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Description 

Technical  Field 

This  invention  relates  generally  to  a  reaction 
which  occurs  on  the  surface  of  a  substrate  body.  Par- 
ticularly,  at  least  one  solid  oxidant  is  contacted  with 
at  least  one  parent  metal  to  result  in  a  reaction  there- 
between  and  the  formation  of  a  reaction  product  on 
the  surface  of  a  substrate  body. 

Background  Art 

As  follows,  there  has  been  significant  interest  in 
modifying  the  properties  of  known  or  existing  materi- 
als  in  a  manner  which  renders  the  materials  suitable 
for  use  in  environments  which  normally  would  ad- 
versely  affect  such  materials.  For  example,  one  such 
modifying  approach  generally  relates  to  coating  onto 
a  surface  of  a  substrate  material  a  second  material, 
which  has  properties  which  differfrom  the  underlying 
substrate  material. 

Various  methods  exist  for  coating  substrate  ma- 
terials.  Af  irst  category  of  coating  processes  is  gener- 
ally  referred  to  as  overlay  coatings.  Overlay  coatings 
involve,  typically,  a  physical  deposition  of  a  coating 
material  onto  a  substrate.  The  coating  material  typi- 
cally  enhances  the  performance  of  the  substrate  by, 
for  example,  increasing  the  erosion  resistance,  corro- 
sion  resistance,  high  temperature  strength,  etc.,  of 
the  substrate  material.  These  overlay  coatings  typi- 
cally  result  in  the  substrate  material  having  longer  life 
and/or  permit  the  use  of  the  substrate  material  in  a 
number  of  environments  which  normally  might  ad- 
versely  affect  and/or  destroy  the  utility  of  the  sub- 
strate  material  absent  the  placement  of  the  overlay 
coating  thereon. 

Commonly  utilized  overlay  coating  methods  in- 
clude  Chemical  Vapor  Deposition,  Hot  Spraying, 
Physical  Vapor  Deposition,  etc.  Briefly,  Chemical  Va- 
por  Deposition  utilizes  a  chemical  process  which  oc- 
curs  between  gaseous  compounds  when  such  com- 
pounds  are  heated.  Chemical  Vapor  Deposition  will 
occur  so  long  as  the  chemical  reaction  produces  a 
solid  material  which  is  the  product  of  the  reaction  be- 
tween  the  gaseous  compounds.  The  Chemical  Vapor 
Deposition  process  is  typically  carried  out  in  a  reac- 
tion  chamber  into  which  both  a  reactive  gas  and  a  car- 
rier  gas  are  introduced.  A  substrate  material  is  placed 
into  contact  with  the  reactant  and  carrier  gases  so  that 
reaction  between  the  gases  and  deposition  of  the  re- 
action  solid  will  occur  on  the  surface  of  the  substrate. 
Chemical  Vapor  Deposition  processes  typically  in- 
volve  the  use  of  gases  including  alkali  species  (e.g., 
chlorides,  fluorides,  etc.)  in  the  reaction  chamber 
which  can  be  quite  corrosive  and  must  be  carefully 
handled.  Accordingly,  even  though  Chemical  Vapor 
Deposition  processes  may  produce  desirable  coat- 

ings  on  some  materials,  the  equipment  that  is  utilized 
typically  is  complicated  in  design  and  expensive  to 
operate. 

A  number  of  Hot  Spraying  techniques  also  exists 
5  for  the  placement  of  an  overlay  coating  on  a  substrate 

material.  The  three  most  widely  utilized  Hot  Spraying 
techniques  include  Flame  Spraying,  Plasma  Spray- 
ing,  and  Detonation  Coating. 

Flame  Spraying  utilizes  a  fine  powder  which  is 
10  contained  in  a  gaseous  stream  and  which  is  passed 

through  a  combustion  flame  which  renders  the  fine 
powder  molten.  The  molten  powder  is  then  caused  to 
impinge  on  a  surface  of  a  substrate  material  which  is 
to  be  coated,  which  is  typically  cold  relative  to  the 

15  flame  spray.  Bonding  of  the  coating  of  flame-sprayed 
material  to  the  substrate  is  primarily  of  a  mechanical 
nature.  The  flame-sprayed  coating  is  usually  not  fully 
dense  and  thus  is  often  subsequently  treated  by  a 
fusing  operation  to  densify  the  coating. 

20  Plasma  Spraying  is  somewhat  similar  to  Flame 
Spraying,  except  that  the  fine  powder,  instead  of  be- 
ing  passed  through  an  intense  combustion  flame,  is 
passed  through  an  electrical  plasma  which  is  pro- 
duced  by  a  low  voltage,  high  current  electrical  dis- 

25  charge.  As  a  result,  disassociation  and  ionization  of 
gases  occur  which  results  in  a  high  temperature  plas- 
ma.  The  high  temperature  plasma  is  directed  toward 
a  substrate  material  resulting  in  the  deposition  of  a 
layer  of  coating  material  on  the  substrate. 

30  Detonation  Coating  is  a  process  which  has  some 
similarities  to  Flame  Spraying,  except  that  a  desired 
amount  of  powder  is  directed  at  high  velocity  (e.g., 
about  800  meters  per  second)  toward  the  surface  of 
a  substrate  material  which  is  to  be  coated.  While  the 

35  particles  are  being  accelerated  in  a  hot  gas  stream, 
the  particles  melt.  Moreover,  the  high  kinetic  energy 
of  the  particles  when  impinging  on  the  surface  of  a 
substrate  material  results  in  additional  heat  being 
generated,  thereby  assisting  the  coating  process. 

40  The  third  category  of  so-called  overlay  coatings 
is  Physical  Vapor  Deposition  coatings.  Physical  Va- 
por  Deposition  coatings  include,  for  example,  Ion 
Sputtering,  Ion  Plating,  and  Thermal  Evaporation. 

In  Ion  Sputtering,  a  vacuum  chamber  houses  a 
45  cathode  electrode  such  that  the  cathode  electrode 

emits  atoms  and  atomic  clusters  toward  a  substrate 
material  to  result  in  a  sputtered  film  or  coating  being 
deposited  on  the  substrate. 

Ion  Plating  of  a  substrate  material  involves  the 
so  use  of  a  heated  metal  source  which  emits  metal 

atoms  toward  a  substrate  material  which  is  to  be  coat- 
ed.  Specifically,  an  electron  beam  is  typically  utilized 
to  excite  the  metal  atoms  from  the  metal  source.  The 
excited  metal  atoms  are  then  directed  toward  the  sub- 

55  strate  material  to  be  coated. 
Thermal  Evaporation  also  relies  on  the  excitation 

of  atoms  from  a  metal  source.  Specifically,  in  a  va- 
cuum  chamber,  a  metal  source  is  heated  so  that  metal 
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atoms  evaporate  from  the  metal  source  and  are  di- 
rected  toward  a  substrate  material  to  be  coated.  The 
metal  atoms  then  collect  as  a  coating  on  the  sub- 
strate. 

