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Description 

The  invention  relates  generally  to  a  method  of  polymerizing  polyvinyl  chloride  (PVC)  and  PVC  copolymers 
using  a  hot  charge  procedure  and  an  emulsif  ier  package.  The  emulsif  ier  package  comprises  a  primary  emul- 

5  sif  ier  which  is  a  partially  saponified  polyvinyl  alcohol  (PVA)  and  a  secondary  emulsif  ier  which  is  a  cellulosic 
emulsifier.  An  optional  additional  polyvinyl  alcohol  emulsifier  may  be  added.  The  invention  further  relates  to 
the  resultant  PVC  products. 

US-A-4  324  discloses  a  process  for  producing  vinyl  chloride  polymer  which  comprises  polymerizing  vinyl 
chloride  monomer  in  an  aqueous  suspension,  in  the  presence  of  a  free  radical  catalyst,  a  primary  suspending 

10  agent  selected  from  the  group  consisting,  inter  alia,  of  water  soluble  polyvinyl  alcohol,  water-soluble  modified 
cellulose  and  a  secondary  suspending  agent  consisting  of  partially  hydrolysed  polyvinyl  acetate,  wherein  the 
ratio  of  the  amount  of  the  primary  suspending  agent  to  the  amount  of  said  secondary  suspending  agent  is  be- 
tween  1:10  to  10:1. 

It  is  currently  known  to  use  a  partially  saponified  polyvinyl  alcohol  emulsifier  having  a  degree  of  saponifi- 
15  cation  between  about  60  and  90  mole  percent  and  a  solubility-in-methanol  index  at  55°Cof  at  least  up  to  about 

60  percent.  An  example  of  such  an  emulsifier  is  Poval  L9  sold  by  Kuraray  Co.,  Ltd.  of  Japan.  This  emulsifier 
has  advantages  in  that  it  can  be  used  at  lower  concentrations  and  it  results  in  superior  polymerization  product, 
namely,  the  product  has  improved  porosity  and  low  gel  content.  However,  in  the  past,  it  has  not  been  known 
how  to  take  advantage  of  the  use  of  this  emulsifier  in  "hot  charge"  reaction  vessels.  Specifically,  at  tempera- 

20  tures  above  40°C  the  emulsifier  causes  an  unstable  suspension  and  difficulties  in  particle  size  control. 
The  process  of  the  present  invention  solves  the  foregoing  problems  by  providing  a  set  of  process  para- 

meters  which  result  in  a  stable  suspension  even  in  hot  charge  polymerizations.  Further,  the  partially  saponified 
type  PVA  emulsifier  is  used  as  a  primary  emulsifier  in  an  emulsifier  package  with  a  secondary  emulsifier  which 
is  a  cellulosic  type  emulsifier. 

25  The  invention  comprises  a  hot  charge  polymerization  method  for  the  suspension  polymerization  of  poly- 
vinyl  chloride,  or  polyvinyl  chloride  type  polymers  which  includes  the  following  steps: 

(a)  introducing  vinyl  chloride  monomer  and  optional  comonomer  or  comonomers,  and  water  into  a  reaction 
vessel  to  form  a  monomer  mixture,  and  bringing  said  mixture  to  a  reaction  temperature  between  40  and 
80°C,  and  preferably  between  50  and  70°C; 

30  (b)  waiting  for  a  period  of  from  0  to  15  minutes,  and  preferably  from  about  5  to  10  minutes,  from  the  end 
of  the  addition  of  said  monomer; 
(c)  adding  an  emulsifier  package  comprising  0.026  to  .06  parts  per  hundred  monomer  by  weight  of  a  pri- 
mary  emulsifier  which  is  a  partially  saponified  polyvinyl  alcohol  emulsifier  having  a  degree  of  saponifica- 
tion  between  60  and  90  mole  percent  and  a  solubility  in  methanol  index  at55°Cof  at  least  up  to  60  percent, 

35  and  from  0.002  to  0.02  parts  per  hundred  monomer  by  weight  of  a  secondary  emulsifier  which  is  either  a 
substituted  cellulosic  emulsifier  or  a  hydrolyzed  polyvinyl  alcohol; 
(d)  waiting  for  a  second  period  of  from  0  to  15  minutes  and  preferably  5  to  10  minutes  from  the  end  of  the 
addition  of  said  emulsifier  package;  and 
(e)  adding  an  effective  amount  of  a  catalyst,  and  specifically  a  catalyst  emulsion. 

