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Description 

[0001]  The  present  invention  relates  to  metal  coated 
powders  containing  silica  precursors.  These  powders 
can  be  mixed  with  solvents  to  form  colloidal  dispersions 
of  the  metals.  These  dispersions,  in  turn,  can  be  used 
to  form  coatings  having  the  metals  dispersed  in  silica- 
containing  matrices. 
[0002]  The  use  of  silica-containing  ceramic  coatings 
on  substrates  such  as  electronic  devices  is  known  in  the 
art.  For  instance,  U.S.  Patents  4,749,631  and  4,756,977 
disclose  processes  for  forming  silica  coatings  on  elec- 
tronic  substrates  wherein  solutions  of  silica  precursor 
resins  are  applied  to  substrates,  followed  by  heating  the 
coated  substrates  to  form  the  ceramic  coating.  These 
references,  however,  do  not  describe  the  inclusion  of 
metals  within  the  coating. 
[0003]  The  use  of  metals  within  ceramic  matrices  are 
also  known  in  the  art  (i.e.,  "cermets").  For  instance,  U. 
S.  Patent  4,640,860  teaches  an  optical  recording  coat- 
ing  comprising  a  metal  disposed  in  a  dielectric  matrix. 
This  coating,  however,  is  not  formed  using  the  materials 
and  methods  of  the  present  invention. 
[0004]  EP-A1  0  615  000  reveals  ceramic  coatings  de- 
rived  from  solutions  of  silica  precursors  and  various  fill- 
ers  including  some  categories  of  metals  on  mettaloids. 
The  solutions  used  therein,  however,  are  not  formed  by 
the  process  of  the  present  invention. 
[0005]  We  have  now  found  that  metals  can  be  depos- 
ited  on  powders  containing  silica  precursors,  that  these 
powders  can  be  dissolved  to  form  colloidal  dispersions 
of  metal  in  silica  precursor  solutions,  that  these  solutions 
can  then  be  gelled  and  that  these  gels  can  be  readily 
converted  to  silica-containing  ceramics  with  the  metals 
dispersed  therein. 
[0006]  The  present  invention  relates  to  a  method  of 
forming  a  coating  of  a  silica-containing  ceramic  having 
a  metal  dispersed  therein  onto  a  substrate  comprising: 

coating  the  surface  of  a  powder  comprising  a  silica 
precursor  with  a  metal  by  the  steps  comprising: 

placing  a  powder  comprising  a  silica  precursor  into 
a  vacuum  chamber; 
evacuating  the  vacuum  chamber; 
introducing  a  vaporized  metal  into  the  vacuum 
chamber;  and 
facilitating  deposition  of  the  metal  vapor  onto  the 
surface  of  the  powder; 
dissolving  the  powder  with  the  metal  on  its  surface 
in  a  liquid  to  form  a  coating  mixture  of  a  colloidal 
dispersion  of  nanosized  metal  particles  in  silica  pre- 
cursor  solution; 
applying  the  coating  mixture  onto  a  substrate; 
evaporating  the  liquid  in  the  coating  mixture  to  form 
a  gel;  and 
heating  the  gel  to  form  a  coating  of  a  silica  contain- 
ing  ceramic  with  the  metal  dispersed  therein  onto 
the  substrate. 

[0007]  The  present  invention  is  based  on  our  discov- 
ery  that  metals  are  deposited  on  the  surface  of  powders 
comprising  silica  precursors  and  that  such  powders  are 
useful  in  forming  colloidal  solutions,  gels  and  ceramics. 

