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Description 

The  present  invention  relates  to  metal-ceramics 
composite  articles,  particularly,  metal-ceramics 
composite  articles  wherein  a  metallic  member  and  a 
ceramic  member  are  joined  by  active  brazing  metals, 
and  metal-ceramics  composite  articles  with  a  metal- 
lic  body  wherein  a  metallic  member  and  a  ceramic 
member  are  joined  by  active  brazing  metals  and  the 
metallic  body  is  bonded  to  the  metallic  member. 

Heretofore,  as  one  method  of  joining  ceramic 
members  mutually  or  a  metallic  member  and  a  ce- 
ramic  member  to  each  other,  a  joining  method  using 
active  brazing  metals  has  been  known.  In  this  joining 
method,  superposed  foils  of  alloys  containing  an  ac- 
tive  metal  such  as  Ti  or  Zr,  or  a  foil  of  such  active  met- 
al  superposed  on  a  foil  of  metal  such  as  Ni,  are  sand- 
wiched  between  surfaces  of  ceramic  members  or 
surfaces  of  a  metallic  member  and  a  ceramic  member 
to  be  joined  ,  and  heated  to  effect  joining  of  the  mem- 
bers.  For  example,  US-A-2  857  663  and  JP-B- 
12  575/61  disclose  a  brazing  method  wherein  a  foil 
of  Ti  group  metal  and  a  foil  of  Cu  or  Ni  are  sandwiched 
and  heated  between  surfaces  of  a  metallic  member 
and  a  ceramic  member  or  surfaces  of  ceramic  mem- 
bers  to  be  joined.  However,  this  method  has  a  draw- 
back  of  low  joint  strength. 

US-A-4  471  026  discloses  ternary  alloy  solders 
consisting  of  Cu,  Ti  and  a  metal  selected  from  Ag, 
Au,  Sn  or  In  for  brazing  ceramic  members  mutually, 
which  discloses  also  methods  of  producing  the  braz- 
ing  metals  by  preliminarily  melting  three  metals  to 
form  an  alloy  thereof,  knitting  three  metal  wires  to 
form  a  strand,  superposing  three  metal  sheets,  or 
mixing  three  metal  powders.  However,  these  meth- 
ods  also  have  the  drawback  of  low  joint  strength. 

JP-A-81  071/85  discloses  a  metal  sheet  for  join- 
ing  ceramic  members,  wherein  the  layer  of  brazing 
metals  is  coated  with  a  layer  of  active  metal. 
However,  this  sheet  has  a  shortcoming  that  the 
thickness  of  the  active  metal  layer  is  too  large  rela- 
tive  to  the  thickness  of  the  brazing  metals  layer,  so 
that  a  joint  of  satisfactory  strength  can  not  be  ob- 
tained. 

An  object  of  the  present  invention  is  to  provide 
metal-ceramics  composite  articles  which  are  easy  to 
produce  and  have  high  joint  strength. 

Another  object  of  the  present  invention  is  to  pro- 
vide  metal-ceramics  composite  articles  with  a  fur- 
ther  metallic  body  in  which  the  metal  of  the  above 
metal-ceramics  composite  article  is  joined  to  the  fur- 
ther  metallic  body. 

The  present  invention  provides  a  metal-ceramics 
composite  article  comprising  a  ceramic  member,  a 
metal  member  and  a  joining  layer  containing  5-50 
wt%  of  Ni,  30-70  wt%  of  Ag,  1  5-40  wt%  of  Cu  and 
1  -1  0  wt%  of  Ti,  the  ceramic  member  and  the  metallic 
member  being  integrally  joined  by  the  joining  layer. 

The  present  invention  also  provides  a  metal-ce- 
ramics  composite  article  and  a  metallic  body  joined 
thereto,  comprising,  a  ceramic  member,  a  metallic 
member,  a  metallic  body,  and  a  joining  layer  contain- 
ing  5-50  wt%  of  Ni,  30-70  wt%  of  Ag,  1  5-40  wt% 
of  Cu  and  1-10  wt%  of  Ti,  the  ceramic  member  and 
the  metallic  member  being  integrally  joined  by  the 

joining  layer,  and  the  metallic  body  being  bonded  to 
the  metallic  member  by  a  bonding  agent,  e.g.  a  braz- 
ing  metal. 

According  to  the  present  invention,  the  metallic 
5  member  and  the  ceramic  member  are  integrally 

joined  through  the  specific  joining  layer,  so  that  com- 
posite  articles  of  superior  mechanical  strength  of 
joint  can  be  provided,  without  special  treatment 
such  as  metallizing  etc.  of  the  surface  of  the  ceramic 

w  member  to  be  joined. 
Among  the  metal  elements  constituting  the  joining 

layer,  copper  or  silver  gives  fluidity  to  molten  alloy 
composed  of  the  metal  elements  constituting  te  join- 
ing  layer,  as  well  as  tenacity  and  strength  to  the  join- 

ts  ing  layer  after  solidification.  Nickel  is  for  improving 
heat  resistivity  of  the  joining  layer.  Titanium  is  for 
chemically  combining  the  ceramic  member  and  the 
joining  layer,  and  for  improving  heat  resistivity  and 
mechanical  strength  of  the  joining  layer. 