40  A  polyvinyl  chloride  composition  results  having  a  bulk  density  of  from  0.49  to  0.55  g/ml,  and  preferably  a 
0.53  to  0.54  g/ml;  a  90  percent  void  volume  porosity  within  plus  or  minus  of  0.28  ml/g;  an  average  particle  size 
of  from  110  urn  to  150  urn  (microns);  preferably  125  urn  to  135  ^m;  and  a  low  0.25  mm  (60  mesh)  count. 

An  advantage  of  the  present  invention  is  the  providing  of  a  process  which  permits  the  use  of  a  partially 
saponified  PVAtype  emulsifier  in  a  hot  charge  reaction  process.  A  hot  charge  reaction  type  polymerization  proc- 

45  ess  is  more  efficient  than  the  similar  cold  charge  reaction  process,  and  moreover  certain  reaction  vessels  are 
equipped  only  to  run  a  hot  charge  reaction. 

A  further  advantage  of  the  present  invention  is  the  production  of  improved  polymerization  product.  The 
polyvinyl  chloride,  or  polyvinyl  chloride  copolymers  which  result  from  the  process  of  the  present  invention  have 
a  higher  bulk  density  than  prior  art  polyvinyl  chlorides.  A  higher  bulk  density  results  in  less  expense  for  storage 

50  and  shipping  as  well  as  better  flow  rates.  In  addition,  the  polymerization  product  has  a  uniform  porosity  and  a 
low  gel  content.  A  low  gel  content  results  in  PVC  or  PVC  type  resins  having  reduced  f  isheyes  or  specks  in  the 
film. 

The  product  in  accordance  with  the  present  invention  can  be  used  in  any  application  suitable  for  high  qual- 
ity  PVC  and  PVC  type  product,  such  as  polyvinyl  chloride  for  film  in  medical  and  food  applications. 

55  The  invention  relates  generally  to  a  process  for  the  production  of  polyvinyl  chloride  and  polyvinyl  chloride 
copolymers  using  a  "hot  charge"  polymerization  process.  By  "hot  charge"  polymerization  process,  it  is  meant 
a  polymerization  process  in  which  the  emulsifier  is  added  to  a  monomer  mixture  or  slurry  which  is  at  or  near 
reaction  temperature.  In  particular,  it  is  used  in  this  specification  to  indicate  the  condition  in  which  the  reaction 
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slurry,  i.e.,  the  monomers  and  the  water,  are  at  a  temperature  of  more  than  40°C.  Typically  the  monomer  slurry 
will  be  at  a  temperature  of  from  40°  to  80°C,  and  more  preferably  from  50°  to  70°C.  The  monomer  slurry  may 
be  brought  to  temperature  either  by  adding  water  to  the  monomers  which  has  been  heated  above  ambient  tem- 

5  perature,  or  by  heating  the  water  and  monomers  after  they  are  introduced  into  the  reaction  vessel.  As  used 
herein  "bringing  the  reaction  slurry  or  monomer  mixture  to  reaction  temperature"  means  either  heating  the  mix- 
ture  within  the  reaction  vessel,  or  adding  heated  water  and/or  monomers.  The  polymerization  process  of  the 
present  invention  will  be  used  in  reaction  vessels  as  known  in  the  art,  such  as  from  3  literto  151.400  liter  (40,000 
gallon)  reactors. 

10  The  process  of  the  invention  may  be  used  in  the  polymerization  of  vinyl  chloride  monomers,  or  of  vinyl 
chloride  and  comonomers  such  as  are  known  in  the  art.  It  is  envisioned  that  in  the  event  that  a  comonomer 
is  used,  the  copolymer  has  a  vinyl  chloride  content  of  at  least  10  percent.  Typical  comonomers  which  may  be 
polymerized  with  vinyl  chloride  are  well  known  to  the  art  and  to  the  literature  and  include  esters  of  acrylic  acid 
wherein  the  ester  portion  has  from  1  to  12  carbon  atoms,  for  example,  methyl  acrylate,  ethyl  acrylate,  butyl 

15  acrylate,  octyl  acrylate,  cyanoethyl  acrylate,  and  the  like;  vinyl  acetate;  esters  of  methacrylic  acid  wherein  the 
ester  portion  has  from  1  to  12  carbon  atoms,  such  as  methyl  methacrylate,  ethyl  methacrylate,  butyl  metha- 
crylate,  and  the  like;  styrene  and  styrene  derivatives  having  a  total  of  from  8  to  15  carbon  atoms  such  as  alpha- 
methylstyrene,  vinyl  toluene,  chlorostyrene;  vinyl  naphthalene;  diolefins  having  a  total  of  from  4  to  8  carbon 
atoms  such  as  butadiene,  isoprene,  and  including  halogenated  diolefins  such  as  chloroprene;  monoolef  ins  hav- 

20  ing  from  2  to  10  carbon  atoms  and  preferably  2  to  4  carbon  atoms;  and  the  like;  and  mixtures  of  any  of  the 
above  types  of  monomers  and  other  vinyl  monomers  copolymerizable  therewith  known  to  the  art  and  to  the 
literature.  It  is  preferable,  however,  that  the  present  invention  be  used  for  homopolymerization  of  vinyl  chloride 
monomer. 

