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Description 

Fluorinated  vinyl  monomers  have  proved  to  be  useful  intermediates  for  making  highly  fluorinated  and 
perfluorinated  polymers  and  copolymers  which  are  useful,  e.g.  as  electrical  insulation,  permselective 

5  membranes,  and  the  sheath  (cladding)  layer  of  optical  fibres. 
|n  EP—  A—  150618,  of  even  date  herewith,  we  describe  and  claim,  inter  alia,  copolymer  consisting 

essentially  of  70  to  95  mol%  —  CX2—  CX2—  units,  wherein  the  four  X's  are  four  fluorines  or  three  fluorines 
and  one  chlorine,  and  30  to  5  mol%  of  fluoroether  vinyl  units  of  the  formula 

- C F ^ C F -  
0  (CF2CF0)  nCF2CF2CF2OR i.  |  n  c  c  c 

CF3 

]5  wherein  n  is  0  or  1  and  R  is  CH3  or  C2HS,  the  fluoroether  units  being  randomly  positioned  throughout  the 
polymer  chain. 

The  present  invention  provides  a  process  for  making  highly  fluorinated  and  perfluorinated  ion 
exchange  polymers  which  contain  carboxylate  functional  groups  from,  as  starting  material,  these 
copolymers  of  EP—  A—  150618. 

20  According  to  the  invention  there  is  provided  a  process  for  preparing  a  product  copolymer  comprising  70 
to  95  mol%  —  CX2  —  CX2  —  units  wherein  the  four  X's  are  four  fluorines  or  three  fluorines  and  one  chlorine, 
and  30  to  5  mol%  of  fluoroether  units  of  the  formula 

-  CF--  CF  -  O 2  i  II 
25  O(CF,CF0)  CF,CF,CZ 

CF3 

wherein  n  is  0  or  1,  Z  is  F  or  OR',  and  R'  is  CH3,  C2H5  or  H,  from  a  starting  copolymer  comprising  70  to  95 
30  mol%  —  CX2  —  CX2  —  units  and  30  to  5  mol%  of  fluoroether  units  of  the  formula 

-CF2-CF-  
O  (CF2CFO)  nCF2CF2CF2OR 

CF, 35 

wherein  X  and  n  are  as  defined  above  and  R  is  CH3  or  C2HS,  said  fluoroether  units  in  each  of  the  starting  and 
product  copolymers  being  randomly  positioned  throughout  the  copolymer  chain,  said  process  comprising 
treating  said  starting  copolymer  with,  a  strong  acid,  an  acid  selected  from  H2SO4,  CISO3H,  FSO3H,  R,SO3H 

40  wherein  Rf  is  a  perfluorinated  C-,  to  C8  group,  and  a  fluoride  which  is  a  Lewis  acid  at  a  temperature  of  at  least 
50°C  but  below  the  decomposition  temperature  of  said  starting  product  coplymers  and  said  strong  acid. 

The  starting  copolymers  are  prepared  from  vinyl  ethers  of  the  formula 

CF,=CFO(CF-CFO)  CF,CF,CF,OR 
45  CF3 

'  wherein  n  and  R  are  as  defined  above  which  can  be  prepared  by  a  series  of  steps  starting  with  the  known  } 
methyl  3-methoxytetrafluoropropionate  (see  US—  A—  2,988,537),  3-methoxytetrafluoropropionic  acid,  or  3- 
methoxytetrafluoropropionyl  fluoride  (see  US  —  A  —  3,113,967).  If  the  free  carboxylic  acid  is  used  as  the 

50  starting  point,  it  is  first  transformed  to  the  acyl  fluoride;  this  can  be  done,  e.g.,  (1)  in  two  steps  by  (a)  * 
reacting  the  free  acid  with  any  of  a  variety  of  reagents  such  as  PCI5,  POCI3,  SOCI2  or  benzoyl  chloride  at 
almost  any  pressure  at  a  temperature  of  25°  to  250°C  to  make  3-methoxytetrafluoropropionyl  chloride  and 
(b)  reacting  the  latter  with  any  of  a  variety  of  reagents  such  as  alkali  metal  fluorides  or  SbF3  with  or  without 
a  solvent  at  almost  any  pressure  at  a  temperature  of  50°  to  400°C,  or  (2)  in  one  step  by  reacting  the  aid  with 

