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©  Impact-resistant  styrenic  polymer  resin  composition  and  process  for  making  same. 

©  An  impact-resistant  styrenic  polymer  resin  composition  comprising  a  toughening  agent  of  a  very  fine 
particle  form  dispersed  in  a  styrenic  polymer  resin.  The  toughening  agent  comprises  (I)  a  styrene 
(St)/butadiene  di-block  copolymer  having  MW  of  30,000-1,000,000,  MW  distribution  of  1.00-1.20,  total 
bound  St  content  of  30-70%,and  block  St  content  of  at  least  60%  based  on  the  total  bound  St  content  ; 
and  (II)  a  St/butadiene  copolymer  rubber,  polybutadiene  or  a  mixture  thereof,  which  has  MW  of 
1,000-1,000,000,  MW  distribution  of  1.00-1.60,  total  bound  St  content  of  0-15%,  and  cis-1,4  bond  content 
of  10-80%  ;and  the  toughening  agent  has  a  JIS  A  hardness  not  larger  than  75.  The  impact-resistant 
styrene  polymer  resin  composition  is  prepared  by  subjecting  a  mixture  of  the  toughening  agent  and  the 
styrenic  monomer  or  its  mixture,  to  bulk  polymerization  or  bulk-suspension  polymerization. 
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This  invention  relates  to  an  impact-resistant  styrenic  polymer  resin  composition  having  well-balanced  im- 
pact  resistance  and  gloss,  and  a  process  for  making  the  impact-resistant  styrenic  polymer  resin  composition. 

Impact-resistant  styrenic  polymer  resin  compositions  are  made  by  a  process  wherein  a  solution  of  a  tough- 
ening  agent  such  as  polybutadiene  in  a  styrenic  monomer  is  subjected  to  a  bulk  polymerization  or  a  bulk- 

5  suspension  polymerization.  The  thus-made  impact-resistant  styrenic  polymer  resin  compositions  have  an  im- 
proved  impact  resistance  but  a  poor  surface  gloss,  as  compared  with  polystyrene.  To  enhance  the  surface 
gloss  of  the  impact-resistant  styrenic  polymer  resin  compositions,  a  process  was  proposed  wherein  polybuta- 
diene  having  a  relatively  low  viscosity  is  used  (JP-A-51-131590).  The  surface  gloss  obtained  by  this  process 
is  still  not  satisfactory.  Another  process  was  proposed  wherein  a  styrene/butadiene  block  copolymer  is  used 

w  (JP-B-42-17492,  JP-B-48-18594  and  JP-B-60-57443).  Impact-resistant  styrenic  polymer  resin  compositions 
made  by  this  process  are  characterized  in  that  rubber  particles  dispersed  in  the  resin  compositions  have  a 
very  small  particle  diameter,  and  thus,  the  surface  gloss  is  improved,  but  the  impact  resistance  is  reduced. 
Further,  the  styrene/butadiene  block  copolymer  is  easily  reduced  to  powder  and  generally  has  poor  handling 
properties,  as  compared  with  conventional  rubbery  polymers  such  as  polybutadiene. 

15  A  further  process  was  proposed  wherein  a  styrene/-butadiene  block  copolymer  having  specific  styrene 
blocks  is  used  (JP-A-64-  74208  and  JP-A-64-  74209).  The  use  of  such  block  copolymer  results  in  somewhat 
improved  handling  properties,  but  the  impact  resistance  of  the  resulting  resin  composition  is  still  not  satisfac- 
tory.  Still  another  process  was  proposed  wherein  polybutadiene  is  used  in  combination  with  a  minor  amount 
of  a  styrene/butadiene  block  copolymer  (JP-B-56-2310).  The  impact  resistance  is  improved  by  this  process, 

20  but  the  surface  gloss  is  approximately  similar  to  those  of  the  conventional  impact-resistant  styrenic  polymer 
resin  compositions. 

In  view  of  the  foregoing,  a  primary  object  of  the  invention  is  to  provide  an  impact-resistant  styrenic  polymer 
resin  composition  having  well-balanced  surface  gloss  and  impact  resistance. 

Another  object  of  the  invention  is  to  provide  a  process  for  making  an  impact-resistant  styrenic  polymer 
25  resin  composition  having  well  balanced  surface  gloss  and  impact  resistance. 