20  Regarding  the  metal  elements  constituting  the 
joining  layer,  the  content  of  copper  is  15-40  wt%, 
and  preferably  20-30  wt%.  If  the  copper  content  is 
less  than  1  5  wt%  or  above  40  wt%,  the  fluidity  of 
the  molten  alloy  composed  of  the  metal  elements 

25  constituting  the  joining  layer  is  decreased,  the 
molten  alloy  does  not  easily  flow  into  the  interstices 
formed  between  the  ceramic  member  and  the  metal- 
lic  member,  and  mechanical  strength  of  the  joining 
layer  is  decreased. 

30  The  content  of  silver  is  30-70  wt%,  and  preferably 
44-59  wt%.  If  the  silver  content  is  less  than  30wt% 
or  above  70  wt%,  the  fluidity  of  the  molten  alloy  is 
decreased,  and  mechanical  strength  of  the  joining 
layer  is  decreased. 

35  The  content  of  nickel  is  5-50  wt%,  and  preferably 
10-30  wt%.  If  the  nickel  content  is  less  than  5  wt%, 
no  remarkable  improvement  of  heat  resistivity  of  the 
joining  layer  can  be  seen.  If  the  nickel  content  is 
above  50  wt%,  the  fluidity  of  the  molten  alloy  is  de- 

40  creased  extremely. 
The  content  of  titanium  is  1-10  wt%,  preferably 

2.5-7.5  wt%.  If  the  titanium  content  is  less  than  1 
wt%  or  above  10  wt%,  the  strength  of  the  jointing 
layer  is  decreased  extremely. 

45  The  composite  article  of  the  present  invention  is 
produced  for  example  by  infiltrating  the  molten  met- 
als  of  the  specific  composition  between  the  surfaces 
of  the  ceramic  member  and  the  metallic  member  to 
cause  reactions  between  the  molten  metals  and  the 

so  ceramic  member  and  between  the  molten  metals  and 
the  metallic  member,  and  thereafter  solidifying  the 
molten  alloy.  In  this  case,  the  composition  of  the 
molten  metals  before  infiltration  may  be  the  same  or 
different  from  the  composition  of  the  joining  layer.  In 

S5  either  case,  it  is  only  necessary  that  the  molten  met- 
als  complete  reactions  with  the  ceramic  member  or 
the  metallic  member  and  achieve,  after  becoming  so- 
lidified,  the  composition  of  the  joining  layer  of  the 
present  invention.  Alternatively,  the  molten  metals 

so  after  becoming  solidified  may  be  subjected  to  anap- 
propriate  diffusion  heat  treatment  to  obtain  the  com- 
position  of  the  joining  layer  of  the  present  in  vention  . 

For  ascertaining  whether  the  composition  of  the 
joining  layer  falls  within  the  range  of  the  present 

65  invention  or  not,  electron  probe  micro  analysis 



EPO  211  557  B1 

(EPMA,  XMA),  energy  dispersive  X-ray  spectrosco- 
py  (EDX)  or  other  analytical  methods  can  be  effected 
easily. 

Another  method  of  obtaining  the  composite  article 
of  the  present  invention  is,  for  example,  a  method 
wherein  metals  of  a  specific  composition  are  dis- 
posed,  melted  and  solidified  between  the  surfaces  of 
the  metallic  member  and  the  ceramic  member  there- 
by  to  react  the  molten  metals  with  the  ceramic  mem- 
ber  and  the  metallic  member.  In  this  case,  too,  the 
composition  of  the  metals  disposed  between  the  sur- 
faces  of  the  metallic  member  and  the  ceramic  mem- 
ber  may  be  the  same  or  different  from  the  composi- 
tion  of  the  joining  layer.  In  either  case,  it  is  only 
necessary  that  the  molten  metals  complete  reactions 
with  the  ceramic  member  orthe  metallic  member  and 
achieve,  after  becoming  solidified,  the  composition 
of  the  jointing  layer  of  the  present  invention. 

When  using  the  reactions  of  the  molten  metals 
with  the  ceramic  member  or  the  metallic  member  to 
produce  the  joining  layer  of  the  composition  of  the 
present  invention,  necessary  metal  element  or  el- 
ments  may  preferably  be  applied  in  advance  on  the 
surface  of  the  metallic  or  ceramic  member  by  vapor 
deposition  or  plating,  etc. 

If  diffusion  heat  treatment  is  used  to  change  the 
composition  of  the  joining  layerto  the  composition  of 
the  joining  layer  of  the  present  invention,  the  metallic 
member  may  be  made  of  an  alloy  comprising  the  met- 
al  element  to  be  diffused  into  the  joining  layer. 