55  SF4  at  room  temperature  and  autogenous  pressure.  If  the  ester  is  used  as  the  starting  point,  it  is  first 
hydrolyzed  to  the  free  carboxylic  acid,  for  example  by  hydrolysis  with  acid  or  base.  The  acyl  fluoride  is  also 
directly  available  by  reacting  of  methyl  trifluorovinyl  ether  and  carbonyl  fluoride  (see  J.  Amer.  Chem  Soc. 
84,  4275  (1962)). 

Acyl  fluonde  precursors  of  the  vinyl  ethers  are  prepared  by  reacting  3-methoxytetrafluoropropionyl 
60  fluoride  with  hexafluoropropylene  oxide  (HFPO).  The  reaction  is  carried  out  in  the  presence  of  fluoride  ion 

catalyst  and  a  reaction  medium. 
The  fluoride  ion  catalyst  is  provided  by  a  fluoride  compound  which  dissolves  in  the  reaction  medium  to 

the  extent  of  at  least  0.001%  by  weight  at  20°C.  Suitable  fluoride  compounds  are  potassium,  rubidium  and 
cesium  fluorides.  A  preferred  fluoride  compound  is  potassium  fluoride,  as  its  use  results  in  higher  yields  of 

65  the  desired  product.  The  fluoride  compound  can  be  used  in  amounts  of  0.01  to  10  equivalents,  preferably 
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0.05  to  0.5  equivalent,  per  mole  of  3-methoxytetrafluoropropionyl  fluoride  employed. 
The  reaction  medium  can  be  an  aprotic  liquid  in  which  the  fluoride  catalyst  is  soluble  to  the  extent  of  at 

least  0.001  %  by  wt.  at  20°C  (component  A).  Suitable  examples  include  the  so-called  glymes  (mono-,  di-,  tri- 
and  tetraethyleneglycol  dimethyl  ether);  lactones  such  as  4-butyrolactone,  5-valerolactone  and  6- 

5  caprolactone,  and  mononitriles  such  as  acetonitrile  and  propionitrile.  Triglyme  and  tetraglyme  are 
preferred  because  they  are  more  easily  separated  from  the  product. 

The  reaction  medium  can  also  be,  and  preferably  is,  a  mixture  of  2  to  50%  by  volume  of  component  A 
and  98  to  50%  by  volume  of  a  second  aprotic  liquid  (component  B).  Suitable  examples  of  component  B 
include  dinitriles  such  as  malono-,  succino-,  glutaro-,  adipo-,  methylmalono-,  pimelo-,  subero-,  and 

10  phthalo-nitrile;  and  tetramethylenesulfone.  The  dinitriles  are  preferred,  and  adiponitrile  is  especially 
preferred.  More  preferably,  component  A  constitutes  85  to  98%  by  volume  of  the  medium,  and  component 
B  is  15  to  2%  by  volume.  Most  preferably,  component  A  constitutes  85  to  95%  by  volume  of  the  medium, 
and  component  B  is  5  to  15%  by  volume. 

The  reaction  of  3-methoxytetrafluoropropionyl  fluoride  with  HFPO  is  exothermic.  Reaction 
w  temperatures  can  range  from  about  0°  to  100°C,  with  temperatures  between  25°  and  70°C  being  preferred. 

Pressure  is  not  critical,  and  subatmospheric  and  superatmospheric  pressures  are  operable;  pressures  close 
to  atmospheric  are  preferred.  The  pressure  in  the  reaction  vessel  can  be  controlled  by  regulating  the  rate  of 
supply  of  gaseous  HFPO. 

