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Description 

The  present  invention  relates  to  a  process  for  preparation  of  material  for  extrusion  molding. 
The  general  purpose  styrene-based  polymer  which  is  produced  by  conventional  radical  polymerisation 

5  etc.,  has  an  atactic  configuration  and  is  amorphous.  However,  the  polystyrene  having  an  atactic  configura- 
tion,  being  used  in  various  fields,  has  poor  heat  resistance  and  solvent  resistance,  therefore  an  improve- 
ment  of  these  characteristics  is  required. 

EP-A-0  325  125  discloses  a  styrene-based  polymer  molding  with  a  crystallinity  of  at  least  20%  obtained 
by  subjecting  moldings  of  crystalline  styrene-based  polymers  having  mainly  syndiotactic  configuration  to 

io  heat  treatment  at  a  temperature  of  120  to  270  °  C. 
EP-A-0  291  915  discloses  a  styrene-based  resin  composition  comprising  (A)  a  styrene-based  polymer 

having  mainly  a  syndiotactic  configuration  and  (B)  a  phosphorus-containing  antioxidant  and  a  phenolic 
antioxidant  wherein  the  total  amount  of  the  phosphorus-containing  antioxidant  and  the  phenolic  antioxidant 
compounded  is  0.005  to  5  parts  by  weight  per  100  parts  by  weight  of  the  styrene-based  polymer,  and  the 

75  weight  ratio  of  the  phosphorus-containing  antioxidant  to  the  phenolic  antioxidant  is  100:1  to  0.3:1. 
EP-A-0  318  794  stretched  moldings  of  styrene-based  resins  having  mainly  syndiotactic  configuration 

and  a  weight  average  molecular  weight  of  at  least  50,000  are  described.  The  stretched  moldings  are 
obtained  by  uniaxially  stretching  the  styrene-based  resins  at  a  draw  ratio  of  at  least  2  times,  or  biaxially 
stretching  at  a  draw  ratio  of  at  least  1.2  times  in  each  direction. 

20  Since  the  styrene-based  polymer  having  a  high  degree  of  syndiotactic  configuration  which  the  present 
inventors'  group  developed  previously  has  a  high  melting  point,  a  high  crystallization  rate,  an  excellent  heat 
resistance  and  an  excellent  chemical  resistance,  it  is  expected  to  be  used  in  various  fields.  Consequently,  it 
was  proposed  that  the  styrene-based  polymer  having  a  high  degree  of  syndiotactic  configuration  is  used  for 
stretched  film,  sheet,  yarn,  fiber,  nonwoven  fabric  (Japanese  Patent  Application  Laid-Open  No.  182346/1989 

25  etc.)  The  above  products  are  expected  to  be  obtained  by  continuous  molding  by  melt  extrusion.  In  the 
molding  process,  a  styrene-based  polymer  having  a  high  degree  of  syndiotactic  configuration  or  a 
composition  containing  the  styrene-based  polymer  are  fed  as  pellet  for  the  raw  material.  The  suggestion  of 
this  pellet  was  not  disclosed  previously.  Pellets  that  have  been  pelletized  by  a  conventional  method  have 
the  problems  described  below. 

30  When  these  pellets  are  heated  to  a  temperature  above  the  glass  transition  temperature  thereof,  the 
pellets  easily  adhere  to  one  another  to  form  an  agglomerate  in  the  feed  zone  of  the  extruder,  or  adhere  to 
the  screw  and  the  inner  wall  of  barrel  of  the  extruder.  As  a  result,  pellets  are  not  fed  smoothly,  or  when  they 
are  heated  in  the  hopper  before  feeding  into  the  extruder,  the  adhering  pellets  form  an  agglomerate  at  the 
exit  of  the  hopper,  and  accordingly  the  continuous  molding  is  sometimes  hindered.  When  pellets  are  not  fed 

35  smoothly,  the  retention  time  in  melting  is  prolonged,  an  offensive  odor  is  caused  by  the  decomposition  of 
the  polymer.  In  addition,  the  appearance  and  physical  properties  of  the  products  become  poor  due  to 
foaming  caused  in  molding,  whereby  the  products  are  not  suitable  for  practical  use.  Even  when  pellets  are 
molded  without  such  problems,  products  with  a  poor  appearance  caused  by  melt  fracture  are  occasionally 
observed. 

40  Therefore,  the  present  inventors  group  have  made  intensive  studies  to  solve  the  problems  described 
above  and  provide  a  material  for  extrusion  molding  to  be  an  excellent  extrusion  product  with  good 
appearance  and  physical  properties  in  a  stable  continuous  process,  together  with  a  process  for  preparation 
thereof  and  a  process  for  preparing  the  molding  products. 

45  SUMMARY  OF  THE  INVENTION 

As  the  result,  the  present  inventors  found  that  the  problems  described  above  were  solved  by  controlling 
the  crystallinity  of  a  styrene-based  polymer  having  a  high  degree  of  syndiotactic  configuration  and  a 
specific  melting  viscosity  to  a  suitable  range,  or  by  melt  extrusion  at  a  shearing  stress  of  not  more  than  5  x 

50  10G  dyne/cm2. 
Thus,  the  present  invention  was  accomplished  based  upon  the  knowledge  described  above. 
The  present  invention  provides  a  process  for  preparation  of  pellets  comprising  a  styrene-based  polymer 

having  a  syndiotacticity  of  30%  or  more  in  terms  of  racemic  pentad  determined  by  using  13C-NMR  method, 
a  melt  viscosity  of  103  to  less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  and  a 

55  crystallinity  of  15%  or  more  which  comprises  melt  extruding  a  styrene-based  polymer  having  a  syndiotac- 
ticity  of  30%  or  more  in  terms  of  racemic  pentad  determined  by  using  13C-NMR  method  and  a  melt 
viscosity  of  103  to  less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  air  cooling  the 
resulting  extruded  polymer  and  then  pelletizing  the  extruded  polymer. 