5  [0008]  As  used  herein,  the  expression  "silica  contain- 
ing  matrix"  is  used  to  describe  the  hard  ceramic  obtained 
after  heating  the  silica  precursor.  This  coating  contains 
both  amorphous  silica  (Si02)  materials  and  amorphous 
silica-like  materials  that  may  not  be  fully  free  of  residual 

10  carbon  (eg.,  Si-C  or  Si-OC),  silanol  (Si-OH)  and/or  hy- 
drogen  and  the  metal.  The  expression  "silica  precursor" 
is  used  to  describe  powders  which  can  be  converted  into 
silica-containing  matrices  by  heating.  The  expression 
"colloidal  dispersion"  is  used  to  describe  a  suspension 

is  of  finely  divided  metal  dispersed  within  a  medium. 
[0009]  According  to  the  invention,  a  metal  is  first  vac- 
uum  deposited  on  the  surface  of  a  powder  comprising 
a  silica  precursor.  Vacuum  deposition  processes  are 
known  in  the  art  for  depositing  metal  layers  on  sub- 

20  strates  such  as  electronic  devices.  Such  processes 
have  not,  however,  been  used  for  depositing  metals  on 
powdered  substrates. 
[0010]  In  a  typical  vacuum  deposition  process,  the 
substrate  to  be  coated  is  first  placed  in  a  vacuum  cham- 

25  ber.  The  vacuum  chamber  is  then  evacuated.  A  vapor 
of  the  material  to  be  deposited  is  then  introduced  into 
the  chamber.  Finally,  the  vapor  is  allowed  to  randomly 
deposit  on  the  substrate  (and  the  vacuum  chamber). 
Surprisingly,  we  have  now  found  that  such  processes 

30  can  also  be  used  to  deposit  metals  onto  the  surface  of 
silica  precursor  powders. 
[0011]  The  vacuum  chamber  which  is  used  herein  is 
not  critical.  Nearly  any  chamber  which  can  hold  the  sub- 
strate  and  be  evacuated  to  the  desired  pressure  can  be 

35  used. 
[0012]  Likewise,  the  pressure  used  in  the  chamber  is 
not  critical.  However,  the  pressure  will  have  an  impact 
on  the  size  of  the  metal  particles  deposited  and,  thus, 
the  size  of  the  particulate  in  the  subsequently  formed 

40  colloidal  dispersion.  For  instance,  if  the  pressure  is  kept 
at  less  than  10"3  millibar  (eg.,  10"3  to  10"5  millibar),  the 
evaporated  metal  does  not  agglomerate  and  atomic 
metal  is  deposited  (thus,  fine  particulates  form  in  the  dis- 
persion).  By  contrast,  if  higher  pressures  are  used,  the 

45  atomic  metal  may  form  clusters  which  are  deposited  on 
the  substrate  (thus,  larger  particles  exist  in  the  disper- 
sion).  The  particles  have  sizes  in  the  range  of  from  the 
size  of  the  atomic  metal  up  to  100  nanometers  and  it  is 
preferred  to  have  particle  sizes  in  the  range  of  5-20  na- 

so  nometers. 
[0013]  The  metal  is  evaporated  in  any  manner  de- 
sired.  One  common  approach  involves  placing  the  metal 
on  a  tungsten  filament  which  is  then  heated  to  cause  the 
evaporation.  An  alternative  method  involves  sputtering 