A  second  general  category  of  coating  formation 
techniques  is  known  as  conversion  coating  techni- 
ques.  In  conversion  coating  techniques,  a  substrate 
material,  typically,  is  involved  in  a  chemical  reaction 
which  modifies  the  composition  and/or  microstruc- 
ture  of  the  surface  of  the  substrate.  These  conversion 
coating  techniques  also  can  result  in  desirable  sur- 
face  modification  of  substrate  materials.  Typical  ex- 
amples  of  conversion  coating  techniques  include 
Pack  Cementation  and  Slurry  Cementation. 

Pack  Cementation  and  Slurry  Cementation  util- 
ize  diffusion  of  one  or  more  materials  to  form  a  sur- 
face  coating.  Specifically,  in  each  of  these  processes, 
a  substrate  material  is  contacted  with  a  metal  source 
material  such  that  a  metal  from  the  metal  source  ma- 
terial  may  diffuse  into  the  substrate  material  and/or  a 
component  of  the  substrate  material  may  diffuse  to- 
ward  the  metal  source  material.  Specifically,  for  ex- 
ample,  in  Pack  Cementation,  a  substrate  material  is 
buried  within  a  powder  mixture  which  comprises,  typ- 
ically,  both  a  metal  which  is  to  react  with  the  substrate 
material  and  an  inert  material.  A  carrier  gas  is  then  in- 
duced  to  flow  into  the  powder  mixture  so  that  the  car- 
rier  gas  can  carry  metal  atoms  from  the  metal  powder 
to  the  surface  of  the  substrate  and  deposit  the  metal 
atoms  thereon.  Both  Pack  Cementation  and  Slurry 
Cementation  typically  occur  in  a  retort  or  vacuum  fur- 
nace  and  the  carrier  gas  is  free  to  transport  metal 
atoms  from  the  metal  powder  to  the  surface  of  the 
substrate  material.  Typical  carrier  gases  include  the 
halogen  gases.  Many  different  approaches  to  Pack 
Cementation  have  been  made,  however,  most  of 
these  approaches  utilize  the  above-discussed  steps. 

Slurry  Cementation  is  quite  similar  to  Pack  Ce- 
mentation,  however,  in  Slurry  Cementation,  a  compo- 
sition  typically  is  coated  onto  a  surface  of  a  substrate 
material  prior  to  conducting  the  diffusion  process  in 
a  vacuum  or  retort  furnace.  In  each  of  Pack  Cemen- 
tation  and  Slurry  Cementation,  the  temperature  of  re- 
action  is  typically  elevated  to  permit  the  metal  atoms 
to  react  with  the  substrate  by  solid  state  diffusion 
which  results  in  the  formation  of  a  coating  material. 

The  above-discussed  coating  techniques  have 
been  briefly  addressed  herein  to  give  the  reader  a 
general  understanding  of  the  art.  However,  it  should 
be  understood  that  many  specific  variations  to  the 
above-discussed  techniques  exist.  Specifically,  each 
of  the  coating  processes  discussed  above  has  been 
discussed  in  detail  in  a  number  of  readily  available 
sources,  including  textbooks,  conference  proceed- 
ings,  and  patents.  For  further  information  relating  to 
the  detail  of  these  processes,  the  reader  is  encour- 
aged  to  consult  the  literature  referred  to  above.  How- 
ever,  even  from  the  brief  discussions  above,  it  is  clear 

that  each  of  the  techniques  suffers  from  various  lim- 
itations.  For  example,  in  the  overlay  coating  techni- 
ques,  the  physical  deposition  of  a  coating  onto  a  sub- 
strate  material  does  not  insure  an  acceptable  inter- 

5  face  between  the  substrate  and  the  coating.  Specif- 
ically,  because  most  of  the  overlay  coating  techni- 
ques  simply  rely  on  the  use  of  a  physical  bonding  be- 
tween  the  coating  and  the  substrate,  the  coating  may 
not  adhere  to  the  substrate  in  a  desirable  manner.  Ae- 

ro  cordingly,  the  purpose  of  the  coating  may  be  com- 
promised  completely.  Additionally,  all  of  the  overlay 
coating  processes  depend  on  the  use  of  somewhat 
complex  deposition  equipment.  For  example,  Chem- 
ical  Vapor  Deposition  requires  the  use  of  complicated 

15  control  means  for  controlling  the  rate  of  flow  of  reac- 
tive  and  carrier  gases  in  a  reaction  chamber,  the  abil- 
ity  to  handle  corrosive  gases  including  alkali  species 
(e.g.,  fluorides  and  chlorides).  Accordingly,  the  equip- 
ment  utilized  for  Chemical  Vapor  Deposition  is  typi- 

20  cally  quite  expensive. 
Moreover,  with  regard  to  the  so-called  conversion 

coating  techniques  which  are  formed  by,  for  example, 
Pack  Cementation  and  Slurry  Cementation  techni- 
ques,  the  coatings  which  result  on  substrate  materials 

25  may  not  be  uniform  due  to  the  inclusion  of  solid  ma- 
terials  or  porosity  which  result  from  exposure  of  the 
substrate  to  either  or  both  the  powder  metal  source 
and/or  inert  materials  utilized  in  the  Pack  Cementa- 
tion  or  Slurry  Cementation  processes.  Still  further, 

30  many  of  the  Pack  Cementation  and  Slurry  Cementa- 
tion  techniques  may  require  the  use  of  somewhat 
complex  equipment. 

The  present  invention  is  a  significant  improve- 
ment  over  all  known  prior  art  techniques  in  that  rela- 

35  tively  simple  equipment  can  be  utilized  to  achieve  a 
virtually  infinite  combination  of  desirable  bodies.  Spe- 
cifically,  the  present  invention  permits  the  formation 
of  a  coating  on  substrate  materials  or  the  creation  of 
new  materials  from,  for  example,  solid  oxidant  precur- 

40  sor  materials.  The  coatings  which  form  are  very 
dense  and  are  substantially  uniform  in  thickness.  Ad- 
ditionally,  the  coatings  can  be  applied  in  thicknesses 
heretofore  believed  difficult,  if  not  impossible,  to  ach- 
ieve.  Moreover,  due  to  the  simplicity  of  the  process 

45  and,  for  example,  the  rate  of  conversion  of  a  solid  ox- 
idant  material  to  a  reaction  product,  entire  solid  oxi- 
dant  bodies  can  be  converted  from  one  composition 
to  another.  These  and  other  aspects  of  the  invention 
will  become  apparent  to  those  skilled  in  the  art  when 

so  reading  the  following  sections. 