2 
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In  addition,  the  present  invention  provides  a  process  for  preparation  of  pellets  comprising  a  styrene- 
based  polymer  having  a  syndiotacticity  of  30%  or  more  in  terms  of  racemic  pentad  determined  by  using 
13C-NMR  method,  a  melt  viscosity  of  103  to  less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of 
10/sec,  and  a  crystallinity  of  15%  or  more,  which  comprises  melt  extruding  a  styrene-based  polymer  having 

5  a  syndiotacticity  of  30%  or  more  in  terms  of  racemic  pentad  determined  by  using  13C-NMR  method  and  a 
melt  viscosity  of  103  to  less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  water  cooling 
the  resulting  extruded  polymer,  pelletizing  the  extruded  polymer,  and  then  heating  the  pelletized  polymer. 

The  styrene-based  polymers  used  as  a  material  for  molding  or  its  main  component  in  the  present 
invention  have  a  high  degree  of  syndiotactic  configuration.  The  styrene-based  polymers  having  a  high 

io  degree  of  syndiotactic  configuration  refer  to  styrene-based  polymers  having  a  high  stereostructure  that  is 
syndiotactic,  i.e.,  a  stereostructure  in  which  phenyl  groups  or  substituted  phenyl  groups  as  side  chains  are 
located  alternately  at  opposite  positions  relative  to  the  main  chain  composed  of  carbon-carbon  bonds.  The 
tacticity  is  quantitatively  determined  by  the  nuclear  magnetic  resonance  method  using  a  carbon  isotope 
(13C-NMR  method).  The  tacticity  determined  by  the  13C-NMR  method  is  indicated  in  terms  of  proportions  of 

is  structural  units  continuously  connected  to  each  other,  i.e.,  a  diad  in  which  three  structural  units  are 
connected  to  each  other,  and  a  pentad  in  which  five  structural  units  are  connected  to  each  other. 

The  styrene-based  polymers  having  a  high  degree  of  syndiotactic  configuration  of  the  present  invention 
include  polystyrene,  poly(alkylstyrene),  poly(halogenated  styrene),  poly(alkoxystyrene),  polyvinyl  benzoate 
or  mixtures  thereof,  and  copolymers  containing  them  as  main  components,  each  having  such  a  syndiotactic 

20  configuration  that  the  proportion  of  a  racemic  diad  is  at  least  75%  and  preferably  at  least  85%,  or  the 
proportion  of  a  racemic  pentad  is  at  least  30%  and  preferably  at  least  50%. 

The  poly(alkylstyrene)  includes  polymethylstyrene,  polyethylstyrene,  polyisopropylstyrene,  and  poly- 
(tert-butylstyrene).  The  poly(halogenated  styrene)  includes  polychlorostyrene,  polybromostyrene,  and  poly- 
fluorostyrene.  The  poly(alkoxystyrene)  includes  polymethoxystyrene,  and  polyethoxystyrene.  Particularly 

25  preferred  among  the  above  polymers  are  polystyrene,  poly(p-methylstyrene),  poly(m-methylstyrene),  poly- 
(p-tert-butylstyrene),  poly(p-chlorostyrene),  poly(m-chlorostyrene),  poly(p-fluorostyrene),  and  a  copolymer  of 
styrene  and  p-methylstyrene,  (Japanese  Patent  Application,  Laid  Open  No.  187708/1987).  Among  these 
polymers,  polymers  having  melting  viscosity  of  103  to  10G  (exclusive  of  10G)  poise  measured  at  300  °C  and 
at  a  shearing  rate  of  10/sec,  are  used  in  the  present  invention. 

30  If  the  melting  viscosity  is  less  than  103  poise,  the  polymer  is  difficult  to  be  formed  into  a  pellet  as  the 
molding  material,  but  if  it  is  not  less  than  10G  poise,  the  polymer  is  hard  to  be  melt  extruded. 

The  weight  average  molecular  weight  of  the  styrene-based  polymer  used  in  the  present  invention  is 
preferably  at  least  10,000,  and  is  most  preferably  at  least  50,000.  Moreover  the  molecular  weight 
distribution  is  not  critical,  and  styrene-based  polymers  in  various  ranges  of  molecular  weight  can  be 

35  applied.  The  styrene-based  polymer  having  a  high  degree  of  syndiotactic  configuration  has  a  melting  point 
of  160  to  310°C,  and  superior  heat  resistance  to  the  general  purpose  styrene-based  polymer  having  an 
atactic  configuration. 

The  styrene-based  polymers  having  a  high  degree  of  syndiotactic  configuration  can  be  produced  by 
polymerizing  styrene-based  monomers  (corresponding  to  the  above  styrene-based  polymers)  using  a 

40  catalyst  comprising  a  titanium  compound  and  a  condensate  of  water  and  trialkyl  aluminium  in,  for  example, 
an  inert  hydrocarbon  solvent  or  in  the  absence  of  a  solvent. 

The  material  for  molding  in  the  present  invention  consists  essentially  of  the  styrene-based  polymer 
described  above  or  consists  of  composition  obtained  by  blending  this  styrene-based  polymer  with  at  least 
one  compound  selected  from  a  thermoplastic  resin,  a  rubber,  an  inorganic  filler,  an  antioxidant,  a  nucleating 

45  agent,  a  plasticizer,  a  solubilizing  agent,  a  colorant  and  an  antistatic  agent. 
Various  kinds  of  antioxidant  can  be  used  in  the  present  invention,  but  particularly  preferred  are 

phosphorus  antioxidants  including  monophosphites  and  diphosphites,  and  phenolic  antioxidants.  Typical 
examples  of  the  monophosphites  are  tris(2,4-di-tert-butylphenyl)phosphite,  and  tris(mono  or  di-nonylphenyl)- 
phosphite. 

50  Preferred  diphosphites  are  phosphorus  compounds  represented  by  the  formula: 

55 

O  -  CH2  CH2  -   O 
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wherein  R1  and  R2  are  each  an  alkyl  group  having  1  to  20  carbon  atoms,  a  cycloalkyl  group  having  3  to  20 
carbon  atoms,  or  an  aryl  group  having  6  to  20  carbon  atoms. 

