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Description 

An  improved  reinforcing  silica  is  produced  when  silica  having  a  surface  area  of  greater  than  50  m2/g  and 
from  0.5  to  6  parts  by  weight  of  adsorbed  moisture  per  100  parts  of  silica  is  treated  by  mixing  100  parts  by 

5  weight  of  silica  with  from  1  to  30  parts  by  weight  of  volatile  treating  agent.  The  volatile  treating  agent  is  of  the 
formula  RxSi(OR')4_x.  wherein  R  is  a  substituted  or  unsubstituted,  saturated  or  unsaturated,  alkyl  oraryl  radical 
having  from  1  to  6  carbon  atoms,  R'  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R  and 
R'  are  chosen  so  that  the  vapor  pressure  of  the  alkoxysilane  exceeds  0.01  01  KPa  (0.0001  atmosphere)  at  treat- 
ment  temperature.  The  volatile  treating  agent  is  further  restricted  in  that  it  comprises  a  combination  of  from 

10  0.2  to  10  parts  by  weight  of  volatile  treating  agent  of  the  formula  VixSi(OR')4_  x  and  from  0.2  to  15  parts  by  weight 
of  volatile  treating  agent  of  the  formula  PhxSi(OR')4_x.  where  Vi  is  vinyl  radical  and  Ph  is  phenyl  radical,  for  a 
period  of  time  sufficient  to  allow  the  desired  amount  of  treating  agent  to  be  adsorbed  onto  the  surface  of  the 
particulate  filler. 

It  is  an  object  of  this  invention  to  produce  a  reinforcing  silica  which  can  be  used  to  reinforce  silicone  elas- 
15  tomeric  compositions  which  can  be  manufactured  without  the  use  of  expensive  additives  which  are  used  to 

improve  the  physical  properties  of  the  cured  silicone  elastomer. 
This  invention  relates  to  an  improved  reinforcing  silica  filler  having  a  surface  area  of  greater  than  50  m2/g, 

said  surface  having  been  treated  by  mixing  100  parts  by  weight  of  silica,  having  from  0.5  to  6  parts  by  weight 
of  adsorbed  moisture,  with  from  1  to  30  parts  by  weight  of  volatile  treating  agent  of  the  formula  RxSi(OR')4_x. 

20  wherein  R  is  a  substituted  or  unsubstituted,  saturated  or  unsaturated,  alkyl  or  aryl  radical  having  from  1  to  6 
carbon  atoms,  R'  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R  and  R'  are  chosen  so 
that  the  vapor  pressure  of  the  alkoxysilane  equals  or  exceeds  0.0101  KPa  (0.0001  atmosphere)  at  treatment 
temperature,  for  a  period  of  time  sufficient  to  allow  the  desired  amount  of  treating  agent  to  be  adsorbed  onto 
the  surface  of  the  particulate  filler,  wherein  the  volatile  treating  agent  comprises  a  combination  of  from  0.2  to 

25  10  parts  by  weight  of  volatile  treating  agent  of  the  formula  VixSi(OR')4.x  and  from  0.2  to  15  parts  by  weight  of 
volatile  treating  agent  of  the  formula  PhxSi(OR')4_x.  where  Vi  is  vinyl  radical  and  Ph  is  phenyl  radical,  wherein 
the  volatile  treating  agent  also  contains  from  0.001  to  5.0  parts  by  weight  of  volatile  catalyst  selected  from  the 
group  consisting  of  acid  A,  base  B  and  mixtures  thereof,  wherein  acid  A  is  a  volatile  acid  or  an  acid  progenitor 
selected  from  hydrogen  chloride,  hydrogen  bromide,  methyltrichlorosilane  and  dimethyldichlorosilane,  and 

30  base  B  is  a  silylamine  or  silazane  selected  from  (R"3Si)2NR,  (R"3Si)2NH,  R"3SiNR"2  and  R"3SiNHR",  wherein 
R"  is  the  same  as  R'  as  defined  hereinbefore,  and  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  acid  A 
and  base  B  being  chosen  so  that  the  vapour  pressure  of  either  acid  A  or  base  B  exceeds  0.005  atmosphere 
at  treatment  temperature. 

This  invention  also  relates  to  a  method  of  producing  such  a  reinforcing  filler  wherein  in  a  method  of  rapidly 
35  treating  the  surface  of  reinforcing  silica  filler  consisting  essentially  of  mixing,  at  a  temperature  of  from  about  - 

10  to  130°C,  (A)  100  parts  by  weight  of  reinforcing  silica  filler,  having  a  surface  area  of  greater  than  50  m2/g 
and  having  from  0.5  to  6  parts  by  weight  of  adsorbed  moisture,  (B)from  1  to  30  parts  by  weight  of  volatile  treating 
agent  of  the  formula  RxSi(OR')4.x.  wherein  R  is  a  substituted  or  unsubstituted,  saturated  or  unsaturated,  alkyl 
or  aryl  radical  having  from  1  to  6  carbon  atoms,  R'  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  x  is  1 

40  or  2  and  R  and  R'  are  chosen  so  that  the  vapor  pressure  of  the  alkoxysilane  exceeds  0.0101  KPa  (0.0001  at- 
mosphere)  at  treatment  temperature,  (C)  from  0.001  to  5.0  parts  by  weight  of  volatile  catalyst  selected  from 
the  group  consisting  of  acid  A,  base  B  and  mixtures  thereof,  wherein  acid  A  is  a  volatile  acid  or  acid  progenitor 
selected  from  hydrogen  chloride,  hydrogen  bromide,  methyltrichlorosilane  and  dimethyldichlorosilane,  and 
base  B  is  a  silylamine  or  silazane  selected  from  (R"3Si)2NR,  (R"3Si)2NH,  R"3SiNR"2  and  R"3SiNHR",  wherein 

45  R"  is  the  same  as  R'  as  defined  hereinbefore,  and  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  acid  A 
and  base  B  being  chosen  so  that  the  vapor  pressure  of  either  acid  A  or  base  B  exceeds  0.507  KPa  (0.005 
atmosphere)  at  treatment  temperature,  for  a  period  of  time  sufficient  to  allow  the  desired  amount  of  treating 
agent  to  be  adsorbed  onto  the  surface  of  the  particulate  filler,  the  improvement  consisting  essentially  of  the 
use  of  volatile  treating  agent  containing  at  least  a  combination  of  from  0.2  to  10  parts  by  weight  of  volatile  treat- 

so  ing  agent  of  the  formula  VixSi(OR')4.x  and  from  0.2  to  15  parts  by  weight  of  volatile  treating  agent  of  the  formula 
PhxSi(OR')4_x,  where  Vi  is  vinyl  radical  and  Ph  is  phenyl  radical,  to  yield  a  filler  which  requires  a  minimum  of 
energy  to  disperse  rapidly  into  polydiorganosiloxane  and  which  gives  improved  properties  to  cured  silicone 
elastomers. 

Silicone  elastomers  consist  essentially  of  polydiorganosiloxane  reinforced  with  filler.  The  polydiorganosi- 
55  loxane  ordinarily  contains  a  small  amount  of  hydroxyl  radical  left  from  the  method  of  manufacture.  The  poly- 

diorganosiloxane  is  transformed  from  a  fluid  or  gum  into  an  elastomer  by  crosslinking,  either  through  the  ad- 
dition  of  a  crosslinking  agent  or  through  the  formation  of  crosslinks  between  the  radicals  present  on  the  poly- 
mer  chain,  both  in  the  presence  of  a  catalyst.  The  elastomer  formed  is  very  weak  mechanically  when  compared 

2 
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to  the  common  organic  elastomeric  materials.  The  silicone  elastomers  are  commonly  improved  by  the  addition 
of  reinforcing  and  extending  fillers  to  modify  their  physical  properties.  A  well  known  method  of  improving  the 
physical  strength  of  silicone  elastomers  is  through  the  addition  of  reinforcing  silica  fillers.  In  order  to  act  as 

5  reinforcing  agents,  the  particles  of  filler  need  to  be  very  small,  the  most  common  method  of  designating  the 
particle  size  is  by  stating  the  surface  area  of  the  particles,  stated  as  square  meters  of  surface  per  gram  of 
filler.  The  useful  lower  limit  of  reinforcing  filler  for  polydiorganosiloxane  is  commonly  agreed  to  be  about  50 
m2/g.  The  most  common  filler  for  silicone  elastomer  is  silica,  both  fumed  silica  and  precipitated  silica,  with 
fumed  silica  preferred  as  it  normally  has  a  lower  moisture  content. 

