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©  Process  for  producing  an  aromatic  vinyl  compound-vinyl  cyanide  compound  copolymer. 

©  A  process  for  producing  a  copolymer  by  continuously  copolymerizing  in  a  solution  monomers  comprising  40 
to  95%  by  weight  of  an  aromatic  vinyl  compound  and  5  to  60%  by  weight  of  a  vinyl  cyanide  compound,  and 
further  0  to  30%  by  weight  of  a  vinyl  compound  copolymerizable  with  the  aromatic  vinyl  compound  and  vinyl 
cyanide  compound,  wherein  10  to  100  parts  by  weight  of  a  solvent  containing  not  less  than  40%  by  weight  of  an 
alcohol  is  used  as  the  polymerization  solvent  based  on  100  parts  by  weight  of  the  total  amount  of  the 

_.  monomers.  According  to  the  process,  attachment  of  a  gel-like  polymer  onto  the  polymerization  vessel  or  device 
21  can  be  prevented.  The  copolymer  is  useful  as  a  thermoplastic  resin  for  various  molded  articles  including 

electrical  parts  for  domestic  uses,  automobile  parts  and  commodity  goods. 
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PROCESS  FOR  PRODUCING  AN  AROMATIC  VINYL  COMPOUND-VINYL  CYANIDE  COMPOUND 
COPOLYMER 

TECHNICAL  FIELD 

The  present  invention  relates  to  an  improved  process  for  continuously  producing  an  aromatic  vinyl 
compound-vinyl  cyanide  compound  copolymer.  More  specifically,  the  present  invention  relates  to  a  process 
which  enables  continuous  running  over  a  long  period  by  preventing  formation  of  gel-like  polymers  during 
production  of  an  aromatic  vinyl  compound-vinyl  cyanide  compound  copolymer,  thereby  reducing  attach- 
ment  of  gel-like  polymers  onto  an  inner  wall  of  the  polymerization  device. 

10  BACKGROUND  ART 

Copolymers  composed  mainly  of  styrene  and  acrylonitrile  have  been  used  as  so-called  AS  resins  in  a 
wide  scope  of  fields  because  of  their  various  excellent  properties  such  as  transparency,  chemical 
resistance,  rigidity,  moldability,  etc. 

75  As  the  process  for  producing  these  copolymers,  there  have  been  hitherto  used  emulsion  polymeriza- 
tion,  suspension  polymerization,  etc.  and,  in  recent  years,  continuous  polymerization  according  to  mass 
polymerization  o.r  solution  polymerization  to  provide  energy  savings,  prevent  pollution,  etc.  In  the  case  of 
solution  polymerization,  an  aromatic  hydrocarbon  solvent  such  as  ethylbenzene,  toluene,  etc.  has  been 
employed.  However,  in  continuous  production  of  an  aromatic  vinyl  compound-vinyl  cyanide  compound 

20  copolymer,  when  continuous  running  time  of  the  polymerization  device  becomes  long,  gel-like  polymers  are 
formed  and  attach  to  the  polymerization  reactor,  pipeline,  etc.,  whereby  stable  running  becomes  impossible. 
Also,  a  portion  of  the  gel-like  polymers  are  entrained  in  the  product  to  worsen  the  appearance  of  the 
transparent  molded  article,  remarkably  lowering  its  commercial  value. 

In  contrast,  when  polymerization  is  carried  out  batchwise  at  a  relatively  low  temperature  by  forming 
25  polymer  particles  in  water  or  another  solvent  as  in  the  case  of  suspension  polymerization,  although  there  is 

no  such  drawback  as  described  above,  there  are  other  drawbacks  such  as  productivity  being  inferior,  and 
poiymer  hue  being  worsened. 

Accordingly,  it  is  of  industrially  great  significance  to  solve  the  problem  of  formation  of  gel-like  polymers 
in  the  continuous  polymerization  process. 

30  In  the  prior  art,  enormous  time  and  labor  were  required  to  separate  and  remove  the  gel-like  polymers 
by  filtration  of  the  polymer  solution  with  a  filter,  or  by  washing  out  the  gel-like  polymers  after  a  shortened 
continuous  running  time,  whereby  the  productivity  cannot  help  being  lowered. 