55  in  a  direct  current  or  alternating  current  electric  field  be- 
tween  metal  electrodes.  It  is  noted  that  the  evaporation 
can  occur  in  the  chamber;  or  alternatively,  it  can  occur 
outside  the  chamber  followed  by  pumping  the  metal  va- 
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por  in. 
[0014]  In  addition,  a  stream  of  gas  may  be  added  to 
the  chamber  to  direct  the  evaporated  metal  at  the  sur- 
face  of  the  substrate  (i.e.,  a  "flowing"  vacuum).  For  in- 
stance,  a  stream  of  nitrogen  can  be  established  so  it 
flows  past  the  evaporation  source  and  onto  the  sub- 
strate.  This  minimizes  the  amount  of  metal  which  de- 
posits  in  undesirable  areas  (e.g.,  the  wall  of  the  cham- 
ber).  Obviously,  if  a  stream  of  gas  is  introduced,  it  must 
be  continuously  evacuated  to  maintain  vacuum. 
[0015]  The  metals  which  can  be  used  in  this  invention 
are  any  which  will  not  react  with  the  substrate  or  solvent 
and  which  will  survive  dispersion,  gelling  and  heating. 
Examples  of  such  metals  include  gold,  copper,  silver, 
platinum  and  chromium.  The  preferred  metal  is  gold. 
[0016]  The  substrates  used  herein  are  powders  com- 
prising  silica  precursors.  The  specific  powder  used  is  not 
critical  as  long  as  it  is  converted  into  a  silica-containing 
matrix  by  heating.  These  powders  generally  include,  but 
are  not  limited  to,  hydrolyzed  or  partially  hydrolyzed 
RnSiX4.n,  or  combinations  of  the  above.  R  is  hydrogen 
or  an  aliphatic,  alicyclic  or  aromatic  substituent  of  1-20 
carbon  atoms  such  as  an  alkyl  (e.g.,  methyl,  ethyl,  pro- 
pyl);  alkenyl  (e.g.,  vinyl  or  allyl);  alkynyl  (e.g.,  ethynyl); 
cyclopentyl;  cyclohexyl  and  phenyl,  X  is  a  hydrolyzable 
substituent  such  as  a  halogen  (e.g.,  CI,  Br,  etc.)  or  OR 
and  n  is  0-3. 
[0017]  Specific  compounds  of  this  type  include  meth- 
yltriethoxysilane,  methyltrichlorosilane,  triethoxysilane, 
trichlorosilane,  phenyltriethoxysilane,  phenyltrichlorosi- 
lane,  diethyldiethoxysilane,  methyltrimethoxysilane, 
dimethyldimethoxysilane,  dimethyldichlorosilane,  phe- 
nyltrimethoxysilane,  vinyltrimethoxysilane,  vinyltrichlo- 
rosilane,  tetramethoxysilane,  tetraethoxysilane,  tetrap- 
ropoxysilane  and  tetrabutoxysilane.  After  hydrolysis  or 
partial  hydrolysis  of  these  compounds,  the  silicon  atoms 
therein  may  be  bonded  to  H,  C,  OH  or  OR  groups,  but 
a  substantial  portion  of  the  material  is  believed  to  be 
condensed  in  the  form  of  soluble  Si-O-Si  resins.  Com- 
pounds  in  which  x  =  2  are  generally  not  used  alone  as 
volatile  cyclic  structures  may  be  generated  during  pyrol- 
ysis,  but  small  amounts  of  said  compounds  may  be  co- 
hydrolyzed  with  other  silanes  to  prepare  useful  prece- 
ramic  materials.  Some  of  these  materials  are  commer- 
cially  available,  for  example,  under  the  tradename  AC- 
CUGLASS™  and  FOx™. 
[0018]  The  preferred  materials  for  use  herein  are  hy- 
drogen  silsesquioxane  resins  (H-resin).  These  are  ma- 
terials  formed  by  the  hydrolysis  or  partial  hydrolysis  of 
HSiX3.  The  resultant  resins  have  the  formula  HSi(OH)x 
(X)yOz/2,  in  which  each  X  is  a  hydrolyzable  substituent 
as  defined  above,  x  =  0-2,  y  =  0-2,  z  =  1-3,  x+y  +  z  = 
3.  As  such,  these  resins  may  be  fully  condensed 
(HSi03/2)n  or  they  may  be  only  partially  hydrolyzed  (i.e., 
containing  some  Si-X)  and/or  partially  condensed  (i.e., 
containing  some  Si-OH).  Although  not  represented  by 
this  structure,  these  resins  may  contain  a  small  number 
(e.g.,  less  than  10%)  of  silicon  atoms  which  have  either 

0  or  2  hydrogen  atoms  attached  thereto  due  to  various 
factors  involved  in  their  formation  or  handling. 
[0019]  Methods  for  producing  the  above  silica  precur- 
sor  powders  are  known  in  the  art.  For  example,  it  is 

5  known  to  hydrolyze  an  alkoxy  or  acyloxy  silane  with  wa- 
ter  in  an  acidic,  alcoholic  hydrolysis  medium.  Similarly, 
U.S.  Patent  3,615,272  claims  the  production  of  a  nearly 
fully  condensed  H-resin  (which  may  contain  up  to 
1  00-300  ppm  silanol)  by  a  process  comprising  hydrolyz- 