The  raw  materials  of  the  metallic  member  and  the 
ceramic  member  constituting  the  article  of  the 
present  invention  may  be  selected  depending  on  the 
purposes  of  use  of  the  article.  Fundamentally,  they 
are  preferably  selected  in  such  combinations  that  the 
difference  between  their  thermal  expansion  coeffi- 
cients  is  as  small  as  possible. 

Illustrative  examples  of  such  combinations  are  as 
follows.  For  instance,  if  a  ceramic  member  made  of 
at  least  one  of  silicon  nitride,  silicon  carbide  and 
sialon  is  to  be  joined  with  a  metallic  member,  the  me- 
tallic  member  is  preferably  constituted  from  at  least 
one  metal  selected  from  Fe-Ni  alloys,  Fe-Ni-Co  al- 
loys,  Ta,  Ta  alloys,  W,  W  alloys,  Mo,  Mo  alloys,  Nb 
and  Nb  alloys. 

If  a  ceramic  member  made  of  at  least  one  ceramic 
material  selected  from  zirconia,  alumina,  mullite,  alu- 
minum  titanate  and  cordierite  is  to  be  joined  with  a 
metallic  member,  the  metallic  member  is  preferably 
at  least  one  metal  selected  from  Fe-Ni  alloys,  Fe- 
Ni-Co  alloys,  Ta,  Ta  alloys,  W,  W  alloys,  Mo,  Mo  al- 
loys,  Nb,  Nb  alloys,  Ti  Ti  alloys  and  ferritic  stainless 
steels. 

In  the  above  mentioned  metal  materials,  there  are 
included  Fe-Ni  alloys  such  as  42  alloy  and  52  alloy 
composed  of  Fe  and  Ni,  and  low  expansion  alloys 
such  as  Invar  containing  a  small  amount  of  other  el- 
ements.  Similarly,  in  the  Fe-Ni-Co  alloys,  there  are  in- 
cluded  Kovar  and  Super  Invar  composed  of  Fe,  Ni  and 
Co,  and  low  expansion  alloys  such  as  Incoioy  903 
containing  a  small  amount  of  other  elements. 

In  a  combination  of  a  metallic  member  and  the  ce- 
ramic  member  wherein  the  difference  of  their  ther- 
mal  expansion  coefficients  is  large,  the  above  men- 
tioned  metal  materials  of  low  expansion  property 

may  be  disposed  between  the  two  members  as  a 
stress  buffer. 

The  metal-ceramics  composite  article  of  the 
present  invention  can  be  integrally  secured  to 
another  metallic  body  by  using  a  part  of  the  metallic 
member.  In  this  case,  the  securing  of  the  metallic 
member  and  the  metallic  body  can  be  effected  by 
e.g.  any  of  brazing,  diffusion  bonding,  welding,  bolt- 
ing,  interference  fitting  and  insert  casting.  In  this 
case,  thermal  stress  generated  between  the  ceramic 
member  and  the  metallic  body  due  to  a  difference  of 
their  thermal  expansion  coefficients  is  absorbed  or 
buffered  by  the  metallic  member  intervening  there- 
between. 

The  thickness  of  the  metallic  member  for  function- 
ing  as  such  a  stress  buffer  depends  on  the  shapes  of 
the  metallic  body  and  the  ceramic  member,  the  ex- 
tent  of  the  difference  of  their  thermal  expansion 
coefficients  and  the  surface  area  to  be  bonded,  and 
a  minimum  thickness  is  necessary  for  functioning 
practically  as  a  stress  buffer. 

Brazing  of  the  metallic  member  and  the  metallic 
body  may  be  effected  separately  or  simultaneously 
with  the  joining  of  the  ceramic  member  and  the  me- 
tallic  member. 

Other  options  and  advantages  of  the  present  in- 
vention  will  be  apparent  from  the  ensuing  description 
and  claims. 

Non-limitative  examples  of  the  present  invention, 
are  described  below  with  reference  to  the  accom- 
panying  drawings,  in  which: 

Fig.  1  is  a  schematic  view  of  a  cross  section  of  a 
metal-ceramics  composite  article  of  the  present  in- 
vention  in  exploded  fashion  illustrating  a  method  of 
joining  a  metallic  member  and  a  ceramic  member; 

Fig.  2  is  a  cross  section  of  a  turbocharger  rotor 
which  is  an  embodiment  of  the  metal-ceramics  com- 
posite  article  of  the  present  invention  wherein  a 
metallic  member  and  a  ceramic  member  are  joined  in- 
tegrally  via  the  jointing  layer; 

Fig.  3  is  a  cross  section  of  a  piston  of  an  internal 
combustion  engine,  which  is  an  embodiment  of  the 
metal-ceramics  composite  article  and  a  further  me- 
tallic  body  of  the  present  invention  wherein  the  met- 
al-ceramics  article  is  joined  integrally  with  the  metal- 
lic  body  by  using  the  metallic  member  thereof; 

Fig.  4  is  a  schematic  cross  section  illustrating  the 
structure  of  a  test  piece  for  measuring  joint  strength 
of  the  metal-ceramics  article  of  the  present  inven- 
tion;  and 

Fig.  5  is  a  schematic  cross  section  illustrating  the 
structure  of  a  test  piece  for  measuring  joint  strength 
of  the  metal-ceramics  article  with  a  jointed  metallic 
body. 