In  one  aspect  of  the  invention,  there  is  provided  an  impact-resistant  styrenic  polymer  resin  composition 
comprising,  based  on  the  weight  of  the  impact-resistant  styrenic  polymer  composition,  70  to  97%  by  weight  of 
a  styrenic  polymer  resin  and  3  to  30%  by  weight  of  a  toughening  agent  which  is  in  the  form  of  fine  particles 
having  an  average  particle  diameter  of  0.3  to  0.7  urn  and  dispersed  in  the  styrenic  polymer  resin; 

30  said  toughening  agent  comprising: 
(I)  10  to  98  parts  by  weight  of  a  styrene/butadiene  di-block  copolymer  having  (i)  a  weight  average  molecular 
weight  of  30,000  to  1  ,000,000,  (ii)  a  molecular  weight  distribution  of  1  .00  to  1  .20  as  defined  by  the  ratio  of 
weight  average  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound  styrene  content 
of  30  to  70%  by  weight,  and  (iv)  a  block  styrene  content  of  at  least  60%  based  on  the  total  bound  styrene 

35  content;  and 
(II)  2  to  90  parts  by  weight  of  a  styrene/butadiene  copolymer  rubber,  polybutadiene  or  a  mixture  of  a  styr- 
ene/-butadiene  copolymer  rubber  and  polybutadiene,  which  has  (i)  a  weight  average  molecular  weight  of 
1  ,000  to  1  ,000,000,  (ii)  a  molecular  weight  distribution  of  1  .00  to  1  .60  as  defined  by  the  ratio  of  weight  aver- 
age  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound  styrene  content  of  0  to  1  5% 

40  by  weight,  and  (iv)  a  cis-1  ,4  bond  content  of  1  0  to  80%; 
wherein  the  total  amount  of  (I)  and  (II)  is  100  parts  by  weight,  and  the  toughening  agent  has  a  JIS  A 

hardness  not  larger  than  75. 
In  another  aspect  of  the  invention,  there  is  provided  a  process  for  making  an  impact-resistant  styrenic  poly- 

mer  resin  composition  comprising  a  styrenic  polymer  resin  and  a  toughening  agent  which  is  in  the  form  of  fine 
45  particles  having  an  average  particle  diameter  of  0.3  to  0.7  urn  and  dispersed  in  the  styrenic  polymer  resin; 

which  process  comprises  subjecting  a  mixture  comprising,  based  on  the  weight  of  the  mixture,  3  to  30% 
by  weight  of  a  toughening  agent  and  70  to  97%  by  weight  of  a  styrenic  monomer  or  a  monomeric  mixture  com- 
prising  a  styrenic  monomer  and  othercopolymerizable  monomer,  to  a  bulk  polymerization  or  a  bulk-suspension 
polymerization; 

so  said  toughening  agent  comprising: 
(I)  10  to  98  parts  by  weight  of  a  styrene/butadiene  di-block  copolymer  having  (i)  a  weight  average  molecular 
weight  of  30,000  to  1  ,000,000,  (ii)  a  molecular  weight  distribution  of  1  .00  to  1  .20  as  defined  by  the  ratio  of 
weight  average  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound  styrene  content 
of  30  to  70%  by  weight,  and  (iv)  a  block  styrene  content  of  at  least  60%  based  on  the  total  bound  styrene 

55  content;  and 
(II)  2  to  90  parts  by  weight  of  a  styrene/butadiene  copolymer  rubber,  polybutadiene  or  a  mixture  of  a  styr- 
ene/-butadiene  copolymer  rubber  and  polybutadiene,  which  has  (i)  a  weight  average  molecular  weight  of 
1  ,000  to  1  ,000,000,  (ii)  a  molecular  weight  distribution  of  1  .00  to  1  .60  as  defined  by  the  ratio  of  weight  aver- 
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age  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound  styrene  content  of  0  to  1  5% 
by  weight,  and  (iv)  a  cis-1,4  bond  content  of  10  to  80%; 

wherein  the  total  amount  of  (I)  plus  (II)  is  100  parts  by  weight,  and  the  toughening  agent  has  a  JIS  A 
hardness  not  larger  than  75. 