Discussion  of  Commonly  Owned  U.S.  Patents  and 
Patent  Applications 

55  A  directed  metal  oxidation  reaction  is  disclosed  in 
U.S.  Patent  4,713,360,  which  issued  on  December 
15,  1987,  and  is  entitled  "Novel  Ceramic  Materials 
and  Methods  for  Making  Same"  and  which  was  issued 

3 
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in  the  names  of  Marc  S.  Newkirket  al.  This  patent  dis- 
closes  that  a  molten  parent  metal  can  react  with  a  va- 
por-phase  oxidant  and  result  in  the  directed  growth  of 
an  oxidation  reaction  product. 

A  similar  directed  metal  oxidation  reaction  proc- 
ess  is  disclosed  in  U.S.  Patent  4,851,375,  which  is- 
sued  on  July  25,  1989,  and  is  entitled  "Methods  of 
Making  Composite  Ceramic  Articles  Having  Embed- 
ded  Filler",  and  which  issued  in  the  names  of  Marc  S. 
Newkirk  et  al.  This  patent  discloses  that  a  molten  par- 
ent  metal  can  react  with  an  oxidant  to  grow  oxidation 
reaction  product  into  a  substantially  inert  filler  mate- 
rial,  thereby  forming  a  ceramic  matrix  composite 
body. 

The  reactive  infiltration  into  a  bed  or  mass  com- 
prising  boron  carbide  is  discussed  in  U.S.  Patent  No. 
5,017,334,  which  issued  on  May  21,  1991,  in  the 
names  of  Terry  Dennis  Claar  et  al.,  and  is  entitled  "A 
Process  For  Preparing  Self-Supporting  Bodies  and 
Products  Produced  Thereby",  which  is  a  continuation 
of  U.S.  Patent  No.  4,885,130,  which  issued  on  De- 
cember  5,  1989,  in  the  names  of  Terry  Dennis  Claar 
et  al.,  and  is  entitled  "Process  For  Preparing  Self- 
Supporting  Bodies  and  Products  Produced  Thereby", 
which  in  turn  is  a  Continuation-ln-Part  of  U.S.  Patent 
No.  4,940,679,  which  issued  on  July  10,  1990,  in  the 
names  of  Terry  Dennis  Claar  et  al.,  and  entitled  "Proc- 
ess  For  Preparing  Self-Supporting  Bodies  and  Prod- 
ucts  Made  Thereby",  which  in  turn  is  a  Continuation- 
ln-Part  Application  of  U.S.  Patent  Application  Serial 
No.  07/073,533,  filed  in  the  names  of  Danny  R.  White, 
Michael  K.  Aghajanian  and  T.  Dennis  Claar,  on  July 
15,  1987,  and  entitled  "Process  for  Preparing  Self- 
Supporting  Bodies  and  Products  Made  Thereby", 
which  corresponds  to  European  Patent  Application 
Publication  No.  0  299  905,  published  on  January  18, 
1989. 

Briefly  summarizing  the  disclosure  contained  in 
each  of  the  above-identified  patent  applications  and 
issued  Patents  relating  to  reactive  infiltration,  self- 
supporting  ceramic  bodies  are  produced  by  utilizing 
a  parent  metal  infiltration  and  reaction  process  (i.e., 
reactive  infiltration)  in  the  presence  of  a  mass  com- 
prising  boron  carbide.  Particularly,  a  bed  or  mass 
comprising  boron  carbide  is  infiltrated  by  molten  par- 
ent  metal,  and  the  bed  may  be  comprised  entirely  of 
boron  carbide,  thus  resulting  in  a  self-supporting 
body  comprising  one  or  more  parent  metal  boron-con- 
taining  compounds,  which  compounds  include  a  par- 
ent  metal  boride  or  a  parent  metal  boron  carbide,  or 
both,  and  typically  also  may  include  a  parent  metal 
carbide.  It  is  also  disclosed  that  the  mass  of  boron  car- 
bide  which  is  to  be  infiltrated  may  also  contain  one  or 
more  inert  fillers  mixed  with  the  boron  carbide.  Ac- 
cordingly,  by  combining  an  inertf  iller,  the  result  will  be 
a  composite  body  having  a  matrix  produced  by  the  re- 
active  infiltration  of  the  parent  metal,  said  matrix  com- 
prising  at  least  one  boron-containing  compound,  and 

the  matrix  may  also  include  a  parent  metal  carbide, 
the  matrix  embedding  the  inertf  iller.  It  is  further  noted 
that  the  final  composite  body  product  in  either  of  the 
above-discussed  embodiments  (i.e.,  filler  or  no  filler) 

5  may  include  a  residual  metal  as  at  least  one  metallic 
constituent  of  the  original  parent  metal. 

Broadly,  in  the  disclosed  method  of  each  of  the 
above-identified  reactive  infiltration  patent  applica- 
tions  and  issued  Patent,  a  mass  comprising  boron 

10  carbide  is  placed  adjacent  to  or  in  contact  with  a  body 
of  molten  metal  or  metal  alloy,  which  is  melted  in  a 
substantially  inert  environment  within  a  particular 
temperature  envelope.  The  molten  metal  infiltrates 
the  boron  carbide  mass  and  reacts  with  the  boron  car- 

is  bide  to  form  at  least  one  reaction  product.  The  boron 
carbide  is  reducible,  at  least  in  part,  by  the  molten  par- 
ent  metal,  thereby  forming  the  parent  metal  boron- 
containing  compound  (e.g.,  a  parent  metal  boride 
and/or  boron  compound  under  the  temperature  con- 

20  ditions  of  the  process).  Typically,  a  parent  metal  car- 
bide  is  also  produced,  and  in  certain  cases,  a  parent 
metal  boron  carbide  is  produced.  At  least  a  portion  of 
the  reaction  product  is  maintained  in  contact  with  the 
metal,  and  molten  metal  is  drawn  or  transported  to- 

25  ward  the  unreacted  boron  carbide  by  a  wicking  or  a 
capillary  action.  This  transported  metal  forms  addi- 
tional  parent  metal,  boride,  carbide,  and/or  boron  car- 
bide  and  the  formation  or  development  of  a  ceramic 
body  is  continued  until  either  the  parent  metal  or  bor- 

30  on  carbide  has  been  consumed,  or  until  the  reaction 
temperature  is  altered  to  be  outside  of  the  reaction 
temperature  envelope.  The  resulting  structure  com- 
prises  one  or  more  of  a  parent  metal  boride,  a  parent 
metal  boron  compound,  a  parent  metal  carbide,  a 

35  metal  (which,  as  discussed  in  each  of  the  above- 
identified  patent  applications  and  issued  Patent,  is  in- 
tended  to  include  alloys  and  intermetallics),  or  voids, 
or  any  combination  thereof.  Moreover,  these  several 
phases  may  or  may  not  be  interconnected  in  one  or 

40  more  dimensions  throughout  the  body.  The  final  vol- 
ume  fractions  of  the  boron-containing  compounds 
(i.e.,  boride  and  boron  compounds),  carbon-contain- 
ing  compounds,  and  metallic  phases,  and  the  degree 
of  interconnectivity,  can  be  controlled  by  changing 

45  one  or  more  conditions,  such  as  the  initial  density  of 
the  boron  carbide  body,  the  relative  amounts  of  boron 
carbide  and  parent  metal,  alloys  of  the  parent  metal, 
dilution  of  the  boron  carbide  with  a  filler,  temperature, 
and  time.  Preferably,  conversion  of  the  boron  carbide 

so  to  the  parent  metal  boride,  parent  metal  boron  com- 
pound^)  and  parent  metal  carbide  is  at  least  about 
50%,  and  most  preferably  at  least  about  90%. 