The  suspension  polymerization  process  of  the  present  invention  is  as  follows: 
25  (a)  the  vinyl  chloride  monomers  and  water  are  added  to  a  reaction  vessel  and  brought  to  a  temperature  of 

greater  than  40°C,  and  preferably  from  40  to  80°C,  and  most  preferably  from  50  to  70°C; 
(b)  a  first  delay  period  of  0  to  15,  and  preferably  5  to  10  minutes  after  the  desired  reaction  temperature 
has  been  reached  is  allowed; 
(c)  an  emulsifier  package  is  added  to  said  reaction  vessel,  said  emulsifier  package  comprising  from  0.026 

30  to  0.06  parts  per  hundred  monomer  by  weight  of  a  primary  emulsifier  and  from  0.002  to  0.02  parts  per 
hundred  monomer  of  a  secondary  emulsifier,  and  optionally  an  additional  emulsifier; 
(d)  a  second  delay  or  period  of  from  0  to  15  and  preferably  5  to  10  minutes  is  allowed  to  elapse;  and 
(e)  an  effective  amount  of  a  catalyst  is  added. 
The  emulsifier  package  which  is  used  with  the  present  invention  includes  a  primary  emulsifier  which  is  a 

35  partially  saponified  polyvinyl  alcohol  emulsifier  having  a  degree  of  saponification  between  60  and  90  mole  per- 
cent  and  a  solubility  and  methanol  index  at  55°C  in  a  range  of  up  to  60  percent.  An  example  of  a  suitable  primary 
emulsifier  is  taught  in  U.S.  Patent  No.  4,226,966  to  Shiraishi  et  al.  The  patent  is  assigned  to  Kuraray  Co.,  Ltd. 
of  Japan.  An  example  of  such  an  emulsifier  is  sold  under  the  name  Poval  L-9  by  Kurara  Co.,  Ltd.  Similar  prod- 
ucts  are  made  by  Nippon  Gohsei  under  the  markGohsenol  KZ06and  KZ05,  and  other  products  which  perform 

40  similarly  may  also  be  available.  Poval  L-9  is  a  preferred  primary  emulsifier. 
The  secondary  emulsifier  used  in  the  emulsifier  package  acts  as  a  colloidal  stabilizer  and  is  a  cellulosic 

type  emulsifier  or  a  hydrolyzed  polyvinyl  alcohol.  Preferably  it  is  a  substituted  cellulosic  such  as  hydroxy  propyl 
methocel.  If  the  PVAis  used,  it  appears  necessary  to  use  it  at  much  higher  levels  than  if  the  cellulosic  is  used. 
An  example  of  a  suitable  type  cellulosic  emulsifier  is  Methocel  F-50  sold  by  Dow  Chemical.  Commercial  equiv- 

45  alents  are  sold  by  Hercules  and  Henkel. 
It  is  further  preferred  to  use  an  additional  optional  emulsifier  which  may  be  a  hydrolyzed  PVA  emulsif  ier. 

The  optional  additional  emulsifier  is  a  second  hydrolyzed  polyvinyl  acetate  type  dispersant  having  a  percent 
hydrolysis  greater  than  68  percent.  Examples  are  Alcotex  72.5,  Alcotex  78L,  Vinol®  540,  etc.  Vinol®  540  is  88 
percent  hydrolyzed  PVA  and  is  preferred.  The  use  of  this  optional  emulsifier  in  combination  with  the  cellulosic 

so  emulsifier  has  a  synergistic  effect  in  that  the  use  of  both  types  allows  a  reduction  of  the  amount  of  emulsifier 
while  achieving  a  comparable  product.  In  the  most  preferred  embodiment,  the  cellulosic  is  methocel  and  the 
optional  emulsifier  is  Vinol®  540.  This  combination  has  the  additional  synergistic  effect  of  increasing  the  bulk 
density  of  the  final  product. 

It  is  essential  that  all  of  the  emulsif  iers  in  the  emulsif  ication  package  are  added  at  one  time,  that  is  either 
55  the  emulsif  iers  are  premixed  before  being  charged  from  the  hopper,  or  at  least,  the  emulsif  iers  are  added  at 

the  same  time  from  a  single  hopper.  Unsuitable  polymerization  product  will  result  if  the  emulsif  iers  are  added 
at  different  times. 