5  The  toughening  agent  used  in  the  invention  comprises  (I)  a  styrene/butadiene  di-block  copolymer  and  (II) 
a  styrene/butadiene  copolymer  rubber  or  polybutadiene  or  a  mixture  thereof.  The  styrene/butadiene  di-block 
copolymer  (I)  has  a  weight  average  molecular  weight  of  30,000  to  1  ,000,000.  The  term  "weight  average  mo- 
lecular  weight"  used  herein  and  hereinafter  in  this  specification  means  molecular  weight  as  expressed  in  terms 
of  that  of  standard  polystyrene  as  measured  by  gel  permeation  chromatography.  If  the  molecular  weight  is 

10  smaller  than  30,000,  the  impact-resistance  of  the  impact-resistant  styrenic  polymer  resin  composition  is  still 
not  satisfactory.  If  the  molecular  weight  is  larger  than  1  ,000,000,  the  di-block  copolymer  is  easily  decreased 
to  powder  and  the  handling  properties  are  not  satisfactory.  A  preferable  weight  average  molecular  weight  is 
in  the  range  of  100,000  to  800,000.  Further,  the  styrene/butadiene  di-block  copolymer  has  a  molecular  weight 
distribution  of  1.00  to  1.20  as  defined  by  the  ratio  of  weight  average  molecular  weight  to  number  average  mo- 

rs  lecular  weight.  If  the  molecular  weight  distribution  exceeds  1.20,  the  gloss  of  the  impact-resistant  styrenic  poly- 
mer  resin  composition  becomes  poor. 

The  total  bound  styrene  content  in  the  styrene/-butadiene  di-block  copolymer  (I)  is  30  to  70%  by  weight. 
If  the  total  bound  styrene  content  is  smallerthan  30%  by  weight,  the  gloss  is  not  improved  to  the  desired  extent. 
When  the  total  bound  styrene  content  is  high,  the  freedom  in  the  amount  of  the  styrene/butadiene  copolymer 

20  rubber,  polybutadiene  or  a  mixture  thereof  (II)  is  extended  and  an  impact-resistant  styrene  polymer  resin  com- 
position  having  highly  balanced  impact  resistance  and  surface  gloss  can  be  obtained,  but  when  the  total  bound 
styrene  content  exceeds  70%  by  weight,  the  impact  resistance  is  reduced.  The  total  bound  styrene  content  is 
preferably  in  the  range  of  exceeding  45%  by  weight  but  not  larger  than  70%  by  weight.  The  block  styrene  con- 
tent  in  the  styrene/butadiene  di-block  copolymer  (I)  is  at  least  60%  of  the  total  bound  styrene  content.  If  the 

25  block  styrene  content  is  60%  or  smaller,  the  gloss  is  reduced.  The  block  styrene  content  is  preferably  at  least 
70%  of  the  total  bound  styrene  content. 

The  styrene/butadiene  di-block  copolymer  may  have  either  a  complete  SB  block  copolymer  having  a  poly- 
styrene  block  (S)-polybutadiene  block  (B)  structure,  or  a  tapered  SB  block  copolymer  wherein  the  boundary 
between  a  polystyrene  block  (S)  and  a  polybutadiene  block  (B)  is  obscure  and  styrene  is  tapered  off  from  S 

30  to  B  in  the  boundary  region.  These  styrene/butadiene  di-block  copolymers  can  be  made  by  conventional  pro- 
cedures  and  the  making  procedures  are  not  particularly  limited. 

The  other  component  (II)  in  the  toughening  agent  used  in  the  invention  is  a  styrene/butadiene  copolymer 
rubber  having  a  bound  styrene  content  of  0  to  15%  by  weight,  polybutadiene  or  a  mixture  thereof.  If  the  bound 
styrene  content  in  the  styrene/butadiene  copolymer  rubber  exceeds  15%  by  weight,  luster  is  decreased.  The 

35  bound  styrene  content  is  preferably  not  larger  than  10%  by  weight.  The  component  (II)  has  a  weight  average 
molecular  weight  of  1  ,000  to  1  ,000,000.  If  the  molecular  weight  is  smaller  than  1  ,000,  the  impact  resistance 
is  not  improved.  If  the  molecular  weight  exceeds  1,000,000,  the  viscosity  of  the  polymerization  mixture  be- 
comes  too  high  to  control  the  diameterof  particles  of  the  toughning  agent.  The  weight  average  molecular  weight 
of  the  component  (II)  is  preferably  in  the  range  of  3,000  to  800,000.  The  component  (II)  has  a  molecular  weight 

40  distribution,  as  defined  by  the  ratio  of  weight  average  molecular  weight  to  number  average  molecular  weight, 
of  1.00  to  1.60,  preferably  1  .00  to  1.50.  Both  polybutadiene  and  the  butadiene  portion  of  the  styrene/butadiene 
copolymer  rubber  in  the  component  (II)  should  have  a  cis-1,4  bond  content  of  1  0  to  80%,  preferably  10  to  50% 
by  weight,  in  view  of  compatibility  of  the  component  (II)  with  the  component  (I). 