Throughout  the  different  view  of  the  drawings,  the 
reference  numerals  used  indicate  the  followings: 

1  ...  Ag-Cu  alloy  plate,  2  ...  titanium  layer,  4  ...  ce- 
ramic  member,  5...nickel  plating,  6...metallicmem- 
ber,  8  ...  metallic  body,  10  ...  active  brazing  metals, 
1  1  ...  ceramic  disc,  1  2  ...  metallic  member  A,  1  3  ... 
metallic  body  B,  22  ...  journal  shaft,  23  ...  recess, 
24  ...  ceramic  shaft,  25  ...  turbine  blades  wheel. 

Example  1 
Referring  to  Fig.  1  which  shows  an  illustrative 
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method  of  producing  the  metal-ceramics  composite 
article  of  the  present  invention,  a  ceramic  member  4, 
a  metallic  member  6  to  be  joined  therewith,  and  an 
active  brazing  metal  10,  are  first  prepared.  The  ac- 
tive  brazing  metal  1  0  is  preferably  composed  of  an  5 
Ag-Cu  alloy  1  and  a  thin  metal  titanium  layer  2  ap- 
plied  on  the  surface  of  the  Ag-Cu  alloy  1  ,  because  it 
is  easy  to  produce  and  control  its  composition. 

Both  the  ceramic  member  4  and  the  metallic  mem- 
ber  6  are  purified  at  their  surfaces  scheduled  for  join-  10 
ing.  The  purified  surface  of  the  metallic  member  6 
has  applied  to  it  a  nickel  plating  5.  The  active  brazing 
metal  10  is  disposed  between  the  scheduled  sur- 
faces  for  joining  of  the  ceramic  member  4  and  the 
metallic  member  6,  and  the  two  members  4  and  6  are  is 
aligned  in  the  joining  position  and  fixed  by  an  ap- 
propriate  fixing  means.  Thereafter,  they  are  heated 
in  a  furnace  in  vacuo  at  a  temperature  of  at  least  the 
melting  point  of  the  Ag-Cu  alloy  1  and  below  the 
melting  points  of  the  ceramic  member  4  and  the  me-  20 
tallic  member  6,  to  melt  the  active  brazing  metal  1  0. 

The  temperature  is  held  for  an  appropriate  time  to 
react  the  molten  active  brazing  metals  1  0  with  the 
ceramic  member  4  and  the  nickel  plating  layer  5  on 
the  metallic  member  6.  Then,  the  furnace  tempera-  2s 
ture  is  lowered  to  solidify  the  brazing  metals  thereby 
to  complete  the  joining.  The  temperature  holding 
time  is  determined  by  the  time  necessary  for  alloying 
the  nickel  plating  layer  5,  the  Ag-Cu  alloy  1  and  the 
metal  titanium  layer  2  constituting  the  brazing  met-  30 
als  1  0,  and  for  the  reactions  of  the  brazing  metals  1  0 
with  the  ceramic  member  4  and  the  metallic  member 
6. 

Example  2  35 
Referring  to  Fig.  2,  the  turbocharger  rotor  is  pro- 

duced  by  joining  an  outer  surface  of  a  ceramic  shaft 
24  arranged  at  a  central  portion  of  a  ceramic  turbine 
blades  wheel  25  and  an  inner  surface  of  a  recess  23 
arranged  in  a  metallic  journal  shaft  22  with  the  aid  of  40 
the  joining  layer  of  the  present  invention. 

The  joining  is  effected,  for  example,  as  follows. 
First,  the  ceramic  turbine  blades  wheel  25  having  the 
ceramic  shaft  24  is  prepared.  Next,  the  metallic  jour- 
nal  shaft  22  having  the  recess  23  at  one  end  is  pre-  45 
pared,  and  nickel  plating  is  effected  on  the  inner  sur- 
face  of  the  recess  23.  Thereafter,  the  active  brazing 
metal  consisting  of  Ag-Cu  alloy  coated  with  titanium 
is  positioned  in  the  bottom  of  the  recess  23,  and  the 
ceramic  shaft  24  of  the  turbine  blades  wheel  2  5  is  in-  50 
serted  in  the  recess  23  of  the  ceramic  shaft  24.  This 
assembly  is  put  into  a  furnace,  and  heated  in  vacuo 
to  melt  the  active  brazing  metals  and  to  cause  the 
molten  active  brazing  metals  to  penetrate  to  the  mat- 
ing  surface  between  the  circumferential  outer  sur-  55 
face  of  ceramic  shaft  24  and  the  inner  surface  of 
recess  23  by  capillary  action,  thereby  to  react  the 

molten  metals  with  the  nickel  plating  and  the  ceram- 
ics  of  the  ceramic  shaft  24  to  obtain  the  joining  layer 
of  the  composition  of  the  present  invention.  The  as- 
sembly  is  then  cooled  to  integrally  join  the  ceramic 
shaft  24  and  the  metallic  journal  shaft  22. 