As  methods  for  improving  these  drawbacks,  there  are,  for  instance,  a  method  in  which  continuous  mass 
polymerization  is  carried  out  by  controlling  the  water  content  in  the  starting  materials  to  a  range  of  200  to 

35  520  ppm  (Japanese  Patent  Publication  Unexamined  No.  25310/1982),  a  method  in  which  mass  or  solution 
polymerization  is  continuously  carried  out  with  addition  of  0.1  to  3.0  parts  by  weight  of  a  higher  fatty  acid 
amide  into  the  monomer  mixture  (Japanese  Patent  Publication  Unexamined  No.  260605/1985).  However,  in 
these  methods,  removal  of  the  water  in  the  monomers  is  required,  or  the  higher  fatty  acid  amide  damages 
transparency  of  the  copolymer  resin.  Thus,  these  methods  do  not  lead  to  simplification  of  the  polymeriza- 

40  tion  operation  or  improvement  of  quality  of  the  products. 
Also,  polymerization  of  styrene  and  acrylonitrile  in  tertiary  butanol  is  disclosed  in  INDIAN  J.  CHEM., 

VOL.  6,  February  (1968),  pp.  116-118.  However,  this  is  a  small  scale  experimental  study  for  determining  the 
copolymerization  reaction  ratio,  using  a  batchwise  polymerization  device  at  a  low  temperature  (60  "  C)  and 
at  a  low  converions  (3  -  8%)  and  is  entirely  different  from  the  continuous  polymerization  process  on  an 

45  industrial  scale  of  the  present  invention. 
The  present  inventors  have  intensively  studied  a  process  for  producing  an  aromatic  vinyl  compound- 

vinyl  cyanide  compound  copolymer  by  continuous  polymerization  in  a  solution  with  the  object  of  preventing 
formation  of  a  gel-like  polymer  and  accordingly  obtaining  effective  and  stable  production  of  the  copolymer 
for  a  long  term. 

so  As  a  result,  the  present  inventors  have  found  that  they  can  attain  the  object  as  described  above  by 
employing  as  the  polymerization  solvent  in  a  continuous  solution  polymerization  process  for  preparing 
copolymers  of  an  aromatic  vinyl  compound  and  a  vinyl  cyanide  compound  a  solvent  containing  not  less 
than  40%  by  weight  of  an  alcohol,  and  accomplished  the  present  invention. 
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DISCLOSURE 

More  specifically,  the  present  invention  provides  a  process  for  producing  a  copolymer  by  continuously 
copolymerizing  in  a  solution  monomers  comprising  40  to  95%  by  weight  of  an  aromatic  vinyl  compound 

5  and  5  to  60%  by  weight  of  a  vinyl  cyanide  compound,  and  further  0  to  30%  by  weight  of  a  vinyl  compound 
copolymerizable  with  the  aromatic  vinyl  compound  and  vinyl  cyanide  compound,  wherein  10  to  100  parts 
by  weight  of  a  solvent  containing  not  less  than  40%  by  weight  of  an  alcohol  is  used  as  the  polymerization 
solvent  based  on  1  00  parts  by  weight  of  the  total  amount  of  the  monomers. 

As  the  aromatic  vinyl  compound  used  in  the  present  invention,  styrene  is  generally  employed,  but  if 

10  desired,  an  alkyl-substituted  styrene  such  as  -methylstyrene,  p-methylstyrene,  or  the  like  can  also  be  used. 
As  the  vinyl  cyanide  compound,  acrylonitrile,  methacrylonitrile,  or  the  like  can  be  employed  either 

singly  or  as  a  mixture. 
Further,  as  the  other  vinyl  compounds  copolymerizable  with  the  aromatic  vi'nyl  compound  and  vinyl 

cyanide  compound,  acrylates  such  as  methyl  methacrylate,  butyl  acrylate  and  the  like;  maleimide  com- 
75  pounds  such  as  N-methylmaleimide,  N-phenylmaleimide,  N-cyclohexylmaleimide,  etc.  can  be  used. 

The  content  of  the  aromatic  vinyl  compound  in  the  total  monomer  mixture  can  be  40  to  95%  by  weight, 
preferably  50  to  85%  by  weight.  When  the  content  is  lower  than  40%  by  weight,  heat  decoloration 
resistance  is  inferior,  while  when  the  content  is  higher  than  95%  by  weight,  mechanical  characteristics, 
chemical  resistance,  etc.  are  inferior. 