The  catalyst  used  may  be  any  suitable  catalyst  for  a  polyvinyl  chloride  polymerization,  including  for  example 
EHP  (ethylhexyl  peroxydicarbonate)  and  SBP  (sec  butyl  peroxydicarbonate).  The  catalyst  is  added  in  an  ef- 
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fective  amount  which  is  usually  from  0.03  to  0.05  (or  the  molar  equivalent)  and  preferably  at  0.045  parts  (or 
the  molar  equivalent)  per  hundred  monomer  by  weight.  In  addition,  it  may  be  advantageous  to  use  a  catalyst 
emulsifier,  such  as  a  primary  emulsifier,  with  the  catalyst.  In  this  case  the  catalyst  emulsifier  may  be  used  in 

5  amounts  of  0.004  to  0.24  parts  per  hundred  monomer  by  weight,  and  preferably  from  0.008  to  0.016  parts  per 
hundred  monomer  by  weight. 

The  polymerization  product  of  the  present  invention  has  excellent  bulk  density,  which  is  from  0.49  to  0.55 
gm/ml,  and  preferably  from  0.53  to  0.54  gm/ml.  Furthermore,  the  product  is  a  good  powder  mixture.  It  has  a 
substantially  uniform  porosity  and  a  90  percent  void  volume  porosity  within  plus  or  minus  of  0.28  ml/gm.  These 

10  figures  result  in  low  gel  content  in  products  made  from  the  polymerization  product  as  is  evidenced  by  a  f  isheye 
content  of  not  more  than  one  gel/6.45  cm2  (one  gel/in2).  The  particles  have  an  average  particle  size  of  from 
110  urn  to  150  urn,  and  preferably  from  125  urn  to  135  ^m,  and  a  low  0.25  mm  (60  mesh)  count. 

EXAMPLES 
15 

The  foregoing  invention  will  be  better  understood  with  reference  to  the  following  examples. 
A  general  polymerization  procedure  for  use  in  a  small  scale  reactor,  i.e.  55  liter  stainless  steel,  is  given 

below: 
The  reactor  is  first  coated  internally  with  a  protective  coating  to  prevent  reactor  scaling  and  build-up.  The 

20  reactor  is  then  evacuated  to  982  mbar  (29  inches  of  mercury).  From  146  to  148  parts  of  deionized,  deminer- 
alized  water  at  ambient  temperature  are  charged,  followed  by  100  parts  vinyl  chloride  monomer.  The  contents 
of  the  reaction  monomer  are  agitated  atabout450  rpm  and  the  mixture  is  heated.  Afterthe  mixture  has  reached 
a  temperature  of  53°  to  56°C  at  from  1  5  to45  minutes  following  the  beginning  of  heating;  the  emulsifier  package 
is  added  by  an  injection  syringe  which  is  subsequently  flushed  with  from  2  to  4  parts  of  water  to  bring  the  total 

25  amount  of  water  now  added  to  150  parts.  Unless  otherwise  indicated,  the  emulsifier  package  is  added  after 
a  delay  which  may  range  from  30  seconds  to  5  minutes.  This  delay  is  represented  by  the  time  it  takes  for  the 
emulsifier  to  be  manually  added  to  the  reactor.  The  contents  of  the  reactor  are  subsequently  mixed  for  a  period 
of  time  which  is  15  minutes  unless  otherwise  indicated,  and  then  the  catalyst  solution  is  added.  The  addition 
means  (i.e.,  the  syringe)  are  subsequently  flushed  with  35  parts  of  deionized,  demineralized  water.  The  catalyst 

30  solution  generally  comprises  a  peroxy  catalyst  with  an  emulsifier.  The  polymerization  is  allowed  to  run  at  re- 
action  temperature,  i.e.  50  to  70°C  to  completion  as  is  indicated  by  a  drop  in  pressure.  The  reaction  is  subse- 
quently  terminated  by  the  addition  of  a  shortstop.  Alternatively,  the  polymerization  process  is  aborted  if  the 
suspension  appears  to  be  unstable  or  the  product  appears  to  be  bad. 

Examples  1  and  7  deal  with  analogous  manufacturing  scale  polymerization  runs.  In  these  runs,  the  reac- 
35  tions  were  run  in  a  62  452.5  liter  (16,500  gallon)  stainless  steel  reactor  at  analogous  ratios  of  monomer  to  deion- 

ized,  demineralized  water.  In  the  large  scale  reactor,  the  monomers  and  water  are  added  at  the  same  time, 
although  the  water  is  added  at  about  60°C.  The  emulsifier  package  is  generally  added  as  a  premix,  or  charged 
simultaneously  from  the  same  hopper,  after  a  delay  of  0  to  1  5  minutes  from  the  time  that  the  monomer  mixture 
reaches  reaction  temperature. 