Typical  examples  of  the  formula  are  distearylpentaerythritol  diphosphite,  dioctylpentaerythritol 
diphosphite,  diphenylpentaerythritol  diphosphite,  bis(2,4-di-tert-butylphenyl)pentaerythritol  diphosphite,  bis- 

5  (2,6-di-tert-butyl-4-methylphenyl)pentaerythritol  diphosphite,  and  dicyclohexylpentaerythritol  diphosphite. 
Various  known  compounds  can  be  used  as  the  phenolic  antioxidant.  Representative  examples  are  2,6- 

di-tert-butyl-4-methylphenol,  2,6-diphenyl-4-methoxyphenol,  2,2'-methylenebis(6-tert-butyl-4-methylphenol), 
2,2'-methylenebis(4-methyl-6-(alpha-methylcyclohexyl)phenol),  1  ,1-bis(5-tert-butyl-4-hydroxy-2-methyl- 
phenyl)butane,  2,2'-methylenebis(4-methyl-6-cyclohexylphenol),  2,2'-methylenebis(4-methyl-6-nonylphenol), 

io  1  ,1  ,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)butane,  2,2-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)-4-n- 
dodecylmelcaptobutane,  ethyleneglycolbis(3,3-bis(3-tert-butyl-4-hydroxyphenyl)butylate),  1  -1  -bis(3,5- 
dimethyl-2-hydroxyphenyl)-3-(n-dodecylthio)butane,  4,4'-thiobis(6-tert-butyl-3-methylphenol),  1  ,3,5-tris(3,5-di- 
tert-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,  2,2-bis(3,5-di-tert-butyl-4-hydroxybenzyl)malonic  acid 
dioctadecyl  ester,  n-octadecyl-3-(4-hydroxy-3,5-di-tert-butylphenyl)propionate,  and  tetrakis(methylene(3,5-di- 

15  tert-butyl-4-hydroxyhydrocinnamate))methane. 
The  above  antioxidant  is  compounded  in  the  amount  of  0.0001  to  2  parts  by  weight,  preferably  0.001  to 

1  parts  by  weight  per  100  parts  by  weight  of  the  styrene-based  resin  having  a  high  degree  of  syndiotactic 
configuration  mentioned  above. 

If  the  amount  of  the  antioxidant  is  less  than  0.0001  parts  by  weight,  a  sufficient  effect  cannot  be 
20  obtained  because  the  molecular  weight  of  the  polymer  drops  steeply.  If  it  is  more  than  2  parts  by  weight,  on 

the  other  hand,  the  mechanical  strength  is  adversely  influenced. 
The  thermoplastic  resins  include  styrene-based  polymers  such  as  a  polystyrene  having  atactic  configu- 

ration,  a  polystyrene  having  isotactic  configuration,  AS  resin  and  ABS  resin;  polyester  resin  such  as 
polyethylene  terephthalate  and  polybutylene  terephthalate;  polycarbonate  resin;  polyether  resin  such  as 

25  polyphenylene  oxide;  polysulfone  and  polyether  sulfone;  polyamide;  polyphenylene  sulfide  (PPS);  conden- 
sate  polymer  such  as  polyoxy  methylene;  acrylic  polymer  such  as  polyacrylic  acid,  polyacrylic  acid  ester 
and  polymethyl  methacrylate;  polyolefin  such  as  polyethylene,  polypropylene,  polybutene,  poly-4-methyl 
pentene-1  and  ethylene-propylene  copolymer;  or  polyhalogenated  vinyl  polymers  such  as  polyvinyl  chlo- 
ride,  polyvinylidene  chloride,  and  polyvinylidene  fluoride. 

30  Although  various  rubbers  can  be  used,  rubber-like  copolymers  containing  a  styrene-based  compound 
as  a  component  are  most  preferred.  Examples  are  rubbers  obtained  by  partially  or  fully  hydrogenating  the 
butadiene  portion  of  a  styrene-butadiene  block  copolymer  (SEBS),  styrene-butadiene  copolymer  rubber 
(SBR),  methyl  acrylate-butadiene-styrene  copolymer  rubber,  acrylonitrile-butadiene-styrene  copolymer  rub- 
ber  (ABS  rubber),  acrylonitrile-alkyl  acrylate-butadiene-styrene  copolymer  rubber  (AABS),  methyl 

35  methacrylate-alkyl  acrylate-styrene  copolymer  rubber  (MAS),  and  methyl  methacrylate-alkyl  acrylate-butadi- 
ene-styrene  copolymer  rubber  (MABS).  These  rubber-like  copolymers  which  contain  a  styrene-based 
compound  as  a  component  have  good  dispersibility  in  styrene-based  polymers  having  a  syndiotactic 
configuration,  because  they  have  a  styrene  unit  and,  therefore,  can  markedly  improve  physical  properties. 

Other  rubbers  which  can  be  used  include  natural  rubber,  polybutadiene,  polyisoprene,  polyisobutylene, 
40  neoprene,  ethylene-propylene  copolymer  rubber,  polysulfide  rubber,  thiokol  rubber,  acrylic  rubber,  urethane 

rubber,  silicone  rubber,  epichlorohydrin  rubber,  polyether  ester  rubber,  and  polyester  ester  rubber. 
The  form  of  the  inorganic  filler  is  not  critical  and  may  be  a  fiber,  a  granule  or  a  powder.  Examples  of 

fibrous  inorganic  fillers  are  glass  fibers,  carbon  fibers,  and  alumina  fibers.  Examples  of  the  granular  or 
powder  inorganic  filler  are  talc,  carbon  black,  graphite,  titanium  dioxide,  silica,  mica,  calcium  carbonate, 

45  calcium  sulfate,  barium  carbonate,  magnesium  carbonate,  magnesium  sulfate,  barium  sulfate,  oxysulfate,  tin 
oxide,  alumina,  kaolin,  silicon  carbide,  and  metal  powder. 

The  material  for  molding  in  the  present  invention  comprises  the  styrene-based  polymer  or  a  composi- 
tion  containing  the  polymer,  and  the  styrene-based  polymer  has  a  crystallinity  of  at  least  15%,  preferably  at 
least  20%,  and  more  preferably  at  least  30%. 

50  In  the  composition  containing  the  styrene-based  polymer  of  the  present  invention,  the  ratio  of  the 
styrene-based  polymer  cannot  be  determined  unconditionally,  but  is  usually  at  least  10%  by  weight, 
preferably  at  least  30%  by  weight.  Specifically,  3  to  200  parts  by  weight  of  thermoplastic  resin,  10  to  150 
parts  by  weight  of  an  inorganic  filler,  1  to  100  parts  by  weight  rubber  or  a  solubilizing  agent,  and  less  than 
10  parts  by  weight  of  various  additives  per  100  parts  by  weight  of  the  styrene-based  polymer  are  preferred. 