10  ing  trichlorosilane  in  a  benzenesulfonic  acid  hydrate  hy- 
drolysis  medium  and  then  washing  the  resultant  resin 
with  water  or  aqueous  sulfuric  acid.  Additionally,  U.S. 
Patent  5,010,159  reveals  an  alternative  method  com- 
prising  hydrolyzing  hydridosilanes  in  an  arylsulfonic  acid 

is  hydrate  hydrolysis  medium  to  form  a  resin  which  is  then 
contacted  with  a  neutralizing  agent. 
[0020]  It  is  noted  that  in  a  preferred  embodiment  of 
the  invention,  specific  molecular  weight  fractions  of  the 
above  silica  precursor  powders  may  be  used.  Such  frac- 

20  tions  and  methods  for  their  preparation  are  taught  by  U. 
S.  Patent  5,063,267.  A  preferred  fraction  comprises  ma- 
terial  wherein  at  least  75%  of  the  polymeric  species 
have  a  molecular  weight  above  1200  and  a  more  pre- 
ferred  fraction  comprises  material  wherein  at  least  75% 

25  of  the  polymeric  species  have  a  molecular  weight  be- 
tween  1200  and  100,000. 
[0021]  The  powder  may  also  contain  other  ceramic 
oxide  precursors.  Examples  of  such  ceramic  oxide  pre- 
cursors  include  hydrolyzed  or  partially  hydrolyzed  corn- 

so  pounds  of  various  metals  such  as  aluminum,  titanium, 
zirconium,  tantalum,  niobium  and/or  vanadium  as  well 
as  various  non-metallic  compounds  such  as  those  of  bo- 
ron  or  phosphorous.  These  compounds  are  co-hydro- 
lyzed  with  the  silica  precursors  and  the  mixed  hydro- 

ps  lyzate  pyrolyzed  to  form  mixed  ceramic  oxide  coatings. 
[0022]  The  above  ceramic  oxide  precursor  com- 
pounds  generally  have  one  or  more  hydrolyzable 
groups  bonded  to  the  above  metal  or  non-metal,  de- 
pending  on  the  valence  of  the  metal.  The  number  of  hy- 

40  drolyzable  groups  included  in  these  compounds  is  not 
critical  as  long  as  the  compound  is  soluble  in  the  solvent. 
Likewise,  selection  of  the  exact  hydrolyzable  substituent 
is  not  critical  since  the  substituents  are  either  hydrolyzed 
or  pyrolyzed  out  of  the  system.  Typical  hydrolyzable 

45  groups  include,  but  are  not  limited  to  alkoxy,  such  as 
methoxy,  propoxy,  butoxy  and  hexoxy;  acyloxy,  such  as 
acetoxy;  or  other  organic  groups  bonded  to  said  metal 
or  non-metal  through  an  oxygen  such  as  acetylaceto- 
nate.  Specific  compounds,  therefore,  include  zirconium 

so  tetracetylacetonate,  titanium  dibutoxy  diacetylaceto- 
nate,  aluminum  triacetylacetonate  and  tetraisobutoxy  ti- 
tanium. 
[0023]  When  a  powder  is  used  containing  both  silica 
precursors  and  ceramic  oxide  precursors,  generally  the 