The  typical  environment  or  atmosphere  which 
was  utilized  in  each  of  the  above-identified  patent  ap- 

55  plications  and  issued  Patents  was  one  which  is  rela- 
tively  inert  or  unreactive  under  the  process  condi- 
tions.  Particularly,  it  was  disclosed  that  an  argon  gas, 
or  a  vacuum,  for  example,  would  be  suitable  process 
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atmospheres.  Still  further,  it  was  disclosed  that  when 
zirconium  was  used  as  the  parent  metal,  the  resulting 
composite  comprised  zirconium  diboride,  zirconium 
carbide,  and  residual  zirconium  metal.  It  was  also  dis- 
closed  that  when  aluminum  parent  metal  was  used 
with  the  process,  the  result  was  an  aluminum  boron 
carbide  such  as  AI3B48C2,  AIB12C2  and/or  AIB24C4, 
with  aluminum  parent  metal  and  other  unreacted  un- 
oxidized  constituents  of  the  parent  metal  remaining. 
Other  parent  metals  which  were  disclosed  as  being 
suitable  for  use  with  the  processing  conditions  includ- 
ed  silicon,  titanium,  hafnium,  lanthanum,  iron,  cal- 
cium,  vanadium,  niobium,  magnesium,  and  beryllium. 

Moreover,  U.S.  Patent  No.  4,940,679  (discussed 
above  and  hereinafter  referred  to  as  "Patent  '679"), 
discloses  that  in  some  cases  it  may  be  desirable  to 
add  a  carbon  donor  material  (i.e.,  a  carbon-containing 
compound)  to  the  bed  or  mass  comprising  boron  car- 
bide  which  is  to  be  infiltrated  by  molten  parent  metal. 
Specifically,  it  was  disclosed  that  the  carbon  donor 
material  could  be  capable  of  reacting  with  the  parent 
metal  to  form  a  parent  metal-carbide  phase  which 
could  modify  resultant  mechanical  properties  of  the 
composite  body,  relative  to  a  composite  body  which 
was  produced  without  the  use  of  a  carbon  donor  ma- 
terial.  Accordingly,  it  was  disclosed  that  reactant  con- 
centrations  and  process  conditions  could  be  altered 
or  controlled  to  yield  a  body  containing  varying  vol- 
ume  percents  of  ceramic  compounds,  metal  and/or 
porosity.  For  example,  by  adding  a  carbon  donor  ma- 
terial  (e.g.,  graphite  powder  or  carbon  black)  to  the 
mass  of  boron  carbide,  the  ratio  of  parent  metal-bor- 
ide/parent  metal-carbide  could  be  adjusted.  In  partic- 
ular,  if  zirconium  was  used  as  the  parent  metal,  the  ra- 
tio  of  ZrB2/ZrC  could  be  reduced  (i.e.,  more  ZrC  could 
be  produced  due  to  the  addition  of  a  carbon  donor  ma- 
terial  in  the  mass  of  boron  carbide). 

Still  further,  issued  U.S.  Patent  No.  4,885,130 
(discussed  above  and  hereinafter  referred  to  as  "Pa- 
tent  '130"),  discloses  that  in  some  cases  it  may  be  de- 
sirable  to  add  a  boron  donor  material  (e.g.,  a  boron- 
containing  compound)  to  a  bed  or  mass  of  boron  car- 
bide  which  is  to  be  infiltrated  by  molten  parent  metal. 
The  added  boron-containing  compound  can  then  be- 
have  in  a  manner  similar  to  the  carbon-containing 
compound  discussed  above  in  relation  to  Patent  '679, 
except  that  the  ratio  of  ZrB2/ZrC  could  be  increased, 
as  opposed  to  reduced. 

Still  further,  U.S.  Patent  No.  4,904,446,  which  is- 
sued  on  February  27,  1990,  in  the  names  of  Danny 
Ray  White  and  Terry  Dennis  Claar  and  entitled  "Proc- 
ess  For  Preparing  Self-Supporting  Bodies  and  Prod- 
ucts  Made  Thereby",  discloses  that  a  parent  metal 
can  react  with  a  mass  comprising  boron  nitride  to  re- 
sult  in  a  body  comprising  a  boron-containing  com- 
pound,  a  nitrogen-containing  compound  and,  if  de- 
sired,  a  metal.  The  mass  comprising  boron  nitride 
may  also  contain  one  or  more  inert  fillers.  Relative 

amounts  of  reactants  and  process  conditions  may  be 
altered  or  controlled  to  yield  a  body  containing  a  vary- 
ing  volume  percents  of  ceramic,  metal  and/or  poros- 
ity. 

5  Moreover,  U.S.  Patent  No.  5,019,539,  which  is- 
sued  in  the  names  of  Terry  Dennis  Claar  et  al.,  and 
entitled  "A  Process  for  Preparing  Self-Supporting 
Bodies  Having  Controlled  Porosity  and  Graded  Prop- 
erties  and  Products  Produced  Thereby",  discloses 

10  that  a  powdered  parent  metal  can  be  mixed  with  a  bed 
or  mass  comprising  boron  carbide  and,  optionally, 
one  or  more  inert  fillers,  to  form  a  self-supporting 
body.  The  application  also  discloses  that  the  proper- 
ties  of  a  composite  body  can  be  modified  by,  for  ex- 

15  ample,  tailoring  the  porosity  by  appropriate  selection 
of  the  size  and/or  composition  of  the  parent  metal 
powder  or  particulate,  etc.,  which  is  mixed  with  the 
boron  carbide. 

