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Description 

BACKGROUND  OF  THE  INVENTION 

5  1.  Field  of  the  Invention 

This  invention  relates  to  a  process  for  producing  a  vinylidene  fluoride  copolymer,  particularly  to  a  process 
for  producing  a  vinylidene  fluoride  copolymer  having  excellent  flexibility,  impact  resistance  and  cold  resistance. 

w  2.  Description  of  Prior  Art 

Polyvinylidene  fluoride  has  excellent  weathering  resistance,  corrosion  resistance,  electrical  characteristics, 
processability,  etc.,  and  therefore  has  been  used  in  a  diversity  of  uses. 

However,  since  polyvinylidene  fluoride  has  great  crystallinity,  residual  stress  during  processing  is  great, 
15  susceptible  to  formation  of  stress  cracks  with  lapse  of  time,  also  lacks  flexibility,  with  impact  resistance  and 

cold  resistance  being  also  inferior  as  compared  with  other  fluorine  resins.  Accordingly,  for  improving  flexibility, 
impact  resistance  and  cold  resistance,  there  have  been  proposed,  for  example,  the  method  in  which  vinylidene 
fluoride  is  copolymerized  with  another  monomer,  such  as  hexafluoropropylene,  tetrafluoroethylne,  methyl 
methacrylate,  butyl  acrylate,  etc.,  or  the  method  in  which  an  acrylic  resin,  etc.  is  formulated  in  polyvinylidene 

20  fluoride. 
However,  the  copolymer  obtained  by  the  method  of  the  prior  art  of  copolymerizing  vinylidene  fluoride  with 

another  monomer  has  excellent  flexibility,  but  has  such  problems  that  the  melting  point  is  lowered  to  lower  the 
usable  temperature  region,  or  that  processability  is  lowered.  On  the  other  hand,  the  composition  obtained  by 
the  method  of  formulating  an  acrylic  resin,  etc.  in  polyvinylidene  fluoride  has  excellent  transparency,  proces- 

25  sability  and  flexibility,  but  has  such  problems  that  weathering  resistance  and  chemical  resistance  are  worsened. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention  is  to  provide  a  process  for  producing  a  vinylidene  fluoride 
30  copolymer  having  the  good  characteristics  inherently  possessed  by  polyvinylidene  fluoride  as  well  as  excellent 

flexibility,  impact  resistance  and  cold  resistance. 

[Means  for  Solving  the  Problems] 

35  The  present  invention,  in  order  to  solve  the  above-mentioned  problems,  provides  a  process  for  producing 
vinylidene  fluoride  copolymer,  comprising  the  step  of  copolymerizing  a  mixture  of  monomers  containing 
polymerizable  double  bonds  comprising: 

(A)  vinylidene  fluoride,  and 
(B)  a  fluorine  compound  represented  by  the  formula: 

40  CH2  =  CH-Rf  (I) 
wherein  Rf  is  a  perfluoroalkyl  group  having  1  to  12  carbon  atoms, 

with  the  content  of  (B)  being  0.1  to  50  %  by  weight,  in  the  presence  of  a  radical  polymerization  initiator. 
According  to  the  process  for  preparing  a  vinylidene  fluoride  copolymer  of  the  present  invention,  a  vinylidene 

fluoride  copolymer  having  excellent  flexibility,  impact  resistance  and  cold  resistance  together  with  the  good 
45  characteristics  inherently  possessed  by  polyvinylidene  fluoride  can  be  obtained. 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

In  the  above  formula  (I)  representing  the  fluorine  compound  which  is  the  component  (B)  of  the  monomeric 
so  mixture  to  be  used  in  the  present  invention,  Rf  is  a  perfluoroalkyl  group  having  1  to  12  carbon  atoms,  including, 

for  example,  perfluoromethyl,  perfluoroethyl,  perfluoropropyl,  perfluorobutyl,  perfluoropentyl,  perfluorohexyl, 
perfluoroheptyl,  perfluorooctyl,  perfluorododecyl  groups.  Specific  examples  of  the  fluorine  compound  of  the 
component  (B)  may  include  perfluoromethylethylene  (i.e.,  3,3,3-trifluoropropylene),  perfluorobutylethylene, 
perfluorohexylethylene,  perfluorooctylethylene,  perfluorododecylethylene.  These  may  be  used  either  singly  or 