10  When  these  finely  divided  reinforcing  fillers  are  mixed  into  polydiorganosiloxane,  there  is  a  reaction  be- 
tween  the  two  which  results  in  a  thickening  of  the  mixture.  In  the  case  of  polymers  of  gum  viscosity,  the  thick- 
ening  can  result  in  a  mixture  which  is  difficult  to  further  process.  This  process,  known  as  crepeing,  has  been 
prevented  to  a  lesser  or  greater  degree  through  the  use  of  process  aids,  such  as  low  viscosity  hydroxyl  en- 
dblocked  polydimethylsiloxane,  added  at  the  time  of  the  addition  of  the  filler  to  the  polymer.  The  filler  has  also 

15  been  treated  before  use,  usually  with  a  silane,  in  an  attempt  to  prevent  the  crepeing  reaction.  The  method  of 
this  invention  results  in  a  treated  filler  which  is  very  easy  to  mix  into  the  polymer  and  yields  a  mixture  which 
has  a  reduced  tendency  to  crepe.  When  the  improved  reinforcing  silica  filler  of  this  invention  is  used  to  produce 
silicone  elastomer  base  by  mixing  with  polydiorganosiloxane,  it  is  not  necessary  to  use  many  of  the  additives 
presently  used  in  such  compositions  to  modify  the  properties  obtained  upon  curing  of  the  composition.  An  ex- 

20  ample  is  the  use  of  vinyl  containing  low  molecular  weight  polydiorganosiloxane  additives  which  are  added  to 
obtain  a  lower  compression  set  in  the  cured  elastomer.  When  the  treated  filler  of  this  invention  is  used  to  pro- 
duce  the  composition,  it  is  not  necessary  to  add  the  vinyl  containing  polydiorganosiloxane. 

The  reinforcing  silica  filler  (A)  used  in  the  method  of  this  invention  is  a  well  known,  commercial  material. 
The  method  of  producing  the  filler  is  not  critical,  both  precipitated  and  fumed  fillers  are  suitable.  The  preferred 

25  filler  is  fumed  silica,  since  it  is  readily  available  in  commercial  quantities. 
These  finely  divided  fillers  adsorb  water  on  their  surface  if  they  are  exposed  to  the  air.  For  example,  a 

fumed  silica  stored  at  room  conditions  of  23°C.  and  50  %  relative  humidity,  having  a  surface  area  of  about  250 
m2/g,  will  contain  about  2  percent  of  moisture  on  its  surface.  The  method  of  this  invention  does  not  require 
that  the  surface  of  the  filler  be  without  moisture  or  that  the  amount  of  moisture  be  at  an  exact  level,  as  long 

30  as  some  moisture  is  present  to  hydrolyze  the  treating  agent.  A  practical  lower  limit  is  about  0.5  percent  by 
weight,  while  a  practical  upper  limit  is  about  6  percent  by  weight.  When  more  than  about  6  percent  moisture 
is  present,  at  least  in  the  case  of  fumed  silica,  the  filler  tends  to  form  clumps  and  is  more  difficult  to  disperse. 

The  volatile  treating  agent  used  in  the  method  of  this  invention  comprises  a  combination  of  from  0.2  to  10 
parts  by  weight  of  volatile  treating  agent  of  the  formula  VixSi(OR')4.x  and  from  0.2  to  15  parts  by  weight  of  vol- 

35  atile  treating  agent  of  the  formula  PhxSi(OR')4_x.  where  Vi  is  vinyl  radical,  Ph  is  phenyl  radical  and  R'  is  an  alkyl 
radical  having  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R'  is  chosen  so  that  the  pressure  of  the  alkoxysilane 
combination  exceeds  0.0101  KPa  (0.0001  atmosphere)  at  treatment  temperature.  The  combination  can  option- 
ally  also  contain  volatile  treating  agent  of  the  formula  RxSi(OR')4_  x'  wherein  R  is  a  substituted  or  unsubstituted, 
saturated  or  unsaturated,  alkyl  or  aryl  radical  having  from  1  to  6  carbon  atoms,  R'  is  an  alkyl  radical  having 

40  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R  and  R'  are  chosen  so  that  the  vapor  pressure  of  the  alkoxysilane 
exceeds  0.0101  KPa  (0.0001  atmosphere)  at  treatment  temperature.  R  represents  radicals  such  as  ethyl  (Et), 
propyl,  hexyl,  vinyl  and  3,3,3-trifluoropropyl.  R'  represents  methyl,  ethyl  and  propyl  radicals.  Preferred  treating 
agents  are  ViSi(OMe)3  (vinyltrimethoxysilane),  PhSi(OMe)3  (phenyltrimethoxysilane),  MeSi(OMe)3  (methyltri- 
methoxysilane)  and  Me2Si(OMe)2  (dimethyldimethoxysilane).  The  preferred  treating  agents  can  be  used  at 

45  room  temperature  since  their  vapor  pressures  are  1  .216  KPa  (0.012  atmosphere)  for  ViSi(OMe)3  (vinyltrime- 
thoxysilane),  0.0101  KPa  (0.0001)  for  PhSi(OMe)3  (phenyltrimethoxysilane),  3.546  KPa  (0.035  atmosphere) 
for  MeSi(OMe)3  (methyltrimethoxysilane)  and  6.485  KPa  (0.064  atmosphere)  for  Me2Si(OMe)2  (dimethyldime- 
thoxysilane)  all  at  20°C. 

The  amount  of  treating  agent  used  can  vary  from  1  to  30  parts  by  weight,  based  upon  1  00  parts  by  weight 
so  of  the  filler.  Forfumed  silica  as  the  filler,  a  preferred  amount  is  from  3  to  20  parts  by  weight  and  a  more  preferred 

from  5  to  1  2  parts  by  weight.  The  optimum  amount  of  treating  agent  used  is  determined  as  follows.  The  selected 
filler  is  treated  with  a  range  of  amounts  and  ratios  of  the  combination  of  treating  agent,  as  well  as  a  range  of 
catalyst  amounts.  The  treated  filler  samples  are  then  used  to  prepare  samples  of  the  desired  final  product  and 
the  properties  of  the  final  product  are  evaluated.  A  comparison  of  the  resulting  properties  indicates  the  opti- 

55  mum  level  and  ratios  of  the  separate  treating  agents  and  catalyst  to  use  in  the  combination  of  treating  agents 
used  in  this  invention.  It  has  been  determined  that  the  amount  of  volatile  treating  agent  of  the  formula  Vix. 
Si(OR')4_x  is  between  0.2  and  10  parts  by  weight  per  100  parts  by  weight  of  silica,  with  a  preferred  level  of 
from  0.5  to  6  parts  by  weight.  It  has  also  been  determined  that  the  amount  of  volatile  treating  agent  of  the  for- 
mula  PhxSi(OR')4_x  is  between  0.2  and  15  parts  by  weight  per  100  parts  by  weight  of  silica,  with  a  preferred 

3 
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level  of  from  1  to  10  parts  by  weight.  The  examples  of  this  application  show  such  procedures.  Filler  treated 
according  to  this  invention  shows  improved  properties  in  the  cured  silicone  elastomer  made  from  the  treated 
filler.  In  the  case  of  high  consistency  silicone  rubber  stocks,  an  additional  benefit  is  seen  in  the  fact  that  a  given 

5  durometer  cured  rubber  can  be  produced  with  significantly  lower  fumed  silica  content,  resulting  in  a  more  eco- 
nomical  product  than  can  be  produced  when  using  untreated  filler. 

The  treatment  of  the  reinforcing  silica  filler  surface  can  be  catalyzed  by  from  0.001  to  5.0  parts  by  weight 
of  a  volatile  catalyst,  based  upon  100  parts  by  weight  of  reinforcing  silica  filler.  A  preferred  amount  is  from  0.001 
to  2  parts.  The  volatile  catalyst  is  selected  from  the  group  consisting  of  acid  A,  base  B  and  mixtures  thereof; 

10  wherein  acid  A  is  a  volatile  acid  or  acid  progenitor  and  base  B  is  a  silylamine  or  silazane,  acid  A  and  base  B 
being  chosen  so  that  the  vapor  pressure  of  either  acid  A  or  base  B  exceeds  0.507  KPa  (0.005  atmosphere)  at 
treatment  temperature.  A  volatile  acid  or  base  is  defined  as  that  having  the  required  vapor  pressure.  The  acid 
A  can  be  hydrogen  chloride  (HCI),  hydrogen  bromide  (HBr),  methyltrichlorosilane  (MeSiCI3)  and  dimethyldi- 
chlorosilane  (Me2SiCI2).  An  acid  progenitor  is  defined  as  a  material  that  gives  an  acid  when  it  contacts  water 

15  or  water  vapor.  Most  preferred  are  methyltrichlorosilane  and  dimethyldichlorosilane.  The  base  B  can  be  a  si- 
lylamine  or  silazane  selected  from  the  group  consisting  of(R"3Si)2NR,  (R"3Si)2NH,  R"3SiNR"2  and  R"3SiNHR", 
where  R"  is  the  same  as  R'  and  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms.  Most  preferred  is  hexam- 
ethyldisilazane  (Me3Si)2NH.  Mixtures  of  catalysts  can  also  be  used.  The  most  preferred  catalysts  can  be  used 
at  room  temperature  because  their  vapor  pressures  at  20°C.  are  18.239  KPa  (0.18  atmosphere)  for  methyltri- 

20  chlorosilane,  15.199  KPa  (0.15  atmosphere)  for  dimethyldichlorosilane  and  25.331  KPa  (0.25  atmosphere)  for 
trimethylchlorosilane  and  2.634  KPa  (0.026  atmosphere)  for  hexamethyldisilazane. 