40 
EXAMPLE  1  (Comparison) 

The  first  polymerization  was  run  as  a  hot  charged  procedure  in  the  62  452.5  liter  (16,500  gallon)  manu- 
facturing  scale  reactor  as  previously  described.  In  the  first  two  runs,  the  emulsifier  consisted  solely  of  Poval 

45  L9  at  a  level  of  0.039  PHM  by  weight  and  the  emulsifier  was  added  simultaneously  with  the  vinyl  chloride  and 
water.  These  runs  were  found  to  be  unstable  and  were  aborted.  In  the  next  run  the  addition  of  the  emulsifier 
was  delayed  until  after  all  of  the  water  was  charged.  This  polymerization  run  resulted  in  a  satisfactory  poly- 
merization  product.  Subsequently,  a  polymerization  run  was  preformed  using  Poval  L9  at  a  level  of  0.035  PHM 
where  the  addition  of  the  emulsifier  was  delayed  for  a  period  of  eight  minutes  from  the  addition  of  the  water, 

so  and  once  again  a  satisfactory  polymerization  product  was  obtained.  Additional  polymerizations  were  run  where- 
in  Poval  L9  was  used  as  the  emulsifier  at  a  similar  level,  and  added  after  a  delay  of  usually  about  eight  minutes 
from  the  addition  of  the  water.  These  runs  proved  to  have  a  success  rate  of  less  than  50  percent.  By  a  success 
rate,  it  is  meant  that  in  more  than  50  percent  of  the  cases,  either  an  unsatisfactory  product  was  obtained  of 
the  run  was  aborted  due  to  suspension  instability.  It  is  noted  that  while  there  has  been  some  success  at  using 

55  Poval  L9  by  itself  as  the  emulsifier,  if  the  addition  of  the  emulsifier  is  delayed  from  the  addition  of  the  water 
and  vinyl  chloride,  the  rate  of  success  is  much  too  low  to  be  commercially  viable.  For  a  successful  commercial 
product,  a  success  rate  of  virtually  100  percent  must  be  achieved.  Thus,  it  is  imperative  that  the  process  utilized 
is  consistently  successful. 
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EXAMPLE  2  (Comparison) 

In  this  Example,  two  polymerization  runs  were  run  in  the  55  liter  reactor  as  previously  described.  In  these 
5  polymerization  runs,  the  emulsifier  consisted  solely  of  Poval  L9  at  a  level  of  0.0345  parts  per  hundred  monomer. 

The  catalyst  was  sec-butyl  peroxydicarbonate  (SBP)  at  a  level  of  0.03  PHM.  The  catalyst  was  added  using 
Poval  L9  in  one  instance  as  the  catalyst  emulsifier  and  using  Vinol®  540,  a  hydrolyzed  PVA  emulsifier  having 
a  percent  hydrolysis  of  88  percent  in  the  other  case.  In  both  cases,  this  emulsif  ier  was  used  at  a  level  of  0.008 
PHM.  In  both  cases,  the  polymerization  run  resulted  in  a  solid  charge. 

10 
EXAMPLE  3 

The  following  examples  were  run  in  the  55  liter  reactor  as  previously  described  in  demonstrating  the  im- 
proved  effectiveness  of  using  a  secondary  emulsifier  with  the  primary  emulsifier.  In  the  first  three  samples, 

15  A,  B,  and  C,  the  secondary  emulsifier  was  the  preferred  emulsif  ier,  a  substituted  cellulosic  emulsifier.  In  these 
samples,  the  secondary  emulsifier  was  Methocel  F-50,  and  was  added  at  levels  of  0.005,  0.01,  and  0.02  PHM. 
Samples  D,  E,  and  F  were  run  using  a  different  substituted  cellulosic,  Methocel  K100LV  which  is  also  a  hydroxyl 
propylmethylcellulose.  This  emulsifier  has  a  molecular  weight  which  is  roughly  twice  that  of  the  Methocel  F- 
50.  The  Methocel  F-50  has  a  viscosity  rating  of  50  mPa.s  (centipoise).  Samples  D,  E,  and  F  were  run  using 

20  Methocel  k100LV  at  0.005,  0.010,  and  0.015  PHM,  respectively. 
Sample  G  is  run  using  Alcotex  72.5  which  is  a  PVA  emulsifier  having  a  hydrolysis  percent  of  72.5  percent. 