55  For  production  of  these  molding  materials  in  the  present  invention,  powder,  pellet  or  granule  of  the 
styrene-based  polymer  or  the  composition  thereof  is  melt  extruded  and  pelletized.  The  temperature  for  melt 
extrusion  varies  with  the  styrene-based  polymer  or  the  composition  thereof,  and  it  is  preferably  selected  in 
the  range  between  the  melting  point  and  a  temperature  100°C  higher  than  the  melting  point.  For  example, 

4 
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when  using  powder  prepared  by  dry  blending  polystyrene  as  styrene-based  polymer  with  0.8%  by  weight 
of  an  antioxidant,  the  preferred  temperature  for  melt  extrusion  is  between  270  °  C  and  330  °  C.  The  extruder 
to  be  used  includes  uniaxial,  biaxial,  vent  type,  non-vent  type  extruders.  Pelletizers  of  various  types  may  be 
used,  but  any  one  of  the  under  water  cut  type,  the  strand  cut  type  and  the  hot  cut  type  is  preferred. 

5  When  pellets  are  cut  in  air  after  being  extruded,  cutting  is  preferably  carried  out  under  the  condition  of 
-20  °  C  to  240  °  C  and  an  air  stream  of  less  than  5  m/sec  except  that  the  pellets  are  made  of  composition 
containing  resin  retarding  the  rate  of  crystallization,  such  as  an  isotactic  polystyrene,  and  an  atactic 
polystyrene  and  polyphenylene  ether. 

When  cutting  is  done  after  quenching  with  water,  pellets  with  a  relatively  low  crystallinity  are  obtained. 
io  By  heating  these  pellets,  pellets  with  a  crystallinity  required  in  the  present  invention  can  be  obtained.  A 

heating  temperature  is  preferably  selected  in  the  range  between  the  glass  transition  temperature  and  a 
temperature  10  °C  lower  than  the  melting  point.  For  example,  when  the  pellet,  prepared  by  mixing  a 
syndiotactic  polystyrene  with  0.8%  by  weight  of  an  antioxidant,  is  used  the  heating  temperature  is 
preferably  100  to  260  °C,  and  more  preferably  120  to  230  °C.  The  crystallization  period  may  be  optionally 

is  selected  depending  on  the  styrene-based  polymer  or  composition  thereof  to  be  used,  since  the  styrene- 
based  polymer  and  the  composition  containing  no  component  to  decompose  the  styrene-based  polymer  are 
not  decomposed  or  colored  over  one  day  even  at  elevated  temperature.  The  atmosphere  for  crystallization 
may  be  optionally  selected  from  air,  nitrogen,  carbon  dioxide  and  other  inert  gases.  In  this  crystallization 
process,  crystallization  can  be  effectively  achieved  by  stirring  the  system  to  unify  the  temperature  and 

20  prevent  agglomeration. 
Thus,  the  crystallinity  of  the  pellet  should  be  adjusted  to  15%  or  more  measured  by  differential 

scanning  calorimeter.  Materials  having  such  a  crystallinity  are  preferably  used  for  extrusion. 
The  shape  of  the  material  (pellet)  for  extrusion  molding  is  not  particularly  limited  and  may  be  any  shape 

of  cylindrical,  sphere  and  other  similar  shapes.  Pellets  having  the  ratio  of  lengths  in  the  extrusion  direction 
25  and  the  perpendicular  direction  (L/D)  of  0.5  to  3,  and  the  length  or  width  of  the  extrusion  direction  or  the 

perpendicular  direction  of  1  to  6  mm,  are  preferably  used. 
In  order  to  prepare  the  molded  product  according  to  the  present  invention,  extrusion  molding  is  carried 

out  by  using  the  material  (pellet)  for  extrusion  molding  prepared  by  the  process  as  described  above.  In  the 
present  invention,  extrusion  molding  includes  injection  molding  in  which  the  material  is  extruded  continu- 

30  ously  or  semicontinuously.  More  specifically,  it  may  include  melt  spinning,  sheet  molding,  film  molding, 
tube  molding,  rod  molding  or  injection  blow  molding  based  on  these.  Molding  is  carried  out  under  the 
shearing  stress  at  the  exit  of  the  mold  die  of  5  x  10G  dyne/cm2  or  less,  preferably  5  x  103  to  3  x  10G 
dyne/cm2.  If  the  shearing  stress  exceeds  5  x  10G  dyne/cm2,  appearance  becomes  poor  such  as  uneven 
surface  due  to  generation  of  melt  fracture.  The  shearing  stress  can  be  optionally  controlled  by  varying  the 

35  molecular  weight  of  the  molding  material,  extrusion  temperature,  extrusion  flow  rate  and  the  shape  of 
extrusion  die. 

As  described  above,  when  the  extrusion  molding  is  carried  out  by  using  a  pellet  having  the  crystallinity 
of  15%  or  more  under  the  shearing  stress  of  5  x  10G  dyne/cm2  or  less,  molding  can  be  performed  smoothly 
and  continuously,  and  thus  molding  products  having  uniformity,  good  appearance  and  excellent  physical 

40  properties  can  be  obtained.  Specific  examples  of  molded  products  produced  by  the  above  process  include 
fiber,  nonwoven  fabric,  film,  sheet,  tube,  rod  and  bottle. 

Even  in  the  styrene-based  polymer  and  a  composition  thereof  not  having  the  specific  crystallinity  or  the 
melt  viscosity  as  described  above,  when  melt  extrusion  molding  is  carried  out  under  the  shearing  stress  in 
the  range  of  5  x  10G  dyne/cm2  or  less,  molding  products  having  a  good  appearance  and  physical  properties 

45  to  a  certain  extent  can  be  obtained. 
Extrusion  molding  in  a  continuous  and  stable  condition  can  be  carried  out  by  using  material  for 

extrusion  molding  of  the  present  invention.  When  molding  the  material  according  to  the  present  invention, 
an  extruded  product  can  be  produced  with  excellent  appearance  and  physical  properties  such  as  heat 
resistance  and  chemical  resistance  in  a  continuous  and  stable  condition. 