The  acid  (A)  and  base  (B)  are  well  known  materials  as  to  the  means  of  manufacture.  The  base  (B)  silazanes 
can  also  be  produced  by  an  in  situ  process  where,  for  example,  a  chlorosilane,  such  as  dimethyldichlorosilane 
and  an  amine,  such  as  ammonia,  are  added  to  the  filler  and  allowed  to  react  to  give  a  silazane. 

25  The  method  of  this  invention  makes  use  of  a  gaseous  treatment  of  the  particulate  filler.  The  treating  agent 
and  the  catalyst  are  both  of  sufficient  volatility  at  the  treatment  temperature  to  create  an  atmosphere  in  the 
treating  chamber  which  contains  sufficient  treating  agent  and  catalyst  to  treat  the  filler  surface.  The  preferred 
method  of  treatment  stirs  the  filler  in  a  container  whose  contents  can  be  agitated  and  purged  with  an  inert  gas. 
The  effect  can  be  obtained  by  circulating  a  gas  through  the  bed  at  a  sufficient  rate  to  fluidize  the  fillerorthrough 

30  rapid  stirring  or  tumbling.  The  treating  agent  and  catalyst  are  preferably  added  to  the  container  by  spraying 
onto  the  filler  surface  while  the  filler  is  being  f  luidized  or  agitated.  The  temperature  at  which  the  treatment  takes 
place  is  determined  by  the  treating  agent  and  catalyst  used.  In  most  cases,  room  temperature,  defined  herein 
as  10°C.  to  30°C,  is  satisfactory.  If  a  higher  boiling  treating  agent,  such  as  diphenyldimethoxysilane,  is  used, 
the  treatment  temperature  must  be  raised  so  that  the  concentration  of  treating  agent  in  the  fluidized  bed  is 

35  sufficient  to  adequately  treat  the  filler.  An  upper  temperature  of  130°C.  is  sufficient  when  using  the  treating 
agents  and  catalyst  specified  in  this  invention. 

The  treating  agent  and  catalyst,  if  used,  can  be  added  to  the  mixing  chamber  in  any  order,  but  the  preferred 
order  is  first  adding  the  filler  and  fluidizing  it  by  stirring  or  use  of  a  fluidized  bed  device,  then  adding  the  treating 
agent  and  catalyst,  if  used. 

40  It  is  not  necessary  to  further  process  the  treated  filler  after  the  method  of  this  invention  to  remove  excess 
reactants,  because  only  an  amount  of  the  catalyst  and  treating  agent  are  added  to  the  mixture  at  the  time  of 
the  treatment  process  to  give  the  desired  properties.  The  small  amounts  of  treating  agent  and  catalyst  used 
and  the  short  time  of  treatment  gives  a  treated  filler  with  a  minimum  cost. 

The  usefulness  and  uniqueness  of  the  filler  resulting  from  the  method  of  this  invention  can  be  shown  by 
45  adding  it  to  polydiorganosiloxane  and  comparing  the  product  resulting  (herein  referred  to  as  a  base)  with  a 

similar  product  produced  with  untreated  filler  or  filler  not  treated  in  accordance  with  this  invention. 
The  polydiorganosiloxane  used  to  combine  with  the  treated  filler  of  this  invention  to  make  a  silicone  com- 

position,  commonly  referred  to  as  a  base,  is  a  well  known  article  of  commerce.  The  organic  groups  are  most 
usually  methyl,  with  small  amounts  of  vinyl  and  phenyl  groups  added  to  the  polymer  to  provide  specific  prop- 

so  erties  in  the  cured  elastomer.  Solvent  resistance  can  be  obtained  by  use  of  3,3,3-trifluoropropyl  radical  in  the 
polymer.  The  polymer  is  usually  of  greater  than  50,000  molecular  weight  in  the  case  of  fluid  polymers  up  to 
gums  having  molecular  weights  of  1,000,000  and  higher  in  the  case  of  the  high  consistency  products.  Com- 
positions  of  fluid  viscosity  are  often  cured  by  the  addition  of  a  curing  system  based  upon  the  platinum  catalysis 
of  a  vinyl  containing  polymer  and  a  crosslinking  agent  containing  hydrogen  attached  to  silicon.  Most  often,  the 

55  high  consistency  compositions,  having  viscosties  of  greater  than  1000  Pa  s  at  25°C,  are  cured  through  the 
use  of  organic  peroxides  as  free  radical  production  catalysts  which  cause  reactions  between  the  organic  rad- 
icals  on  the  polymer  to  produce  crosslinks. 

The  usefulness  of  the  treated  filler  produced  by  the  method  of  this  invention  and  comparisons  to  other 
treated  and  untreated  fillers  is  best  demonstrated  by  a  series  of  examples.  The  following  examples  are  used 

4 
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to  show  the  uniqueness  of  the  treated  filler  of  this  invention.  The  discussion  of  the  comparisons  is  found  in 
the  discussion  of  the  examples  and  the  results  obtained. 

The  following  examples  are  included  for  illustrative  purposes  only  and  should  not  be  construed  as  limiting 
5  the  invention  which  is  properly  set  forth  in  the  appended  claims.  All  parts  are  parts  by  weight. 

Example  1 

An  improved  reinforcing  silica  filler  which  falls  under  the  claims  of  this  invention  was  prepared  by  adding 
10  1  00  parts  of  silica  having  a  surface  area  of  about  250  m2/g  into  a  Neulinger  mixer.  A  mixture  of  2  parts  of  vi- 

nyltrimethoxysilane,  4  parts  of  phenyltrimethoxysilane  and  0.1  part  of  hexamethyldisilazane  was  then  poured 
over  the  surface  of  the  silica  and  the  mixer  closed  and  started.  After  about  15  minutes  mixing,  a  nitrogen  purge 
was  applied  to  the  mixer  contents  to  remove  evolved  methanol  and  to  fill  the  mixer  with  an  inert  gas  to  prevent 
any  possibility  of  an  explosive  mixture  forming.  After  mixing  an  additional  30  minutes,  the  mixer  was  stopped 

15  and  the  treated  filler  was  removed  and  stored. 
Asilicone  elastomer  base  was  then  prepared  by  adding  90.1  parts  of  dimethylvinylsiloxy  endblocked  poly- 

dimethylsiloxane  having  a  Williams  Plasticity  Number  of  about  150  and  10.04  parts  of  dimethylvinylsiloxy  en- 
dblocked  polydiorganosiloxane  having  about  98  mol  percent  dimethylsiloxane  units  and  2  mol  percent  methyl- 
vinylsiloxane  units  and  a  Williams  Plasticity  Number  of  about  150  to  a  sigma  blade  mixer.  Then  5  parts  of  hy- 

20  droxyl  endblocked  polydimethylsiloxane  fluid  having  a  viscosity  of  about  0.04  Pasat25°C.  and  about  4  weight 
percent  silicon-bonded  hydroxyl  radicals  was  mixed  in.  Steam  to  heat  the  mixer  was  then  turned  on  and  about 
10.6  parts  of  the  above  treated  filler  was  added.  After  the  filler  was  massed  with  the  polymer  to  give  a  smooth 
mix  another  10.6  parts  of  filler  was  added  and  mixed  until  massed.  A  total  of  four  filler  additions  were  made, 
giving  a  total  of  42.2  parts  of  the  treated  filler.  After  all  of  the  fillerwas  massed  the  contents  were  placed  under 

25  a  full  vacuum  for  about  10  minutes  to  remove  any  volatiles  present,  then  the  mixer  was  opened  and  allowed 
to  cool.  After  cooling  to  room  temperature,  about  4.3  parts  of  trimethylsiloxy  endblocked  polydiorganosiloxane 
having  an  average  of  five  methylhydrogensiloxane  units  and  three  dimethylsiloxane  units  per  molecule  with 
a  silicon-bonded  hydrogen  atom  content  in  the  range  of  about  0.7  to  0.8  weight  percent  was  added  along  with 
about  2.3  parts  of  the  treated  filler.  The  mixture  was  mixed  at  room  temperature  until  uniform  to  give  a  silicone 

30  elastomer  base,  sample  1. 
The  silicone  elastomer  base,  sample  1  ,  was  then  catalyzed  by  mixing  1  00  parts  of  base  and  1  part  of  cat- 

alyst  of  50  percent  2,5-bis(tert-butylperoxy)2,5-dimethyl  hexane  in  powdered  carrier  on  a  two  roll  mill.  The  cat- 
alyzed  silicone  elastomer  was  then  molded  into  test  sheets  about  0.075  inches  (1.9  millimeters)  thick  by  mold- 
ing  in  a  press  and  curing  for  10  minutes  at  340°F.  (171°C).  A  part  of  the  sheets  were  then  postcured  for4  hours 

35  at  392°F.  (200°C).  The  test  sheets  were  cut  into  samples  and  tested  for  physical  properties  in  accordance  with 
ASTM  D  2240  for  durometer,  ASTM  D  412  for  tensile  strength  and  elongation  at  break  and  ASTM  D  395  for 
compression  set  after  22  hours  at  350°F.  (177°C).  Samples  were  also  heat  aged  for  70  hours  at  435°F.  (225°C.) 
and  tested.  Table  1  shows  the  test  results  with  the  heat  aging  results  being  the  points  lost  for  durometer  and 
the  percent  lost  for  the  tensile  strength  and  elongation. 