This  polymerization  was  stable,  and  shows  that  the  secondary  emulsifier  may  be  a  hydrolyzed  PVA.  However, 
Example  H,  in  which  the  secondary  emulsif  ier  was  0.02  parts  Vinol®  540,  the  polymerization  was  unstable. 
Properties  for  runs  A  through  G  are  shown  in  Table  I  and  these  properties  as  well  as  the  results  of  run  H  dem- 

25  onstrate  that  the  secondary  emulsifier,  which  acts  as  a  colloidal  stabilizer,  can  be  either  a  substituted  cellulosic 
or  a  hydrolyzed  PVA  although  the  substituted  cellulosic  is  preferred. 

EXAMPLE  4 

30  The  following  samples  were  also  run  in  the  55  liter  reactor  as  previous  described.  In  these  samples,  Me- 
thocel  F-50  was  used  as  a  secondary  emulsifier  at  a  low  level,  .005  PHM.  The  primary  emulsifier  is  Poval  L9, 
and  was  used  at  a  constant  level.  The  samples  were  varied  by  the  addition  of  an  optional  emulsifier,  which  is 
a  hydrolyzed  PVA.  The  samples,  J  through  M  have  the  additional  amounts  of  emulsifier  indicated  in  the  table, 
namely  Alcotex  78L,  which  is  a  PVA  having  78  percent  hydrolysis,  Alcotex  72.5,  which  is  a  PVA,  having  72.5 

35  percent  hydrolysis,  and  Vinol®  540,  which  is  a  PVA  having  88  percent  hydrolysis.  Alcotex  is  sold  by  Revertex 
Ltd.  of  England.  These  optional  emulsifiers  were  added  at  0.005  PHM.  These  samples  show  that  the  use  of 
the  optional  emulsifier  has  a  synergistic  effect  insofar  as  improved  properties  are  achieved  using  lower  total 
amounts  of  secondary  and  optional  emulsifier  than  the  secondary  emulsifier  previously  used.  Data  for  these 
samples  is  given  in  Table  I. 

40  It  is  most  preferred  that  the  optional  emulsifier  is  Vinol®  540.  This  particular  optional  emulsifier,  when  used 
in  conjunction  with  the  substituted  cellulosic,  has  the  additional  synergistic  effect  of  improving  bulk  density. 

The  desirability  of  the  improved  bulk  density  is  discussed  above.  The  preferred  embodiment  achieves  a 
desirably  density  of  at  least  0.50  and  preferably  0.52  g/ml. 

45  EXAMPLE  5 

These  examples  were  run  using  the  55  liter  reactor  and  the  procedure  described  earlier.  In  these  as  is 
polymerizations,  different  compounds  were  substituted  in  Samples  N  and  O  for  the  Poval  L9,  and  specifically 
KZ-05  and  KZ-06,  respectively,  saponified  PVA  products  roughly  requivalent  to  Poval  L9,  and  sold  by  Nippon 

so  Goshei  of  Japan.  In  Sample  P,  S0-1  by  Revertex  was  used  at  0.03  PHM.  Data  for  Samples  N-0  is  given  in 
Table  I. 

EXAMPLE  6 

55  This  example  was  run  at  manufacturing  scale  experimentation  in  the  62  452.5  liter  (16,500  gallon)  reactor 
as  previously  described.  In  the  initial  polymerization,  Vinol®  540  was  added  first,  then  the  Methocel  and  Poval 
L9  were  subsequently  charged.  The  charge  became  unstable. 

In  subsequent  charges  using  Poval  L9  as  a  primary  emulsifier  in  which  the  emulsifiers  were  either  pre- 
mixed  or  added  simultaneously  from  the  hopper,  successful  results  were  obtained  for  Methocel  F-50  alone  as 

5 
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a  secondary  emulsifier  used  at  0.005  PHM,  or  for  Methocel  F-50,  and  an  optional  emulsifier  at  0.005  to  0.01 
PHM  comprising  Gohsenol  GH-20,  an  equivalent  to  Vinol®  540,  sold  by  Nippon  Goshei  of  Japan.  Using  the 
Methocel  and  GH-20  mixture,  17  consecutive  charges  have  been  run. 