Example  3 
Referring  to  Fig.  3,  this  is  an  embodiment  of  the 

present  invention,  wherein  the  metal-ceramics  com- 
posite  article  is  joined  integrally  with  a  metallic  body 
by  the  metallic  member  thereof. 

The  piston  can  be  produced  as  follows.  First,  a 
disc-shaped  ceramic  member  4  and  a  disc-shaped 
metallic  member  6  are  prepared  and  used  to  produce 
a  disc-shaped  metal-ceramics  article  wherein  the 
ceramic  member  4  is  integrally  jointed  with  the 
metallic  member  6  by  a  joining  layer  of  the  composi- 
tion  of  the  present  invention.  Then,  the  disc-shaped 
metallic  member  6  of  the  metal-ceramics  article  is  in- 
tegrally  jointed  with  the  piston  8  by  means  of  a  com- 
mercial  brazing  metal.  In  this  case,  the  surfaces  of 
the  metallic  member  6  and  the  metallic  body  or  piston 
8  may  be  preliminarily  provided  with  a  metal  plating, 
in  order  to  improve  their  wettability  to  the  molten 
brazing  metal. 

Example  4 
A  brazing  metal  produced  by  applying  titanium  on 

a  surface  of  a  silver-copper  alloy  by  a  sputtering 
process  is  used  to  join  surfaces  of  ceramic  discs  of  a 
diameter  of  1  1  mm  and  a  height  of  10  mm  made  of 
various  ceramics  described  in  the  following  Table  1 
to  rods  1  2  of  various  metals  also  decribed  in  the  fol- 
lowing  Table  1  at  various  temperatures  of  830  to 
900°C,  to  produce  metal-ceramics  composite  arti- 
cles  of  a  total  length  of  100  mm  and  a  shape  as 
shown  in  the  attached  Fig.  4,  wherein  the  ceramic 
disc  1  1  is  shown  joined  at  both  its  surfaces  with  the 
metal  rods  1  2  which  correspond  to  a  metallic  mem- 
ber  A.  The  outer  periphery  of  the  joined  articles  is 
finished  to  a  diameter  of  1  0  mm  by  machining.  Then, 
the  joined  articles  are  measured  for  their  joint 
strength  by  a  tensile  test  machine.  The  results  are 
shown  also  in  the  following  Table  1  .  Breakage  or 
fracture  of  test  pieces  or  specimens  in  the  tensile 
strength  tests  occur  on  either  one  of  the  two  joints 
in  the  joined  articles.  Therefore,  respective  test 
pieces  after  subjected  to  the  tensile  test  are  severed 
in  longitudinal  direction,  and  non-broken  or  non-frac- 
tured  joints  are  analyzed  as  to  their  compositions  by 
means  of  the  aforedescribed  EDX  method.  The 
results  are  shown  in  the  following  Table  1  . 

For  comparison,  test  pieces  beyond  the  numerical 
ranges  of  the  present  invention  were  produced  and 
tested.  They  are  also  described  in  Table  1  as  refer- 
ence  specimen  Nos.  21-23. 
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TABLE  1 

Specimen  No.  Composition  of  the  joining  layer  Combination  of  joined  Joint  strength 
(wt%)  articles  (kg/mm2) 

Ni  AG  Cu  Ti  Ceramics  Metal 

1  7  60  30  3  silicon  nitride  Kovar  18 
2  12  58  25  5  silicon  nitride  Kovar  19 
3  25  45  25  5  silicon  nitride  Kovar  19 
4  7  60  25  8  silicon  nitride  Kovar  20 
5  12  58  25  5  silicon  nitride  Mo  23 
6  12  58  25  5  alumina  Kovar  16 

21  0  72.5  27  0.5  silicon  nitride  Kovar  4 
22  4  72  23.5  0.5  silicon  nitride  Kovar  5 
23  4  71  14  11  silicon  nitride  Kovar  3 

As  can  be  seen  from  the  results  of  the  specimen 
Nos.  1  -6,  the  joined  articles  of  the  present  invention 
exhibit  high  joint  strengths,  while  the  specimen  Nos. 
21-23  joined  by  layers  of  compositions  which  are  be- 
yond  the  ranges  of  the  present  invention  exhibit  low 
joint  strengths. 

Example  5 
Ceramic  discs  1  1  of  a  diameter  of  1  1  mm  and  a 

height  of  10  mm  made  of  the  ceramics  described  in 
the  following  Table  2  are  produced,  and  metal  discs 
1  2  corresponding  to  the  metallic  member  A  to  be 
joined  are  produced  which  are  made  of  the  materials 
as  described  in  Table  2  and  of  a  diameter  of  1  1  mm 
and  thicknesses  as  described  in  Table  2.  Nickel  plat- 
ing  is  applied  on  both  surfaces  of  the  metal  discs  1  2 
with  a  thickness  of  10  nm.  Meanwhile,  active  braz- 
ing  metal  is  produced  by  applying  titanium  of  a  thick- 
ness  of  2  |im  on  a  surface  of  an  alloy  plate  of  a  thick- 
ness  of  0.  1  mm  consisting  of  72  wt%  of  Ag  and  28 
wt%  of  Cu  by  means  of  sputtering. 

