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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  for 
making  silicone-poly(arylcarbonate)  block 
copolymers  by  effecting  reaction  between  a 
polyarylcarbonate  oligomer  having  terminal  hydrox- 
ylaryl  groups  and  a  polydiorganosiloxane  having 
terminal  chlorodiorganosiloxy  groups  in  the  pres- 
ence  of  an  organic  solvent  and  an  acid  acceptor. 

Prior  to  the  present  invention,  as  shown  by 
Vaughn,  U.S.-A-3,  189,662,  silicone-polycarbonate 
block  copolymers  were  made  by  phosgenating  a 
mixture  of  dihydric  phenol  terminated  polydior- 
ganosiloxane,  and  dihydric  phenol  in  the  presence 
of  an  organic  solvent  and  an  acid  acceptor.  Al- 
though  Vaughn's  method  results  in  the  production 
of  silicone-polycarbonate  block  copolymers  useful 
in  a  variety  of  applications,  such  as  injection  mol- 
dable  thermoplastics  and  elastomers  having  im- 
proved  tensile  properties,  the  method  requires  the 
use  of  phosgene  gas.  As  a  result,  industry  is  con- 
stantly  seeking  new  procedures  for  producing  sili- 
cone-poly(arylcarbonate)  block  copolymers. 

FR-A-21  63700  discloses  a  method  for  prepar- 
ing  polydiorganosiloxane-polycarbonate  block 
copolymers  by  reacting  1  mole  of  hydroxy  termi- 
nated  polycarbonate  in  an  inert  organic  solvent  with 
1,5-2  moles  of  a  chlorine  terminated  polydior- 
ganosiloxane  in  the  presence  of  a  tertiary  amine,  at 
a  temperature  of  up  to  100°C,  filtering  off  the 
amine  and  removing  the  solvent. 

FR-A-2334705  discloses  a  method  for  working 
up  polysiloxane  polycarbonate  copolymers  ob- 
tained  by  the  reaction  of  a  hydroxy  terminated 
oligocarbonate  with  a  chlorine  terminated  polysilox- 
ane  in  the  presence  of  a  tertiary  amine  and  a 
solvent  by  subjecting  the  reaction  mixture  to  steam 
distillation  at  a  pH  of  about  7  to  8,  whereby  the 
copolymer  remains  behind. 

The  present  invention  is  based  on  the  discov- 
ery  that  silicone-poly(arylcarbonate)  block 
copolymers  can  be  made  without  directly  using 
phosgene  gas  in  the  final  synthesis  of  the  block 
copolymer  by  using  a  hydroxyl-terminated 
polyarylcarbonate  oligomer  having  an  average  of 
about  2  to  1000  chemically  combined  arylcar- 
bonate  units  obtained  by  polymerizing  a  cyclic 
carbonate  or  depolymerizing  a  linear  arylpolycar- 
bonate  resin.  The  hydroxylaryl  terminated  polyaryl- 
carbonate  oligomer,  or  "hydroxyaryl  oligomer"  is, 
thereafter,  intercondensed  with  a  chlorine  termi- 
nated  polydiorganosiloxane  using  an  acid  acceptor 
and  an  organic  solvent. 

STATEMENT  OF  THE  INVENTION 

There  is  provided  by  the  present  invention  a 
method  for  making  silicone-poly(arylcarbonate) 

5  block  copolymers  which  comprises 
(1)  either  polymerizing  a  cyclic  arylcarbonate  or 
depolymerizing  a  linear  arylpolycarbonate  resin 
to  provide  a  polyarylcarbonate  oligomer  having 
terminal  hydroxyaryl  groups  and  an  average  of 

io  more  than  2  to  1000  chemically  combined  aryl- 
carbonate  units, 
(2)  intercondensing  the  polyarylcarbonate 
oligomer  obtained  in  (1)  with  a  polydior- 
ganosiloxane  having  terminal  chlorodior- 

75  ganosiloxy  groups  and  an  average  of  2  to  1000 
chemically  combined  diorganosiloxy  units  in  the 
presence  of  an  organic  solvent  and  an  acid 
acceptor,  and 
(3)  recovering  silicone-poly(arylcarbonate)  block 