In  accordance  with  the  present  invention,  there  is 
20  provided  a  method  for  forming  a  coating  on  a  sub- 

strate  body,  comprising: 
providing  a  substrate  body; 
placing  a  powdered  parent  metal  and  a  pow- 

dered  solid  oxidant  comprising  boron  carbide,  or  bor- 
25  on  carbide  and  a  carbon  donor  material,  or  boron  car- 

bide  and  a  boron  donor  material  on  at  least  a  portion 
of  at  least  one  surface  of  said  substrate  body; 

heating  said  powdered  parent  metal,  said  pow- 
dered  solid  oxidant  and  said  at  least  one  surface  of 

30  said  substrate  body  to  cause  said  powdered  parent 
metal  and  said  powdered  solid  oxidant  to  react;  and 

continuing  said  reaction  for  a  sufficient 
amount  of  time  to  produce  a  coating  on  said  at  least 
a  portion  of  at  least  one  surface  of  said  substrate 

35  body. 
In  a  first  preferred  embodiment  of  the  invention, 

a  substrate  material,  which  may  or  may  not  be  reac- 
tive  with  a  powdered  parent  metal,  is  coated  with  a 
mixture  of  a  powdered  parent  metal  and  a  solid  oxi- 

40  dant  powder.  The  powdered  parent  metal  and  solid 
oxidant  powder  are  caused  to  react  with  each  other  by 
elevating  the  temperature  in  the  reaction  chamber  to 
the  reaction  temperature.  The  environment  within  the 
reaction  chamber  is  substantially  inert.  If  an  amount 

45  of  parent  metal  provided  is  in  excess  of  the  stoichio- 
metric  amount  needed  to  react  substantially  com- 
pletely  with  the  solid  oxidant  powder,  and  the  sub- 
strate  material  which  is  provided  is  also  reactive  with 
the  parent  metal  powder,  then  the  parent  metal  pow- 

50  der  may  also  react  with  the  solid  oxidant  substrate. 
In  a  second  preferred  embodiment  of  the  inven- 

tion,  a  method  substantially  similar  to  the  above- 
discussed  first  preferred  embodiment  is  modified  by 
combining  a  substantially  inert  filler  material  with  a 

55  mixture  of  powdered  parent  metal  and  solid  oxidant 
powder  prior  to  causing  the  powdered  parent  metal 
and  solid  oxidant  powder  to  react  together  to  form  a 
reaction  product.  However,  similar  to  the  first  prefer- 
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red  embodiment  discussed  above  herein,  the  amount 
of  parent  metal  provided  may  be  in  excess  of  that 
which  is  needed  to  react  substantially  completely  with 
the  solid  oxidant.  Accordingly,  if  a  reactive  substrate 
is  provided,  the  powdered  parent  metal  may  also  re- 
act  with  the  reactive  substrate. 

In  each  of  the  above-discussed  preferred  em- 
bodiments,  it  is  possible  for  an  excess  amount  of  par- 
ent  metal  to  be  provided  and  the  substrate  to  be  non- 
reactive.  In  this  instance,  residual  parent  metal  may 
be  present  in  the  reaction  product  coating  which  is 
formed  on  the  substrate. 

Definitions 

As  used  herein  in  the  specification  and  the  ap- 
pended  claims,  the  terms  below  are  defined  as  fol- 
lows: 

"Different"  as  used  herein  in  conjunction  with 
chemical  compositions,  means  that  a  primary  chem- 
ical  constituent  of  one  material  differs  from  a  primary 
chemical  constituent  of  another  referenced  material. 

"Filler"  as  used  herein,  means  either  single 
constituents  or  mixtures  of  constituents  which  are 
substantially  non-reactive  with,  and/or  of  limited  sol- 
ubility  in,  parent  metal  powders  and/or  parent  metal 
vapors  and  may  be  single  or  multi-phase.  Fillers  may 
be  provided  in  a  wide  variety  of  forms  such  as  pow- 
ders,  flakes,  platelets,  microspheres,  whiskers,  bub- 
bles,  etc.,  and  may  be  dense  or  porous.  "Fillers"  may 
also  include  ceramic  fillers,  such  as  alumina  or  silicon 
carbide  as  fibers,  particulates,  whiskers,  bubbles, 
spheres,  fibermats,  or  the  like,  and  ceramic-coated 
fillers  such  as  carbon  fibers  coated  with  alumina  or 
silicon  carbide  to  protect  the  carbon  from  attack.  'Fill- 
ers'  may  also  include  metals.  "Fillers"  should  also  be 
capable  of  surviving  the  processing  conditions. 

"Parent  Metal  Powder"  as  used  herein,  means 
that  metal  (e.g.,  zirconium,  titanium,  hafnium,  etc.) 
which  is  the  precursor  for  a  reaction  product  of  the 
powdered  parent  metal  and  a  solid  oxidant  (e.g.,  par- 
ent  metal  carbides,  etc.)  and  includes  that  metal  as  a 
pure  or  relatively  pure  metal,  a  commercially  available 
metal  having  impurities  and/or  alloying  constituents 
therein  and  an  alloy  in  which  that  metal  precursor  is 
the  major  constituent.  When  a  specific  metal  is  men- 
tioned  as  the  powdered  parent  metal,  the  metal  iden- 
tified  should  be  read  with  this  definition  in  mind  un- 
less  indicated  otherwise  by  the  context. 

"Reaction  Product"  as  used  herein,  means  the 
product  which  forms  as  a  result  of  the  reaction  be- 
tween  a  parent  metal  and  a  solid  oxidant. 

"Solid  Oxidant"  as  used  herein,  means  an  oxi- 
dant  in  which  the  identified  solid  is  the  sole,  predom- 
inant,  or  at  least  a  significant  oxidizer  of  the  parent 
metal  under  the  conditions  of  the  process. 

Brief  Description  of  the  Figures 

Figure  1  is  a  schematic  cross-sectional  view  of  an 
assembly  utilized  to  produce  a  coating  in  accordance 

5  with  the  present  invention. 

Detailed  Description  of  the  Invention  and  Preferred 
Embodiments 

10  In  accordance  with  the  present  invention,  there  is 
provided  a  number  of  methods  for  producing  coatings 
on  bodies.  Specifically,  a  solid  oxidant  source  and  a 
parent  metal  source  are  caused  to  react  on  the  sur- 
face  of  a  substrate  material  to  form  a  ceramic  or  cer- 

15  amic  composite  coating. 
In  a  first  preferred  embodiment  of  the  invention, 

a  substrate  material,  which  may  or  may  not  be  reac- 
tive  with  a  powdered  parent  metal,  is  coated  with  a 
mixture  of  a  powdered  parent  metal  and  a  solid  oxi- 

20  dant  powder  (e.g.,  boron  carbide  and/or  a  boron 
source  material  and/or  a  carbon  source  material).  The 
powdered  parent  metal  and  solid  oxidant  powder  are 
caused  to  react  with  each  other  by  elevating  the  tem- 
perature  in  the  reaction  chamber  to  the  reaction  tem- 

25  perature.  The  environment  within  the  reaction  cham- 
ber,  typically,  is  substantially  inert  (e.g.,  a  vacuum 
and/or  a  substantially  inert  gas).  If  an  amount  of  par- 
ent  metal  provided  is  in  excess  of  the  stoichiometric 
amount  needed  to  react  substantially  completely  with 

30  the  solid  oxidant  powder,  and  the  substrate  material 
which  is  provided  is  also  reactive  with  the  parent  met- 
al  powder,  then  the  parent  metal  powder  may  also  re- 
act  with  the  solid  oxidant  substrate. 