40  A  treated  filler  not  falling  under  the  claims  of  this  invention  was  prepared  as  above,  but  the  treating  agent 
mixture  consisted  of  2  parts  of  vinyltrimethoxysilane,  4  parts  of  methyltrimethoxysilane  and  0.1  part  of  hex- 
amethyldisilazane. 

This  treated  fillerwas  used  to  make  a  silicone  elastomer  base  and  sample  2  in  the  same  manner  as  above. 
The  test  results  on  this  comparative  elastomer  are  given  in  Table  I. 

45  The  test  results  of  Table  I  show  that  the  filler  treated  with  the  combination  of  vinyltrimethoxysilane  and 
phenyltrimethoxysilane  gave  improved  properties  as  compared  to  filler  treated  with  a  combination  of  vinyltri- 
methoxysilane  and  methyltrimethoxysilane. 
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Table  I 
Sample  j Cure 2* 

Press  Post  press  post 
Durometer,  Shore  A  62  65 

>»  Co4««*?K%  4S47JX703)  1274.8(620)  «54.0(704)  4378.2(635) 30  20  40  22 
After  heat  aging 

Durometer  change  3 Tensile  change,  % 0  13  6 
15  Elonmtion  rhanm.  «.  „  "61  ~M  -62 Elongation  change,  % 

*  comparative  example 

"70  -64  -88 -85 

20 
Example  2 

A  comparative  silicone  elastomer  base  was  prepared  in  which  the  filler  was  treated  in  situ.  This  was  a 
known  method  of  producing  a  high  strength  silicone  rubber  base. 

25  First  90.1  parts  of  dimethylvinylsiloxy  endblocked  polydimethylsiloxane  having  a  Williams  Plasticity  Num- 
ber  of  about  1  50  and  10.04  parts  of  dimethylvinylsiloxy  endblocked  polydiorganosiloxane  having  about  98  mol 
percent  dimethyl  siloxane  units  and  2  mol  percent  methylvinylsiloxane  units  and  a  Williams  Plasticity  Number 
of  about  150  were  added  to  a  sigma  blade  mixer.  Then  0.48  part  of  hydroxyl  endblocked  polymethylvinylsilox- 
ane  having  about  4  weight  percent  hydroxyl  radical,  7.94  part  of  hexamethyldisilazane  and  0.96  part  of  water 

30  was  mixed  in.  Steam  to  heat  the  mixer  was  then  turned  on  and  about  10.0  parts  of  the  filler  used  to  prepare 
the  treated  filler  of  Example  1  was  added.  After  the  filler  was  massed  with  the  polymer  to  give  a  smooth  mix, 
another  10.0  parts  of  fillerwas  added  and  mixed  until  massed.  Atotal  of  four  filler  additions  were  made,  giving 
a  total  of  39.8  parts  of  the  filler.  This  is  the  same  amount  of  filler  as  used  in  sample  1  since  this  filler  did  not 
have  treating  agent  attached  to  it  as  it  was  added.  After  all  of  the  filler  was  massed,  the  contents  were  placed 

35  under  a  full  vacuum  for  about  10  minutes  to  remove  any  volatiles  present,  then  the  mixer  was  opened  and  al- 
lowed  to  cool.  After  cooling  to  room  temperature,  about  4.3  parts  of  trimethylsiloxy  endblocked  polydiorgano- 
siloxane  having  an  average  of  five  methylhydrogensiloxane  units  and  three  dimethylsiloxane  units  per  mole- 
cule  with  a  silicon-bonded  hydrogen  atom  content  in  the  range  of  about  0.7  to  0.8  weight  percent  was  added 
along  with  about  2.3  parts  of  the  untreated  filler.  The  mixture  was  mixed  at  room  temperature  until  uniform  to 

40  give  a  silicone  elastomer  base,  sample  3. 
The  silicone  elastomer  base,  sample  3,  was  then  catalyzed,  molded  and  tested  in  the  same  manner  as  in 

Example  1,  with  the  results  shown  in  Table  II. 
The  comparative  sample  3  shows  properties  similar  to  the  comparative  sample  2  above  which  also  had  a 

combination  of  methyl  and  vinyl  treatment  on  the  filler.  The  improvement  in  properties  on  compression  set  and 
45  heat  aging,  particularly  retention  of  elongation  bythe  sample  1  using  the  treated  filler  of  this  invention  is  shown. 
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Table  U 

10 

Sample 
Cure 

Durometer,  Shore  A 
Tensile  Strength,  (psi)  kPa 
Elongation,  (psi)  kPa 
Compression  set,  % 

After  heat  aging 

press 

58 
10514.5(1525) 

5446.9(790) 
43 

post 

62 
10948.9(1588) 

4640.2(673) 
33 

62 
9625.1(1396) 
4347.0(703) 

30 

post 

65 
9170.0(1330) 
4274.8(620) 

20 

15 

Durometer  change 
Tensile  change,  % 
Elongation  change,  % 

16 
-62 
-90 

9 
-67 
-89 

3 
-63 
-70 

0 
-61 
-64 

*  comparative  example 

20 
Example  3 

In  order  to  evaluate  the  effect  of  differing  amounts  of  vinyl  and  phenyl  containing  treating  agents  used  to 
form  the  treated  filler,  a  designed  experiment  was  conducted  in  which  the  amounts  and  kinds  of  treating  agents 

25  used  were  varied.  The  samples  designated  by  the  experiment  were  then  produced  and  tested  in  the  same  man- 
ner  as  in  Example  1.  The  results  were  then  entered  into  a  computer  program  and  graphs  showing  the  expected 
results  of  varying  the  ingredients  were  developed.  By  selecting  the  appropriate  points  from  the  graphs,  com- 
parative  data  can  be  developed  to  illustrate  the  effect  of  various  changes  in  the  treating  agent  formulation. 
Illustrative  mixtures  and  the  results  predicted  from  the  experiment  are  shown  in  Table  III.  In  the  table,  VTM  is 

30  vinyltrimethoxysilane,  PhTM  is  phenyltrimethoxysilane  and  MTM  is  methyltrimethoxysilane.  In  each  case  the 
treating  agent  mixture  contains  0.1  part  of  hexamethyldisilazane  to  catalyze  the  treating  process. 

Acomparison  of  sample  1,  an  actual  example  and  sample  4,  a  calculated  example,  show  that  the  designed 
experiment  calculates  results  that  are  close  to  that  actually  obtained.  A  comparison  of  sample  5  with  sample 
4  shows  that  the  vinyl  alone  does  not  result  in  as  good  a  retention  of  elongation  upon  heat  aging  as  when  the 

35  combination  of  both  vinyl  and  phenyl  are  present  on  the  filler.  Acomparison  of  sample  5  and  sample  6  shows 
that  when  1  part  of  the  vinyl  is  replaced  with  1  part  of  phenyl,  the  improvement  in  heat  aging  is  not  significant. 
Acomparison  of  sample  7  with  6  shows  that  the  additional  phenyl  in  7  gives  improved  heat  aging  and  that  the 
reduction  in  vinyl  gives  poorer  compression  set  results.  A  comparison  of  sample  5  to  sample  8  shows  that  the 
addition  of  the  methyl  to  the  vinyl  does  not  change  the  properties,  neither  of  these  samples  falls  under  the 

40  claims  of  this  invention.  A  comparison  of  sample  6  to  sample  9  shows  that  the  addition  of  methyl  does  not 
change  the  results  obtained.  A  comparison  of  sample  7  to  sample  1  0  shows  the  same. 

45 
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Example  4 

A  treated  filler  was  prepared  as  in  Example  1,  but  using  6  parts  of  vinyltrimethoxysilane  and  8  parts  of 
5  phenyltrimethoxysilane. 

Asilicone  elastomer  base  was  then  prepared  by  adding  50  parts  of  polydiorganosiloxane  gum  having  about 
0.14  mol  percent  vinyl  radicals  and  the  rest  methyl  radicals  with  dimethylvinylsiloxy  endblockers  and  a  Williams 
Plasticity  Number  of  about  1  50  and  50  parts  of  polydiorganosiloxane  gum  having  about  0.57  mol  percent  vinyl 
radicals  and  the  rest  methyl  radicals  with  dimethylvinylsiloxy  endblockers  and  a  Williams  Plasticity  Number 

10  of  about  150  to  a  sigma  blade  mixer.  Then  8  parts  of  hydroxyl  endblocked  polydimethylsiloxane  fluid  having 
a  viscosity  of  about  0.04  Pa  s  at  25°C.  and  about  4  weight  percent  silicon-bonded  hydroxyl  radicals  was  mixed 
in  along  with  1.75  parts  of  magnesium  oxide  additive.  Steam  to  the  mixer  was  turned  on  and  about  11  parts 
of  the  above  treated  fillerwas  added  and  mixed  until  uniform.  Additional  portions  of  filler  were  added  in  the 
same  manner  until  a  total  of  51  .3  parts  of  treated  silica  had  been  added.  The  contents  were  placed  under  a 

15  full  vacuum  for  about  10  minutes  to  remove  any  volatiles  present,  then  the  mixer  was  opened  and  allowed  to 
cool  to  room  temperature.  Then  78  parts  of  ground  quartz  having  an  average  particle  size  of  about  5  micro- 
meters  was  added  and  mixed  until  uniform. 