55  proportion  of  silica  precursor  is  at  least  50  wt%  of  the 
powder. 
[0024]  If  hydrogen  silsesquioxane  resin  is  used  as  the 
silica  precursor,  the  coating  composition  may  also  con- 
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tain  a  platinum,  rhodium  or  copper  catalyst  to  increase 
its  rate  and  extent  of  conversion  to  silica.  Generally,  any 
platinum,  rhodium  or  copper  compound  or  complex 
which  can  be  solubilized  will  be  functional.  For  instance, 
a  composition  such  as  platinum  acetylacetonate,  rho- 
dium  catalyst,  RhCl3[S(CH2CH2CH2CH3)2]3,  obtainable 
from  Dow  Corning  Corporation,  Midland,  Mich.,  or  cu- 
pric  naphthenate  are  all  within  the  scope  of  this  inven- 
tion.  These  catalysts  are  generally  added  in  an  amount 
of  between  5  to  1000  ppm  of  platinum,  rhodium  or  cop- 
per  metal,  based  on  the  weight  of  the  hydrogen 
silsesquioxane  resin. 
[0025]  According  to  this  invention,  the  powder  with  the 
metal  deposited  on  its  surface  is  then  dissolved/dis- 
persed  in  a  solvent.  Various  facilitating  measures  such 
as  stirring  and/or  heating  may  be  used  to  dissolve  the 
silica  precursor  powder,  disperse  the  metal  and  create 
a  more  uniform  application  material.  Solvents  which 
may  be  used  include  any  agent  or  mixture  of  agents 
which  will  dissolve  the  silica  precursor  powder  and  dis- 
perse  the  metal  to  form  a  uniform  liquid  mixture  without 
affecting  the  resultant  coating.  These  solvents  include, 
for  example,  alcohols  such  as  ethyl  or  isopropyl,  aro- 
matic  hydrocarbons  such  as  benzene  or  toluene,  al- 
kanes  such  as  n-heptane  or  dodecane,  ketones,  esters, 
ethers  or  volatile  polysiloxanes,  in  an  amount  sufficient 
to  dissolve/disperse  the  above  materials  to  the  concen- 
tration  desired  for  application.  Generally,  enough  of  the 
above  solvent  is  used  to  form  a  0.1-80  weight  percent 
mixture,  preferably  1-50  wt%. 
[0026]  After  the  metal  coated  powder  is  dissolved/dis- 
persed  in  a  solvent,  additional  coating  materials  can  be 
added  to  the  mixture.  For  instance,  additional  silica  pre- 
cursors  or  ceramic  oxide  precursors  as  set  forth  above 
can  be  added. 
[0027]  The  liquid  mixture  comprising  the  silica  precur- 
sor,  metal  and  solvent  is  then  coated  onto  a  substrate. 
The  method  of  coating  can  be,  but  is  not  limited  to,  spin 
coating,  dip  coating,  spray  coating  or  flow  coating.  Other 
equivalent  means,  however,  are  also  deemed  possible. 
[0028]  The  solvent  is  then  allowed  to  evaporate  from 
the  coated  substrate  to  form  a  gelled  silica  precursor 
with  the  metal  dispersed  therein.  Any  suitable  means  of 
evaporation  may  be  used  such  as  simple  air  drying  by 
exposure  to  an  ambient  environment,  by  the  application 
of  a  vacuum  or  mild  heat  (e.g.,  less  than  50°C.)  or  during 
the  early  stages  of  the  heat  treatment.  It  is  noted  that 
when  spin  coating  is  used,  the  additional  drying  period 
is  minimized  as  the  spinning  drives  off  the  solvent. 
[0029]  The  silica  precursor  and  metal  gel  is  then  typ- 
ically  converted  to  a  silica-containing  ceramic  matrix 
having  the  metal  disbursed  therein  by  heating  it  to  a  suf- 
ficient  temperature.  Generally,  the  temperature  is  in  the 
range  of  50  to  1000°C.  depending  on  the  pyrolysis  at- 
mosphere.  Preferred  temperatures  are  in  the  range  of 
50  to  800°C.,  and  more  preferably  50-425°C.  Heating 
is  generally  conducted  for  a  time  sufficient  to  ceramify, 
generally  up  to  6  hours,  with  less  than  3  hours  being 

preferred. 
[0030]  The  above  heating  may  be  conducted  at  any 
effective  atmospheric  pressure  from  vacuum  to  super- 
atmospheric  and  under  any  effective  oxidizing  or  non- 

5  oxidizing  gaseous  environment  such  as  those  compris- 
ing  air,  02,  an  inert  gas  (N2,  etc.),  ammonia,  amines, 
moisture  and  N20. 
[0031]  Any  method  of  heating  such  as  the  use  of  a 
convection  oven,  rapid  thermal  processing,  hot  plate  or 

10  radiant  or  microwave  energy  is  generally  functional 
herein.  The  rate  of  heating,  moreover,  is  also  not  critical, 
but  it  is  most  practical  and  preferred  to  heat  as  rapidly 
as  possible. 
[0032]  By  the  above  methods,  a  metal-containing  ce- 