55  in  combination  of  two  or  more. 
The  mixture  of  monomers  containing  polymerizable  double  bonds  to  be  used  in  the  process  of  the  present 

invention  may  also  contain,  in  addition  to  vinylidene  fluoride  of  (A)  and  the  fluorine  compound  of  (B)  as  men- 
tioned  above,  other  monomers  having  a  polymerizable  double  bond  copolymerizable  with  vinylidene  fluoride 
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or  the  fluorine  compound  of  (B).  Examples  of  such  other  monomers  may  include  fluorine-containing  monomers 
such  as  tetrafluoroethylene,  hexafluoropropylene,  chlorotrifluoroethylene;  and  ethylene,  methyl  methacrylate. 
These  may  be  used  either  singly  or  in  combination  of  two  or  more. 

The  monomeric  mixture  to  be  used  in  the  present  invention  contains  0.1  to  50  %  by  weight,  preferably  0.5 
5  to  30  %  by  weight,  of  the  fluorine  compound  of  the  component  (B).  If  the  content  of  the  component  (B)  in  the 

monomeric  mixture  is  less  than  0.1  %  by  weight,  no  improvement  can  be  brought  about  in  flexibility,  impact 
resistance  or  cold  resistance  of  the  copolymer  obtained,  while  if  it  exceeds  50  %  by  weight,  the  excellent  specific 
features  in  weathering  resistance,  corrosion  resistance,  electrical  characteristics,  etc.  inherently  possessed  by 
polyvinylidene  fluoride  will  by  impaired. 

w  The  content  of  vinylidene  fluoride  in  the  monomeric  mixture  may  be  generally  50  %  by  weight  or  more,  pref- 
erably  70  %  by  weight  or  more. 

As  the  radical  polymerization  initiator  to  be  used,  any  of  those  conventionally  used  for  polymerization  of 
vinylidene  fluoride  may  be  available.  For  example,  there  may  be  included  organic  or  inorganic  peroxides  such 
as  di-n-propylperoxydicarbonate,  diisopropylperoxydicarbonate,  heptafluorobutyl  peroxide,  t-butylperoxy- 

15  isobutyrate,  isobutyryl  peroxide,  ammonium  persulfate,  potassium  persulfate;  azo  compounds  such  as  a,  a'- 
azobis(a,  y'-demethylvaleroamidine)  hydrochloride;  redox  polymerization  initiators  and  so  on.  These  may  be 
used  either  singly  or  in  combination  of  two  or  more. 

The  system  of  copolymerization  is  not  particularly  limited,  but  any  system  of  suspension  polymerization, 
emulsion  polymerization,  solution  polymerization,  mass  polymerization  can  be  used.  For  example,  when 

20  copolymerization  is  effected  by  suspension  polymerization,  it  may  be  carried  out  according  to  the  method  in 
general  practiced  in  the  case  of  suspension  polymerization  in  the  presence  of  a  radical  polymerization  initiator. 
The  suspending  agent  to  be  used  in  this  case  includes,  for  example,  water-soluble  polymeric  compounds  such 
as  methyl  cellulose  and  polyvinyl  alcohol.  For  controlling  the  molecular  weight  of  the  copolymer  obtained,  a 
chain  transfer  agent  such  as  isopropyl  alcohol,  acetone,  t-butyl  alcohol,  isopentane,  or  a  pH  buffer  such  as  dis- 

25  odium  phosphate;  or  a  pH  controller  such  as  caustic  soda,  may  be  optionally  used,  if  desired.  Further,  when 
the  copolymer  of  the  present  invention  is  produced  by  suspension  polymerization  or  emulsion  polymerization, 
water  is  generally  used  as  the  polymerization  medium,  but  also  a  hydrophobic  halogenated  hydrocarbon  solvent 
such  as  trichlorotrifluoroethane.  may  be  optionally  used  in  combination  with  water. 

Copolymerization  may  be  carried  out  generally  under  the  conditions  of  a  polymerization  temperature  rang- 
30  ing  from  1  to  100°C,  and  a  polymerization  time  ranging  from  1  to  50  hours. 