The  precursor  compounds  so  made  have  the  structural  formula 

O 
PCCFO  (CF2CFO)  nCF2CF2CF2OR 

CF3  CF3 
25 

where  R  is  CH3.  When  3-methoxytetrafluoropropionyl  fluoride  reacts  with  1  equivalent  of  HFPO,  the 
precursor  compound  so  made  has  the  indicated  structure  where  n  is  0.  That  precursor  compound  can  in 
turn  react  with  a  second  equivalent  of  HFPO  to  make  the  precursor  compound  where  n  =  1  .  Small  amounts 
of  products  wherein  more  units  of  HFPO  are  incorporated  are  usually  also  formed.  The  relative  amounts  of 

30  the  precursor  compounds  where  n  =  0  and  n  =  1  so  made  can  be  controlled  by  controlling  the  number  of 
equivalents  of  HFPO  used  as  reactant;  relatively  lesser  amounts  of  HFPO  favour  formation  of  the  precursor 
compound  where  n  =  0,  and  relatively  larger  amounts  of  HFPO  favor  formation  of  the  precursor  compound 
where  n  =  1.  If  the  precursor  compounds  are  made  by  reacting  HFPO  with  3-ethoxytetrafluoropropionyl 
fluoride,  the  precursor  compounds  have  the  indicated  structural  formula  where  R  is  C2H5. 

35  Such  precursor  compound  is  then  subjected  to  a  dehalocarbonylation  reaction,  wherein  the  elements 
of  C0F2  are  removed  to  produced  the  vinyl  ether  monomers 

CF2=CFO  (CF2CFO)  nCF2CF2CF2OR 

40  L*3 

wherein  n  is  0  or  1  and  R  is  CH3  or  C2H5.  This  reaction  is  suitably  carried  out  by  contacting  the  precursor 
compound  with  at  least  one  of  NA3PO4  and  Na2CO3  at  a  temperature  of  at  least  170°C,  preferably  190  to 
260°C. 

45  There  vinyl  ether  monomers  are  copolymerized  with  fluorinated  monomers  of  the  formula  CX2=CX2, 
where  the  four  X's  are  four  fluorines  or  three  fluorines  and  one  chlorine,  to  make  the  starting  copolymers 
for  use  in  the  process  of  the  invention.  Starting  copolymers  wherein  the  four  X's  are  four  fluorines  are 
preferred.  These  starting  copolymers  can  be  prepared  by  general  polymerization  techniques  developed  for 
homo-  and  copolymerizations  of  fluorinated  ethylenes,  particularly  those  employed  for  tetrafluoroethylene 

so  which  are  described  in  the  literature.  Nonaqueous  techniques  for  preparing  the  copolymers  include  that  of 
US—  A—  3,041,317,  that  is,  by  the  polymerization  of  a  mixture  of  the  major  monomer  therein,  such  as 
tetrafluoroethylene,  and  the  fluorinated  vinyl  ether  monomer  in  the  presence  of  a  free  radical  initiator, 
preferably  a  peroxydicarbonate,  a  perfluorocarbon  peroxide  or  azo  compound,  at  a  temperature  in  the 
range  0  —  200°C  and  at  pressures  in  the  range  of  105  to  2x107  pascals  (1—200  Atm.)  or  higher.  The 

55  nonaqueous  polymerization  may,  if  desired,  be  carried  out  in  the  presence  of  a  fluorinated  solvent.  Suitable 
fluorinated  solvents  are  inert,  liquid,  pefluorinated  hydrocarbons  such  as  perfluoromethylcyclohexane, 
perfluorodimethylcyclobutane,  perfluorodctane  and  perfluorobenzene,  and  inert,  liquid  chloro- 
fluorocarbons  such  as  1,1,2-trichloro-1,2-2-trifluoroethane. 

Aqueous  techniques  can  also  be  used  for  preparing  the  starting  copolymer,  and  include  contacting  the 
so  monomers  with  an  aqueous  medium  containing  a  free-radical  initiator  to  obtain  a  slurry  of  polymer 

particles  in  non-water-wet  or  granular  form,  as  disclosed  in  US—  A—  2,393,967,  or  contacting  the 
monomers  with  an  aqueous  medium  containing  both  a  free-radical  initiator  and  a  telogenically  inactive 
dispersing  agent,  to  obtain  an  aqueous  colloidal  dispersion  of  polymer  particles  and  coagulating  the 
dispersion,  as  disclosed,  for  example,  in  US-A-2,559,  752  and  US—  A—  2,593,583. 