As  the  styrene/butadiene  copolymer  rubber  (SBR),  there  can  be  mentioned  a  low  cis-SBR  which  is  pre- 
45  pared  by  an  emulsion  polymerization  or  a  solution  polymerization.  The  distribution  of  styrene  chain  in  SBR  is 

not  particularly  limited,  but  a  random  distribution  is  preferable. 
The  amounts  of  the  components  (I)  and  (II)  are  10  to  98  parts  by  weight  and  2  to  90  parts  by  weight,  re- 

spectively,  based  on  100  parts  by  weight  of  the  sum  of  (I)  and  (II).  If  the  amount  of  (I)  is  smallerthan  10  parts 
by  weight,  the  gloss  is  not  improved.  If  the  amount  of  (II)  is  largerthan  98  parts  by  weight,  the  impact  resistance 

so  is  reduced.  Preferably  the  amount  of  (I)  is  20  to  80  parts  by  weight. 
The  toughening  agent,  i.e.,  a  mixture  of  the  above-specified  amounts  of  the  components  (I)  and  (II),  used 

in  the  invention  has  a  JIS  A  hardness  not  largerthan  75,  preferably  in  the  range  of  20  to  70.  If  the  JIS  Ahardness 
of  the  mixture  of  (I)  and  (II)  exceeds  75,  a  trouble  occurs  in  making  the  mixture  and  the  resulting  impact-resistant 
styrenic  polymer  resin  composition  has  a  poor  impact  resistance. 

55  The  impact-resistant  styrenic  polymer  resin  composition  of  the  invention  is  made  by  a  process  wherein  3 
to  30%  by  weight  of  the  toughening  agent,  i.e.,  the  sum  of  the  components  (I)  and  (II),  is  dissolved  in  70  to 
97%  by  weight  of  a  styrenic  monomer  or  a  monomeric  mixture  of  a  styrenic  monomer  and  a  copolymerizable 
monomer,  and  the  thus-prepared  solution  is  subjected  to  radical  polymerization  by  a  bulk  polymerization  pro- 
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cedure  or  a  bulk-suspension  polymerization  procedure. 
The  components  (I)  and  (II)  may  be  added  either  simultaneously  or  successively  into  the  styrenic  monomer 

or  its  mixture.  Alternatively,  the  components  (I)  and  (II)  are  mixed  together  and  the  mixture  is  then  added  into 
the  styrenic  monomer  or  its  mixture.  The  mixture  of  the  components  (I)  and  (II)  can  be  prepared,  for  example, 

5  by  the  following  methods:  (i)  a  method  wherein  (I)  and  (II)  both  in  a  solid  state  are  mixed  by  a  mixer  such  as 
a  Banbury  mixer  or  a  roll  mixer;  (ii)  a  method  wherein  a  solution  (usually  called  as  "cement")  of  (I)  and  a  cement 
of  (II)  both  as  obtained  separately  by  polymerization  are  mixed  together,  and  a  mixture  of  (I)  and  (II)  is  separated 
from  the  mixed  solution  and  then  dried  by  a  conventional  procedure;  (iii)  a  method  wherein  a  part  of  an  active 
polymer  produced  is  deactivated  midway  in  the  course  of  polymerization  for  (I)  or  (II),  and  another  monomer 

10  for  (II)  or  (I)  is  added  to  the  deactivated  polymer,  followed  by  completion  of  polymerization;  and  (iv)  a  method 
wherein  a  polymerization  catalyst  and  a  monomer  for  (I)  or  (II)  are  added  to  a  polymerization  mixture  midway 
in  the  course  of  polymerization  for  (II)  or  (I),  followed  by  completion  of  polymerization. 

By  the  term  "styrenic  monomer"  we  mean  styrene  or  styrene  derivatives  such  as,  for  example,  a-methyl- 
styrene,  vinyltoluene  and  chlorostyrene.  As  the  monomer  copolymerizable  with  the  styrenic  monomer,  there 

15  can  be  mentioned  unsaturated  nitrile  monomers  such  as  acrylonitrile  and  methacrylonitrile,  acrylic  acid  esters 
such  as  methyl  acrylate,  and  methacrylic  acid  esters  such  as  methyl  methacrylate.  The  amount  of  the  copo- 
lymerizable  monomer  is  not  largerthan  50%  based  on  the  monomeric  mixture. 