In  the  process  of  the  present  invention,  the  respective  components  may  be  charged  into  a  polymerization 
vessel  by  charging  initially  all  the  amounts  of  the  components  (A)  and  (B),  or  alternatively  by  charging  a  part 
or  all  of  either  one  or  both  of  the  components  (A)  and  (B)  initially  and  charging  the  rest  during  polymerization 
continuously  or  intermittently. 

35 
EXAMPLES 

In  the  following,  the  process  of  the  present  invention  is  described  in  detail  by  referring  to  Examples  and 
Comparative  examples. 

40 
Example  1 

Into  a  stainless  steel  reactor  of  one-liter  inner  volume  were  charged  500  ml  of  deionized  water,  0.1  g  of 
methyl  cellulose,  0.5  g  of  isopropyl  peroxydicarbonate  and  1  00  g  of  trichlorotrifluoroethane,  and  the  reactor  after 

45  replaced  internally  with  nitrogen  was  evacuated  to  vacuum.  Next,  5  g  of  perfluorobutylethylene  was  charged, 
and  then  95  g  of  vinylidene  fluoride  was  charged,  followed  by  stirring  at  a  rational  number  of  1,000  r.p.m.  of 
the  stirring  blades.  After  15  minutes,  polymerization  was  initiated  by  heating  to  50°C.  The  inner  pressure  inside 
the  reactor  initially  indicated  30  atm.  Thirty  hours  after  initiation  of  polymerization,  when  the  inner  pressure  was 
lowered  to  1  5  atm.,  the  unreacted  monomers  were  purged,  and  the  reaction  mixture  was  taken  out  of  the  reactor, 

so  cooled,  dehydrated  and  dried  to  give  70  g  of  a  copolymer  as  white  powder. 
The  copolymer  obtained  was  molded  by  hot  press  into  a  plate  with  a  thickness  of  1  mm,  and  torsional  rigidity 

at  30°C  was  measured  according  to  JIS  K6745,  Izod  impact  strength  according  to  ASTM  D256,  and  embrittle- 
ment  temperature  according  to  JIS  K7216.  The  results  are  shown  in  Table  1. 

55  Examples  2 - 4  

In  each  Example,  except  for  using  the  fluorine  compounds  shown  in  Table  1  in  place  of 
perfluorobutylethylene,  copolymers  were  obtained  in  the  same  manner  as  in  Example  1  .  The  torsional  rigidity, 
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Izod  impact  strength  and  embrittlement  temperature  of  each  copolymer  obtained  were  measured.  The  results 
are  shown  in  Table  1. 

Comparative  example  1 

For  the  polyvinylidene  fluoride  manufactured  by  Solvay  (Solef  1008),  torsional  rigidity,  Izod  impact  strength 
and  embrittlement  temperature  were  measured  in  the  same  manner  as  in  Example  1.  The  results  are  shown 
in  Table  1  . 

Table  1 

15 Fluorine 
compound 

Torsional  Izod  Impact  Embrittlement 
rigidity  strength  temperature 

(X103  kg/cm2)  (kg  -  cm/cm2)  (  °C  ) 

20 

25 

30 

Example 

1 Perfluorobutyl- 
ethylene 

Perluoromethyl- 
ethylene 

Perluorohexyl- 
ethylene 

Perluorooctyl- 
ethylene 

Comparative  example  1 

3.6 

11.  0 

3.1 

2.5 

7.0 

45 

38 

not  broken 

not  broken 

12 

- 3 0  

- 2 8  

- 3 2  

- 3 3  

- 1 8  

35 

40 

Example  5 

Into  a  stainless  steel  reactor  of  two-liter  inner  volume  were  charged  one  liter  of  deionized  water,  0.2  g  of 
45  methyl  cellulose,  2.0  g  of  n-propylperoxydicarbonate,  200  g  of  trichlorotrifluoroethane  and  0.4  g  of  disodium 

phosphate  (decahydrate),  and  the  reactor  after  replaced  internally  with  nitrogen  was  evacuated  to  vacuum. 
Next,  2  g  of  perfluoromethylethylene  (i.e.,  trifluoropropylene)  was  charged,  and  then  1  98  g  of  vinylidene  fluoride 
was  charged,  followed  by  stirring  at  a  rotational  number  of  600  r.p.m.  of  the  stirring  blades.  After  15  minutes, 
polymerization  was  initiated  by  heating  to  45°C.  The  inner  pressure  of  the  reactor  initially  indicated  30  atm. 