20  copolymer  from  the  mixture  of  (2). 
Hydroxylaryl  oligomers  can  be  made  by  effec- 

ting  the  polymerization  of  cyclic  aryl  carbonates  in 
the  presence  of  phenol  or  polyphenol-A  as  shown 
in  copending  application  EP-A-0329953,  filed  con- 

25  currently  herewith.  Another  procedure  which  can  be 
used  to  make  the  hydroxylaryl  oligomer  is  by  the 
controlled  degradation  of  high  molecular  weight 
polycarbonate  resin  having  an  intrinsic  viscosity  in 
chloroform  of  from  0.1  to  4  dl/gm  at  25  °C  with  a 

30  phenol  or  polyhydric  phenol,  and  polymerization 
initiator,  such  as  an  alkali  metal  phenoxide  or  poly- 
carbonate  formation  catalysts,  disclosed  by 
Brunelle  et  al.,  U.S.-A-4,644,053, 

Chlorine  terminated  polydiorganosiloxane  can 
35  be  made  by  conventional  procedures,  such  as  by 

the  controlled  hydrolysis  of  diorganodihalosilane, 
for  example,  dimethyldichlorosilane  as  taught  in 
U.S.-A-2,381,366  (Patnode)  or  U.S.-A-2,629,726 
(Hyde).  Another  procedure  which  can  be  employed 

40  to  make  chlorine  terminated  polydiorganosiloxane 
is  the  equilibration  of  a  mixture  of  diorganodich- 
lorosilane  and  a  cyclic  polydiorganosiloxane,  for 
example,  octamethylcyclotetrasiloxane  in  the  pres- 
ence  of  a  metal  catalyst  such  as  ferric  chloride  as 

45  shown  in  U.S.-A-2,421  ,653  (Sauer). 
Intercondensation  of  the  hydroxylaryl  oligomer 

and  the  chlorine  terminated  polydiorganosiloxane 
can  be  effected  by  agitating  or  stirring  in  the  pres- 
ence  of  an  inert  organic  solvent  and  an  acid  accep- 

50  tor,  such  as  a  tertiaryorganoamine.  The  order  of 
addition  of  the  reactants  is  not  critical.  Suitable 
organic  solvents  are,  for  example,  methylene  chlo- 
ride,  chlorobenzene,  tetrahydrofuran,  and  N,N'- 
dimethylformamide. 

55  Among  the  acid  acceptors  which  have  been 
found  effective  are,  for  example,  triethylamine  and 
pyridine. 
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Intercondensation  temperatures  which  can  be 
used  are,  preferably,  -10  °C  to  35  °C.  Higher  tem- 
peratures  can  be  used  in  instances  where  higher 
boiling  solvents  are  employed. 

Recovery  of  the  silicone-polycarbonate  block 
polymer  can  be  effected  by  addition  of  the  reaction 
mixture  to  a  precipitating  solvent  such  as  methanol. 

The  silicone-polycarbonate  block  copolymer 
made  by  the  method  of  the  invention  can  be  used 
as  a  laminating  agent  for  polycarbonate,  mem- 
branes,  in  adhesive  formulations,  and  coatings  for 
appliances. 

In  order  that  those  skilled  in  the  art  will  be 
better  able  to  practice  the  invention,  the  following 
examples  are  given  by  way  of  illustration.  All  parts 
are  by  weight. 

EXAMPLE  1 

There  was  stirred  at  room  temperature  under 
nitrogen  atmosphere  for  16  hours  a  mixture  of  300 
grams  (1.18  moles)  of  cyclic  polycarbonate 
oligomer  of  bisphenol-A  having  an  average  degree 
of  polymerization  of  about  4,  72  grams  (0.34  mole) 
of  bisphenol-A  ,  7.5  ml  of  a  0.10  molar  solution  in 
THF  of  sodium  phenoxide,  1.5  liters  of 
methylenechloride  and  50  ml  of  dimethylsulfoxide. 
The  reaction  mixture  was  continuously  stirred  at 
room  temperature.  Based  on  method  of  preparation 
and  an  HPLC  trace,  there  was  obtained  after  re- 
precipitation  and  isolation  from  hexane,  hydroxyl 
terminated  polycarbonate  oligomer  having  3.147 
weight  percent  hydroxyl  end  groups.  These 
oligomers  had  an  average  block  size  of  about  4-5 
chemically  combined  carbonate  units. 