50  The  present  invention  is  described  in  greater  detail  with  Examples  and  Reference  Examples  in  the 
following. 

REFERENCE  EXAMPLE  1 

55  (Preparation  of  polystyrene  having  a  syndiotactic  configuration) 

Two  liters  of  toluene  as  a  solvent,  and  1  mmol  of  cyclopentadienyl  titanium  trichloride  and  0.6  mol  (as 
an  aluminum  atom)  of  methyl  aluminoxane  were  introduced  into  a  reactor,  and  3.6  liters  of  styrene  were 
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introduced  thereto  and  the  polymerization  reaction  was  carried  out  at  20  °  C  for  1  hour. 
After  completion  of  the  polymerization,  the  reaction  mixture  was  washed  with  a  mixture  of  hydrochloric 

acid  and  methanol  to  decompose  and  remove  the  catalyst  components,  and  dried  to  give  330  g  of  a 
styrene-based  polymer.  The  polymer  was  subjected  to  Soxhlet  extraction  using  methyl  ethyl  ketone  as  a 

5  solvent  to  give  95%  by  weight  of  an  extraction  residue.  The  weight  average  molecular  weight  of  the 
polymer  was  290,000,  the  number  average  molecular  weight  whereof  was  158,000  and  the  melting  point 
was  270  °C.  A  nuclear  magnetic  resonance  spectral  analysis  of  the  said  polymer  using  a  carbon  isotope 
(13C-NMR,  solvent:  1  ,2-dichlorobenzene)  showed  absorption  at  145.35  ppm,  which  was  ascribable  to  the 
syndiotactic  configuration,  and  the  syndiotacticity  indicated  in  terms  of  racemic  pentad  as  calculated  from 

io  the  peak  area  was  96%.  The  melt  viscosity  of  this  powder  measured  at  300  °C  and  a  shearing  rate  of 
10/sec  was  5  x  103  poise. 

REFERENCE  EXAMPLE  2 

is  (preparation  of  polystyrene  having  syndiotactic  configuration) 

Two  liters  of  toluene  as  a  solvent,  and  5  mmol  of  tetraethoxytitanium  and  500  mmol  (as  an  aluminum)  of 
methylaluminoxane  as  catalyst  components  were  placed  in  a  reactor,  and  15  liters  of  styrene  were 
introduced  thereto  and  polymerized  at  50  °  C  for  4  hours. 

20  After  completion  of  the  polymerization,  the  reaction  mixture  was  washed  with  a  mixture  of  hydrochloric 
acid  and  methanol  to  decompose  and  remove  the  catalyst  components,  and  then  dried  to  obtain  2.5  kg  of  a 
styrene-based  polymer  (polystyrene).  The  polymer  was  subjected  to  Soxhlet  extraction  using  methyl  ethyl 
ketone  as  a  solvent  to  obtain  95%  by  weight  of  an  extraction  residue.  The  weight  average  molecular  weight 
of  the  polymer  was  800,000.  A  13C-NMR  analysis  (solvent:  1,2-  dichlorobenzene)  showed  absorption  at 

25  145.35  ppm,  which  was  ascribable  to  the  syndiotactic  configuration,  and  the  syndiotacticity  indicated  in 
terms  of  racemic  pentad  as  calculated  from  the  peak  area  was  96%.  The  melt  viscosity  of  this  powder 
measured  in  the  same  manner  as  in  Reference  Example  1  was  8  x  10+  poise. 

EXAMPLE  1 
30 

0.7  part  by  weight  of  (2,6-di-tert-butyl-4-methylphenyl)  pentaerythritol  diphosphite  (Trade  Mark:  PEP-36, 
produced  by  ADECA  ARGUS  Co.,  Ltd.)  and  0.1  part  by  weight  of  tetrakis(methylene(3,5-di-tert-butyl-4- 
hydroxyphenyl)-propionate)methane  (Trade  Mark:  Irganox  1010,  NIPPON  CIBA-GEIGY  Co.,  Ltd.)  as  antiox- 
idants  were  added  to  100  parts  by  weight  of  styrene-based  polymer  obtained  in  Reference  Example  1,  and 

35  dry  blended. 
The  resulting  powder  was  extruded  to  form  strand  using  a  vented  uniaxial  extruder  at  300  °  C,  and  the 

extruded  strand  was  quenched  by  air  (room  temperature  of  30  °  C,  flow  rate  of  0.01  m/sec),  and  then  was 
pelletized  by  using  a  pelletizer. 

The  resulting  pellet  was  3  mm  in  length  in  the  extruded  direction  and  2.5  mm  in  width,  and  had  a 
40  crystallinity  of  35%. 

Sheet  molding  was  carried  out  using  the  pellet.  The  extruder  used  had  a  screw,  with  a  diameter  of  20 
mm  and  L/D  of  20,  of  the  full  flight  type,  and  was  equipped  with  a  T-die  having  a  lip  width  of  200  mm  and  a 
lip  opening  of  500  urn  at  a  tip  thereof.  Extrusion  was  carried  out  using  the  extruder  at  a  screw  rotation  of 
100  rpm  and  at  the  resin  temperature  of  310°  C  at  the  end  of  the  die.  The  extruding  rate  was  5  kg/hr,  and 

45  the  shearing  stress  was  3.3  x  105  dyne/cm2. 
In  molding  the  sheet,  the  pellets  did  not  agglomerate  around  the  inlets  of  hopper  and  screw,  pellets 

were  fed  smoothly  in  a  stable  state  with  no  fluctuations  of  the  feed  rate  and  a  sheet  was  obtained 
continuously  with  an  excellent  appearance  and  uniform  width  in  the  extrusion  direction. 