15  ramie  coating  is  produced  on  the  substrate.  The  thick- 
ness  of  the  coating  can  vary  over  a  wide  range  (e.g.,  up 
to  500  micrometers).  These  coatings  are  relatively  de- 
fect  free  and  have  excellent  adhesive  properties. 
[0033]  The  resultant  materials  are  particularly  useful 

20  for  an  opto-electronic  or  non-linear  optical  uses.  How- 
ever,  they  can  also  be  used  where  metals  dispersed  in 
ceramics  are  valuable  (e.g.,  recording  media,  conduc- 
tive  coatings,  magnetic  coatings,  etc.) 
[0034]  The  following  non-limiting  example  is  included 

25  so  that  one  skilled  in  the  art  may  more  readily  under- 
stand  the  invention. 

Example  1 

30  [0035]  Hydrogen  silsesquioxane  resin  (H-resin),  2  g, 
produced  by  the  method  of  U.S.  Patent  3,615,272  was 
pulverized  with  a  mortar  and  pestle  and  spread  evenly 
in  a  5  cm  diameter  Petri  dish.  An  evaporator  (vacuum 
chamber)  containing  a  tungsten  coil  was  used  for  the 

35  deposition.  The  tungsten  coil  was  loaded  with  gold  par- 
ticles.  The  Petri  dish  containing  the  H-resin  was  placed 
20  cm  below  the  tungsten  coil.  The  evaporator  was 
evacuated  to  10"5  millibar.  A  coating  equivalent  to  500 
nm  of  gold,  as  measured  by  a  crystal  thickness  monitor, 

40  was  evaporated  on  the  powder.  The  powder  was  re- 
moved  from  the  Petri  dish  and  ground  in  a  mortar  and 
pestle.  The  powder  was  returned  to  the  Petri  dish  and 
the  dish  returned  to  the  evaporator.  The  evaporator  was 
again  evacuated  to  10"5  millibar  and  the  equivalent  to 

45  300  nm  of  gold,  as  measured  by  crystal  thickness  mon- 
itor,  was  deposited.  The  powder  was  again  ground  in  a 
mortar  and  pestle  and  dissolved  in  methyl-isobutylke- 
tone  (MIBK)  to  make  a  20%  solution  by  weight  (1  .743  g 
of  powder  added  to  7.30  g  of  MIBK).  The  solution  was 

so  shaken  for  20  minutes.  The  solution  was  decanted  from 
a  deposit  of  non-colloidal  gold  which  had  settled  on  the 
bottom  of  the  flask.  The  solution  appeared  purple  and 
transparent. 
[0036]  Thin  films  of  this  solution  were  spin  coated  on 

55  a  7059  glass  substrate  and  on  a  silicon  wafer  at  3000 
rpm  for  1  0  seconds.  These  films  were  converted  to  silica 
by  pyrolysis  at  425°C.  in  air  for  1  hour.  The  thickness  of 
the  converted  material  was  between  80  nm  and  260  nm. 

4 
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aliphatic,  alicyclic  or  aromatic  substituent  of  1-20 
carbon  atoms,  X  is  a  hydrolyzable  substituent  and 
n  is  0-3. 

5  4.  The  method  according  to  any  of  claims  1  or  2  where- 
in  the  powder  comprises  hydrogen  silsesquioxane 
resin. 

5.  The  method  according  to  any  of  claims  1  to  4  where- 
10  in  the  metal  is  selected  from  the  group  consisting  of 

gold,  copper,  silver,  platinum  and  chromium. 

6.  The  method  according  to  any  of  claims  1  to  4  where- 
in  the  metal  is  gold. 

15 

Patentanspriiche 

1.  Verfahren  zur  Ausbildung  einer  Beschichtung  aus 
20  einem  siliciumdioxidhaltigen  keramischen  Material, 

das  ein  Metall  darin  dispergiert  aufweist,  auf  einem 
Substrat,  umfassend: 

Beschichten  der  Oberflache  eines  Pulvers, 
das  einen  Siliciumdioxidvorlaufer  enthalt,  mit  einem 

25  Metall  durch  die  Schritte,  umfassend: 

Example  2  (relates  to  the  preparation  of  a  powder  used 
in  the  process  of  the  invention) 