The  brazing  metal  is  disposed  between  a  surface  of 
the  ceramic  disc  1  1  and  a  surface  of  the  metal  disc 
1  2,  and  heated  to  850°C  for  a  desired  time  to  melt 
the  brazing  metal  thereby  to  react  the  molten  brazing 
metals  with  the  nickel  plating  and  the  ceramic  disc 
1  1  .  This  procedure  forms  a  joining  layer  which  has 

the  same  composition  as  the  composition  of  the 
specimen  No.  2  of  the  above  Table  1  ,  which  joined 
the  ceramic  disc  1  1  and  the  metal  disc  1  2.  At  the 
same  time,  on  the  remaining  surface  of  the  metal  disc 
1  1  ,  a  metal  rod  1  3  corresponding  to  a  metallic  body 
B  of  a  diameter  of  1  1  mm  and  made  of  spherical 
graphite  cast  iron  (to  be  referred  to  as  «FCD»  herein- 
after)  as  described  in  the  following  Table  2  is  joined 
by  means  of  a  commercial  silver  solder  to  obtain  a 
metal-ceramics  composite  article  of  a  total  length  of 
about  1  00  mm  wherein  the  ceramic  disc  1  1  ,  the  me- 
tal  disc  1  2  and  the  metal  rod  1  3  are  integrally  joined 
in  a  shape  as  shown  in  the  attached  Fig.  5.  The  outer 
periphery  of  the  metal-ceramics  articles  is  finished  to 
a  diameter  of  10  mm  by  machining,  and  the  joint 
strength  measured  by  a  tensile  test  machine.  The 
results  are  shown  in  the  following  Table  2. 

For  comparison,  a  metal-ceramics  composite  arti- 
cle  wherein  the  combination  of  the  ceramic  member 
and  the  metallic  member  is  outside  the  present  inven- 
tion  is  produced  as  reference  specimen  No.  24,  and 
metal-ceramics  composite  articles  wherein  the  me- 
tal  disc  1  2  corresponding  to  the  metallic  member  A 
is  too  thin  to  function  as  a  stress  buffer  are  also  pro- 
duced  as  reference  specimen  Nos.  25  and  26,  and 
their  joint  strengths  measured.  The  results  are 
shown  also  in  Table  2. 

25 

30 

35 

40 

45 
TABLE  2 

Specimen  No.  Ceramics  Joined  metallic  member  A  Joined  metallic  Joint  strength 
body  B  (kg/mm2) 

Name  Thickness  (mm) 

7  silicon  nitride  Kovar  3  FCD  7 
8  silicon  nitride  Kovar  5  FCD  14 
9  silicon  nitride  Kovar  10  FCD  18 

10  silicon  nitride  Kovar  30  FCD  18 
1  1  silicon  nitride  Mo  3  FCD  20 
12  silicon  nitride  Kovar  3  FCD  10 
13  alumina  Fe-42Ni  3  FCD  10 
14  alumina  Mo  3  FCD  12 
15  alumina  Ti  3  FCD  10 
24  silicon  nitride  Ti  5  FCD  -* 
25  silicon  nitride  Kovar  2  FCD  2 
26  alumina  Kovar  2  FCD  3 

Note:  *  means  an  occurence  of  crack  in  silicon  nitride 
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As  can  be  seen  from  the  results  of  the  specimen 
Nos.  7-1  5  of  the  embodiments  of  the  present  inven- 
tion,  the  metal-ceramics  composite  articles  wherein 
the  ceramic  disc  1  1  is  joined  with  the  metal  disc  1  2 
via  the  joining  layer  of  the  composition  of  the  present  s 
invention  and  the  metal  disc  1  2  is  joined  with  the 
metallic  body  1  3  by  a  commercial  silver  solder  ex- 
hibit  large  joint  strength.  The  metal-ceramics  article 
of  reference  specimen  No.  24  which  has  a  ceramic 
member  and  metallic  member  combination  outside  w 
the  present  invention  fractured  at  the  ceramic  mem- 
ber,  when  cooling  down  from  the  temperature  used 
for  the  joining  of  the  metallic  member  and  the  ceram- 
ic  member.  The  metal-ceramics  articles  of  reference 
specimen  Nos.  25  and  26  wherein  the  joined  metallic  is 
member  A  is  too  thin  to  function  as  a  stress  buffer  ex- 
hibit  merely  low  joint  strengths. 