The  silicone  elastomer  base,  sample  11,  was  then  catalyzed  by  mixing  100  parts  of  base  and  1  part  of 
catalyst  of  50  percent  2,5  bis(tert-butylperoxy)-2,5-dimethylhexane  in  powdered  carrier  on  a  two  roll  mill.  The 

20  catalyzed  silicone  elastomer  was  then  molded  and  tested  as  in  Example  1,  with  the  results  shown  in  Table  IV. 
A  similar  treated  fillerwas  prepared  as  above,  but  using  8  parts  of  the  vinyltrimethoxysilane  and  6  parts 

of  the  phenyltrimethoxysilane.  Asilicone  elastomer  base,  sample  12,  was  then  prepared  in  the  same  manner 
as  above  and  tested,  with  the  results  shown  in  Table  IV.  Also  shown  in  Table  IV  are  results  from  testing  a  com- 
mercial  silicone  rubber  intended  for  the  same  use  as  these  samples  and  prepared  from  the  same  mixture  of 

25  polymers,  sample  13,  but  containing  45  parts  of  untreated  filler,  78  parts  of  the  ground  quartz  and  about  7 
parts  of  an  additive  of  benzene  soluble  organopolysiloxane  having  37.5  mol  percent  monophenylsiloxane  units, 
30  mol  percent  dimethylsiloxane  units,  20  mol  percent  methylvinylsiloxane  units,  7.5  mol  percent  monomethyl- 
siloxane  units  and  5  mol  percent  trimethylsiloxy  units  with  a  phenyl  content  of  about  5.5  weight  percent  and  a 
hydroxyl  content  of  about  2.25  weight  percent. 
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Example  5 

Acomparative  treated  fillerwas  prepared  as  in  Example  1,  but  using  0.2  part  of  vinyltrimethoxysilane  and 
1  0  parts  of  methyltrimethoxysilane.  This  is  a  comparative  example  because  there  is  no  phenyl  containing  treat- 
ing  agent  present. 

This  treated  fillerwas  used  to  prepare  a  silicone  elastomer  base,  sample  14,  by  mixing  95  parts  of  dime- 
thylvinylsiloxy  endblocked  polydimethylsiloxane  having  a  Williams  Plasticity  Number  of  about  150,  5  parts  of 
dimethylvinylsiloxy  endblocked  polydiorganosiloxane  having  about  98  mol  percent  dimethylsiloxane  units  and 

10 
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2  mol  percent  methylvinylsiloxane  units  and  a  Williams  Plasticity  Number  of  about  150  and  1  part  of  dimethyl- 
vinylsiloxy  endblocked  copolymer  of  78  mol  percent  dimethlysiloxane  units  and  22  mol  percent  of  methylvinyl- 
siloxane  units  having  about  7.7  weight  percent  vinyl  radicals  and  a  viscosity  of  from  8  to  25  Pa  s  at  25°C.  in  a 

5  sigma  blade  mixer  along  with  4  parts  of  hydroxyl  endblocked  polydimethylsiloxane  fluid  having  a  viscosity  of 
about  0.04  Pa  s  at  25°C.  and  about  4  weight  percent  silicon-bonded  hydroxyl  radicals.  Then  32  parts  of  the 
above  treated  filler  and  0.02  part  of  manganese  octoate  was  mixed  in  until  a  uniform  base  was  obtained  as  in 
Example  1. 

Then  1  00  parts  of  the  base  was  mixed  with  1  .3  parts  of  catalyst  paste  of  50  percent  2,4-dichlorobenzoyl 
10  peroxide  in  polydiorganosiloxane  fluid  (CadoxTS-50)  and  the  catalyzed  stock  was  molded  5  minutes  at240°F. 

(116°C.)  and  postcured  for4  hours  at  392°F.  (200°C),  then  tested  as  in  Example  1  with  the  results  shown  in 
Table  V.  Another  1  00  parts  of  the  base  was  mixed  with  1  part  of  catalyst  of  50  percent  2,5-bis(tert-butylperoxy)- 
2,5-dimethylhexane  in  powdered  carrier  (Varox)  and  molded  and  postcured  for4  hours  at  392°F.  (200°C),  then 
tested  as  in  Example  1  with  the  results  shown  in  Table  V. 

15  A  treated  filler,  treated  according  to  this  invention,  was  prepared  as  in  Example  1,  but  using  0.2  part  of 
vinyltrimethoxysilane  and  10  parts  of  phenyltrimethoxysilane. 

This  treated  fillerwas  used  to  prepare  a  silicone  elastomer  base,  sample  15,  by  preparing  a  base  in  the 
same  manner  as  above  for  sample  14,  except  it  also  contained  0.2  parts  of  hydroxyl  endblocked  polydiorga- 
nosiloxane  having  methyl  and  vinyl  radicals  and  having  about  10  weight  percent  vinyl  radical  and  about  16 

20  weight  percent  hydroxyl  radical.  The  results  are  shown  in  Table  V.  The  results  show  that  the  combination  of 
vinyltrimethoxysilane  and  phenyltrimethoxy  silane  as  treating  agent  produced  a  cured  silicone  elastomer  hav- 
ing  lower  compression  set  and  lower  loss  of  properties  on  heat  aging  than  was  the  case  when  methyltrime- 
thoxysilane  and  vinyltrimethoxysilane  were  used  as  treating  agents. 

Another  set  of  similar  comparisons  was  prepared.  Treated  silica  was  prepared  as  above  using  0.5  part  of 
25  vinyltrimethoxysilane  and  10  parts  of  phenyltrimethoxysilane. 

This  treated  fillerwas  used  to  prepare  a  silicone  elastomer  base,  sample  16,  by  mixing  92.5  parts  of  di- 
methylvinylsiloxy  endblocked  polydimethylsiloxane  having  a  Williams  Plasticity  Number  of  about  150,  7.5  parts 
of  dimethylvinylsiloxy  endblocked  polydiorganosiloxane  having  about  98  mol  percent  dimethylsiloxane  units 
and  2  mol  percent  methylvinylsiloxane  units  and  a  Williams  Plasticity  Number  of  about  150  and  2  parts  of  di- 

30  methylvinylsiloxy  endblocked  copolymer  of  78  mol  percent  dimethlysiloxane  units  and  22  mol  percent  of  me- 
thylvinylsiloxane  units  having  about  7.7  weight  percent  vinyl  radicals  and  a  viscosity  of  from  8  to  25  Pa  s  at 
25°C.  in  a  sigma  blade  mixer  along  with  8  parts  of  hydroxyl  endblocked  polydimethylsiloxane  fluid  having  a 
viscosity  of  about  0.04  Pa  s  at  25°C.  and  about  4  weight  percent  silicon-bonded  hydroxyl  radicals.  Then  50 
parts  of  the  above  treated  filler  and  0.02  part  of  manganese  octoate  was  mixed  in  until  a  uniform  base  was 

35  obtained  as  in  Example  1. 
Then  1  00  parts  of  the  base  was  mixed  with  1  .3  parts  of  catalyst  paste  of  50  percent  2,4-dichlorobenzoyl 

peroxide  in  polydiorganosiloxane  fluid  (CadoxTS-50)  and  the  catalyzed  stock  was  molded  5  minutes  at240°F. 
(116°C.)  and  postcured  for4  hours  at  392°F.  (200°C),  then  tested  as  in  Example  1  with  the  results  shown  in 
Table  V.  Another  1  00  parts  of  the  base  was  mixed  with  1  part  of  catalyst  of  50  percent  2,5  bis(tert-butylperoxy)- 

40  2,5-dimethylhexane  in  powdered  carrier  (Varox)  and  molded  and  postcured  for4  hours  at  392°F.  (200°C),  then 
tested  as  in  Example  1  with  the  results  shown  in  Table  V. 

Acomparative  treated  fillerwas  prepared  as  in  Example  1,  but  using  1.0  part  of  vinyltrimethoxysilane  and 
9  parts  of  methyltrimethoxysilane. 

This  treated  fillerwas  used  to  prepare  a  silicone  elastomer  base,  sample  17,  by  preparing  a  base  in  the 
45  same  manner  as  above  for  sample  14,  except  it  did  not  contain  the  dimethylvinylsiloxy  endblocked  copolymer. 