65  The  starting  copolymers  are  converted  to  the  product  copolymers  in  accordance  with  the  invention  by 
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treatment  with  a  strong  acid  at  a  temperature  of  at  least  50°C  but  below  the  decomposition  temperature  of 
said  starting  and  product  copolymers  and  the  strong  acid.  The  strong  acids  which  are  used  are  selected 
rrom  H2SO4,  CISO3H,  FSO3H,  R,SO3H  where  Rf  is  a  perfluorinated  C-,  to  C8  group,  and  florides  such  as  SbF5 
which  are  Lewis  acids.  Temperatures  of  80  to  150°C  are  preferred.  Such  treatment  gives  copolymers 

5  comprising  carboxylic  ester  (—  COOR),  acyl  fluoride  (—  COF)  or  carboxylic  acid  (—  COOH)  groups.  The 
carboxylic  ester  or  acyl  fluoride  polymers  can  be  hydrolyzed  to  known  carboxylic  acid  polymers  which  are 
useful  for  ion-exhange  purposes.  Some  hydrolysis  may  occur  to  varying  degree  during  the  treatment  with 
the  strong  acid,  the  amount  of  hydrolysis  varying  with  the  acid  and  conditions  used. 

The  product  polymers  which  contain  carboxylic  acid  functional  groups  can  be  employed  in  various 
w  known  ion-exchange  uses.  One  such  use  is  in  the  form  of  a  permselective  membrane  for  separating  the 

anode  and  cathode  compartments  of  a  chloralkali  electrolysis  cell;  the  ion-exchange  capacity  of  the 
polymer  for  such  use  should  be  0.7  to  1.5  meq/g  (milliequivalents/gram),  preferably  0.8  to  1.3  meq/g. 

Example 

Hydrolysis  of  CF2=CF2/CF2=CFOCF2CF2CF2OCH3 

Copolymer  and  Use  of  Hydrolyzed  Copolymer  in  a  Chloralkali  Cell. 
A  mixture  of  25  ml  chlorosulfonic  acid  and  2.3  g  of  a  copolymer  of  CF2=CF2  and 

20  CF2=CFOCF2CF2CF2OCH3  (prepared  as  described  in  Example  7  of  EP  —  A  —  150618)  was  stirred  and  heated 
for  5  hours  at  100°C.  The  reaction  mixture  was  carefully  added  to  500  ml  ice  and  ice  water  and  the  polymer 
recovered  by  filtration.  The  polymer  was  heated  in  30  ml  refluxing  anhydrous  methanol  for  16  hours, 
filtered  and  dried.  A  thin  film  of  the  product  could  be  pressed  at  300°C  whose  infrared  spectrum  was 
identical  to  that  of  a  film  of  coplymer  prepared  by  the  copolymerization  of  CF2=CF2  and 

25  CF2=CF0CF2CF2C00CH3. 
A  larger  film  of  the  material  was  pressed  at310°C.  It  was  hydrolyzed  in  a  mixture  of  300  ml  water,  375  g 

methanol  and  75  ml  10N  sodium  hydroxide  at  60°C  for  66  hrs  to  give  a  film  of  the  corresponding  sodium 
salt  0.19  mm  (7.6  mils)  in  thickness.  The  film  was  mounted  in  a  chloralkali  cell  and  produced  31.3%  NaOH 
with  a  current  efficiency  of  94.2%  at  4.34  volts. 