EXAMPLE  7 

10 

Further  manufacturing  scale  experimentation  has  been  conducted  in  the  62  452.5  liter  (16,500  gallon)  re- 
actor  in  which  7  consecutive  charges  have  been  run  using  Methocel  F-50  at  0.005  PHM  and  Poval  L9  at  0.035 
PHM. 
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Claims 

1.  A  suspension  polymerization  method  comprising  the  steps  of 
(a)  forming  a  mixture  of  vinyl  chloride  monomer  and  optional  vinyl  chloride  comonomer  and  water  in  a 
reaction  vessel,  and  bringing  said  mixture  to  a  reaction  temperature  of  more  than  40°C; 
(b)  allowing  an  initial  period  of  from  0  to  15  minutes  to  elapse; 
(c)  adding  an  emulsifier  package  to  said  reaction  vessel,  said  emulsifier  package  comprising  from  0.026 
to  0.06  parts  per  hundred  monomer  by  weight  of  a  partially  saponified  polyvinyl  alcohol  emulsifier  hav- 
ing  a  degree  of  saponification  of  from  60  to  90  mole  percent  and  a  methanol  index  at  55°C  of  up  to  60 
percent  and  from  0.002  to  0.02  parts  per  hundred  monomer  of  a  secondary  emulsifier  comprising  a 
substituted  cellulosic  dispersant; 
(d)  allowing  a  second  period  of  from  0  to  15  minutes  to  elapse;  and 
(e)  adding  an  effective  amount  of  a  catalyst  to  cause  said  polymerization  to  begin. 

2.  A  method  as  set  forth  in  Claim  1,  wherein  said  primary  emulsifier  is  present  from  0.03  to  0.05  parts  per 
hundred  monomer  and  said  secondary  emulsifier  is  present  from  0.005  to  0.01  parts  per  hundred  mono- 
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mer  by  weight, 
wherein  said  emulsifier  package  further  comprises  from  0  to  0.2  parts  per  hundred  monomer  of  a 

hydrolyzed  polyvinyl  acetate  type  dispersant  having  a  percent  hydrolysis  greater  than  68  percent  and 
wherein  said  additional  dispersant  is  present  at  from  0.05  to  0.01  parts  per  hundred  monomer  by 

weight. 

3.  A  method  as  set  forth  in  Claim  1  ,  wherein  said  catalyst  is  present  at  from  0.03  to  0.05  parts  per  hundred 
resin. 

4.  A  method  as  set  forth  in  Claim  3,  wherein  a  catalyst  emulsifier  is  added  in  amounts  from  0.004  to  about 
0.024  parts  per  hundred  monomer  with  the  catalyst. 

5.  A  method  as  set  forth  in  Claim  4,  wherein  said  reaction  temperature  is  from  40  to  80°C. 

6.  A  method  as  set  forth  in  claim  5,  wherein  said  initial  delay  is  from  5  to  10  minutes,  and  said  additional 
delay  is  from  5  to  10  minutes. 

Patentanspruche 
20 

1.  Verfahren  der  Suspensions-Polymerisation,  umfassend  die  Schritte 
(a)  des  Bildens  eines  Gemischs  aus  einem  Vinylchlorid-Monomer  und  einem  wahlfreien  Vinylchlorid- 
Comonomer  und  Wasser  in  einem  Reaktionsgefali  und  des  Einstellens  des  Gemischs  auf  eine  Tem- 
peratur  von  mehr  als  40  °C; 

25  (b)  des  Verstreichenlassens  eines  Anfangs-Zeitraums  von  0  bis  1  5  min; 
(c)  des  Hinzufugens  eines  Emulgator-Pakets,  das  0,026  bis  0,06  Gew.-Teile,  auf  100  Gew.-Teile  des 
Monomers,  eines  partiell  verseiften  Polyvinylalkohol-Emulgators  mit  einem  Verseifungsgrad  von  60  bis 
90  Mol-%  und  einem  Methanol-lndex  bei  55  °C  bis  zu  60  %  und  0,002  bis  0,02  Gew.-Teile,  auf  100 
Gew.-Teile  des  Monomers,  eines  ein  substituiertes  Cellulose-Dispergiermittel  umfassenden  sekunda- 

OA ren  Emulgators  umfalit,  zu  dem  Inhalt  des  Reaktionsgefali; 
(d)  des  Verstreichenlassens  eines  zweiten  Zeitraums  von  0  bis  15  min;  und 
(d)  des  Hinzufugens  einer  wirksamen  Menge  eines  Katalysators,  urn  den  Beginn  der  Polymerisation 
zu  veranlassen. 