20  The  content  of  the  vinyl  cyanide  compound  in  the  total  monomer  mixture  can  be  5  to  60%  by  weight, 
preferably  15  to  50%  by  weight.  Whe'n  the  content  of  the  vinyl  cyanide  compound  is  less  than  5%  by 
weight,  physical  properties  of  the  polymers  obtained  are  unfavourably  inferior.  On  the  other  hand,  when  the 
content  is  higher  than  60%  by  weight  of  the  vinyl  cyanide  compound,  the  hue  of  the  copolymer  obtained  is 

poor,  and  therefore  the  copolymer  can  not  be  used  so  often  in  the  field  where  transparency  is  required. 
25  The  content  of  the  other  vinyl  compounds  copolymerizable  with  the  aromatic  vinyl  compound  and  vinyl 

cyanide  compound  as  described  above  in  the  total  monomer  mixture  is  preferably  not  higher  than  30%  by 
weight.  Mechanical  characteristics,  chemical  resistance,  etc.  of  the  copolymer  will  be  inferior  when  the 
content  exceeds  that  level. 

The  solvent  used  in  the  present  invention  is  required  to  be  a  solvent  containing  not  less  than  40%  by 
30  weight  of  alcohols.  It  should  preferably  contain  not  less  than  70%  by  weight  of  alcohols,  more  preferably  not 

less  than  90%  by  weight  of  alcohols,  and  most  preferably  should  consist  of  alcohols  alone.  As  the  alcohols, 
those  which  can  provide  a  homogeneous  polymer  solution  substantially  without  polymer  precipitation  under 
the  conditions  used  in  carrying  out  the  polymerization,  including  methyl  alcohol,  ethyl  alcohol,  propyl 
alcohol,  butyl  alcohol,  amyi  alcohol,  hexyl  alcohol,  and  the  like  can  be  used.  Among  them,  aliphatic  alcohols 

35  having  3  to  6  carbon  atoms  are  preferred.  Alcohols  having  high  reactivity  with  radicals  formed  from  the  vinyl 
cyanide  compound  are  more  preferred.  For  example,  in  the  polymerization  of  acrylonitrile,  secondary  butyl 
alcohol  having  a  large  chain  transfer  constant  is  more  preferred. 

The  polymer  solution  in  a  homogeneous  state  as  described  above  is  a  transparent  solution  without 
precipitation  of  the  polymer  in  the  solution.  As  the  factors  affecting  the  homogenous  state,  the  kind  of 

40  polymerization  solvent,  the  polymer  content  in  the  polymer  solution,  the  polymerization  temperature,  etc. 
may  be  enumerated. 

As  the  solvent  used  in  a  mixture  with  the  alcohols,  any  solvent  which  causes  no  trouble  in  the 
polymerization  reaction  can  be  used.  Specific  examples  include  aromatic  hydrocarbons  such  as  benzene, 
toluene,  xylene,  ethylbenzene,  cumene,  mesitylene,  etc.;  ketones  such  as  acetone,  methyl  ethyl  ketone, 

45  methyl  propyl  ketone,  diethyl  ketone,  methyl  butyl  ketone,  ethyl  butyl  ketone,  dipropyl  ketone,  methyl  amyl 
ketone,  cyclohexanone,  methylcyclohexanone,  etc;  nitriles  such  as  acetonitrile,  etc.;  glycol  monoethers  such 
as  ethylene  glycol  monomethyl  ether,  ethylene  glycol  monoethyl  ether,  etc.;  tetrahydrofuran,  ethylene 
carbonate,  7-butyrolactone,  dimethylformamide;  and  aliphatic  hydrocarbons  such  as  hexane,  cyclohexane, 
etc. 

so  By  using  the  alcohols  as  described  above  as  the  solvent,  gel-like  polymer  attachment  onto  the  inner 
wall  of  the  polymerization  device  can  be  inhibited.  Generally  speaking,  it  is  considered  that  polymer 
attachment  onto  the  polymerization  device  is  increased  when  a  solvent  not  having  good  solubility  for  the 
polymer  such  as  an  alcohol  is  used,  but  surprisingly,  preferable  results  can  be  exhibited  when  a 
homogeneous  solution  is  provided  under  the  polymerization  conditions  as  can  be  seen  in  case  of  the 

55  present  invention. 
The  amount  of  the  solvent  used  is  generally  10  to  100  parts  by  weight,  preferably  20  to  70  parts  by 

weight,  based  on  100  parts  by  weight  of  the  total  amount  of  the  monomers.  When  the  amount  of  the  solvent 
used  is  less  than  10  parts  by  weight,  gel-like  polymer  attachment  cannot  be  inhibited,  while  when  the 
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amount  is  more  than  100  parts  by  weight,  productivity  will  be  undesirably  lowered. 
The  polymerisation  reactor  for  carrying  out  the  continuous  polymerization  in  the  present  invention  may 

include  a  polymerization  reactor  such  as  a  well-mixed  stirred  tank  type,  a  tubular  type,  an  extruder  type,  a 
lateral  type  having  a  biaxial  stirring  blade,  etc. 