30 
Claims 

1.  A  process  for  preparing  a  product  copolymer  comprising  70  to  95  mol%  —  CX2  —  CX2  —  units  wherein 
the  four  X's  are  four  fluorines  or  three  fluorines  and  one  chlorine,  and  30  to  5  mol%  of  fluoroether  units  of 

35  the  formula 
-  CF,-  CF  -  O 2  •  II 

O(CF-CFO)  CF,CF,CZ 2  1  n  2  2 
CF,  40  3 

wherein  n  is  0  or  1,  Z  is  F  or  OR',  and  R'  is  CH3,  C2H5  or  H,  from  a  starting  copolymer  comprising  70  to  95 
mol%  —  CX2—  CX2—  units  and  30  to  5  mol%  of  fluoroether  units  of  the  formula 

-CF.,-CF- 
45  2  | 

O  (CF2CFO)  nCF2CF2CF2OR 
CF3 

50  wherein  X  and  n  are  as  defined  above  and  R  is  CH3  or  C2H5,  said  fluoroether  units  in  each  of  the  starting  and 
product  copolymers  being  randomly  positioned  throughout  the  copolymer  chain,  said  process  comprising 
treating  said  starting  copolymer  with,  as  strong  acid,  an  acid  selected  from  H2SO4,  CISO3H,  FSO3H,  R,SO3H 
wherein  Rt  is  a  perfluorinated  C-,  to  C8  group,  and  a  fluoride  which  is  a  Lewis  acid  at  a  temperature  of  at  least 
50cC  but  below  the  decomposition  temperature  of  said  starting  and  product  copolymers  and  said  strong 

55  ac'd- 
2.  A  process  according  to  claim  1  wherein  the  four  X's  are  four  fluorines,  n  is  0  and  R  is  CH3. 
3.  A  process  according  to  claim  1  wherein  the  four  X's  are  four  fluorines,  n  is  1  and  R  is  CH3. 
4.  A  process  according  to  any  of  claims  1  to  3  wherein  the  starting  copolymer  has  been  obtained  by 

copolymerizing  CX2=CX2  with  a  vinyl  ether  of  the  formula 
60  

CF2=CFO(CF2CFO)nCF2CF2CF2OR 
CF3 

wherein  X  and  n  are  as  defined  in  claim  1  and  R  is  CH3  or  C2H5,  at  a  temperature  of  0  to  200°C  and  a  pressure 
S5  of  105  to  2x107  pascals  in  the  presence  of  a  free  radical  initiator. 
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Patentanspriiche 

1.  Verfahren  zur  Herstellung  eines  Copolymerprodukts,  das  70  bis  95  Mol-%  —  CX2  —  CX2  —  Einheiten, 
worin  die  vier  X  vier  Fluoratome  oder  drei  Fluoratome  oder  ein  Chloratom  sind,  sowie  30  bis  5  Mol-% 

5  Fluorethereinheiten  der  Formel  umfasst 

-  CF0-  CF  -  O 2  i  II 
O(CF_CFO)  CF.CF.CZ 

A  |  IJ  4m  <£ 
10  CF3 

worin  n  0  oder  1  ist,  Z  F  oder  OR'  ist  und  R'  CH3,  C2H5  oder  H  ist,  aus  einem  Ausgangscopolymer,  das  70  bis 
95  Mol-%  —  CX2—  CX2—  Einheiten  und  30  bis  5  Mol-%  Fluorethereinheiten  der  Formel  umfasst: 

-CF2-CF-  
O  (CF2CFO)  nCF2CF2CF2OR 

CF3 

20  worin  X  und  n  wie  vorstehend  definiert  sind  und  R  CH3  oder  C2H5  ist,  wobei  die  jeweiligen 
Fluorethereinheiten  des  Ausgangs-  und  Producktcopolymers  statistisch  uber  die  Copolymerkette  verteilt 
sind,  welches  Verfahren  die  Behandlung  des  Ausgangscopolymers  mit  einer  aus  H2SO4,  CISO3H,  FSO3H, 
RfSO3H,  worin  R,  eine  perfluorierte  (V  bis  C8-Gruppe  ist,  und  einem  Fluorid,  das  eine  Lewis-Saure  ist, 
ausgewahlten  Saure  als  starker  Saure  bei  einer  Temperatur  von  wenigstens  50°C  jedoch  unter  der 