When  a  solution  of  the  toughening  agent  in  a  styrenic  monomer  or  a  monomeric  mixture  comprising  a  styr- 
enic  monomer  and  a  copolymerizable  monomer  is  subjected  to  a  bulk  polymerization  or  a  bulk-suspension  poly- 

20  merization,  additional  ingredients  such  as  a  diluent,  e.g.,  toluene  or  ethylbenzene,  an  antioxidant,  and  a  chain 
transfer  agent,  e.g.,  a  mercaptan  or  a  dimer  of  a-methylstyrene,  are  optionally  added  to  the  solution.  A  poly- 
merization  catalyst  may  or  may  not  be  used.  When  the  catalyst  is  used,  polymerization  is  carried  out  usually 
at  a  temperature  of  20  to  180°C.  When  not  used,  polymerization  is  carried  out  under  heating  usually  at  a  tem- 
perature  of  80  to  200°C.  As  examples  of  the  catalyst,  there  can  be  mentioned  peroxides  such  as  acetyl  per- 

25  oxide,  benzoyl  peroxide,  isobutyryl  peroxide  and  bis-3,5,5-trimethylhexanoyl  peroxide,  and  azo  compounds 
such  as  azobisisobutyronitrile. 

The  procedure  fora  bulk  polymerization  ora  bulk-suspension  polymerization  is  not  particularly  limited,  and 
procedures  known  and  conventionally  employed  for  making  impact-resistant  polystyrene  resin  compositions. 

In  the  thus-made  impact-resistant  styrene  polymer  resin  composition,  the  toughening  agent  is  in  the  form 
30  of  fine  particles  having  an  average  particle  diameter  of  0.3  to  0.7  urn  and  dispersed  in  a  matrix.  50  to  70%  of 

the  total  dispersed  particles  have  a  core/shell  structure,  and  the  remainder  has  a  spherical  structure,  a  cell 
structure  and/or  a  coalescent  particle  structure  composed  of  core/shell  structures.  Thus,  the  dispersed  par- 
ticles  of  the  toughening  agent  in  the  impact-resistant  styrene  polymer  resin  composition  of  the  invention  pre- 
dominantly  have  a  core/shell  structure,  and  therefore,  the  resin  composition  exhibits  balanced  gloss  and  im- 

35  pact-resistance  and  enhanced  transparency. 
The  invention  will  be  specifically  described  by  the  following  examples.  In  the  examples  and  comparative 

examples,  parts  and  %  are  by  weight  unless  otherwise  specified. 

Examples  1  to  1  1  and  Comparative  Examples  1  to  1  0 
40 

The  styrene/butadiene  (SB)  block  copolymers  (I)  used  are  shown  in  Table  1  wherein  SB  block  copolymers 
l-4and  l-8are  tapered  SB  block  copolymers  and  the  remainder  are  complete  SB  block  copolymers.  The  weight 
average  molecular  weight  was  expressed  in  terms  of  that  of  standard  polystyrene  as  measured  by  gel  perme- 
ation  chromatography  (HLC8020  supplied  by  Tosoh  Corporation;  columns:  G4000XLand  G5000XL).  The  total 

45  bound  styrene  content  was  measured  by  500  MHz-NMR.  The  block  styrene  content  was  measured  by  the 
method  of  Tanaka  (Polymer  Preprints,  Japan,  vol.  29,  No.  9,  p  2055-2058,  published  by  the  Soc.  of  Polymer 
Sci.,  Japan  (1  980),  and  expressed  as  the  ratio  of  block  styrene  content/total  bound  styrene  content.  The  above- 
mentioned  properties  and  the  molecular  weight  distribution  are  shown  in  Table  1. 

50 

55 
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Table  1 

Block  copoly-   ̂  ̂  ̂ Block  styrene  con-  Weight  average  molec-  Molecular  weight  dis- 
styrene  content  ,  ,  „,  ,  ..   ̂ "  .   ̂ ..  - mers  tent  %  ular  weight  x  1CH  tnbution 5  % 