There  was  added  10-20  g  of  a  chlorosilane 
terminated  polydimethylsiloxane  fluid  having  an 
average  of  about  8.2  dimethylsiloxy  units  in  a  drop- 
wise  manner  over  a  three  hour  period  with  stirring 
to  10.2  grams  of  hydroxyl  terminated  oligomer, 
2.36  grams  of  triethylamine  and  50  ml  of 
methylene  chloride.  The  reaction  mixture  was  al- 
lowed  to  stir  for  an  additional  two  hours.  Product 
was  obtained  by  adding  methanol  containing  a 
small  quantity  of  sulfuric  acid  to  the  reaction  mix- 
ture.  Based  on  method  of  preparation  and  1H  NMR, 
there  was  obtained  a  silicone-poly(bisphenol-A-car- 
bonate)  block  copolymer  having  an  average  molec- 
ular  weight  of  36,469  and  42  weight  percent  of 
silicone.  The  block  copolymer  had  a  Tg  of  111  °C 
as  determined  by  DSC.  A  film  molded  from  the 
block  copolymer  at  240  °  C  was  found  to  be  clear. 

EXAMPLE  2 

A  hydroxyl  bisphenol-A  terminated  polycar- 
bonate  was  prepared  by  stirring  a  mixture  of  30 
grams  (0.118  moles)  of  LEXAN®  polycarbonate 

resin  having  an  intrinsic  viscosity  in  chloroform  of 
0.5  dl/g  at  25  °C,  7.2  grams  (0.034  mole)  of 
bisphenol-A,  0.375  ml  of  a  0.10  mole  solution  of 
sodium  phenoxide  in  THF,  350  ml  of  methylene 

5  chloride,  and  20  ml  of  dimethylsulfoxide  (DMSO). 
The  mixture  was  allowed  to  react  at  room  tempera- 
ture  under  a  nitrogen  atmosphere  for  16  hours. 
Based  on  method  of  preparation  and  an  HPLC 
trace,  there  was  obtained  bisphenol-A  terminated 

io  polycarbonate  oligomer  having  an  average  of  4-5 
chemically  combined  carbonate  units.  The  mixture 
was  then  washed  five  times  with  deionized  water  to 
remove  the  DMSO;  the  methylenechloride  was  re- 
moved  by  a  rotary  evaporator.  The  resulting  prod- 

15  uct  was  dried  for  about  12  hours  at  110°C  in  a 
nitrogen  purge  vacuum  oven. 

There  was  slowly  added  over  a  three-hour  pe- 
riod,  6.9  grams  of  a  chlorine  chain-stopped 
dimethylsiloxane  fluid  to  a  mixture  of  10  grams  of 

20  the  above  hydroxyl  aryl  terminated  polycarbonate 
oligomer  and  1.81  grams  of  triethylamine.  A  prod- 
uct  was  isolated  after  three  hours  of  additional 
reaction  by  precipitating  the  product  into  methanol. 
Based  on  method  of  preparation  and  1H  NMR,  the 

25  product  was  a  silicone-poly(bisphenol-A-carbonate) 
block  copolymer  having  a  weight  average  molecu- 
lar  weight  of  50,995  and  a  polydispersity  of  1.82. 
The  block  copolymer  had  a  silicone  content  of  34% 
by  weight  based  on  NMR  analysis  and  a  Tg.  A 

30  glass  transition  temperature  of  96  °C  was  deter- 
mined  by  DSC.  A  film  molded  from  the  block 
copolymer  at  240  °  C  was  found  to  be  clear. 