Example  6 
A  silicon  nitride  disc  4  of  a  diameter  of  70  mm  and  20 

a  thickness  of  1  0  mm,  a  Kovar  alloy  disc  6  of  a  diam- 
eter  of  70  mm  and  a  thickness  of  5  mm,  and  a  metal- 
lic  body  8  made  of  FCD,  are  prepared.  Both  surfaces 
of  the  Kovar  disc  6  and  the  upper  end  surface  of  the 
metallic  body  8  are  given  a  Ni  plating  of  a  thickness  25 
of  about  10  urn.  Thereafter,  the  metallic  body  8,  a 
commercial  silver  solder  of  JIS  BAg8,  a  metallic  disc 
6,  the  active  brazing  metal,  and  the  ceramic  disc  4, 
are  superposed  in  this  order  from  the  bottom,  and 
heated  in  a  furnace  in  vacuo  to  join  together  to  30 
produce  a  piston  of  a  shape  as  shown  in  the  attached 
Fig.  3.  The  piston  showed  no  cracks  on  the  ceramic 
disc  4,  even  when  cooled  from  the  temperature  used 
for  joining.  The  piston  showed  no  extraordinary  trou- 
ble,  even  when  used  in  a  continuous  operation  of  35 
1  00  hours  in  a  cylinder  of  a  diameter  of  70  mm  of  a 
Diesel  engine  at  a  stroke  length  of  75  mm  and  a  revo- 
lution  rate  of  2,200  rpm. 

As  is  apparent  from  the  foregoing  description,  the 
metal-ceramics  composite  articles  of  the  present  in-  40 
vention  have  many  advantages  such  as  easy  produc- 
tion,  excellent  joint  strength  as  compared  with  con- 
ventional  metal-ceramics  composite  articles,  and 
capability  of  affording  metal-ceramics  articles 
wherein  the  metallic  member  can  be  used  to  easily  45 
join  the  ceramic  member  and  a  metallic  body  which 
has  a  substantially  different  thermal  expansion 
coefficient  from  that  of  the  ceramic  member. 

Therefore,  the  metal-ceramics  composite  articles 
and  the  metal-ceramics  composite  articles  with  a  fur-  so 
ther  metallic  body  can  utilize  advantageously  the 
heat  resistivity,  heat  insulation,  anticorrosion,  wear 
resistant  and  other  properties  of  ceramics,  so  that 
they  are  remarkably  useful  as  parts  of  internal  com- 
bustion  engines  such  as  pistons,  tappets,  intake  and  ss 
exhaust  valves,  turbochargers,  locker  arms,  cams 
and  other  parts  which  repeatedly  receive  high  tem- 
peratures,  loads  and  impact  loads.  Besides,  they  are 
eminently  useful  industrially  as  parts  of  jet  engines, 
parts  of  gas  turbines,  and  parts  of  chemical  engineer-  eo 
ing  devices. 

Claims 

1  .  A  metal-ceramics  composite  article  compris-  es 

ing  a  ceramic  member,  a  metallic  member  and  a  join- 
ing  layer  containing  5-50  wt%  of  nickel,  30-70  wt% 
of  silver,  15-40  wt%  of  copper  and  1-10  wt%  of 
titanium,  the  ceramic  member  and  the  metallic  mem- 
ber  being  integrally  joined  by  the  joining  layer. 

2.  A  metal-ceramics  composite  article  and  a  me- 
tallic  body  secured  thereto,  comprising  a  ceramic 
member,  a  metallic  member,  a  metallic  body  and  a 
joining  layer  containing  5-50  wt%  of  nickel,  30-70 
wt%  of  silver,  1  5-40  wt%  of  copper  and  1-10  wt% 
of  titanium,  the  ceramic  member  and  the  metallic 
body  being  integrally  joined  by  the  joining  layer,  and 
the  metallic  body  being  secured  to  the  metallic  mem- 
ber. 

3.  A  metal-ceramics  composite  article  as  defined 
in  claim  1  or  2,  wherein  the  ceramic  member  is  at 
least  one  ceramics  selected  from  silicon  nitride,  sili- 
con  carbide  and  sialon,  and  the  metallic  member  is  at 
least  one  metal  selected  from  Fe-Ni  alloys,  Fe-Ni-Co 
alloys,  Ta,  Ta  alloys,  W,  W  alloys.  Mo,  Mo  alloys,  Nb, 
Nb  alloys. 

4.  A  metal-ceramics  composite  article  as  defined 
in  claim  1  or  2,  wherein  the  ceramic  member  is  at 
least  one  ceramics  selected  from  zirconia,  alumina, 
mullite,  aluminum  titanate  and  cordierite,  and  the 
metallic  member  is  at  least  one  metal  selected  from 
Fe-Ni  alloys,  Fe-Ni-Co  alloys,  Ta,  Ta  alloys,  W,  W  al- 
loys,  Mo,  Mo  alloys,  Ti,  Ti  alloys,  Nb,  Nb  alloys  and 
ferritic  stainless  steels. 

Patentanspriiche 

1.  Metall-Keramik-Verbundkorper,  der  umfalit 
ein  keramisches  Element,  ein  metallisches  Element 
und  eine  Verbindungsschicht,  die  5  bis  50  Gew.-% 
Nickel,  30  bis  70  Gew.-%  Silber,  1  5  bis  40  Gew.-% 
kupferund  1  bis  1  0Gew.-%  Titan  enthalt,  wobei  das 
keramische  Element  und  das  metallische  Element 
durch  die  Verbindungsschicht  integral  miteinander 
verbunden  sind. 