In  a  second  preferred  embodiment  of  the  inven- 
35  tion,  a  method  substantially  similar  to  the  above- 

discussed  first  preferred  embodiment  is  modified  by 
combining  a  substantially  inert  filler  material  with  a 
mixture  of  powdered  parent  metal  and  solid  oxidant 
powder  prior  to  causing  the  powdered  parent  metal 

40  and  solid  oxidant  powder  to  react  together  to  form  a 
reaction  product.  However,  similar  to  the  first  prefer- 
red  embodiment  discussed  above  herein,  the  amount 
of  parent  metal  provided  may  be  in  excess  of  that 
which  is  needed  to  react  substantially  completely  with 

45  the  solid  oxidant.  Accordingly,  if  a  reactive  substrate 
is  provided,  the  powdered  parent  metal  may  also  re- 
act  with  the  reactive  substrate. 

In  each  of  the  above-discussed  preferred  em- 
bodiments,  it  is  possible  for  an  excess  amount  of  par- 

50  ent  metal  to  be  provided  and  the  substrate  to  be  non- 
reactive.  In  this  instance,  residual  parent  metal  may 
be  present  in  the  reaction  product  coating  which  is 
formed  on  the  substrate. 

A  category  of  materials  which  have  been  given  a 
55  substantial  amount  of  attention  for  many  high  temper- 

ature  applications  is  the  graphite  or  carbonaceous 
materials.  Specifically,  carbon-based  materials  (e.g., 
carbon/carbon  composites,  solid  forms  of  graphite, 
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etc.)  have  achieved  a  substantial  amount  of  attention 
because  they  are  relatively  light  in  weight,  have  excel- 
lent  high  temperature  properties,  are  thermal  shock 
resistant,  and  have  desirable  electrical  properties. 
However,  the  use  of  carbon-based  materials  for  many 
applications  has  been  limited  due  to  the  poor  oxida- 
tion  and/or  erosion  (e.g.,  abrasion)  resistance  inher- 
ent  to  these  materials.  Thus,  many  approaches  for 
forming  some  type  of  protective  coating  on  carbon- 
based  materials  have  been  attempted.  The  techni- 
ques  of  the  present  invention  are  well  suited  for  coat- 
ing  carbon-based  materials. 

The  present  invention  has  been  shown  in  some  of 
its  preferred  embodiments  in  the  following  Example. 

Example  1 

The  following  Example  demonstrates  a  method 
for  forming  a  ceramic  composite  coating  on  a  graphite 
substrate  by  applying  to  the  surface  of  the  graphite 
substrate  a  mixture  comprised  of  a  parent  metal  pow- 
der  and  a  solid  oxidant  boron  carbide  powder  and 
heating  the  powder-covered  graphite  substrate  in  an 
inert  atmosphere  to  permit  reaction  between  the  par- 
ent  metal  powder,  the  boron  carbide  powder  and/or 
the  graphite  substrate. 

Figure  1  is  a  cross-sectional  schematic  view  of  a 
set-up  used  to  form  a  ceramic  composite  coating  on 
a  graphite  substrate  coupon,  as  discussed  below. 

A  substrate  coupon  13  of  Grade  TRA-1  graphite 
(Poco  Graphite,  Inc.,  Decatur,  TX),  measuring  about 
1  inch  (25  mm)  long,  about  1  inch  (25  mm)  wide  and 
about  0:2  inch  (5.1  mm)  thick,  was  prepared  for  coat- 
ing  by  hand  sanding  one  surface  of  the  substrate  with 
220  grit  (average  particle  size  of  about  66  ^m)  silicon 
carbide  abrasive  paper  until  the  surface  was  substan- 
tially  roughened.  A  slurry  mixture  comprised  of  by 
weight  about  66.3%  -325  mesh  (particle  size  less 
than  about  45  ^m)  zirconium  powder  (Consolidated 
Astronautics,  Saddle  Brook,  NJ),  about  9.5%  TETRA- 
BOR®  1000  grit  (average  particle  size  of  about  5  urn) 
boron  carbide  (ESK-Engineered  Ceramics,  New  Can- 
aan,  CT),  about  24.0%  deionized  water  and  about 
0.2%  XUS-40303.00  tertiary  amide  polymer  ceramic 
binder  (Dow  Chemical  Company,  Midland,  Ml)  was 
prepared  by  combining  the  slurry  mixture  compo- 
nents  in  a  plastic  jar  and  roll  mixing  on  a  jar  mill  for  at 
least  2  hours.  A  portion  of  the  slurry  mixture  was  ap- 
plied  by  painting  onto  the  roughened  surface  of  the 
graphite  substrate  coupon.  Three  separate  coats  of 
the  slurry  mixture  were  painted  onto  the  roughened 
surface.  Each  application  of  the  slurry  mixture  was  al- 
lowed  to  air  dry  before  the  next  application  was  made. 
After  the  three  slurry  mixture  applications  had  sub- 
stantially  completely  air  dried  to  form  a  powder  coat- 
ing  14,  the  powder  coated  graphite  substrate  coupon 
was  placed  in  a  forced  air  oven  set  at  about  45°C.  Af- 
ter  about  0.5  hour  at  about  45°C,  the  powder  coated 

graphite  substrate  coupon  was  moved  to  a  second 
forced  oven  set  at  about  1  20°C  for  about  an  additional 
0.5  hour.  After  drying,  the  powder  coating  thickness 
on  the  graphite  substrate  coupon  measured  about 

5  0.04  inch  (1  mm)  and  weighed  about  1  .42  grams. 
Afirst  graphite  boat  11  ,  measuring  about  4  inches 

(102  mm)  long,  about  4  inches  (102  mm)  wide,  about 
1  inch  (25  mm)  high  and  having  a  wall  thickness  of 
about  0.25  inch  (6.4  mm),  was  machined  from  a  piece 

10  of  Grade  ATJ  graphite  (Union  Carbide  Corporation, 
Graphite  Products  Division,  Cleveland  ,  OH).  The  in- 
ner  surface  of  the  first  graphite  boat  11  was  coated 
with  a  paintable  slurry  12  comprised  of  -325  mesh 
(particle  size  less  than  about  45  urn)  zirconium  pow- 

15  der  and  ZAP  aluminum  oxyphosphate  water  based 
specialty  rigidizer  (ZYP  Coatings,  Inc.,  Oakridge,  TN) 
to  getter  any  residual  oxygen  from  the  argon  atmos- 
phere  in  a  vacuum  furnace,  as  discussed  below.  After 
the  inner  surface  of  the  first  graphite  boat  11  had  sub- 

20  stantially  completely  dried,  the  powder  coated  graph- 
ite  substrate  coupon  1  3  was  placed  into  the  bottom  of 
the  first  graphite  boat  1  1  .  The  uncoated  surface  of  the 
graphite  substrate  coupon  1  3  contacted  the  inner  bot- 
tom  surface  of  the  first  graphite  boat  11. 