EXAMPLE  3 
35 

There  was  added  to  a  Helicone  vertical  mixer, 
which  was  preheated  to  255  °C,  a  mixture  of  45 
grams  (0.18  mole)  of  cyclic  carbonate  consisting  of 
an  average  of  3  to  4  chemically  combined 

40  bisphenol-A  carbonate  units,  10.8  grams  (0.05 
mole)  of  bisphenol-A,  and  99  milligrams  (0.176 
millimoles)  of  tetrabutylammonium  tetraphenyl- 
borate.  The  mixture  was  allowed  to  stir  under  nitro- 
gen  for  20  minutes.  Based  on  method  of  prepara- 

45  tion  and  HPLC  analysis,  the  product  was  a  linear 
polycarbonate  oligomer  having  an  average  of  about 
4-5  chemically  combined  bisphenol-A  carbonate 
units  terminated  with  bisphenol-A  units. 

A  mixture  of  10  grams  of  the  above  polycar- 
50  bonate  oligomer,  6.9  grams  of  a  chlorine  chain- 

stopped  polydimethylsiloxane  having  an  average  of 
about  10  chemically-combined  dimethylsiloxy  units, 
30  ml  of  methylenechloride,  and  1.81  grams  of 
triethylamine  was  stirred  for  3  hours  under  ambient 

55  conditions.  The  mixture  was  then  poured  into 
methanol  to  effect  the  precipitation  of  product. 
Based  on  method  of  preparation,  the  product  was  a 
silicone  polycarbonate  copolymer  having  a  weight 

3 
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average  molecular  weight  of  48,000. 
The  above  procedure  was  repeated  except  that 

the  polycarbonate  oligomer  was  made  by  adding  a 
mixture  of  45  grams  (0.18  mole)  of  polycarbonate 
resin  having  an  intrinsic  viscosity  of  about  0.5  dl/g 
in  chloroform  at  25  °C,  10.8  grams  (0.05  mole)  of 
bisphenol-A,  and  99  milligrams  (0.176  milimoles)  of 
tetrabutylammonium  tetraphenylborate  which  was 
agitated  in  a  Helicone  vertical  mixer  for  20  minutes 
at  255  °C.  There  was  obtained  a  polycarbonate 
oligomer  having  an  average  of  about  4-5  chemi- 
cally-combined  carbonate  units  based  on  method 
of  preparation  and  HPLC  analysis.  A  silicone  poly- 
carbonate  block  copolymer  was  prepared  in  accor- 
dance  with  the  above  procedure  having  a  weight 
average  molecular  weight  of  about  42,000. 

EXAMPLE  4 

A  mixture  of  1.296  grams  of  bisphenol-A,  4.5 
grams  of  bisphenol-A  polycarbonate  having  an  in- 
trinsic  viscosity  of  about  0.5  dl/g  chloroform  at 
25  °C,  1.21  gram  of  triethylamine  and  100  ml  of 
methylene  chloride  was  refluxed  with  stirring  for  2.5 
hours.  Half  of  the  methylene  chloride  volume  was 
then  removed  by  distillation  and  the  reaction  mix- 
ture  was  cooled  to  room  temperature.  There  were 
added  to  the  mixture,  an  additional  1.21  gram  of 
triethylamine,  4.5  grams  of  a  chlorine  terminated 
polydimethyl  siloxane  fluid  having  an  average  of 
about  10  chemically  combined  dimethylsiloxy  units 
which  was  added  drop-wise  with  rapid  stirring  over 
the  course  of  one  hour.  The  reaction  mixture  was 
allowed  to  stir  for  an  additional  hour.  It  was  then 
washed  successively  two  times  with  25  ml  of  aque- 
ous  0.1  N  HCI  and  three  times  with  25  mL  of  water. 
The  mixture  was  poured  into  methanol  and  a  prod- 
uct  was  isolated.  Based  on  method  of  preparation, 
the  product  was  a  polycarbonate  silicone  block 
copolymer.  The  product  was  found  to  have  a 
weight  average  molecular  weight  of  90,000  and 
42%  by  weight  of  silicone.  It  yielded  a  clear  film  on 
compression  molding. 

