and  a  Tl  of  4.3  %  was  produced  in  the 
same  way  as  in  Example  1,  (1)  except  that  the 
high-temperature  treatment  in  the  presence  of 
the  cracking  catalyst  was  carried  out  in  the 
absence  of  hydrogen.  The  pitch  was  treated  in 
the  same  way  as  in  Example  1,  (2)  except  that  the 
temperature,  the  pressure  and  the  time  were 
changed  to  460°  C,  6  mmHg  (800  Pa)  and  10 
minutes,  respectively,  to  give  15.3  g  of  a 

4 



EP  0223  387  B1 

spinnable  pitch  having  a  softening  point  of  278°  C, 
a  Tl  of  51  .3  %  and  a  Ql  of  20  %.  This  pitch  had 
good  spinnability.  When  spun  and  treated  in  the 
same  way  as  in  Example  1,  (3),  it  gave  a  carbon 
fiber  having  a  tenacity  of  21  0  kg/mm2  a  modulus  5  
of  17.8  tons/mm2  and  an  elongation  of  1.0  °/o. 

Example  5  10 

In  this  Example,  a  zeolite-type  catalyst  was 
used  as  the  cracking  catalyst  in  the  first  step. 

A  pitch  (42.3  g)  having  a  softening  point  of 
1  15°C  and  a  Tl  of  3.2  °/b  was  produced  by  the  15 
same  method  as  in  Example  1,  (1)  except  that  80 
g  of  a  pitch  having  a  softening  point  of  105°C  and 
a  Tl  of  12.5  %  obtained  by  heat-treating  the  FCC 
oil  and  160  g  of  fractions  having  a  boiling  point  of 
up  to  375°  C  (calculated  for  atmospheric  pressure)  20 
derived  from  the  FCC  oil  were  used  as  the 
starting  material,  and  24  g  of  the  zeolite-type 
catalyst  was  used  instead  of  the  silica/alumina- 
type  catalyst.  The  resulting  pitch  was  treated  in 
the  same  way  as  in  Example  1,  (2)  except  that  the  25 
temperature,  the  pressure  and  the  time  were 
changed  to  460°  C,  3  mmHg  (400Pa)  and  17 
minutes,  respectively,  to  give  21  .9  g  of  a 
spinnable  pitch  having  a  softening  point  of  291  °C, 
a  Tl  of  90.4  %  and  a  Ql  of  32.5  %.  This  pitch  had  30 
good  spinnability.  When  spun  and  treated  as  in 
Example  1,  (3),  it  gave  a  carbon  fiber  having  a 
tenacity  of  246  kg/cm2  a  modulus  of  18.6 
tons/mm2  and  an  elongation  of  1.5  °/o. 

35 

Example  6 

A  pitch  (64.3  g)  having  a  softening  point  of  40 
108°C  and  a  Tl  of  5.3  %  was  produced  by  the 
same  method  as  in  Example  1,  (1)  except  that  80 
g  of  a  pitch  having  a  softening  point  of  87°  C  and 
a  Tl  of  1.7  %  obtained  by  distilling  the  FCC  oil 
under  reduced  pressure  and  80  g  of  a  light  cycle  45 
oil  (boiling  range  218  to  352°  C)  recovered  from  a 
fluid  catalytic  cracking  device  were  used  as  the 
starting  material,  16  g  of  a  zeolite-type  catalyst 
was  used  instead  of  the  silica/alumina-type 
catalyst,  and  the  heat-treatment  was  carried  out  50 
at  430°  C  for  20  minutes.  The  resulting  pitch  was 
treated  in  the  same  way  as  in  Example  1,  (2) 
except  that  the  temperature,  the  pressure  and 
the  time  were  changed  to  475°  C,  5  mmHg  (667 
Pa)  and  13  minutes,  respectively,  to  give  26.3  g  of  55 
a  spinnable  pitch  having  a  softening  point  of 
275°  C,  a  Tl  of  81.7  %  and  a  Ql  of  36.0  %.  The 
pitch  had  good  spinnability,  and  when  spun  and 
treated  as  in  Example  1,  (3),  gave  a  carbon  fiber 
having  a  tenacity  of  235  kg/mm2,  a  modulus  of  60 
23.0  tons/mm2  and  an  elongation  of  1.4  %. 