50  Twenty-five  hours  after  initiation  of  polymerization,  when  the  inner  pressure  was  lowered  to  1  0  atm.,  the  unreac- 
ted  monomers  were  purged,  and  the  reaction  mixture  was  taken  out  of  the  reactor,  cooled,  dehydrated  and  dried 
to  give  150  g  of  a  copolymer  as  white  powder. 

The  copolymer  obtained  was  molded  into  a  plate  for  measurement  of  torsional  rigidity,  Izod  impact  strength, 
and  embrittlement  temperature  similarly  as  described  in  Example  1.  The  results  are  shown  in  Table  2. 

55 
Example  6 

Except  for  changing  the  amounts  of  perfluoromethylethylene  and  vinylidene  fluoride  used  to  those  shown 

4 
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in  Table  2,  copolymers  were  obtained  in  the  same  manner  as  in  Example  5,  and  the  copolymers  obtained  were 
subjected  to  measurement  of  torsional  rigidity,  Izod  impact  strength  and  embrittlement  temperature  in  the  same 
manner  as  in  Example  1.  The  results  are  shown  in  Table  2. 

Table  2 

10 
Example  5 Example  6 

15 

20 

25 

Perfluoromethyl-  (  g  ) 
e thy lene  

Vinylidene  fluoride  (  g  ) 

Torsional  r i g i d i t y  
(  X  103  kg/cm2  ) 

Izod  impact  s t r eng th  
(  kg  •  cm/cm2  ) 

Embrit t lement 
temperature 

198 

5 .5  

21 

- 2 1  

20 

180 

2 .9  

not  broken 

-40  or  lower 

30 

Claims 
35 

1  .  A  process  for  producing  a  vinylidene  fluoride  copolymer,  comprising  the  step  of  copolymerizing  a  mixture 
of  monomers  containing  a  polymerizable  double  bond  comprising: 

(A)  vinylidene  fluoride,  and 
(B)  a  fluorine  compound  represented  by  the  formula: 

40 
CH2  =  CH-Rf  (I) 

wherein  Rf  is  a  perfluoroalkyl  group  having  1  to  12  carbon  atoms, 
with  the  content  of  (B)  being  0.1  to  50  %  by  weight,  in  the  presence  of  a  radical  polymerization  initiator. 

2.  The  process  according  to  Claim  1  ,  wherein  the  fluorine  compound  of  the  component  (B)  is  selected  from 
45  the  group  consisting  of  perfluoromethylethylene,  perfluorobutylethylene,  perfluorohexylethylene,  perfluorooc- 

tylethylene,  and  perfluorododecylethylene. 
3.  The  process  according  to  Claim  1,  wherein  said  mixture  of  monomers  contains  the  vinylidene  fluoride 

of  the  component  (A)  in  an  amount  of  at  least  50  %  by  weight. 
4.  The  process  according  to  Claim  1,  wherein  said  mixture  of  monomers  contains  the  fluorine  compound 

50  of  the  component  (B)  in  an  amount  of  from  0.5  to  30  %  by  weight. 
5.  The  process  according  to  Claim  1,  wherein  said  mixture  of  monomers  further  comprises  a  monomer  hav- 

ing  a  polymerizable  double  bond,  other  than  the  components  (A)  and  (B)  and  copolymerizable  with  the  com- 
ponents  (A)  and  (B). 

6.  The  process  according  to  Claim  1  ,  wherein  said  monomer  other  than  the  components  (A)  and  (B)  is  selec- 
55  ted  from  the  group  consisting  of  tetrafluoroethylene,  hexafluoropropylene,  chlorotrifluoroethylene,  ethylene, 

and  methyl  methacrylate. 
7.  The  process  according  to  Claim  1  ,  wherein  said  radical  polymerization  initiator  is  a  peroxide,  an  azo  com- 

pound  or  a  redox  initiator. 