Although  the  above  examples  are  directed  to 
only  a  few  of  the  very  many  variables  which  can  be 
used  in  the  practice  of  the  present  invention,  it 
should  be  understood  that  the  present  invention  is 
directed  to  a  much  broader  variety  of  silicone  poly- 
carbonate  block  copolymers.  There  can  be  used, 
for  example,  dihydric  phenols  in  place  of 
bisphenol-A  such  as  hydroquinone  and  bis(4- 
hydroxyphenyl)sulfone.  Other  dihydric  phenols 
which  can  be  used  are  shown  by  Vaughn,  U.S. 
Patent  3,189,662. 

In  addition,  other  polydiorganosiloxanes  can  be 
used  which  can  be  obtained  by  hydrolyzing  or 
cohydrolyzing  diorgano-halosilanes  other  than 
dimethyldichlorosilane  such  as,  diphenyl  dich- 

lorosilane,  methylvinyl  dichlorosilane  methylphenyl 
dichlorosilane,  and  mixtures  thereof.  Additional 
cyclic  siloxanes,  such  as  cyclics  having  3  to  8 
chemically  combined  dimethylsiloxy  units,  methyl- 

5  vinylsiloxy  units,  diphenylsiloxy  units,  methyl- 
hydrogensiloxy  units  and  mixtures  thereof,  which 
can  be  equilibrated,  also  can  be  used. 

Claims 
10 

1.  A  method  for  making  silicone-poly- 
(arylcarbonate)  block  copolymers  which  com- 
prises 

(1)  either  polymerizing  a  cyclic  arylcar- 
15  bonate  or  depolymerizing  a  linear  aryl- 

polycarbonate  resin  to  provide  a  polyaryl- 
carbonate  oligomer  having  terminal  hydrox- 
yaryl  groups  and  an  average  of  more  than  2 
to  1000  chemically  combined  arylcarbonate 

20  units, 
(2)  intercondensing  the  polyarylcarbonate 
oligomer  obtained  in  (1)  with  a  polydior- 
ganosiloxane  having  terminal  chlorodior- 
ganosiloxy  groups  and  an  average  of  2  to 

25  1000  chemically  combined  diorganosiloxy 
units  in  the  presence  of  an  organic  solvent 
and  an  acid  acceptor,  and 
(3)  recovering  silicone-poly(arylcarbonate) 
block  copolymer  from  the  mixture  of  (2). 

30 
2.  A  method  in  accordance  with  Claim  1,  where 

the  polycarbonate  oligomer  having  terminal 
hydroxyaryl  groups  consists  essentially  of 
chemically-combined  bisphenol-A  carbonate 

35  units  and  has  terminal  bisphenol-A  units. 

3.  A  method  in  accordance  with  Claim  1,  where 
the  polydiorganosiloxane  having  terminal 
chlorodiorganosiloxy  groups  is  a  chlorine-ter- 

40  minated  polydimethylsiloxane. 

4.  A  method  in  accordance  with  Claim  1,  where 
the  polymerization  is  effected  under  substan- 
tially  anhydrous  conditions  in  the  presence  of 

45  an  organic  solvent. 

5.  A  method  in  accordance  with  Claim  1,  where 
the  depolymerization  is  effected  under  sub- 
stantially  anhydrous  conditions  in  the  presence 

50  of  an  organic  solvent. 

6.  A  method  in  accordance  with  Claim  1  ,  which  is 
effected  in  the  presence  of  a  tertiary  organic 
amine. 

55 
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Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Silikon-Poly- 
(arylcarbonat)-Blockcopolymeren,  welches  urn- 
faBt: 

(1)  entweder  die  Polymerisierung  eines  zyk- 
lischen  Arylcarbonats  oder  die  Depolymeri- 
sierung  eines  linearen  Arylpolycarbonathar- 
zes  zur  Schaffung  eines  Polyarylcarbonatoli- 
gomeren  mir  endstandigen  Hydroxyaryl- 
gruppen  und  einem  Durchschnitt  von  2  - 
1000  chemisch  verbundener  Arylcarbonat- 
einheiten, 
(2)  Interkondensation  des  Polyarylcarbona- 
toligomeren,  welches  in  Stufe  (1)  erhalten 
wurde,  mit  einem  Polydiorganosiloxan  mit 
endstandigen  Chlordiorganosiloxyeinheiten 
und  einem  Durchschnitt  von  2  -  1000  che- 
misch  verbundener  Diorganosiloxyeinheiten 
in  Anwesenheit  eines  organischen  Losungs- 
mittels  und  eines  Saureakzeptors  und 
(3)  Gewinnung  des  Silikon-Poly- 
(arylcarbonat)-Blockcopolymeren  aus  der 
Mischung  von  Stufe  (2). 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  end- 
standige  Hydroxyarylgruppen  enthaltende  Po- 
lycarbonatoligomere  im  wesentlichen  aus  che- 
misch  miteinander  verbundenen  Bisphenol-A- 
Carbonateinheiten  besteht  und  endstandige 
Bisphenol-A-Einheiten  aufweist. 