50  EXAMPLE  2 

Strands  were  molded  by  extrusion  of  pellets  obtained  in  Example  1  .  The  extruder  used  was  the  same 
as  in  Example  1  ,  to  which  a  die  having  a  capillary  diameter  of  3.2  mm  was  attached  at  a  tip  thereof,  and 
extrusion  was  carried  out  at  a  screw  rotation  of  20  rpm  and  the  resin  temperature  of  310°  C  at  the  end  of 

55  the  die. 
The  extrusion  rate  was  1  kg/hr  and  the  shearing  stress  was  3.3  x  105  dyne/cm2.  The  result  is  shown  in 

the  Table. 
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EXAMPLE  3 

With  the  exception  that  the  strand  which  had  been  cooled  with  water  and  solidified  immediately  after 
melt  extrusion  was  pelletized,  the  pellet  was  prepared  in  the  same  manner  as  in  Example  1.  The  water 

5  temperature  was  20  °C.  The  pellet  thus  obtained  had  3  mm  in  length  in  the  extrusion  direction,  3  mm  in 
width,  and  had  a  crystallinity  of  10%. 

This  pellet  was  crystallized  while  stirring  with  hot  air  at  150°C  for  5  hours  to  be  converted  into  a  pellet 
with  a  crystallinity  of  51%.  The  pellet  thus  obtained  was  blow  molded  by  using  a  direct  blow  molding 
machine  with  which  an  accumulator  is  attached  to  prepare  a  bottle  having  an  inner  volume  of  500  ml. 

io  The  resin  temperature  at  an  outlet  of  the  circular  die  was  290  °C  and  the  shearing  stress  was  7.3  x  105 
dyne/cm2.  The  results  are  shown  in  the  Table. 

EXAMPLE  4 

is  In  the  same  manner  as  in  Example  1  except  for  changing  a  winding  rate  to  3  m/min,  a  film  having  a 
thickness  of  86  urn  was  prepared.  The  result  is  shown  in  the  Table. 

EXAMPLE  5 

20  In  the  same  manner  as  in  Example  3  except  for  changing  the  crystallization  time  to  30  min,  the  pellet 
was  prepared.  The  crystallinity  of  the  pellet  was  46%.  By  using  the  pellet,  sheet-molding  was  carried  out  as 
in  Example  1  .  The  result  is  shown  in  the  Table. 

EXAMPLE  6 
25 

In  the  same  manner  as  in  Example  1  except  for  using  the  polystyrene  obtained  in  the  above  Reference 
Example  2,  the  pellet  was  prepared.  The  pellet  obtained  had  3  mm  in  length  in  the  extrusion  direction,  2.8 
mm  in  width,  and  a  crystallinity  of  40%. 

By  using  the  pellet,  sheet-molding  was  carried  out  using  the  same  extruder  as  in  Example  1  . 
30  The  condition  of  the  molding  was  set  at  1000  urn  for  the  lip  opening  of  T-die,  24  rpm  for  the  screw 

rotation  number,  1.2  kg/hr  for  the  extrusion  rate,  and  6.0  x  105  dyne/cm2  for  the  shearing  stress.  The  result 
is  shown  in  the  Table. 

COMPARATIVE  EXAMPLE  1 
35 

Sheet-molding  was  carried  out  using  pellet  before  crystallization  prepared  in  Example  3  (crystallinity: 
10%)  in  the  same  manner  as  in  Example  1.  When  pellet  was  fed  into  the  hopper,  it  adhered  to  parts  of  the 
screw,  was  partially  agglomerated  and  feeding  was  irregular.  An  sheet  thus  obtained  had  unevenness  in 
thickness  in  the  extrusion  direction  with  variations  of  30%  or  more. 

40 
COMPARATIVE  EXAMPLE  2 

In  the  same  manner  as  in  Example  3  except  that  crystallization  treatment  of  the  pellet  was  not  carried 
out,  direct  blow  molding  was  carried  out. 

45  The  same  phenomena  as  in  Comparative  Example  1  occurred  at  the  bottom  of  the  hopper.  A  period  of 
feeding  to  the  accumulator  was  required  5  times  as  much  as  in  Example  3.  The  resulting  molded  product 
obtained  contained  many  foams  and  had  an  unevenness  in  thickness  with  variations  of  15%  or  more,  was 
colored  (yellowish),  and  had  a  poor  appearance.  The  resin  temperature  at  the  die  exit  and  the  shearing  rate 
were  the  same  as  in  Example  3. 

50 
COMPARATIVE  EXAMPLE  3 

In  the  same  manner  as  in  Example  6  except  that  the  condition  was  set  with  a  T-die  lip  opening  of  200 
linn,  a  screw  rotation  of  100  rpm  and  resin  temperature  at  the  die  exit  of  290  °C,  sheet-molding  was  carried 

55  out.  The  extrusion  rate  was  5  kg/hr  and  the  shearing  stress  was  6.0  x  10G  dyne/cm2. 
The  surface  of  the  sheet  obtained  had  a  rough  surface  due  to  generation  of  melt  fracture,  a  poor 

appearance  and  no  luster. 

7 



5 

5 

i 

T3 
2  U  C 
£  -HE 

3  O </)  >w 

<D a ID 
tn 

•H  »  5  O 

o  o 2  Z 

T3  ( c 10  4 M  ■  4 4J  ( tn  o 

IT)  IT) o  c 
X  5 o  r 

4->  H 
.2  Zl2  <n 

0  o  o  o  !! Z  Z  Z  Z  £ 

p  4J  4J  W  » 

1  J3  JS  JS  n ui  oi  tn  g 

in  in  tn  m  in o  o  o  o  o f—  i  t—  ( • — ) » —   i  «—  < X  X  X  X  X n  fi  o  fi  n 
m  n  m  r- 

in 

2  2  « 

v  *j  « 
0)  0)  £ 

in  m  in o  o  o fH  >H  «—  < X X   X o n   m 

o  o  o 



EP  0  380  968  B1 

to  less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  and  a  crystallinity  of  15%  or 
more  which  comprises  melt  extruding  a  styrene-based  polymer  having  a  syndiotacticity  of  30%  or  more 
in  terms  of  racemic  pentad  determined  by  using  13C-NMR  method  and  a  melt  viscosity  of  103  to  less 
than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  air  cooling  the  resulting  extruded 

5  polymer  and  then  pelletizing  the  extruded  polymer. 