65 

Example  7 

A  pitch  (53.4  g)  having  a  softening  point  of 
133°C  and  a  Tl  of  8.3  %  was  produced  by  the 
same  method  as  in  Example  1,  (1)  except  that  80 
g  of  the  pitch  and  160  g  of  the  light  cycle  oil 
which  are  described  in  Example  6  were  used  as 
the  starting  material,  the  cracking  catalyst  was 
not  used,  and  the  heat-treatment  was  carried  out 
at  430°  C  under  an  initial  hydrogen  pressure  of  30 
kg/cm2  for  20  minutes.  The  pitch  was  treated  in 
the  same  way  as  in  Example  6  to  give  30.0  g  of  a 
spinnable  pitch  having  a  softening  point  of  288°  C, 
a  Tl  of  89.3  %  and  a  Ql  of  38.5  %.  The  spinnability 
of  this  pitch  was  slightly  worse,  but  when  spun 
and  treated  as  in  Example  1,  (3),  it  gave  a  carbon 
fiber  having  a  tenacity  of  219  kg/mm2,  a  modulus 
of  17.5  tons/mm2  and  an  elongation  of  1.3  °/o. 

Claims 

1.  A  process  for  producing  a  pitch  useful  as  a 
raw  material  for  carbon  fibers,  which  comprises: 

(1)  heat-treating  at  least  one  starting  material 
selected  from  a  heavy  oil  obtained  by  fluid 
catalytic  cracking  of  a  petroleum,  a  distillate  or  a 
residual  oil  obtained  by  distilling  the  heavy  oil, 
and  a  pitch  obtained  by  heat-treating  any  of  the 
foregoing  materials  at  a  temperature  of  350  to 
550°  C, 

(2)  separating  and  removing  insoluble 
substances  from  the  reaction  mixture  obtained  in 
step  (1)  to  obtain  a  first  treated  mixture, 

(3)  heating  the  first  treated  mixture  at  a 
temperature  of  250  to  400°  C  and  removing  light 
fractions  which  distill  at  said  temperature  to 
obtain  a  second  treated  mixture,  and 

(4)  treating  the  second  treated  mixture  at  a 
temperature  of  430  to  550°  C. 

2.  A  process  according  to  claim  1  wherein  the 
starting  material  is  a  heavy  oil  which  is  obtained 
from  a  cracked  oil  produced  by  cracking  a 
petroleum  at  a  temperature  of  480  to  560°  C  in  the 
presence  of  a  cracking  catalyst  entrained  in  a 
fluidized  bed,  a  distillate  or  a  distillation  residue 
of  the  heavy  oil,  or  a  pitch  obtained  by  heat- 
treating  any  one  of  the  foregoing  materials. 

3.  A  process  according  to  claim  1  wherein  the 
heat-treatment  in  step  (1)  is  carried  out  in  the 
presence  of  a  cracking  catalyst. 

4.  A  process  according  to  claim  2  or  3  wherein 
the  cracking  catalyst  is  a  silica/alumina-type 
catalyst  or  a  zeolite-type  catalyst. 

5.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  heat-treatment  in 
step  (1)  is  carried  out  at  a  temperature  of  420  to 
550°  C,  the  heating  in  step  (3)  is  carried  out  at  a 
temperature  of  320  to  380°  C,  and  the  heat- 
treatment  in  step  (4)  is  carried  out  at  a 
temperature  of  450  to  500°  C. 

6.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  heat-treatment  in 
step  (1)  is  carried  out  for  10  minutes  to  3  hours. 
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and  the  heat-treatment  in  step  (4)  is  carried  out 
for  10  to  60  minutes. 

7.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  heat-treatment  in 
step  (1  )  is  carried  out  in  a  hydrogen  atmosphere,  5 
the  heating  in  step  (3)  is  carried  out  under 
reduced  pressure  in  an  atmosphere  of  an  inert 
gas,  and  the  heat-treatment  in  step  (4)  is  carried 
out  under  reduced  pressure  in  an  atmosphere  of 
an  inert  gas.  10 

8.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  in  step  (1),  a  light  or 
heavy  cycle  oil  recovered  from  a  fluidized 
catalytic  cracking  device  is  added  to  the  starting 
material  before  submitting  it  to  the  heat-  15 
treatment. 

9.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  in  step  (2),  the 
insoluble  substances  are  separated  and  removed 
by  filtration  or  centrifugal  separation.  20 

10.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  pitch  obtained  in 
step  (4)  has  one  or  more  of  the  following 
properties  (i)  a  softening  point  of  260  to  340°  C,  (ii) 
a  toluene-insoluble  content  of  50  to  90  %  and  (Hi)  25 
a  quinoline-insoluble  content  of  10  to  40  %. 

11.  Use  of  a  pitch  as  produced  in  accordance 
with  any  one  of  the  preceding  claims  in  the 
production  of  carbon  fibers. 