3.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  end- 
standige  Chlordiorganosiloxygruppen  enthal- 
tende  Polydiorganosiloxan  ein  mit  Chlorend- 
gruppen  versehenes  Polydimethylsiloxan  ist. 

4.  Verfahren  nach  Anspruch  1  ,  bei  dem  die  Poly- 
merisation  unter  im  wesentlichen  wasserfreien 
Bedingungen  in  Anwesenheit  eines  organi- 
schen  Losungsmittels  durchgefuhrt  wird 

sine  arylpolycarbonate  lineaire,  pour  fournir 
un  oligomere  de  polyarylcarbonate  ayant 
des  groupes  hydroxyaryle  terminaux  et  en 
moyenne  plus  de  2  a  1000  motifs  arylcar- 

5  bonate  chimiquement  combines, 
(2)  I'intercondensation  de  I'oligomere  polya- 
rylcarbonate  obtenu  dans  I'etape  (1)  avec 
un  polydiorganosiloxane  ayant  des  groupes 
terminaux  chlorodiorganosiloxy  et  en 

io  moyenne  de  2  a  1000  motifs  diorganosiloxy 
chimiquement  combines,  en  presence  d'un 
solvant  organique  et  d'un  accepteur  d'acide, 
et 
(3)  la  recuperation  du  copolymere  sequence 

is  silicone-poly(arylcarbonate)  a  partir  du  me- 
lange  obtenu  dans  I'etape  (2). 

2.  Procede  selon  la  revendication  1,  dans  lequel 
I'oligomere  polycarbonate  ayant  des  groupes 

20  terminaux  hydroxyaryle  est  constitue  essentiel- 
lement  de  motifs  de  carbonate  de  bisphenol-A 
chimiquement  combines  et  comporte  des  mo- 
tifs  terminaux  de  bisphenol-A. 

25  3.  Procede  selon  la  revendication  1,  dans  lequel 
le  polydiorganosiloxane  ayant  des  groupes  ter- 
minaux  chlorodiorganosiloxy  est  un  polydime- 
thylsiloxane  a  terminaison  chlore. 

30  4.  Procede  selon  la  revendication  1,  dans  lequel 
la  polymerisation  est  realisee  dans  des  condi- 
tions  sensiblement  anhydres,  en  presence  d'un 
solvant  organique. 

35  5.  Procede  selon  la  revendication  1,  dans  lequel 
la  depolymerisation  est  realisee  dans  des 
conditions  sensiblement  anhydres,  en  presen- 
ce  d'un  solvant  organique. 

40  6.  Procede  selon  la  revendication  1  ,  qui  est  reali- 
se  en  presence  d'une  amine  organique  tertiai- 
re. 

5.  Verfahren  nach  Anspruch  1  ,  bei  dem  die  Depo- 
lymerisation  unter  im  wesentlichen  wasserfrei- 
en  Bedingungen  in  Anwesenheit  eines  organi-  45 
schen  Losungsmittels  durchgefuhrt  wird. 

6.  Verfahren  nach  Anspruch  1,  welches  in  Anwe- 
senheit  eines  tertiaren  organischen  Amins 
durchgefuhrt  wird.  50 

Revendicatlons 

1.  Procede  de  preparation  de  copolymeres  se- 
quences  silicone-poly(arylcarbonate)  qui  com-  55 
prend  : 

(1)  soit  la  polymerisation  d'un  arylcarbonate 
cyclique,  soit  la  depolymerisation  d'une  re- 

5 
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