2.  A  process  for  preparation  of  pellets  comprising  a  styrene-based  polymer  having  a  syndiotacticity  of 
30%  or  more  in  terms  of  racemic  pentad  determined  by  using  13C-NMR  method,  a  melt  viscosity  of  103 
to  less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  and  a  crystallinity  of  15%  or 

io  more,  which  comprises  melt  extruding  a  styrene-based  polymer  having  a  syndiotacticity  of  30%  or 
more  in  terms  of  racemic  pentad  determined  by  using  13C-NMR  method  and  a  melt  viscosity  of  103  to 
less  than  10G  poise  measured  at  300  °C  and  a  shearing  rate  of  10/sec,  water  cooling  the  resulting 
extruded  polymer,  pelletizing  the  extruded  polymer,  and  then  heating  the  pelletized  polymer. 

is  3.  A  process  of  Claim  1,  wherein  there  is  melt-extruded  a  composition  consisting  essentially  of  the 
styrene-based  polymer  of  Claim  1  and  at  least  one  member  selected  from  a  thermoplastic  resin,  a 
rubber,  an  inorganic  filler,  an  antioxidant,  a  nucleating  agent,  a  plasticizer,  a  solubilizing  agent,  a 
colorant  and  an  antistatic  agent. 

20  4.  A  process  of  Claim  2,  wherein  there  is  melt-extruded  a  composition  consisting  essentially  of  the 
styrene-based  polymer  of  Claim  1  and  at  least  one  member  selected  from  a  thermoplastic  resin,  a 
rubber,  an  inorganic  filler,  an  antioxidant,  a  nucleating  agent,  a  plasticizer,  a  solubilizing  agent,  a 
colorant  and  an  antistatic  agent. 

25  5.  The  process  according  to  Claim  1  or  2  wherein  the  styrene-based  polymer  is  melt-extruded  at  a 
temperature  in  the  range  between  the  melting  point  of  the  polymer  and  a  temperature  100°C  higher 
than  the  melting  point. 

6.  The  process  according  to  Claim  3  or  4  wherein  the  composition  is  melt-extruded  at  a  temperature  in 
30  the  range  between  the  melting  point  of  the  styrene-based  polymer  and  a  temperature  100°C  higher 

than  the  melting  point. 

7.  The  process  according  to  Claim  2  wherein  the  extruded  polymer  is  heated  at  a  temperature  in  the 
range  between  the  glass  transition  temperature  of  the  polymer  and  a  temperature  10  °C  lower  than  the 

35  melting  point  of  the  polymer. 

8.  The  process  according  to  Claim  4  wherein  the  extruded  composition  is  heated  at  a  temperature  in  the 
range  between  the  glass  transition  temperature  of  the  polymer  and  a  temperature  10  °C  lower  than  the 
melting  point  of  the  polymer. 

40 
Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Pellets,  bestehend  aus  einem  auf  Styren  basierenden  Polymeren  mit 
einer  Syndiotaktizitat  von  30  %  oder  mehr  als  razemische  Pentade,  bestimmt  mittels  des  13C-NMR- 

45  Verfahrens,  einer  Schmelzviskositat  von  103  bis  weniger  als  10G  Poise,  gemessen  bei  300°  C,  und 
einer  Scherspannung  von  10/Sek.,  und  einer  Kristallinitat  von  15  %  oder  mehr,  umfassend  das 
Schmelzextrudieren  eines  auf  Styren  basierenden  Polymeren  mit  einer  Syndiotaktizitat  von  30  %  oder 
mehr  als  razemische  Pentade,  bestimmt  nach  dem  13C-NMR-Verfahren,  und  einer  Schmelzviskositat 
von  103  bis  weniger  als  10G  Poise,  gemessen  bei  300°  C,  und  einer  Scherspannung  von  10/Sek., 

50  Luftkuhlung  des  erhaltenen  extrudierten  Polymeren  und  anschlieBend  Pelletisierung  des  extrudierten 
Polymeren. 

2.  Verfahren  zur  Herstellung  Pellets,  bestehend  aus  einem  auf  Styren  basierenden  Polymeren  mit  einer 
Syndiotaktizitat  von  30  %  oder  mehr  als  razemische  Pentade,  bestimmt  mittels  des  13C-NMR- 

55  Verfahrens,  einer  Schmelzviskositat  von  103  bis  weniger  als  10G  Poise,  gemessen  bei  300°  C,  und 
einer  Scherspannung  von  10/Sek.,  und  einer  Kristallinitat  von  15  %  oder  mehr,  umfassend  das 
Schmelzextrudieren  eines  auf  Styren  basierenden  Polymeren  mit  einer  Syndiotaktizitat  von  30  %  oder 
mehr  als  razemische  Pentade,  bestimmt  nach  dem  13C-NMR-Verfahren,  und  einer  Schmelzviskositat 
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von  103  bis  weniger  als  10G  Poise,  gemessen  bei  300°  C,  und  einer  Scherspannung  von  10/Sek., 
Wasserkuhlung  des  erhaltenen  extrudierten  Polymeren,  Pelletisierung  des  extrudierten  Polymeren  und 
anschlieBend  Erhitzen  des  pelletisierten  Polymeren. 

5  3.  Verfahren  nach  Anspruch  1  ,  worin  das  Extrudieren  einer  Zusammensetzung  erfolgt,  die  im  wesentlichen 
aus  dem  auf  Styren  basierenden  Polymeren  von  Anspruch  1  und  wenigstens  einem  Bestandteil, 
ausgewahlt  unter  einem  thermoplastischen  Harz,  einem  Kautschuk,  einem  anorganischen  Fullstoff, 
einem  Antioxidationsmittel,  einem  Keimbildner,  einem  Weichmacher,  einem  Solubilisierungsmittel, 
einem  Farbstoff  und  einem  antistatischen  Mittel,  besteht. 

10 
4.  Verfahren  nach  Anspruch  2,  worin  eine  Zusammensetzung  schmelzextrudiert  wird,  die  im  wesentlichen 

aus  dem  auf  Styren  basierenden  Polymeren  von  Anspruch  1  und  wenigstens  einem  Bestandteil, 
ausgewahlt  unter  einem  thermoplastischen  Harz,  einem  Kautschuk,  einem  anorganischen  Fullstoff, 
einem  Antioxidationsmittel,  einem  Keimbildner,  einem  Weichmacher,  einem  Solubilisierungsmittel, 

is  einem  Farbstoff  und  einem  antistatischen  Mittel,  besteht. 