25  A  second  graphite  boat  15  having  substantially 
the  same  dimensions  as  the  first  graphite  boat  was 
prepared,  however,  the  second  boat  15  included  an 
array  of  0.25  inch  (6.4  mm)  diameter  holes  16  drilled 
through  the  bottom  of  the  second  graphite  boat  15. 

30  The  second  boat  1  5  was  placed  on  top  of  and  was 
substantially  aligned  with  the  first  graphite  boat  11. 
Grade  GH  graphite  felt  17  (Fiber  Materials  Inc.,  Bid- 
deford,  ME)  measuring  about  0.125  inch  (3.2  mm) 
thick  was  placed  into  and  substantially  covered  the 

35  bottom  of  the  second  graphite  boat  15.  Pieces  of  a 
hafnium  sponge  material  18  (Teledyne  Wah  Chang, 
Albany,  OR),  having  diameters  ranging  from  about 
0.033  inch  (0.84  mm)  to  about  0.25  inch  (6.4  mm), 
were  substantially  uniformly  spread  onto  the  graphite 

40  felt  17  within  the  second  graphite  boat  1  5  to  complete 
the  formation  of  the  setup. 

The  setup  comprising  the  two  graphite  boats  and 
their  contents  was  then  placed  into  a  vacuum  fur- 
nace.  The  vacuum  furnace  was  first  evacuated  to 

45  about  12.2x1  0  ̂ Pa  (9.2  x  1  0"6  torr)  and  then  to  about 
2.9x1  0-2  Pa  (2.2  x  1  0"4  torr).  After  about  1  8  hours  at 
about  2.9  x  10~2  Pa  (2.2  x  10"4  torr),  the  vacuum  fur- 
nace  was  filled  with  argon  at  a  rate  of  about  1  0  liters 
per  minute.  The  vacuum  furnace  and  its  contents 

50  were  then  heated  to  about  200°C  at  about  1  00°C  per 
hour,  then  from  about  200°C  to  about  450°C  at  about 
50°C  per  hour,  and  finally,  from  about  450°C  to  about 
1900°C  at  about  240°C  per  hour  while  maintaining  an 
argon  flow  rate  of  about  2  liters  per  minute  and  a  va- 

55  cuum  furnace  pressure  of  about  14  kPa  (psi)  (2 
pounds  per  square  inch)  (0.141  kg/cm2)  higher  than 
atmospheric  pressure.  After  about  an  hour  at  about 
1900°C  with  an  argon  flow  rate  of  about  (2  liters  per 
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minute)  and  a  vacuum  furnace  pressure  of  about  14 
kPa  (2  psi)  (0.141  kg/cm2),  the  vacuum  furnace  and 
its  contents  were  cooled  to  about  room  temperature 
in  about  8  hours. 

At  about  room  temperature,  the  vacuum  furnace 
door  was  opened  and  the  setup  was  removed  from 
the  vacuum  furnace.  The  setup  was  disassembled  to 
reveal  that  the  powder  mixture  on  the  graphite  sub- 
strate  coupon  had  reacted  to  form  a  ceramic  compo- 
site  coating  on  the  graphite  substrate  coupon.  Analy- 
sis  of  the  coating  on  the  graphite  substrate  coupon 
was  performed  in  a  scanning  electron  microscope  us- 
ing  energy-dispersive  spectroscopy.  The  results  of 
the  analysis  revealed  that  a  ceramic  composite  coat- 
ing,  comprising  an  about  40  urn  thick  layer  of  a  zirco- 
nium  carbide  adjacent  to  the  graphite  substrate  and 
an  about  300  urn  thick  layer  of  zirconium  boride  and 
zirconium  carbide  ceramic  composite  adjacent  to  the 
40  urn  thick  layer  of  a  zirconium  carbide,  had  been 
formed. 

6.  The  method  of  claim  1  ,  wherein  said  coating  com- 
prises  a  reaction  product  of  least  one  parent  met- 
al  boride  and/or  parent  metal  carbide  compound. 

5  7.  The  method  of  claim  1,  wherein  the  amount  of 
parent  metal  provided  is  in  stoichiometric  excess 
of  that  which  is  needed  to  react  substantially  com- 
pletely  with  said  solid  oxidant. 

10  8.  The  method  of  claim  7,  wherein  said  parent  metal 
comprises  residual  parent  metal  and  also  com- 
prises  at  least  a  portion  of  said  coating. 

9.  The  method  of  claim  1,  wherein  said  substrate 
15  body  comprises  a  carbonaceous  material  of  at 

least  one  of  carbon,  graphite  and  a  carbon/car- 
bon  composite. 

20  Patentanspruche 

Claims 

1.  A  method  for  forming  a  coating  on  a  substrate 
body  comprising: 

providing  a  substrate  body; 
placing  a  powdered  parent  metal  and  a 

powdered  solid  oxidant  comprising  boron  car- 
bide,  or  boron  carbide  and  a  carbon  donor  mate- 
rial,  or  boron  carbide  and  a  boron  donor  material 
on  at  least  a  portion  of  at  least  one  surface  of  said 
substrate  body; 

heating  said  powdered  parent  metal,  said 
powdered  solid  oxidant  and  said  at  least  one  sur- 
face  of  said  substrate  body  to  cause  said  pow- 
dered  parent  metal  and  said  powdered  solid  oxi- 
dant  to  react;  and 

continuing  said  reaction  for  a  sufficient 
amount  of  time  to  produce  a  coating  on  said  at 
least  a  portion  of  at  least  one  surface  of  said  sub- 
strate  body. 

2.  The  method  of  claim  1,  wherein  said  substrate 
body  is  substantially  nonreactive  or  at  least  par- 
tially  reactive  with  one  or  more  of  said  powdered 
parent  metal  and  said  solid  oxidant. 

3.  The  method  of  claim  1  ,  wherein  said  reaction  oc- 
curs  in  a  substantially  inert  atmosphere. 

4.  The  method  of  claim  1,  wherein  said  powdered 
parent  metal  comprises  at  least  one  of  zirconium, 
titanium  and  hafnium. 

5.  The  method  of  claim  1  ,  wherein  at  least  one  filler 
material  is  also  placed  onto  said  at  least  one  sur- 
face  of  said  substrate  body. 