30 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  von  Pech,  welches  35 
sich  als  Rohmaterial  fur  die  Herstellung  von 
Kohlenstoffasern  eignet,  indem 

(1)  zumindest  ein  Ausgangsmaterial  in  Form 
eines  Schwerdls  -erhalten  durch  katalytisches 
Cracken  eines  Erdols  im  flussigen  Zustand,  eines  40 
Destillats  oder  eines  Ruckstandols  erhalten  durch 
Destination  des  Schwerdls-  oder  eines  Pechs- 
erhalten  durch  Warmebehandlung  einer  der 
vorgenannten  Produkte  bei  einer  Temperatur  von 
350  bis  550°  C,  einer  Warmebehandlung  45 
unterzogen  wird; 

(2)  die  unldslichen  Stoffe  aus  der 
Reaktionsmischung  von  (1  )  als  erstes  Gemisch 
abgetrennt  und  ausgetragen  werden; 

(3)  das  erste  Gemisch  auf  eine  Temperatur  von  50 
250  bis  400°  C  erwarmt  und  die  leichten 
Fraktionen  bei  dieser  Temperatur  abdestilliert 
werden,  so  de&  man  ein  zweites  Gemisch  erhalt, 
worauf 

(4)  das  zweite  Gemisch  bei  einer  Temperatur  55 
von  430  bis  550°  C  gehalten  wird. 

2.  Verfahren  nach  Anspruch  1,  wobei  das 
Ausgangsmaterial  ein  Schwerdl,  welches  aus 
einem  gecrackten  01  erhalten  worden  ist,  das 
durch  Cracken  eines  Erdols  bei  einer  Temperatur  60 
von  480  bis  560°  C  in  Gegenwart  eines  Crack- 
Katalysators  in  einem  FlieSbett  gebildet  wurde, 
oder  ein  Destillat  oder  Destillationsruckstand  des 
Schwerols  oder  ein  Pech  ist,  das  man  durch 
Erhitzen  der  genannten  Produkte  erhielt.  65 

3.  Verfahren  nach  Anspruch  1,  wobei  die  erste 
Verfahrensstufe  in  Gegenwart  eines  Crack- 
Katalysators  durchgefuhrt  wird. 

4.  Verfahren  nach  Anspruch  2  oder  3,  wobei  der 
Crack-Katalysator  ein  Kieselsaure/Tonerde- 
Katalysator  oder  ein  Zeolith  ist. 

5.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  wobei  die  erste  Verfahrensstufe  bei 
einer  Temperatur  von  420  bis  550°  C  und  die  dritte 
Verfahrensstufe  bei  320  bis  380°  C  und  schlieSlich 
die  vierte  Verfahrensstufe  bei  450  bis  500°  C 
durchgefuhrt  wird. 

6.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  wobei  die  Warmebehandlung  in  der 
ersten  Verfahrensstufe  10  min  bis  3  h  und  die  der 
vierten  Verfahrensstufe  10  bis  60  min  dauert. 

7.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  wobei  die  ersten  Verfahrensstufe  in 
Wasserstoffatmosphare,  die  dritte 
Verfahrensstufe  unter  vermindertem  Druck  in 
einer  Inertgasatmosphare  und  die  vierte 
Verfahrensstufe  unter  vermindertem  Druck  in 
einer  Inertgasatmosphare  durchgefuhrt  wird. 

8.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  wobei  man  aus  der  ersten 
Verfahrensstufe  ein  leichtes  oder  schweres 
Rucklaufdl,  erhalten  aus  der  katalytischen 
Crackung  im  FlieSbett,  dem  Ausgangsmaterial, 
bevor  dieses  der  Warmebehandlung  unterworfen 
wird,  zusetzt. 

9.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  wobei  in  der  zweiten  Verfahrensstufe 
unldsliche  Substanzen  abgetrennt  und  durch 
Filtration  oder  Zentrifugieren  entfernt  werden. 

10.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  wobei  das  in  der  vierten 
Verfahrensstufe  erhaltene  Pech  eine  oder 
mehrere  der  f  olgenden  Eigenschaften  besitzt:  (i) 
Erweichungspunkt  260  bis  340°  C,  (ii)  Toluol- 
Unlosliches  50  bis  90  %  und  (iii)  Chinolin- 
Unlosliches  10  bis  40  %. 

1  1  .  Verwendung  des  Pechs  nach  einem  der 
vorhergehenden  Anspruche  zur  Herstellung  von 
Kohlenstoffasern. 