1-1  63.2  98.9  20.9  1.07 

I-2  50.1  95.8  48.0  1.09 

10  I-3  50.2  97.8  16.0  1.04 

I-4  40.0  75.3  49.0  1.08 

I-5  40.2  98.1  30.2  1.07 

15  I-6  30.4  95.7  41.5  1.07 

I-7  23.3  97.6  25.0  1.06 

I-8  41.3  87.5  30.5  1.65 

Polybutadiene  11-1,  II-3,  II-4,  II-5  and  II-6  and  styrene/butadiene  copolymers  II-2  and  II-7  were  prepared 
by  using  a  n-butyllthium  catalyst.  Polybutadiene  II-4  was  prepared  by  using  a  Co  catalyst.  The  total  bound  styr- 
ene  content  as  measured  by  500  MHz-NMR,  the  micro-structure  as  measured  by  infrared  spectrophotometry 
wherein  polybutadiene  and  SBR  were  analyzed  by  Morrero  method  and  Hampton  method,  respectively,  the 
weight  average  molecular  weight  and  the  molecular  weight  distribution  are  shown  in  Table  2.  Polybutadiene 
II-5  is  commercially  available  ("Diene  35"  supplied  by  Asahi  Kasei  Kogyo  K.K.). 

Table  2 

°̂unC'  
Weight  average  Molecular 

Polymers   ̂  ̂ Micro-structure  in  butadiene  portion  molecular  weight  distribu- content  ..   ̂ .„  .  „  " 
weight  xlO"4  tion 

(/o) 

Cis  Trans  %  Vinyl 
35  11-1  0  15.2  32.3  32.5  0.77  1.07 

II-2  5.2  31.4  49.2  19.4  25.2  1.21 

II-3  0  35.9  54.0  10.1  26.3  1.20 
40 II-4  0  97.2  1.5  1.3  45.0  2.51 

II-5  0  35.2  52.5  12.3  42.5  2.26 

II-6  0  35.5  54.2  10.3  89.0  1.30 
45  II-7  45.1  26.9  42.9  30.2  15.0  1.08 

Impact-resistant  polystyrene  resin  compositions  were  prepared  from  the  above-mentioned  block  copoly- 
mers  1-1  to  I-8  and  11-1  to  II-7.  A  polyethylene  vessel  having  a  volume  of  10  liters  was  charged  with  276  g  of  a 
mixture  of  block  copolymer  I  and  polymer  II  (the  proportion  of  I  and  II  is  shown  in  Tables  3,  4  and  5),  and  2,024 
g  of  styrene,  and  the  content  was  shaken  at  room  temperature  for  16  hours  whereby  a  solution  of  a  toughening 
agent  in  styrene  was  prepared. 

The  entire  amount  of  the  styrene  solution  was  transferred  into  a  stainless  steel  reactor  having  an  inner 
volume  of  4  liters  and  the  solution  was  subjected  to  polymerization  at  1  30°C  for  2.5  hours  while  shearing  action 
was  given  with  stirring.  Then  the  content  was  cooled  and  taken  out.  A  stainless  steel  reactor  having  a  volume 
of  8  liters  was  charged  with  1  ,250  g  of  the  content  and  3,750  g  of  an  aqueous  2%  polyvinyl  alcohol  solution, 
and  was  heated  to  70°C.  Into  the  heated  reactor,  2.5  g  of  benzoyl  peroxide  and  1.26  g  of  dicumyl  peroxide 
were  added,  and  the  content  was  maintained  at  70°C  for  1  hour,  90°C  for  1  hour,  110°C  for  1  hour  and  130°C 
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for  4  hours,  whereby  suspension  polymerization  was  effected.  After  completion  of  polymerization,  the  content 
was  cooled  to  room  temperature.  The  resultant  impact-polystyrene  resin  composition  was  filtered,  recovered, 
washed  with  water  and  then  dried  at  60°C  under  a  reduced  pressure  for  6  hours. 

The  resin  composition  was  pelletized  by  using  an  extruder,  and  the  pellets  were  molded  by  an  injection 
molding  machine  into  a  sample  for  Izod  impact  test  and  a  sample  for  gloss  test.  Using  the  samples,  Izod  impact 
strength  and  gloss  were  determined  according  to  JIS  K7110  and  tensile  properties  were  determined  according 
to  JIS  K7113.  A  part  of  a  sample  was  made  into  very  thin  slices  by  using  an  ultramicrotome,  and  a  micropho- 
tograph  of  dispersed  particles  were  taken  by  using  a  transmitting  electron  microscope.  Particle  diameter  of  the 
dispersed  particles  of  the  toughening  agent  was  measured  on  the  microphotograph.  The  average  particle  di- 
ameter  was  determined  as  follows.  The  major  diameter  and  the  minor  diameter  were  measured  on  1,000  par- 
ticles.  The  arithmetic  mean  value  (Di)  of  the  major  diameter  and  the  minor  diameter  of  each  particle  was  cal- 
culated  and  the  average  particle  diameter  was  calculated  as  a  number  average  particle  diameter  according 
to  the  formula:  SnDi/  En  wherein  n  is  number  of  particles  with  a  diameter  Di.  The  results  are  shown  in  Tables 
3  to  5. 