2.  Metall-Keramik-Verbundkorper  und  daran  be- 
festigter  Metallkorper,  der  umfalJt  ein  keramisches 
Element,  ein  metallisches  Element,  einen  Metallkbr- 
per  und  eine  Verbindungsschicht,  die  5  bis  50 
Gew.-%  Nickel,  30  bis  70  Gew.-%  Silber,  1  5  bis  40 
Gew.-%  Kupfer  und  1  bis  10  Gew.-%  Titan  enthalt, 
wobei  das  keramische  Element  und  das  metallische 
Element  durch  die  Verbindungsschicht  integral  mit- 
einander  verbunden  sind  und  der  Metallkorper  an 
dem  metallischen  Element  befestigt  ist. 

3.  Metall-Keramik-Verbundkorper  nach  An- 
spruch  1  oder  2,  worin  das  keramische  Element  min- 
destens  ein  Keramikmaterial  ist,  das  ausgewahlt 
wird  aus  Siliciumnitrid,  Siliciumcarbid  und  Sialon, 
und  dalS  das  metallische  Element  mindestens  ein  Me- 
tall  ist,  das  ausgewahlt  wird  aus  Fe-Ni-Legierungen, 
Fe-Ni-Co-Legierungen,  Ta,  Ta-Legierungen,  W,  W- 
Legierungen,  Mo,  Mo-Legierungen,  Nb  und  Nb-Le- 
gierungen. 

4.  Metall-Keramik-Verbundkorper  nach  An- 
spruch  1  oder  2,  worin  das  keramische  Element  min- 
destens  ein  Keramikmaterial  ist,  das  ausgewahlt 
wird  aus  Zirkoniumdioxid,  Aluminiumoxid,  Mullit, 
Aluminiumtitanat  und  Codierit,  und  das  metallische 



11 EPO  211  557  B1 12 

Element  mindestens  ein  Metall  ist,  das  ausgewahlt 
wird  aus  Fe-Ni-Legierungen,  Fe-Ni-Co-Legierungen, 
Ta,  Ta-Legierungen,  W,  W-Legierungen,  Mo,  Mo-Le- 
gierungen,  Ti,  Ti-Legierungen,  Nb,  Nb-Legierungen 
und  ferritischen  rostfreien  Sta'hlen. 

en  poids  de  cuivre  et  1-10%  en  poids  de  titane,  I'ele- 
ment  ceramique  et  I'element  metallique  etant  inte- 
gralement  joints  par  la  couche  de  liaison,  et  le  corps 
metallique  etant  fix§  a  I'element  metallique. 

3.  Article  composite  metal-ceramique  selon  la 
revendication  1  ou  2,  ou  I'el6ment  ceramique  est  au 
moins  une  ceramique  choisie  parmi  le  nitrure  de  sili- 
cium,  le  carbure  de  silicium  et  ie  sialon  et  I'element 
metallique  est  au  moins  un  metal  choisi  parmi  des 
alliages  Fe-Ni,  des  alliages  Fe-Ni-Co,  Ta,  des  alliages 
de  Ta,  W,  des  alliages  de  W,  Mo,  des  alliages  de  Mo, 
Nb  et  des  alliages  de  Nb. 

4.  Article  composite  metal-ceramique  selon  la 
revendication  1  ou  2,  ou  I'element  ceramique  est  au 
moins  une  ceramique  choisie  parmi  la  zircone,  I'alu- 
mine,  la  mullite,  le  titanate  d'alumunium  et  la  cordie- 
rit  et  I'element  metallique  est  au  moins  un  metal 
choisi  parmi  des  alliages  Fe-Ni,  des  alliages  Fe-Ni-Co, 
Ta,  des  alliages  de  Ta,  W,  des  alliages  de  W,  Mo,  des 
alliages  de  Mo,  Ti,  des  alliages  de  Ti,  Nb,  des  ailiages 
de  Nb  et  des  aciers  inoxydables  ferritiques. 

Revendications 

1  .  Article  composite  metal-ceramique  compre-  io 
nant  un  element  ceramique,  un  element  metallique  et 
une  couche  de  liaison  contenant  5-50  %  en  poids  de 
nickel,  30-70  %  en  poids  d'argent,  1  5-40  %  en  poids 
de  cuivre  et  1-10  %  en  poids  de  titane,  I'element 
ceramique  et  I'element  metallique  etant  integrale-  is 
ment  joints  par  la  couche  de  liaison. 

2.  Article  composite  metal-ceramique  et  un  corps 
metallique  qui  lui  est  fixe,  comprenant  un  element 
ceramique,  un  element  metallique,  un  corps  metalli- 
que  et  une  couche  de  liaison  contenant  5-50%  en  20 
poids  de  nickel,  3-70%  en  poids  d'argent,  1  5-40% 
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