1.  Verfahren  zur  Ausbildung  eines  Uberzugs  auf  ei- 
nem  Substratkorper,  das  umfalit: 
Bereitstellen  eines  Substratkorpers; 

25  Anordnen  eines  pulverformigen  Grundmetalls 
sowie  eines  pulverformigen  festen  Oxidations- 
mittels,  das  Borcarbid  oder  Borcarbid  und  ein 
Kohlenstoffdonormaterial  oder  Borcarbid  und  ein 
Bordonormaterial  umfalit,  auf  wenigstens  einem 

30  Teil  von  wenigstens  einer  Oberflache  des  ge- 
nannten  Substratkorpers; 
Erhitzen  des  genannten  pulverformigen  Grund- 
metalls,  des  genannten  pulverformigen  festen 
Oxidationsmittels  und  der  genannten  wenigstens 

35  einen  Oberflache  des  genannten  Substratkor- 
pers,  urn  eine  Reaktion  des  genannten  pulverfor- 
migen  Grundmetalls  und  des  genannten  pulver- 
formigen  festen  Oxidationsmittels  zu  bewirken; 
und 

40  Fortsetzen  der  genannten  Reaktion  fur  einen 
ausreichenden  Zeitraum,  urn  einen  Uberzug  auf 
dem  wenigstens  einen  Teil  von  wenigstens  einer 
Oberflache  des  genannten  Substratkorpers  her- 
zustellen. 

45 
2.  Verfahren  nach  Anspruch  1  ,  bei  dem  dergenann- 

te  Substratkorper  gegenuber  einem  oder  mehre- 
ren  von  dem  genannten  pulverformigen  Grund- 
metall  und  dem  genannten  festen  Oxidationsmit- 

50  tel  im  wesentlichen  nicht  reaktiv  oder  wenigstens 
teilweise  reaktiv  ist. 

3.  Verfahren  nach  Anspruch  1  ,  bei  dem  die  genann- 
te  Reaktion  in  einer  im  wesentlichen  inerten  At- 

55  mosphare  erfolgt. 

4.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  genann- 
te  pulverformige  Grundmetall  wenigstens  eines 
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von  Zirkonium,  Titan  und  Hafnium  ist. 

5.  Verfahren  nach  Anspruch  1  ,  bei  dem  wenigstens 
ein  Fullstoffmaterial  ebenfalls  auf  der  genannten 
wenigstens  einen  Oberflache  des  genannten 
Substratkorpers  angeordnet  wird. 

6.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  genann- 
te  Uberzug  ein  Reaktionsproduktaus  wenigstens 
einer  Grundmetallborid-  und/oder  Grundmetall- 
carbidverbindung  umfalit. 

7.  Verfahren  nach  Anspruch  1,  bei  dem  die  Menge 
des  bereitgestellten  Grundmetalls  in  einem  sto- 
chiometrischen  Uberschuli  uber  diejenige  Men- 
ge  vorliegt,  die  erforderlich  ist,  urn  im  wesentli- 
chen  vollstandig  mit  dem  genannten  festen  Oxi- 
dationsmittel  zu  reagieren. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  das  genann- 
te  Grundmetall  restliches  Grundmetall  umfalit 
und  wenigstens  einen  Teil  des  genannten  Uber- 
zugs  umfalit. 

9.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  genann- 
te  Substratkorper  ein  kohlenstoffhaltiges  Materi- 
al  aus  wenigstens  einem  von  Kohlenstoff,  Gra- 
phit  und  einem  Kohlenstoff/Kohlenstoffverbund- 
korper  umfalit. 

Revendications 

1  .  Precede  pour  former  un  revetement  sur  un  corps 
servant  de  substrat,  comprenant  les  etapes 
consistant  : 

a  prendre  un  corps  destine  a  servir  de 
substrat  ; 

a  placer  un  metal-mere  pulverise  et  un 
oxydant  solide  pulverise  comprenant  le  carbure 
de  bore,  ou  le  carbure  de  bore  et  un  donneur  de 
carbone,  ou  bien  le  carbure  de  bore  et  un  donneur 
de  bore,  sur  au  moins  une  partie  d'au  moins  une 
surface  dudit  corps  servant  de  substrat  ; 

a  chauffer  ledit  metal-mere  pulverise,  ledit 
oxydant  solide  pulverise  et  ladite  surface  d'au 
moins  un  type  dudit  corps  servant  de  substrat 
pour  provoquer  la  reaction  dudit  metal-mere  pul- 
verise  et  dudit  oxydant  solide  pulverise  ;  et 

a  poursuivre  ladite  reaction  pendant  un 
temps  suff  isant  pour  produire  un  revetement  sur 
ladite  partie  d'au  moins  un  type  de  ladite  surface 
d'au  moins  un  type  dudit  corps  servant  de  subs- 
trat. 

2.  Precede  suivant  la  revendication  1  ,  dans  lequel  le 
corps  servant  de  substrat  est  pratiquement  non 
reactif  ou  au  moins  partiellement  reactif  avec  un 

ou  plusieurs  des  constituants  comprenant  le  me- 
tal-mere  pulverise  et  I'oxydant  solide. 

3.  Precede  suivant  la  revendication  1  ,  dans  lequel  la 
5  reaction  se  produit  dans  une  atmosphere  prati- 

quement  inerte. 

4.  Precede  suivant  la  revendication  1  ,  dans  lequel  le 
metal-mere  pulverise  comprend  au  moins  un  des 

10  metaux  consistant  en  zirconium,  titane  et 
hafnium. 

5.  Precede  suivant  la  revendication  1,  dans  lequel 
au  moins  une  charge  est  egalement  placee  sur  la 

15  surface  d'au  moins  un  type  du  corps  servant  de 
substrat. 

6.  Precede  suivant  la  revendication  1  ,  dans  lequel  le 
revetement  comprend  un  produit  de  reaction  d'au 

20  moins  un  borure  de  metal-mere  et/ou  carbure  de 
metal-mere. 

7.  Precede  suivant  la  revendication  1  ,  dans  lequel  la 
quantite  de  metal-mere  fournie  est  en  exces  stoe- 

25  chiometrique  de  celle  qui  est  requise  pour  la  reac- 
tion  pratiquement  totale  avec  I'oxydant  solide. 

8.  Precede  suivant  la  revendication  7,  dans  lequel  le 
metal-mere  constitue  le  metal-mere  residuel  et 

30  constitue  egalement  au  moins  une  partie  du  re- 
vetement. 

9.  Precede  suivant  la  revendication  1  ,  dans  lequel  le 
corps  servant  de  substrat  comprend  une  matiere 

35  carbonee  formee  d'au  moins  un  des  constituants 
du  groupe  comprenant  le  carbone,  le  graphite  et 
un  composite  carbone/carbone. 

40 
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