25  Zersetzungstemperatur  des  Ausgangs-  und  Producktcopolymers  und  der  starken  Saure,  umfasst. 
2.  Verfahren  nach  Anspruch  1,  worin  die  vier  X  vier  Fluoratome  sind,  n  0  ist  und  R  CH3  ist. 
3.  Verfahren  nach  Anspruch  1,  worin  die  vier  X  vier  Fluoratome  sind,  n  1  ist  und  R  CH3  ist. 
4.  Verfahren  nach  einem  der  Anspriiche  1  bis  3,  worin  das  Ausgangscopolymer  durch 

Copolymerisation  von  CX2=CX2  mit  einem  Vinylether  der  Formel 
30 

CF2=CFO  (CF2CFO)  nCF2CF2CF2OR 

35  worin  X  und  n  wie  in  Anspruch  1  definiert  sind  und  R  CH3  oder  C2H5  ist,  bei  einer  Temperatur  von  0  bis 
200cC  und  einem  Druck  von  105  bis  2x107  Pa  in  Gegenwart  eines  Initiators  auf  der  Basis  freier  Radikale 
erhalten  worden  ist. 

Revendications 
40 

1.  Une  procede  pour  la  preparation  d'un  copolymere  produit  comprenant  70  a  95  moles%  de  motifs 
—  CX2  —  CX2  —  ou  les  quatre  X  sont  quatre  atomes  de  flour  ou  trois  atomes  de  fluor  et  un  atome  de  chlore,  et 
30  a  5  moles%  de  motifs  ether  floure  de  la  formule 

45  -  CF,-  CF  -  O 2  i  II 
O(CF,CFO)  CF-CF-CZ 2  1  n  2  2 

CF3 

50  ou  n  est  0  ou  1,  Z  est  F  ou  OR',  et  R'  est  CH3,  C2H5  ou  H,  a  partir  d'un  copolymere  initial  comprenant  70  a  95 
moles%  de  motifs  —  CX2—  CX2—  et  30  a  5  moles%  de  motifs  ether  fluore  de  la  formule 

-CF2-CF-  

55  O(CF2CFO)nCF2CF2CF2OR 
CF3 

ou  X  en  n  sont  tels  que  definis  ci-dessus  et  R  est  CH3  ou  C2H5,  lesdits  motifs  ether  fluore  dans  chacun  des 
copolymeres  initial  et  produit  etant  disposes  au  hasard  dans  toute  le  chatne  de  copolymere,  ledit  procede 

60  consistant  a  traiter  ledit  copolymere  initial  par  un  acide  fort  qui  est  un  acide  choisi  parmi  H3SO4,  CISO3H, 
FSO3H,  R,SO3H  ou  Rf  est  un  groupe  perfluore  en  C-i  a  C8,  et  un  fluorure  qui  est  un  acide  de  Lewis,  a  une 
temperature  d'au  moins  50°C,  mais  inferieure  a  la  temperature  de  decomposition  desdits  copolymeres 
initial  et  produit  et  dudit  acide  fort. 

2.  Un  procede  selon  la  revendication  1  ,  dans  lequel  les  quatre  X  sont  quatre  atomes  de  fluor,  n  est  0  et 
65  R  est  CH3. 
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3.  Un  procede  selon  la  revendication  1  ,  dans  lequel  les  quatre  X  sont  quatre  atomes  de  fluor,  n  est  1  et 
R  est  CH3. 

4.  Un  procede  selon  Tune  quelconque  des  revendications  1  a  3,  dans  lequel  le  copolymere  initial  a  ete 
obtenu  en  copolymerisant  CX2=CX2  avec  un  ether  vinylique  de  la  formule 

CF2=CFO  (CF2CFO)  nCF2CF2CF2OR 

CF3 

w  ou  X  et  n  sont  tels  que  definis  dans  la  revendication  1  et  R  est  CH3  ou  C2HS,  a  une  temperature  de  0  a  200°C 
et  une  pression  de  105  a  2  x  107  pascals  en  presence  d'un  initiateur  radicalaire. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 


	bibliography
	description
	claims