35  2.  Verfahren  nach  Anspruch  1  ,  worin  der  primare  Emulgator  in  einer  Menge  von  0,03  bis  0,05  Gew.-Teilen, 
auf  100  Gew.-Teile  des  Monomers,  vorliegt  und  der  sekundare  Emulgator  in  einer  Menge  von  0,005  bis 
0,01  Gew.-Teilen,  auf  100  Gew.-Teile  des  Monomers,  vorliegt, 
worin  das  Emulgator-Paketweiterhin  0  bis  0,2  Teile,  auf  100  Gew.-Teile  des  Monomers,  eines  Dispergier- 
mittels  vom  Typ  eines  hydrolysierten  polyvinylacetats  mit  einem  Hydrolyse-Prozentsatz  von  mehr  als  68 

40  %  umfalit  und  das  zusatzliche  Dispergiermittel  in  einer  Menge  von  0,05  bis  0,01  Teilen,  auf  100  Gew.- 
Teile  des  Monomers,  anwesend  ist. 

3.  Verfahren  nach  Anspruch  1  ,  worin  der  Katalysator  in  einer  Menge  von  0,03  bis  0,05  Teilen,  auf  1  00  Teile 
des  Harzes,  vorliegt. 

4.  Verfahren  nach  Anspruch  3,  worin  ein  Katalysator-Emulgator  in  Mengen  von  0,004  bis  etwa  0,024  Teilen, 
auf  100  Teile  des  Monomers,  mit  dem  Katalysator  hinzugefugt  wird. 

5.  Verfahren  nach  Anspruch  4,  worin  die  Reaktions-Temperatur40  °C  bis  80  °C  betragt. 

6.  Verfahren  nach  Anspruch  5,  worin  die  Anfangs-Verzogerung  5  bis  10  min  betragt  und  die  zusatzliche  Ver- 
zogerung  5  bis  10  min  betragt. 

Revendications 

1.  Un  procede  de  polymerisation  en  suspension  comprenant  les  etapes  consistant  a  : 
(a)  former  un  melange  de  monomere  de  chlorure  de  vinyle  et  de  comonomere  facultatif  de  chlorure  de 
vinyle  et  d'eau  dans  un  reacteur  et  amener  ledit  melange  a  une  temperature  de  reaction  superieure  a 
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40°C; 
(b)  permettre  I'ecoulement  d'une  periode  initiale  de  0  a  15  minutes  ; 
(c)  ajouter  un  paquet  d'emulsifiant  audit  recipient  de  reaction,  ledit  paquet  d'emulsifiant  comprenant 
de  0,026  a  0,06  partie  pour  cent  parties  de  monomere  en  poids  d'un  emulsif  iant  du  poly(alcoolvinylique) 
partiellement  saponifie  ayant  un  degre  de  saponification  de  60  a  90  mole  %  et  un  degre  de  methanol 
a  55°C  allant  jusqu'a  60%  et  de  0,002  a  0,02  partie  pour  cent  parties  de  monomere  d'un  emulsifiant 
secondaire  comprenant  un  dispersant  cellulosique  substitue  ; 
(d)  permettre  I'ecoulement  d'une  deuxieme  periode  de  0  a  15  minutes  ;  et 
(e)  ajouter  une  quantite  eff  icace  d'un  catalyseur  pour  provoquer  le  debut  de  la  polymerisation. 

Un  procede  selon  la  revendication  1,  dans  lequel  ledit  emulsifiant  primaire  est  present  a  raison  de  0,03 
a  0,05  partie  pour  cent  parties  de  monomere  et  ledit  emulsifiant  secondaire  est  present  a  raison  de  0,005 
a  0,01  partie  pour  cent  parties  de  monomere  en  poids,  dans  lequel  ledit  paquet  d'emulsifiant  comprend, 
en  outre,  de  0  a  0,2  partie  pour  cent  parties  de  monomere  d'un  dispersant  de  type  poly(acetate  de  vinyle) 
hydrolyse  ayant  un  pourcentage  d'hydrolyse  superieur  a  68%  et  dans  lequel  ledit  dispersant  supplemen- 
taire  est  present  a  raison  de  0,05  a  0,01  partie  pour  cent  parties  de  monomere  en  poids. 

Un  procede  selon  la  revendication  1  dans  lequel  ledit  catalyseur  est  present  a  raison  de  0,03  a  0,05  partie 
pour  cent  parties  de  resine. 

Un  procede  selon  la  revendication  3,  dans  lequel  un  emulsifiant  de  catalyseur  est  ajoute  a  raison  de  0,004 
a  environ  0,024  partie  pour  cent  parties  de  monomere  avec  le  catalyseur. 

Un  procede  selon  la  revendication  4,  dans  lequel  la  temperature  de  reaction  est  de  40  a  80°C. 

Un  procede  selon  la  revendication  5,  dans  lequel  ledit  delai  initial  est  de  5  a  10  minutes  et  ledit  delai  sup- 
plemental  est  de  5  a  10  minutes. 
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