5  The  polymerization  conversion  in  the  polymerization  reactor  should  be  high  from  the  standpoint  of 
productivity,  and  preferably  not  lower  than  30%,  more  preferably  not  lower  than  40%.  It  is  important  even  in 
such  case  to  select  the  polymerization  conditions,  the  kind  of  solvent  and  the  amount  of  solvent  so  that  the 
polymerization  solution  will  be  in  a  homogeneous  state.  The  polymerization  temperature  should  be  not 
lower  than  90  '  C  and  lower  than  200  '  C  preferably  not  lower  than  1  00  '  C  and  lower  than  1  80  °  C.  When 

io  the  polymerization  temperature  is  too  low,  the  extent  of  the  gel-like  polymer  attachment  onto  the 
polymerization  device  will  be  undesirably  increased.  On  the  other  hand,  when  the  polymerization  temprature 
is  too  high,  the  molecular  weight  of  polymers  obtained  will  be  undesirably  too  small. 

As  the  methods  for  recovering  the  copolymer  by  removing  a  solvent  and  unreacted  monomers  from  the 
copolymer  solution,  general  methods  can  be  employed  such  as  a  method  in  which  the  copolymer  solution 

75  is  preheated  and  subjected  to  devolatizing  at  a  reduced  pressure,  a  method  in  which  devolatization  is 
effected  directly  through  an  extruder  equipped  with  a  vent,  or  a  method  in  which  the  solution  is  suspended 
in  water  and  subjected  to  steam  stripping. 

In  the  present  invention,  preferable  results  can  also  be  obtained  by  addition  of  a  chain  transfer  agent  to 
the  polymerization  solvent,  whereby  attachment  of  the  gel-like  polymer  onto  the  polymerization  device  can 

20  be  further  reduced.  As  the  chain  transfer  agent,  mercaptans,  a-methylstyrene  dimer,  hindered  phenols, 
amines,  etc.  can  be  used. 

In  the  present  invention,  a  polymerization  initiator  may  also  be  used,  if  desired. 
The  present  invention  exhibits  its  effect  when  practiced  according  to  a  continuous  polymerization 

method,  and  the  effect  can  be  exhibited  especially  when  the  present  invention  is  used  in  producing  a 
25  copolymer  during  a  continuous  running  time  of  at  least  200  hours,  and  even  of  700  hours  or  longer  in  the 

case  of  a  long  running  time.  The  continuous  running  method  as  described  above  means  a  method  in  which 
a  mixture  of  monomers  and  solvent  is  continuously  fed  into  a  polymerization  reactor  and  the  polymer 
solution  containing  the  copolymer  is  continuously  taken  out  from  the  polymerization  reactor. 

When  the  continuous  running  time  is  short,  attachment  of  the  gel-like  polymer  onto  the  polymerization 
30  device  is  too  little  to  pose  a  problem,  but  attachment  of  the  gel-like  polymer  onto  the  polymerization  device 

is  a  problem  when  the  continuous  running  time  becomes  long. 
According  to  the  present  invention,  attachment  of  the  gel-like  polymer  onto  the  polymerization  device 

can  be  prevented,  and  therefore  the  time  for  continuous  running  can  be  extended,  whereby  an  aromatic 
vinyl  compound-vinyl  cyanide  compound  copolymer  can  be  produced  efficiently  while  using  the  advantage 

35  of  a  continuous  polymerization.  The  effect  of  the  present  invention  is  greatly  exhibited  when  carrying  out  a 
long  term  continuous  polymerization  for  a  running  time  exceeding  200  hours.  Also,  by  using  alcohols  as  the 
solvent,  the  hue  of  the  polymer  becomes  better,  as  compared  with  the  use  of  a  solvent  generally  employed 
such  as  ethylbenzene. 

The  copolymer  obtained  by  the  present  invention  can  be  used  as  a  thermoplastic  resin  for  various 
40  molded  articles  such  as  electrical  parts  for  domestic  uses,  automobile  parts,  commodity  goods,  etc. 

EXAMPLES 

45  The  present  invention  is  described  in  more  detail  below  in  the  Examples,  and  however  the  present 
invention  is  not  limited  by  these  Examples. 