The  results  are  shown  in  Table  V.  The  results  show  that  the  combination  of  vinyltrimethoxysilane  and  phenyl- 
trimethoxy  silane  as  treating  agent  produced  a  cured  silicone  elastomer  with  lower  loss  of  properties  on  heat 
aging  than  was  the  case  when  methyltrimethoxysilane  and  vinyltrimethoxysilane  were  used  as  treating  agent. 
Also  shown  in  Table  V  are  results  from  testing  a  commercial  silicone  rubber,  sample  18,  intended  for  the  same 

so  use  as  samples  16  and  17  that  was  prepared  from  100  parts  of  dimethylvinylsiloxy  endblocked  polydimethyl- 
siloxane  having  a  Williams  Plasticity  Number  of  about  1  50,  3  parts  of  dimethylvinylsiloxy  endblocked  copolymer 
of  78  mol  percent  dimethlysiloxane  units  and  22  mol  percent  of  methylvinylsiloxane  units  having  about  7.7 
weight  percent  vinyl  radicals  and  a  viscosity  of  about  15  Pa  s  at  25°C,  1  part  of  hydroxyl  endblocked  polydi- 
methylsiloxane  fluid  having  a  viscosity  of  about  0.04  Pas  at  25°C.  and  about  4  weight  percent  silicon-bonded 

55  hydroxyl  radicals,  10  parts  of  hexamethyldisilazane  and  5  parts  of  water  added  to  in  situ  treat  the  50  parts  of 
silica  filler.  This  commercial  silicone  rubber  also  contained  0.5  part  of  eerie  hydrate  powder,  a  known  additive 
for  improving  heat  resistance.  This  base  was  catalyzed,  molded  and  tested  as  in  Example  1  with  the  results 
shown  in  Table  V.  Sample  15,  made  with  only  32  parts  of  the  treated  silica  of  this  invention  showed  the  same 
range  of  durometer  as  the  commercial  product  having  50  parts  of  silica  filler.  This  composition  15  showed  lower 

11 



EP  0  382  370  B1 

compression  set  and  lower  loss  of  elongation  upon  heat  aging  than  was  found  with  the  commercial  product, 
even  though  the  commercial  product  contained  a  heat  stability  additive  not  present  in  the  experimental  product. 
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aims 

An  improved  reinforcing  silica  filler  having  a  surface  area  of  greater  than  50  m2/g,  said  surface  having 
been  treated  by  mixing  100  parts  by  weight  of  silica,  having  from  0.5  to  6  parts  by  weight  of  adsorbed 
moisture,  with  from  1  to  30  parts  by  weight  of  volatile  treating  agent  of  the  formula  RxSi(OR')4_x,  wherein 
R  is  a  substituted  or  unsubstituted,  saturated  or  unsaturated,  alkyl  or  aryl  radical  having  from  1  to  6  carbon 
atoms,  R'  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R  and  R'  are  chosen  so  that 
the  vapour  pressure  of  the  alkoxy-silane  equals  or  exceeds  0.0101  KPa  at  treatment  temperature,  for  a 
period  of  time  sufficient  to  allow  the  desired  amount  of  treating  agent  to  be  adsorbed  onto  the  surface  of 
the  particulate  filler,  wherein  the  volatile  treating  agent  comprises  a  combination  of  from  0.2  to  10  parts 
by  weight  of  volatile  treating  agent  of  the  formula  VixSi(OR')4_  x  and  from  0.2  to  1  5  parts  by  weight  of  volatile 
treating  agent  of  the  formula  PhxSi(OR')4.x,  where  Vi  is  vinyl  radical  and  Ph  is  phenyl  radical,  wherein  the 
volatile  treating  agent  also  contains  from  0.001  to  5.0  parts  by  weight  of  volatile  catalyst  selected  from 
the  group  consisting  of  acid  A,  base  B  and  mixtures  thereof,  wherein  acid  A  is  a  volatile  acid  oran  acid  progenitor 
selected  from  hydrogen  chloride,  hydrogen  bromide,  methyltrichlorosilane  and  dimethyldichlorosilane,  and 
base  B  is  a  silylamine  or  silazane  selected  from  (R"3Si)2NR,  (R"3Si)2NH,  R"3SiNR"2  and  R"3SiNHR",  wherein 
R"  is  the  same  as  R'  as  defined  hereinbefore,  and  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  acid  A 
and  base  B  being  chosen  so  that  the  vapour  pressure  of  either  acid  A  or  base  B  exceeds  0.507  KPa  at 
treatment  temperature. 

The  improved  reinforcing  silica  filler  of  claim  1  wherein  the  volatile  treating  agent  also  includes  alkoxy  si- 
lane  of  the  formula  RxSi(OR')4_x.  wherein  R  is  a  substituted  or  unsubstituted,  saturated  or  unsaturated, 
alkyl  or  aryl  radical  having  from  1  to  6  carbon  atoms,  R'  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms, 
x  is  1  or  2  and  R  and  R'  are  chosen  so  that  the  vapor  pressure  of  the  alkoxysilane  equals  or  exceeds 
0.0101  KPa  at  treatment  temperature. 

The  improved  reinforcing  silica  filler  of  claim  lin  which  the  volatile  treating  agent  comprises  a  combination 
of  from  0.5  to  6  parts  by  weight  of  volatile  treating  agent  of  the  formula  VixSi(OR')4_x  and  from  1  to  10 
parts  by  weight  of  volatile  treating  agent  of  the  formula  PhxSi(OR')4_x. 

The  improved  reinforcing  silica  filler  of  claim  2  wherein  R  is  methyl  radical. 

In  a  method  of  rapidly  treating  the  surface  of  reinforcing  silica  filler  consisting  essentially  of  mixing,  at  a 
temperature  of  from  about  -10  to  130°C,  (A)  100  parts  by  weight  of  reinforcing  silica  filler,  having  a  surface 
area  of  greater  than  50  m2/g  and  having  from  0.5  to  6  parts  by  weight  of  adsorbed  moisture,  (B)  from  1 
to  30  parts  by  weight  of  volatile  treating  agent  of  the  formula  RxSi(OR')4_x.  wherein  R  is  a  substituted  or 
unsubstituted,  saturated  or  unsaturated,  alkyl  oraryl  radical  having  from  1  to  6  carbon  atoms,  R'  is  an  alkyl 
radical  having  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R  and  R'  are  chosen  so  that  the  vapour  pressure 
of  the  alkoxysilane  equals  or  exceeds  0.0101  KPa  at  treatment  temperature,  (C)  from  0.001  to  5.0  parts 
by  weight  of  volatile  catalyst  selected  from  the  group  consisting  of  acid  A,  base  B  and  mixtures  thereof, 
wherein  acid  A  is  a  volatile  acid  or  acid  progenitor  selected  from  hydrogen  chloride,  hydrogen  bromide, 
methyltrichlorosilane  and  dimethyldichlorosilane,  and  base  B  is  a  silylamine  or  silazane  selected  from 
(R"3Si)2NR,  (R"3Si)2NH,  R"3SiNR"2  and  R"3SiNHR",  wherein  R"  is  the  same  as  R'  as  defined  hereinbe- 
fore,  and  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  acid  A  and  base  B  being  chosen  so  that  the 
vapour  pressure  of  either  acid  A  or  base  B  exceeds  0.507  KPa  at  treatment  temperature,  for  a  period  of 
time  sufficient  to  allow  the  desired  amount  of  treating  agent  to  be  adsorbed  onto  the  surface  of  the  par- 
ticulate  filler,  the  improvement  consisting  essentially  of  the  use  of  volatile  treating  agent  containing  at  least 
a  combination  of  from  0.2  to  10  parts  by  weight  of  volatile  treating  agent  of  the  formula  VixSi(OR')4_x  and 
from  0.2  to  15  parts  by  weight  of  volatile  treating  agent  of  the  formula  PhxSi(OR')4_x>  where  Vi  is  vinyl  rad- 
ical  and  Ph  is  phenyl  radical,  to  yield  a  filler  which  requires  a  minimum  of  energy  to  disperse  rapidly  into 
polydiorganosiloxane  and  which  gives  improved  properties  to  cured  silicone  elastomers. 

The  method  of  Claim  5  in  which  the  volatile  treating  agent  also  includes  alkoxy  silane  of  the  formula 
RxSi(OR')4-Xi  wherein  R  is  a  substituted  or  unsubstituted,  saturated  or  unsaturated,  alkyl  or  aryl  radical 
having  from  1  to  6  carbon  atoms,  R'  is  an  alkyl  radical  having  from  1  to  3  carbon  atoms,  x  is  1  or  2  and  R 
and  R'  are  chosen  so  that  the  vapour  pressure  of  the  alkoxysilane  equals  or  exceeds  0.0001  atmosphere 
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at  treatment  temperature. 

7.  A  silicone  composition  comprising  a  polydiorganosiloxane  and  the  treated  filler  of  claim  1  . 
5 

8.  The  silicone  composition  of  claim  7  in  which  the  polydiorganosiloxane  has  a  viscosity  of  greater  than  1000 
Pa  s  at  25°C.  and  which  also  includes  a  curing  means. 

9.  Asilicone  composition  comprising  a  polydiorganosiloxane  and  a  treated  silica  filler  produced  by  the  meth- 
od  of  claim  5. 