5.  Verfahren  nach  Anspruch  1  oder  2,  worin  das  auf  Styren  basierende  Polymere  bei  einer  Temperatur  im 
Bereich  zwischen  dem  Schmelzpunkt  des  Polymeren  und  einer  Temperatur  von  100°  C  hoher  als  der 
Schmelzpunkt  schmelzextrudiert  wird. 

20 
6.  Verfahren  nach  Anspruch  3  oder  4,  worin  die  Zusammensetzung  bei  einer  Temperatur  im  Bereich 

zwischen  dem  Schmelzpunkt  des  auf  Styren  basierenden  Polymeren  und  einer  Temperatur  100°  C 
hoher  als  der  Schmelzpunkt  schmelzextrudiert  wird. 

25  7.  Verfahren  nach  Anspruch  2,  worin  das  extrudierte  Polymere  auf  eine  Temperatur  im  Bereich  zwischen 
der  Glasubergangstemperatur  des  Polymeren  und  einer  Temperatur  10°  C  niedriger  als  der  Schmelz- 
punkt  des  Polymeren  erhitzt  wird. 

8.  Verfahren  nach  Anspruch  4,  worin  die  extrudierte  Zusammensetzung  auf  eine  Temperatur  im  Bereich 
30  zwischen  der  Glasubergangstemperatur  des  Polymeren  und  einer  Temperatur  10°  C  niedriger  als  der 

Schmelzpunkt  des  Polymeren  erhitzt  wird. 

Revendicatlons 

35  1.  Procede  de  preparation  de  boulets  comprenant  un  polymere  a  base  de  styrene  possedant  une 
syndiotacticite  de  30  %  ou  plus  par  rapport  a  la  pentade  racemique  determinee  a  I'aide  du  procede  de 
RMN-13C,  une  viscosite  a  I'etat  fondu  de  103  a  moins  de  10G  poises  mesuree  a  300  °C  et  sous  un  taux 
de  cisaillement  de  107s,  et  une  cristallinite  de  15  %  ou  plus,  qui  comprend  la  filature  a  chaud  d'un 
polymere  a  base  de  styrene  possedant  une  syndiotacticite  de  30  %  ou  plus  par  rapport  a  la  pentade 

40  racemique  determinee  a  I'aide  du  procede  de  RMN-13C  et  une  viscosite  a  I'etat  fondu  de  103  a  moins 
de  10G  poises,  mesuree  a  300  °C  et  sous  un  taux  de  cisaillement  de  10/s,  le  refroidissement  a  I'air  du 
polymere  extrude  resultant  et  ensuite  la  transformation  en  boulettes  du  polymere  extrude. 

2.  Procede  de  preparation  de  boules  comprenant  un  polymere  a  base  de  styrene  possedant  une 
45  syndiotacticite  de  30  %  ou  plus  par  rapport  a  la  pentade  racemique,  determinee  a  I'aide  du  procede  de 

RMN-13C,  une  viscosite  a  I'etat  fondu  de  103  a  moins  de  10G  poises,  mesuree  a  300  °C  et  sous  un  taux 
de  cisaillement  de  10/s,  et  une  cristallinite  de  15  %  ou  plus,  qui  comprend  la  filature  a  chaud  d'un 
polymere  a  base  de  styrene  possedant  une  syndiotacticite  de  30  %  ou  plus,  par  rapport  a  la  pentade 
racemique,  determinee  a  I'aide  du  procede  RMN-13C  et  une  viscosite  a  I'etat  fondu  de  103  a  moins  10G 

50  poises,  mesuree  a  300  °C  et  sous  un  taux  de  cisaillement  de  10/s,  le  refroidissement  a  I'eau  du 
polymere  extrude  resultant,  la  transformation  en  boulets  du  polymere  extrude  et  ensuite  le  chauffage 
du  polymere  transforme  en  boulettes. 

3.  Procede  selon  la  revendication  1  ,  dans  lequel  on  file  a  chaud  une  composition  comprenant  essentielle- 
55  ment  le  polymere  a  base  de  styrene  selon  la  revendication  1  et  au  moins  un  representant  choisi  parmi 

une  resine  thermoplastique,  un  caoutchouc,  une  charge  minerale,  un  antioxydant,  un  agent  de 
nucleation,  un  plastifiant,  un  agent  de  dissolution,  un  colorant  et  un  agent  antistatique. 
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Procede  selon  la  revendication  2,  dans  lequel  on  file  a  chaud  une  composition  comprenant  essentielle- 
ment  le  polymere  a  base  de  styrene  selon  la  revendication  1  ,  et  au  moins  un  representant  choisi  parmi 
une  resine  thermoplastique,  un  caoutchouc,  une  charge  minerale,  un  antioxydant,  un  agent  de 
nucleation,  un  plastifiant,  un  agent  de  dissolution,  un  colorant  et  un  agent  antistatique. 

Procede  selon  la  revendication  1  ou  2,  dans  lequel  on  file  a  chaud  le  polymere  a  base  de  styrene  a 
une  temperature  comprise  dans  I'intervalle  allant  du  point  de  fusion  du  polymere  a  une  temperature 
superieure  de  100°C  au  point  de  fusion. 

Procede  selon  la  revendication  3  ou  4,  dans  lequel  on  file  a  chaud  la  composition  a  une  temperature 
comprise  dans  I'intervalle  allant  du  point  de  fusion  du  polymere  a  base  de  styrene  a  une  temperature 
superieure  a  100°C  au  point  de  fusion. 

Procede  selon  la  revendication  2,  dans  lequel  on  chauffe  le  polymere  extrude  a  une  temperature 
comprise  dans  I'intervalle  allant  de  la  temperature  de  transition  vitreuse  du  polymere  a  une  temperature 
inferieure  de  10  °C  au  point  de  fusion  du  polymere. 

Procede  selon  la  revendication  4,  dans  lequel  on  chauffe  la  composition  extrudee  a  une  temperature 
comprise  dans  I'intervalle  allant  de  la  temperature  de  transition  vitreuse  du  polymere  a  une  temperature 
inferieure  de  10  °C  au  point  de  fusion  du  polymere. 
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