[0037]  H-resin,  2.53  g,  produced  by  the  method  of  U. 
S.  Patent  3,615,272,  was  pulverized  with  a  mortar  and 
pestle  and  spread  evenly  in  a  5  cm  diameter  Petri  dish. 
This  dish  was  placed  in  the  evaporator  of  Example  1. 
The  evaporator  was  evacuated  to  10"5  millibar  and  the 
equivalent  of  200  nm  of  gold,  as  measured  by  crystal 
thickness  monitor,  was  deposited.  The  powder  was 
ground  in  a  mortar  and  pestle  and  dissolved  with  4.91 
g  of  untreated  H-resin  in  25.73  g  of  MIBK  to  make  a 
22.4%  solution  by  weight.  The  solution  was  shaken  for 
20  minutes.  The  solution  was  decanted  from  a  deposit 
of  non-colloidal  gold  which  had  settled  on  the  bottom  of 
the  flask.  The  solution  appeared  purple  and  transparent. 
[0038]  An  absorption  measurement  of  the  solution 
showed  that  the  gold  was  colloidally  dispersed  in  the  so- 
lution  attached  to  the  H-resin  molecules.  The  solution 
was  allowed  to  gel.  A  small  piece  of  the  gel  was  pre- 
pared  for  analysis  by  TEM.  The  results  show  features 
in  the  10  nm  range. 

Claims  25 

1  .  A  method  of  forming  a  coating  of  a  silica-containing 
ceramic  having  a  metal  dispersed  therein  onto  a 
substrate  comprising: 

coating  the  surface  of  a  powder  comprising  a  30 
silica  precursor  with  a  metal  by  the  steps  compris- 
ing: 

placing  a  powder  comprising  a  silica  precursor 
into  a  vacuum  chamber;  35 
evacuating  the  vacuum  chamber; 
introducing  a  vaporized  metal  into  the  vacuum 
chamber;  and 
facilitating  deposition  of  the  metal  vapor  onto 
the  surface  of  the  powder;  40 
dissolving  the  powder  with  the  metal  on  its  sur- 
face  in  a  liquid  to  form  a  coating  mixture  of  a 
colloidal  dispersion  of  nanosized  metal  parti- 
cles  in  silica  precursor  solution; 
applying  the  coating  mixture  onto  a  substrate;  45 
evaporating  the  liquid  in  the  coating  mixture  to 
form  a  gel;  and 
heating  the  gel  to  form  a  coating  of  a  silica  con- 
taining  ceramic  with  the  metal  dispersed  there- 
in  onto  the  substrate.  so 

2.  The  method  of  claim  1  wherein  the  gel  is  heated  at 
a  temperature  in  the  range  of  50  to  1000°C.  for  up 
to  6  hours. 

55 
3.  The  method  according  to  any  of  claims  1  or  2  where- 

in  the  powder  comprises  hydrolyzed  or  partially  hy- 
drolyzed  RnSiX4.n,  wherein  R  is  hydrogen  or  an 

Einbringen  eines  Pulvers,  das  einen  Siliciumdi- 
oxidvorlaufer  enthalt,  in  eine  Vakuumkammer, 
Evakuieren  der  Vakuumkammer, 
Einbringen  eines  verdampften  Metalls  in  die 
Vakuumkammer  und 
Bewirken  der  Abscheidung  des  Metalldampfes 
auf  der  Oberflache  des  Pulvers, 
Auflosen  des  Pulvers  mit  dem  Metall  auf  seiner 

35  Oberflache  in  einer  Flussigkeit,  urn  eine  Be- 
schichtungsmischung  aus  einer  kolloidalen  Di- 
spersion  von  Metallteilchen  in  NanogroBe  in  ei- 
ner  Losung  eines  Siliciumdioxidvorlaufers  aus- 
zubilden, 

40  Aufbringen  der  Beschichtungsmischung  auf 
ein  Substrat, 
Verdampfen  der  Flussigkeit  in  der  Beschich- 
tungsmischung,  urn  ein  Gel  auszubilden,  und 
Erwarmen  des  Gels,  urn  eine  Beschichtung  aus 

45  einem  siliciumdioxidhaltigen  keramischen  Ma- 
terials  mit  dem  darin  dispergierten  Metall  auf 
dem  Substrat  auszubilden. 