10 

Patentanspruche 

1.  Verbesserter  verstarkender  Siliziumdioxid-Fullstoff  mit  einer  Oberflache  von  mehr  als  50  m2/g,  die  be- 
handelt  wurde  durch  Mischen  von  100  Gewichtsteilen  Silziumdioxid,  enthaltend  0,5  bis  6  Gewichtsteile 
adsorbierter  Feuchtigkeit,  mit  1  bis  30  Gewichtsteilen  eines  fluchtigen  Behandlungsmittels  der  Formel 
RxSi(OR')4_  x,  in  der  R  einen  substituierten  oder  unsubstituierten,  gesattigten  oder  ungesattigten  Alkyl- 
oder  Arylrest  mit  1  bis  6  Kohlenstoffatomen  bedeutet,  R'  einen  Alkylrest  mit  1  bis  3  Kohlenstoffatomen 
bezeichnet,  x  =  1  oder  2  ist  und  R  sowie  R'  so  gewahlt  sind,  dali  der  Dampfdruck  des  Alkoxysilans  bei 
der  Behandlungstemperatur  gleich  oder  grolier  als  0,0101  kPa  ist,  innerhalb  eines  Zeitraumes,  der  aus- 
reicht,  urn  die  gewunschte  Menge  des  Behandlungsmittels  auf  der  Oberflache  des  feinteiligen  Fullstoffes 
zu  adsorbieren,  wobei  das  fluchtige  Behandlungmittel  eine  Kombination  von  0,2  bis  10  Gewichtsteilen  ei- 
nes  fluchtigen  Behandlungsmittels  der  Formel  VixSi(OR')4_  x  und  von  0,2  bis  1  5  Gewichtsteilen  eines  fluch- 
tigen  Behandlungsmittels  der  Formel  PhxSi(OR')4_x  enthalt,  wobei  Vi  den  Vinylrest  und  Ph  den  Phenylrest 
bezeichnet,  und  wobei  das  fluchtige  Behandlungsmittel  weiterhin  0,001  bis  5,0  Gewichtsteile  eines  fluch- 
tigen  Katalysators  enthalt,  der  ausgewahlt  ist  aus  der  Gruppe,  bestehend  aus  Saure  A,  Base  B  und  Ge- 
mischen  daraus,  wobei  Saure  A  eine  fluchtige  Saure  oder  ein  Vorlauferstoff  fur  eine  Saure  ist,  ausgewahlt 
aus  der  Gruppe,  bestehend  aus  Chlorwasserstoff,  Bromwasserstoff,  Methyltrichlorsilan  und  Dimethyldichlor- 
silan,  und  Base  B  ein  Silylamin  oder  ein  Silazan  ist,  ausgewahlt  aus  (R"3Si)NR,  (R"3Si)2NH,  R"3SiNR"2  und 
R"3SiNHR",  wobei  R"  dieselbe  Bedeutung  hat,  wie  zuvorfur  R'  angegeben,  und  einen  Alkylrest  mit  1  bis 
3  Kohlenstoffatomen  bedeutet  und  wobei  Saure  Aund  Base  B  so  ausgewahlt  werden,  dali  der  Dampfdruck 
entweder  der  Saure  A  oder  der  Base  B  bei  der  Behandlungstemperatur  0,507  kPa  ubersteigt. 

2.  Verbesserter  verstarkender  Siliziumdioxid-Fullstoff  nach  Anspruch  1  ,  wobei  das  fluchtige  Behandlungs- 
35 mittel  weiterhin  ein  Alkoxysilan  der  Formel  RxSi(OR')4_x  enthalt,  in  der  R  einen  substituierten  oder  unsub- 

stituierten,  gesattigten  oder  ungesattigten  Alkyl-  oder  Arylrest  mit  1  bis  6  Kohlenstoffatomen  bedeutet, 
R'  einen  Alkylrest  mit  1  bis  3  Kohlenstoffatomen  bezeichnet,  x  =  1  oder  2  ist  und  R  sowie  R'  so  gewahlt 
sind,  dali  der  Dampfdruck  des  Alkoxysilans  bei  der  Behandlungstemperatur  gleich  oder  grolier  als  0,01  01 
kPa  ist. 

40 
3.  Verbesserter  verstarkender  Siliziumdioxid-Fullstoff  nach  Anspruch  1  ,  wobei  das  fluchtige  Behandlungs- 

mittel  0,5  bis  6  Gewichtsteile  des  fluchtigen  Behandlungsmittels  der  Formel  VixSi-(OR')4_x  und  1  bis  10 
Gewichtsteile  des  fluchtigen  Behandlungsmittels  der  Formel  Phx(Si(OR')4_x  enthalt. 

45  4.  VerbesserterverstarkenderSiliziumdioxid-Fullstoff  nach  Anspruch  2,  wobei  Rden  Methylrest  bezeichnet. 

5.  In  einem  Verfahren  zur  schnellen  Behandlung  der  Oberflache  eines  verstarkenden  Siliziumdioxid-Full- 
stoffes,  das  im  wesentlichen  besteht  aus  Mischen,  bei  einer  Temperatur  von  etwa  -10  bis  130°C,  von  (A) 
100  Gewichtsteilen  verstarkendem  Silziumdioxid  mit  einer  Oberflache  von  mehr  als  50  m2/g,  enthaltend 

so  0,5  bis  6  Gewichtsteile  adsorbierter  Feuchtigkeit,  mit  (B)  1  bis  30  Gewichtsteilen  eines  fluchtigen  Behand- 
lungsmittels  der  Formel  RxSi(OR')4_  x,  in  der  R  einen  substituierten  oder  unsubstituierten,  gesattigten  oder 
ungesattigten  Alkyl-  oder  Arylrest  mit  1  bis  6  Kohlenstoffatomen  bedeutet,  R'  einen  Alkylrest  mit  1  bis  3 
Kohlenstoffatomen  bezeichnet,  x  =  1  oder  2  ist  und  R  sowie  R'  so  gewahlt  sind,  dali  der  Dampfdruck  des 
Alkoxysilans  bei  der  Behandlungstemperatur  gleich  oder  grolier  als  0,0101  kPa  ist,  und  (C)  0,001  bis  5,0 

55  Gewichtsteilen  eines  fluchtigen  Katalysators,  der  ausgewahlt  ist  aus  der  Gruppe,  bestehend  aus  Saure 
A,  Base  B  und  Gemischen  daraus,  wobei  Saure  A  eine  fluchtige  Saure  oder  ein  Vorlauferstoff  fur  eine 
Saure  ist,  ausgewahlt  aus  der  Gruppe,  bestehend  aus  Chlorwaserstoff,  Bromwasserstoff,  Methyltrichlor- 
silan  und  Dimethyldichlorsilan,  und  Base  B  ein  Silylamin  oder  ein  Silazan  ist,  ausgewahlt  aus  (R"3Si)NR, 
(R"3Si)2NH,  R"3SiNR"2  und  R"3SiNHR",  wobei  R"  dieselbe  Bedeutung  hat,  wie  zuvorfur  R'  angegeben, 
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und  einen  Alkylrest  mit  1  bis  3  Kohlenstoffatomen  bedeutet  und  wobei  Saure  A  und  Base  B  so  ausgewahlt 
werden,  dali  der  Dampfdruck  entweder  der  Saure  A  oder  der  Base  B  bei  der  Behandlungstemperatur 
0,507  kPa  ubersteigt,  innerhalb  eines  Zeitraumes,  derausreicht,  urn  die  gewunschte  Menge  des  Behand- 
lungsmittels  auf  der  Oberflache  des  feinteiligen  Fullstoffes  zu  adsorbieren,  die  Verbesserung,  die  im  we- 
sentlichen  in  derVerwendung  eines  fluchtigen  Behandlungsmittels  besteht,  das  eine  Kombination  aus  0,2 
bis  10  Gewichtsteilen  eines  fluchtigen  Behandlungsmittels  der  Formel  VixSi(OR')4_x  und  0,2  bis  15  Ge- 
wichtsteilen  eines  fluchtigen  Behandlungsmittels  der  Formel  PhxSi(OR')4_  x  enthalt,  wobei  Vi  den  Vinylrest 
und  Ph  den  Phenylrest  bezeichnet,  wodurch  ein  Fullstoff  entsteht,  der  mit  einem  Minimum  an  Energie 
schnell  in  Polydiorganosiloxanen  dispergierbar  ist  und  venetzten  Silikonelastomeren  verbesserte  Eigen- 
schaften  verleiht. 

6.  Verfahren  nach  Anspruch  5,  wobei  das  fluchtige  Behandlungsmittel  weiterhin  ein  Alkoxysilan  der  Formel 
RxSi(OR')4_x  enthalt,  in  der  R  einen  substituierten  oder  unsubstituierten,  gesattigten  oder  ungesattigten 
Alkyl-  oder  Arylrest  mit  1  bis  6  Kohlenstoffatomen  bedeutet,  R'  einen  Alkylrest  mit  1  bis  3  Kohlenstoffato- 
men  bezeichnet,  x  =  1  oder  2  ist  und  R  sowie  R'  so  gewahlt  sind,  dali  der  Dampfdruck  des  Alkoxysilans 
bei  der  Behandlungstemperatur  gleich  oder  grolier  als  0,0001  at  (0,01  01  kPa)  ist. 