In  the  Examples,  "parts"  and  "%"  represent  parts  by  weight  and  %  by  weight,  respectively. 

so  Examples  1  through  1j3  and  Comparative  Examples  1  through  4 

Into  a  well-mixed  stirred  tank  type  polymerization  reactor  of  80-liters  inner  volume  was  fed  a  mixture 
comprising  styrene,  acrylonitrile  and  a  solvent  shown  in  Table  1.  Polymerization  is  carried  out  at  140  to  160 
*  C  to  a  polymerization  conversion  of  55  to  60%  for  an  average  residence  time  of  2.5  hours.  The  same 

55  amount  of  the  polymer  solution  fed  to  the  reactor  is  taken  out,  and  unreacted  monomers  and  the  solvent  is 
recovered  in  a  devolatilization  device  under  vacuum  to  obtain  a  copoiymer  resin  shaped  in  pellets. 

Continuous  running  for  700  hours  is  performed,  and  the  state  of  the  gel-like  polymer  attached  to  the 
inner  wall  of  the  polymerization  reactor  is  observed.  Further,  the  pellets  of  the  copolymer  resin  obtained  are 
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molded  by  injection,  and  the  appearance  of  the  molded  article  is  observed.  The  results  are  shown  in  Table 
1. 

The  polymer  solution  in  the  polymerization  reactor  in  these  Examples  is  a  transparent  and  homo- 

geneous  solution  under  the  polymerization  conditions,  but  when  cooled  to  room  temperature,  it  becomes 

5  turbid  and  precipitation  of  the  polymer  is  observed. 

Examples  14  and  15 

io  Into  a  completely  mixing  type  polymerization  reactor  of  80-liters  inner  volume  was  fed  a  mixture 
comprising  styrene,  acrylonitriie,  N-phenylmaleimide,  a  solvent  shown  jn  Table  2  and  700  ppm  of  1,1-bis(t- 
butylperoxy)cyclohexane.  Polymerization  is  carried  out  at  110  to  120  *  C  to  a  polymerization  conversion  of 
50  to  55%  in  a  similar  manner  to  that  described  in  Examples  1  through  13  to  obtain  a  copolymer  resin 
shaped  in  pellets.  Continuous  running  for  700  hours  is  performed,  and  the  same  observations  as  made  in 

75  Examples  1  through  13  are  conducted.  The  results  are  shown  in  Table  2. 
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'  Claims 

5  1.  A  process  for  producing  a  copolymer  by  continuously  copolymerizing  in  a  solution  monomers 
comprising  40  to  95%  by  weight  of  an  aromatic  vinyl  compound  and  5  to  60%  by  weight  of  a  vinyl  cyanide 
compound,  and  further  0  to  30%  by  weight  of  a  vinyl  compound  copolymerizable  with  the  aromatic  vinyl 
compound  and  vinyl  cyanide  compound,  wherein  10  to  100  parts  by  weight  of  a  solvent  containing  not  less 
than  40%  by  weight  of  an  alcohol  is  used  as  the  polymerization  solvent  based  on  100  parts  by  weight  of  the 

10  total  amount  of  the  monomers. 
2.  A  process  according  to  Claim  1,  wherein  the  alcohol  is  an  aliphatic  alcohol  having  3  to  6  carbon 

atoms. 
3.  A  process  according  to  Claim  1  ,  wherein  the  alcohol  is  secondary  butyl  alcohol. 
4.  A  process  according  to  Claim  1  ,  wherein  the  polymerization  solvent  is  a  solvent  containing  not  less 

75  than  90%  by  weight  of  secondary  butyl  alcohol. 
5.  A  process  according  to  Claim  1,  wherein  the  polymerization  solvent  is  secondary  butyl  alcohol. 
6.  A  process  according  to  any  one  of  Claims  1  to  5,  wherein  the  copolymerization  is  carried  out  under  a 

polymerization  temperature  of  not  lower  than  90  "  C  and  lower  than  200  *  C  and  with  the  polymerization 
solution  in  a  homogeneous  state. 

20  7.  A  process  according  to  any  one  of  Claims  1  to  6,  wherein  the  polymerization  is  carried  out  so  that 
the  polymerization  conversion  is  not  lower  than  30%  and  the  polymerization  solution  is  in  a  homogeneous 
state. 

8.  A  process  according  to  any  one  of  Claims  1  to  7,  wherein  the  polymerization  is  carried  out 
continuously  for  not  shorter  than  200  hours  by  continuously  feeding  a  mixture  of  the  polymerization  solvent 

25  and  the  monomers  into  a  polymerization  zone  and  continuously  removing  a  solution  containing  the 
copolymer  from  the  zone. 

9.  A  process  according  to  any  one  of  Claims  1  to  5,  wherein  the  aromatic  vinyl  compound  is  styrene 
and  the  vinyl  cyanide  compound  is  acrylonitrile. 
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