2.  Verfahren  nach  Anspruch  1  ,  wobei  das  Gel  auf  eine 
so  Temperatur  im  Bereich  von  50  bis  1000°  C  bis  zu  6 

h  lang  erwarmt  wird. 

3.  Verfahren  nach  einem  der  Anspruche  1  oder  2,  wo- 
bei  das  Pulver  hydrolysiertes  oder  teilweise  hydro- 

ps  lysiertes  RnSiX4.n  enthalt,  wobei  R  Wasserstoff 
oder  ein  aliphatischer  alicyclischer  oder  aromati- 
scher  Substituent  mit  1  bis  20  Kohlenstoffatomen 
ist,  X  ein  hydrolysierbarer  Substituent  ist  und  n 

5 
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gleich  0  bis  3  ist. 

4.  Verfahren  nach  einem  der  Anspruche  1  oder  2,  wo- 
bei  das  Pulver  Wasserstoffsilsesquioxanharz  ent- 
halt. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  wobei 
das  Metall  ausgewahlt  ist  aus  der  Gruppe  beste- 
hend  aus  Gold,  Kupfer,  Silber,  Platin  und  Chrom. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  wobei 
das  Metall  Gold  ist. 

Revendications 

1.  Procede  de  formation  d'un  revetement  d'une  cera- 
mique  contenant  de  la  silice  dans  laquelle  un  metal 
est  disperse,  sur  un  substrat,  comprenant  : 

le  revetement  de  la  surface  d'une  poudre 
comprenant  un  precurseur  de  silice,  avec  un  metal, 
par  les  etapes  consistant  : 

a  placer  une  poudre  comprenant  un  precurseur 
de  silice  dans  une  enceinte  a  vide  ; 
a  evacuer  I'enceinte  a  vide  ; 
a  introduire  un  metal  vaporise  dans  I'enceinte 
a  vide  ;  et 
a  faciliter  le  depot  de  la  vapeur  de  metal  sur  la 
surface  de  la  poudre  ; 
la  dissolution  de  la  poudre  avec  le  metal  sur  sa 
surface  dans  un  liquide  pour  former  un  melan- 
ge  de  revetement  d'une  dispersion  colloi'dale 
de  particules  de  metal  ayant  une  taille  nanome- 
trique  dans  la  solution  de  precurseur  de  silice  ; 
I'application  du  melange  de  revetement  sur  un 
substrat  ; 
I'evaporation  du  liquide  dans  le  melange  de  re- 
vetement  pour  former  un  gel  ;  et 
le  chauffage  du  gel  pour  former  un  revetement 
d'une  ceramique  contenant  de  la  silice  dans  la- 
quelle  le  metal  est  disperse,  sur  le  substrat. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  le  gel 
est  chauffe  a  une  temperature  dans  la  gamme  de 
50  a  1000  °C  pendant  jusqu'a  6  heures. 

3.  Procede  selon  I'une  quelconque  des  revendications 
1  ou  2,  dans  lequel  la  poudre  comprend  du  RnSiX4.n 
hydrolyse  ou  partiellement  hydrolyse,  ou  R  est  de 
I'hydrogene  ou  un  substituant  aliphatique,  alicycli- 
que  ou  aromatique  de  1  a  20  atomes  de  carbone, 
X  est  un  substituant  hydrolysable  et  n  est  0  a  3. 

4.  Procede  selon  I'une  quelconque  des  revendications 
1  ou  2,  dans  lequel  la  poudre  comprend  une  resine 
d'hydrogenosilsesquioxane. 

5.  Procede  selon  I'une  quelconque  des  revendications 
1  a  4,  dans  lequel  le  metal  est  choisi  dans  le  groupe 
constitue  par  I'or,  le  cuivre,  I'argent,  le  platine  et  le 
chrome. 

5 
6.  Procede  selon  I'une  quelconque  des  revendications 

1  a  4,  dans  lequel  le  metal  est  I'or. 
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