7.  Silikongemisch,  enthaltend  ein  Polydiorganosiloxan  und  den  behandelten  Fullstoff  nach  Anspruch  1. 

8.  Silikongemisch  nach  Anspruch  7,  enthaltend  ein  Polydiorganosiloxan  mit  einer  Viskositat  von  mehr  als 
1,000  Pa.s  bei  25°C  und  ein  Vernetzungmittel. 

9.  Silikongemisch,  enthaltend  ein  Polydiorganosiloxan  und  einen  Fullstoff,  der  nach  dem  Verfahren  des  An- 
spruchs  5  erhalten  wurde. 

Revendications 

1  .  Une  charge  de  silice  de  renforcement  amelioree  ayant  une  surface  specif  ique  superieure  a  50  m2/g,  dont  la 
surface  a  ete  traitee  en  melangeant  1  00  parties  en  poids  de  silice,  contenant  0,5  a  6  parties  en  poids  d'humidite 
adsorbee,  avec  1  a  30  parties  en  poids  d'un  agent  de  traitement  volatil  de  la  formule  RxSi(OR')4_x,  ou  R  est 
un  radical  aryle  ou  alkyle  sature  ou  insature,  substitue  ou  non  substitue,  ayant  1  a  6  atomes  de  carbone, 
R'  est  un  radical  alkyle  ayant  1  a  3  atomes  de  carbone,  x  est  1  ou  2  et  R  et  R'  sont  choisis  de  telle  maniere 
que  la  pression  de  vapeur  de  I'alcoxysilane  soit  egale  ou  superieure  a  0,0101  kPa  a  la  temperature  de 
traitement,  pendant  une  periode  de  temps  suff  isante  pour  permettre  a  la  quantite  desiree  d'agent  de  trai- 
tement  d'etre  adsorbee  sur  la  surface  de  la  charge  particulaire,  dans  laquelle  I'agent  de  traitement  volatil 
comprend  une  association  de  0,2  a  10  parties  en  poids  d'agent  de  traitement  volatil  de  la  formule  Vix. 
Si(OR')4_x  et  0,2  a  15  parties  en  poids  d'agent  de  traitement  volatil  de  la  formule  PhxSi(OR')4_x,  ou  Vi  est 
le  radical  vinyle  et  Ph  est  le  radical  phenyle,  dans  laquelle  I'agent  de  traitement  volatil  contient  egalement 
0,001  a  5,0  parties  en  poids  d'un  catalyseur  volatil  choisi  dans  le  groupe  forme  par  un  acide  A,  une  base 
B  et  leurs  melanges,  ou  I'acide  A  est  un  acide  ou  precurseur  d'acide  volatil  choisi  parmi  le  chlorure  d'hy- 
drogene,  le  bromure  d'hydrogene,  le  methyltrichlorosilane  et  le  dimethyldichlorosilane,  et  la  base  B  est 
une  silylamine  ou  un  silazane  choisi  parmi  (R"3Si)2NR,  (R"3Si)2NH,  R"3SiNR"2  et  R"3SiNHR",  ou  R"  est 
le  meme  que  R'  tel  que  def  ini  ci-dessus  et  c'est  un  radical  alkyle  ayant  1  a  3  atomes  de  carbone,  I'acide 
Aet  la  base  B  etant  choisis  de  telle  maniere  que  la  pression  de  vapeur  de  I'un  ou  I'autre  de  I'acide  A  et 
de  la  base  B  depasse  0,507  kPa  a  la  temperature  de  traitement. 

2.  La  charge  de  silice  de  renforcement  amelioree  de  la  revendication  1,  dans  laquelle  I'agent  de  traitement 
volatil  comprend  egalement  un  alcoxysilane  de  la  formule  RxSi(OR')4.x,  ou  R  est  un  radical  aryle  ou  alkyle 
sature  ou  insature,  substitue  ou  non  substitue,  ayant  1  a  6  atomes  de  carbone,  R'  est  un  radical  alkyle 
ayant  1  a  3  atomes  de  carbone,  x  est  1  ou  2,  et  R  et  R'  sont  choisis  de  telle  maniere  que  la  pression  de 
vapeur  de  I'alcoxysilane  soit  egale  ou  superieure  a  0,0101  kPa  a  la  temperature  de  traitement. 

3.  La  charge  de  silice  de  renforcement  amelioree  de  la  revendication  1,  dans  laquelle  I'agent  de  traitement 
volatil  comprend  une  association  de  0,5  a  6  parties  en  poids  d'agent  de  traitement  volatil  de  la  formule 
VixSi(OR')4.x  et  1  a  10  parties  en  poids  d'agent  de  traitement  volatil  de  la  formule  PhxSi^R')^,,. 

4.  La  charge  de  silice  de  renforcement  amelioree  de  la  revendication  2,  dans  laquelle  Rest  le  radical  methyle. 
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Dans  un  procede  de  traitement  rapide  de  la  surface  d'une  charge  de  silice  de  renforcement,  consistant 
essentiellement  a  melanger,  a  une  temperature  d'environ  -1  0  a  1  30°C,  (A)  1  00  parties  en  poids  d'une  char- 
ge  de  silice  de  renforcement  ayant  une  surface  specif  ique  superieure  a  50  m2/g  et  contenant  0,5  a  6  par- 
ties  en  poids  d'humidite  adsorbee,  (B)  1  a  30  parties  en  poids  d'un  agent  de  traitement  volatil  de  la  formule 
RxSi(OR')4_  x,  oil  R  est  un  radical  aryle  ou  alkyle  sature  ou  insature,  substitue  ou  non  substitue,  ayant  1  a 
6  atomes  de  carbone,  R'  est  un  radical  alkyle  ayant  1  a  3  atomes  de  carbone,  x  est  1  ou  2,  et  R  et  R'  sont 
choisis  de  telle  maniere  que  la  pression  de  vapeur  de  I'alcoxysilane  soit  egale  ou  superieure  a  0,0101 
kPa  a  la  temperature  de  traitement,  (C)  0,001  a  5,0  parties  en  poids  d'un  catalyseur  volatil  choisi  dans  le 
groupe  forme  par  un  acide  A,  une  base  B  et  leurs  melanges,  ou  I'acide  A  est  un  acide  ou  precurseur  d'acide 
volatil  choisi  parmi  le  chlorure  d'hydrogene,  le  bromure  d'hydrogene,  le  methyltrichlorosilane  et  le  dime- 
thyldichlorosilane,  et  la  base  B  est  une  silylamine  ou  un  silazane  choisi  parmi  (R"3Si)2NR,  (R"3Si)2NH, 
R"3SiNR"2  et  R"3SiNHR",  ou  R"  est  le  memeque  R'  tel  que  defini  ci-dessus  etc'estun  radical  alkyle  ayant 
1  a  3  atomes  de  carbone,  I'acide  A  et  la  base  B  etant  choisis  de  telle  maniere  que  la  pression  de  vapeur 
de  I'un  ou  I'autre  de  I'acide  A  et  de  la  base  B  depasse  0,507  kPa  a  la  temperature  de  traitement,  pendant 
une  periode  de  temps  suff  isante  pour  permettre  a  la  quantite  desiree  d'agent  de  traitement  d'etre  adsor- 
bee  sur  la  surface  de  la  charge  particulaire,  le  perfectionnement  residant  essentiellement  dans  I'utilisation 
d'un  agent  de  traitement  volatil  contenant  au  moins  une  association  de  0,2  a  10  parties  en  poids  d'agent 
de  traitement  volatil  de  la  formule  VixSi(OR')4_x  et  0,2  a  15  parties  en  poids  d'agent  de  traitement  volatil 
de  la  formule  PhxSi(OR')4_x,  ou  Vi  est  le  radical  vinyle  et  Ph  est  le  radical  phenyle,  pourobtenir  une  charge 
qui  necessite  un  minimum  d'energie  pour  se  disperser  rapidement  dans  un  polydiorganosiloxane  et  qui 
confere  des  proprietes  ameliorees  a  des  elastomeres  de  silicone  durcis. 

Le  procede  de  la  revendication  5,  dans  lequel  I'agent  de  traitement  volatil  comprend  egalement  un  alcoxy- 
silane  de  la  formule  RxSi(OR')4_x,  ou  R  est  un  radical  aryle  ou  alkyle  sature  ou  insature,  substitue  ou  non 
substitue,  ayant  1  a  6  atomes  de  carbone,  R'  est  un  radical  alkyle  ayant  1  a  3  atomes  de  carbone,  x  est 
1  ou  2,  et  R  et  R'  sont  choisis  de  telle  maniere  que  la  pression  de  vapeur  de  I'alcoxysilane  soit  egale  ou 
superieure  a  0,0101  kPa  a  la  temperature  de  traitement. 

Une  composition  de  silicone  comprenant  un  polydiorganosiloxane  et  la  charge  traitee  de  la  revendication  1. 

La  composition  de  silicone  de  la  revendication  7,  dans  laquelle  la  viscosite  du  polydiorganosiloxane  est 
superieure  a  1000  Pa.s  a  25°C  et  qui  contient  egalement  un  agent  durcisseur. 

Une  composition  de  silicone  comprenant  un  polydiorganosiloxane  et  une  charge  de  silice  traitee  produite 
par  le  procede  de  la  revendication  5. 
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