JIS  Ahardness  of  a  mixture  of  block  copolymer  I  and  polymer  II  was  determined  as  follows.  Block  copolymer 
I  and  polymer  II  were  mixed  together  at  a  mixing  ratio  shown  in  Tables  3  to  5,  and  50  g  of  the  mixture  was 
dissolved  in  450  g  of  toluene.  The  resulting  solution  was  incorporated  in  a  1.5%  solution  of  2,6-di-t-butyl-p- 
cresol  in  methanol  to  coagulate  a  polymer  composition,  followed  by  separation  and  drying  under  a  reduced 
pressure.  The  polymer  composition  was  pressed  into  a  sheet  having  a  thickness  of  2  mm  at  50°C  undera  pres- 
sure  of  100  kg/cm2  for  12  hours.  The  results  are  shown  in  Tables  3  to  5. 
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Table  3 

Polymers  Examples 

5  1  2  3  4  5  6  7 

1-1  (%)  20 

I-2  40  60 

w  I-3  20 

I-4  40  60 

I-5  80 

15  I-6 

I-7 

I-  8 

20  11-1  20 

II-  2 

II-3  80  60  40  80  60  40 

25  II-4 

II-5 

II-6 

30  II-7 

JIS  A  hardness  of  polymer  mixture  45  47  61  39  35  56  58 

Izod  impact  strength  (kg  cm/cm)  5.5  7.0  5.6  5.0  7.5  6.7  5.0 

35  Gloss  (%)  98  96  98  98  95  96  98 

Average  particle  diameter  (urn)  0.35  0.49  0.37  0.32  0.55  0.46  0.33 

40 

45 

50 
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Table  4 

Polymers  Examples  Comp.  Examples 

5  8  9  10  11  1  2  3 

1-1  % 

I-2 

w  I-3  100 

I-4  100 

I-5  80  90  100 

15  I-6  90  70 

I-7 

I-  8 

20  11-1 

II-  2  20 

II-3  10  30 

25  II-4 

II-5 

II-6 

30  II-7 

JIS  A  hardness  of  polymer  mixture  67  46  39  73  76  73  98 

Izod  impact  strength  (kg  cm/cm)  5.1  5.0  5.3  5.0  2.5  3.0  2.0 

35  Gloss  (%)  98  98  98  99  99  99  99 

Average  particle  diameter  (urn)  0.33  0.31  0.37  0.35  0.21  0.25  0.13 

40 

45 

50 
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Table  5 

Polymers  Comparative  Examples 

5  4 5 6 7 8 9   10 

1-1  (%)  80 

I-2  50 

w  I-3  20 

I-4  40  60 

I-5  80  80 

15  I-6 

I-7 

I-  8 

20  11-1  20 

II-  2 

II-3  20  80  60  40 

25  II-4  20 

II-5 

II-6 

30  II-7  50 

JIS  A  hardness  of  polymer  mixture  95  64  56  87  40  65  59 

Izod  impact  strength  (kg  cm/cm)  1.8  7.8  8.0  2.8  8.8  5.5  6.5 

35  Gloss  (%)  99  85  84  99  80  92  85 

Average  particle  diameter  (urn)  0.10  0.60  0.71  0.25  0.85  0.40  0.49 

40 
Claims 

1.  An  impact-resistant  styrenic  polymer  resin  composition  comprising,  based  on  the  weight  of  the  impact- 
resistant  styrenic  polymer  composition,  70  to  97%  by  weight  of  a  styrenic  polymer  resin  and  3  to  30%  by 

45  weight  of  a  toughening  agent  which  is  in  the  form  of  fine  particles  having  an  average  particle  diameter  of 
0.3  to  0.7  urn  and  dispersed  in  the  styrenic  polymer  resin; 

said  toughening  agent  comprising: 
(I)  1  0  to  98  parts  by  weight  of  a  styrene/butadiene  di-block  copolymer  having  (i)  a  weight  average  mo- 
lecular  weight  of  30,000  to  1,000,000,  (ii)  a  molecular  weight  distribution  of  1.00  to  1.20  as  defined  by 

so  the  ratio  of  weight  average  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound 
styrene  content  of  30  to  70%  by  weight,  and  (iv)  a  block  styrene  content  of  at  least  60%  based  on  the 
total  bound  styrene  content;  and 
(II)  2  to  90  parts  by  weight  of  a  styrene/butadiene  copolymer  rubber,  polybutadiene  or  a  mixture  of  a 
styrene/-butadiene  copolymer  rubber  and  polybutadiene,  which  has  (i)  a  weight  average  molecular 