5 
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Patentanspriiche 

1  .  Verfahren  zur  Herstellung  eines  Vinylidenfluorid-copolymeren,  umfassend  die  Stufe  der  Copolymerisa- 
tion  eines  Gemisches  von  eine  polymerisierbare  Doppelbindung  enthaltenden  Monomeren,  umfassend: 

5  (A)  Vinylidenfluorid  und 
(B)  eine  Fluorverbindung  der  Formel: 

CH2  =  CH-Rf  (I) 
worin  Rf  eine  Perfluoralkylgruppe  mit  1  bis  12  Kohlenstoffatomen  ist, 

w  wobei  der  Gehalt  an  (B)  0,1  bis  50  Gew.-%  ist,  in  Gegenwart  eines  radikalischen  Polymerisationsinitiators. 
2.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  Fluorverbindung  der  Komponente  (B)  aus 

der  Gruppe  bestehend  aus  Perfluormethylethylen,  Perfluorbutylethylen,  Perfluorhexylethylen,  Perfluorocty- 
lethylen  und  Perfluordodecylethylen  ausgewahlt  ist. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  das  Gemisch  der  Monomeren  das  Vinyl  i- 
15  denfluorid  der  Komponente  (A)  in  einer  Menge  von  wenigstens  50  Gew.-%  enthalt. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  das  Gemisch  der  Monomeren  die  Fluorver- 
bindung  der  Komponente  (B)  in  einer  Menge  von  0,5  bis  30  Gew.-%  enthalt. 

5.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  das  Gemisch  der  Monomeren  weiter  ein 
anderes  Monomeres  mit  einer  polymerisierbaren  Doppelbindung  als  die  Komponenten  (A)  und  (B)  aufweist, 

20  das  mit  den  Komponenten  (A)  und  (B)  copolymerisierbar  ist. 
6.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  andere  Monomere  als  die  Komponenten 

(A)  und  (B)  aus  der  Gruppe  Tetrafluorethylen,  Hexafluorpropylen,  Chlortrifluorethylen,  Ethylen  und  Methylme- 
th  aery  I  at  ausgewahlt  ist. 

7.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  der  radikalische  Polymerisationsinitiator  ein 
25  Peroxid,  eine  Azoverbindung  oder  ein  Redoxinitiator  ist. 

Revendications 

30  1  .  Precede  de  preparation  d'un  copolymere  de  fluorure  de  vinylidene,  comprenant  I'etape  de  copolymeri- 
sation  d'un  melange  de  monomeres  contenant  une  double  liaison  polymerisable  comprenant: 

(A)  du  fluorure  de  vinylidene,  et 
(B)  un  compose  de  fluor  represents  par  la  formule: 

35  CH2  =  CH-Rf  (I) 
oil  Rf  est  un  groupe  perfluoroalkyle  ayant  de  1  a  12  atomes  de  carbone, 

la  teneur  en  (B)  etant  de  0,1  a  50%  en  poids,  en  presence  d'un  amorceur  de  polymerisation  radicalaire. 
2.  Procede  selon  la  revendication  1  ,  dans  lequel  le  compose  de  fluor  du  composant  (B)  est  choisi  dans  le 

groupe  constitue  par  le  perfluoromethylethylene,  le  perfluorobutylethylene,  le  perfluorohexylethylene,  le  per- 
40  fluorooctylethylene  et  le  perfluorododecylethylene. 

3.  Procede  selon  la  revendication  1  dans  lequel  ledit  melange  de  monomeres  contient  le  fluorure  de  viny- 
lidene  du  composant  (A)  en  une  quantite  d'au  moins  50%  en  poids. 

4.  Procede  selon  la  revendication  1  ,  dans  lequel  ledit  melange  de  monomeres  contient  le  compose  de  fluor 
du  composant  (B)  en  une  quantite  de  0,5  a  30%  en  poids. 

45  5.  Procede  selon  la  revendication  1  ,  dans  lequel  ledit  melange  de  monomeres  comprend  en  outre  un  mono- 
mere  ayant  une  double  liaison  polymerisable,  autre  que  les  composants  (A)  et  (B)  et  copolymerisable  avec  les 
composants  (A)  et  (B). 

6.  Procede  selon  la  revendication  1,  dans  lequel  ledit  monomere  autre  que  les  composants  (A)  et  (B)  est 
choisi  dans  le  groupe  constitue  par  le  tetrafluoroethylene,  I'hexafluoropropylene,  le  chlorotrifluoroethylene, 

so  I'ethylene  et  le  methacrylate  de  methyle. 
7.  Procede  selon  la  revendication  1,  dans  lequel  ledit  amorceur  de  polymerisation  radicalaire  est  un 

peroxyde,  un  compose  azo  ou  un  agent  d'amorcage. 

55 
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