Revendications 

1.  Precede  pour  la  production  d'un  brai  utile 
comme  matiere  premiere  pour  fibres  de  carbone, 
qui  comprend: 

(1)  le  traitement  thermique  d'au  moins  un 
produit  de  depart  choisi  parmi  une  huile  lourde 
obtenue  par  craquage  catalytique  fluide  d'un 
petrole,  un  distillat  ou  une  huile  residuelle  obtenu 
par  distillation  de  I'huile  lourde,  et  un  brai  obtenu 
par  traitement  thermique  de  n'importe  lequel  des 
materiaux  precedents,  a  une  temperature  de  350 
a550°C, 

(2)  la  separation  et  ('elimination  des  substances 
insolubles  du  melange  de  reaction  obtenu  dans 
I'etape  (1)  pour  obtenir  un  premier  melange 
traite, 

(3)  le  chauffage  du  premier  melange  traite  a 
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une  temperature  comprise  entre  250  et  400°  C  et 
('elimination  des  fractions  legeres  qui  distillent  a 
ladite  temperature,  pour  obtenir  un  second 
melange  traite,  et 

(4)  le  traitement  du  second  melange  traite  a 
une  temperature  comprise  entre  430  et  550°  C. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
le  produit  de  depart  est  une  huile  lourde  qui  est 
obtenue  a  partir  d'une  huile  de  craquage  produite 
par  craquage  d'un  petrole  a  une  temperature 
comprise  entre  480  et  560°  C  en  presence  d'un 
catalyseur  de  craquage  entratne  dans  un  lit 
fluidise,  un  distillat  ou  un  residu  de  distillation  de 
I'huile  lourde,  ou  un  brai  obtenu  par  traitement 
thermique  de  n'importe  lequel  des  materiaux 
precedents. 

3.  Procede  selon  la  revendication  1,  dans  lequel 
on  effectue  le  traitement  thermique  dans  I'etape 
(1)  en  presence  d'un  catalyseur  de  craquage. 

4.  Procede  selon  la  revendication  2  ou  3,  dans 
lequel  le  catalyseur  de  craquage  est  un 
catalyseur  du  type  silice/alumine  ou  un 
catalyseur  du  type  zeolite. 

5.  Procede  selon  Tune  quelconque  des 
revendications  precedentes,  dans  lequel  on 
effectue  le  traitement  thermique  dans  I'etape  (1) 
a  une  temperature  comprise  entre  420  et  550°  C, 
on  effectue  le  chauffage  dans  I'etape  (3)  a  une 
temperature  comprise  entre  320  et  380°  C,  et  on 
effectue  le  traitement  thermique  dans  I'etape  (4) 
a  une  temperature  comprise  entre  450  et  500°  C. 

6.  Procede  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  on 
effectue  le  traitement  thermique  dans  I'etape  (1) 
pendant  10  minutes  a  3  heures,  et  on  effectue  le 
traitement  thermique  dans  I'etape  (4)  pendant  10 
a  60  minutes. 

7.  Procede  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  on 
effectue  le  traitement  thermique  dans  I'etape  (1) 
dans  une  atmosphere  d'hydrogene,  on  effectue 
le  chauffage  dans  I'etape  (3)  sous  pression 
reduite  dans  une  atmosphere  d'un  gaz  inerte,  et 
on  effectue  le  traitement  thermique  dans  I'etape 
(4)  sous  pression  reduite  dans  une  atmosphere 
de  gaz  inerte. 

8.  Procede  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  dans 
I'etape  (1),  on  ajoute  au  produit  de  depart  une 
huile  de  recyclage,  iegere  ou  lourde,  recuperee 
dans  un  dispositif  de  craquage  catalytique 
fluidise,  avant  de  le  soumettre  au  traitement 
thermique. 

9.  Procede  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  dans 
I'etape  (2),  on  separe  et  elimine  les  substances 
insolubles  par  filtration  ou  separation  centrifuge. 

10.  Procede  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  le  brai 
obtenu  dans  I'etape  (4)  possede  une  ou  plusieurs 
des  proprietes  suivantes:  (i)  un  point  de 
ramollissement  compris  entre  260  et  340°  C,  (ii) 
une  teneur  insoluble  dans  le  toluene  comprise 
entre  50  et  90  %  et  (iii)  une  teneur  insoluble  dans 
la  quinoleme  comprise  entre  10  et  40  °/o. 

11.  Utilisation  d'un  brai  tel  que  produit 
conformement  a  I'une  quelconque  des 
revendications  precedentes  dans  la  production 
de  fibres  de  carbone. 
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