55  weight  of  1  ,000  to  1  ,000,000,  (ii)  a  molecular  weight  distribution  of  1  .00  to  1  .60  as  defined  by  the  ratio 
of  weight  average  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound  styrene  con- 
tent  of  0  to  15%  by  weight,  and  (iv)  a  cis-1,4  bond  content  of  10  to  80%; 

wherein  the  total  amount  of  (I)  and  (II)  is  1  00  parts  by  weight,  and  the  toughening  agent  has  a  JIS 
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A  hardness  not  larger  than  75. 

The  resin  composition  according  to  claim  1  wherein  the  styrene/butadiene  di-block  copolymer  has  a  weight 
average  molecular  weight  of  100,000  to  800,000. 

The  resin  composition  according  to  claim  1  or  2  wherein  the  styrene/butadiene  di-block  copolymer  has  a 
total  bound  styrene  content  of  exceeding  45%  by  weight  but  not  larger  than  70%  by  weight. 

The  resin  composition  according  to  any  of  claims  1  to  3  wherein  the  styrene/butadiene  copolymer  rubber 
and  polybutadiene  have  a  weight  average  molecular  weight  of  3,000  to  800,000. 

A  process  for  making  an  impact-resistant  styrenic  polymer  resin  composition  comprising  a  styrenic  poly- 
mer  resin  and  a  toughening  agent  which  is  in  the  form  of  fine  particles  having  an  average  particle  diameter 
of  0.3  to  0.7  m  and  dispersed  in  the  styrenic  polymer  resin; 

which  process  comprises  subjecting  a  mixture  comprising,  based  on  the  weight  of  the  mixture,  3 
to  30%  by  weight  of  a  toughening  agent  and  70  to  97%  by  weight  of  a  styrenic  monomer  or  a  monomeric 
mixture  comprising  a  styrenic  monomer  and  other  copolymerizable  monomer,  to  a  bulk  polymerization  or 
a  bulk-suspension  polymerization; 

said  toughening  agent  comprising: 
(I)  1  0  to  98  parts  by  weight  of  a  styrene/butadiene  di-block  copolymer  having  (i)  a  weight  average  mo- 
lecular  weight  of  30,000  to  1,000,000,  (ii)  a  molecular  weight  distribution  of  1.00  to  1.20  as  defined  by 
the  ratio  of  weight  average  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound 
styrene  content  of  30  to  70%  by  weight,  and  (iv)  a  block  styrene  content  of  at  least  60%  based  on  the 
total  bound  styrene  content;  and 
(II)  2  to  90  parts  by  weight  of  a  styrene/butadiene  copolymer  rubber,  polybutadiene  or  a  mixture  of  a 
styrene/-butadiene  copolymer  rubber  and  polybutadiene,  which  has  (i)  a  weight  average  molecular 
weight  of  1  ,000  to  1  ,000,000,  (ii)  a  molecular  weight  distribution  of  1  .00  to  1  .60  as  defined  by  the  ratio 
of  weight  average  molecular  weight  to  number  average  molecular  weight,  (iii)  a  total  bound  styrene  con- 
tent  of  0  to  15%  by  weight,  and  (iv)  a  cis-1,4  bond  content  of  10  to  80%; 

wherein  the  total  amount  of  (I)  plus  (II)  is  1  00  parts  by  weight,  and  the  toughening  agent  has  a  JIS 
A  hardness  not  larger  than  75. 

The  process  according  to  claim  5  wherein  the  styrene/butadiene  di-block  copolymer  has  a  weight  average 
molecular  weight  of  100,000  to  800,000. 

The  process  according  to  claim  5  or  6  wherein  the  styrene/butadiene  di-block  copolymer  has  a  total  bound 
styrene  content  of  exceeding  45%  by  weight  but  not  larger  than  70%  by  weight. 

The  process  according  to  any  of  claims  5  to  7  wherein  the  styrene/butadiene  copolymer  rubber  and  poly- 
butadiene  have  a  weight  average  molecular  weight  of  3,000  to  800,000. 
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