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Recently, new ceramics which have superior properties have been developed, and ceramics have

increased.
In applications of ceramics, there are many

materials, for example, to metals and plastics.

expanded the application field of ceramics.

Bonding methods are classified into three system methods

cases where ceramics must be bonded to other

Development of new bonding techniques have

¢ solid-vapor, solid-liquid, and solid-

solid. For example, these are the evaporation method, the CVD method,' a method utilizing metal
solder or oxide solder, and a solid-state bonding methed.

This paper
mechanisms.
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discusses ceramics, the bonding methods of ceramics to metals,

and the bonding
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Table 1 Functionsl classification of ceramics.

Property

Ceramic

Use

‘ Thermal resistance

\
Thermal property ! } Adiabatic property

i Heat transfer

AlOs, BeO, MgO, ThQe,
ZrQy, ZrC, TIN

Si0z-AlOs5, Si0s, Alea,
Ko0+6Ti02

BeO, WC, TiC

Refractory
Adiabatic material

Parts for electron tube, ete.

| —
Mechanical atrcngth at
high temperature

~ Resistance to thermal
i shoek

MgQ, ZrOgz, AlOs, SisNy,
SiC

| Be, SiOs, AL:Cs, TiOn

Mg 2A 120a+ 53O,

Turbine blade, Rocket nozzle,
Bearing, ete.

Pipe for induction furnace,
Regencrator, ete,

} Mechamcal strength

Dynamic property } Hardness

‘ Resistance to abrasion

AlaQs, AlOa whisker, ZrQs,
SiC, SisN,

B4C, SiC, TiC, WC, ALOs
B4C, SiC, AlOs

Mechanical parts, ete

Abrasives, Grinding material, etc.
Shaft, Threaed guide, Bearing, eic.

| Anti-corrosion

Chemical property‘
Adsorption, Catalytic
| action

AlsQs, Mg, ThO,, SiC,
SisNy

i Ales, N&n(AlOZ)u(SiOﬂn -
XH0

Reaction tube, Crusible for
melting metal, ete.

Adsorbent, Catalyzer, etc.

Insulatlon

Electrical conduction

Semiconduction

Electrical and

magnetic property
Dielectric property

Piezcelectricity
Magnetic property

i Electron emission

Al:0s, 2MgO» 510z, MgO-
Si0z
NazO || AlQa, ZrOs, ZrOe-

I Y205 CeO(Cra0s)

TiOz, BaTiOQs, In:Os, ZnG,
SiC

BaTiOs, Ti0:

PbO+(Zr, Ti)Oa, LiNbOs

(Mn, Zn)}O+Fex0s, Bal-
6FesOs

LaBe¢, BaO

IC-substrate, IC-package,
Envelope for electron tube

Element for producing s, ste.

Barister, Gas sensor, Temperature
sensor, Resistance heating ele-
ment, etc.

Condensor, etc.

Firing element, Ulirasonic trans-
ducer, Transformer, etc.

Memory, Magnet, ete.
Cathode, etc.

Transiucency

Iliumination
Optical property Sensitive property

Photo transfer

Si0: glags, AlQs MgO-
AlzQs, YaOs(ThO2)

| AlOg, Cr and Nd glass

Glass contained Au and Ag

TeCy, LiNbOs, (Pb, La}(Zr,
Ti)Os

Envelope for Lamp, Window for
furnace, etc.

Lasger, ete.
Patterned glass, etc.

Polarized light element, Photo
shutter, Photo memory element,
ete.
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Fig. 1 Thermal expansion curves of ceramics.
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Fig. 2 Thermal expansion curves of sealing
metals,
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Table 2 Ceramics and sealing metals.

Ceramie ‘ Sealmg metal

Kovar, Nb, Ta, Ti
Fe-429% Ni-69%Cr alloy
l Kovar, Nb, Ti
fF;avziZ%Ni—B%Cr alloy
|T1
Kovar, Nb, Ta, Ti
Nb, Ta, Ti, Kovar
Mo, W

Alumina ceramie
Beryllia ceramic |
Magnesia ceremia
Zirconia ceramic
Forsterite ceramic
Steatite ceramic
Spinel ceramic
Mulhte ceramic
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Fig. 3 Wetting of solid surface by a liquid.
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Table 3 Methods for bonding of ceramies to metalsfceramies

Bonding method

| Combination

o Evaporating method
o lon plating method
Solid-vapor system

o Sputtering method

o CVD method

Glass-metal

Ceramic-metal
! 1Glass-metal
1 ~ "
i {Ceramxc-melal
Glass-metal

{Ceramiometal

!

{ .

! {Ceramlc-metal
' Glass-metal

i

i (1) Epoxide
I (2) Vinyle acetate
ete,

{1) Alkali silicate
(2} Phosphate
ete.

{1) Noncrystalline solder
{2) Crystalline selder

Solid-liguid system
(1) In and In alloy
(2y Al

{3} Pb-Sn~Zn-Sb alloy

ete.

(1} Mo-Mn process
(2) Mo process
ete.

(1) Heating by furnace or burner

{2) Flame spraying
_: etc,
5 o Field assisted method

i

heatin
Solid-solid system g

ete.

! o Method utilizing organic adhesives

o Method utilizing inorganic adhesives

o Method utilizing oxide solder

¢ Methed utilizing metal solder

(4) Ti~Ni, Ti-Cu, Zr-Ni, etc.; Active alloying method
(5) TiHzNi, TiHz-Cu, ZrHz-Ni, ete.; Hydride method

o Sintered metal powder process

o Method utilizing copper sulfide and silver carbonate
o Method utilizing-copper oxide
o Direct contact/heating bonding method

o Method for bonding green bodies by direct contact and

o Direct contactfheating bonding method

Ceramic-ceramic
Glass-glass
Ceramie-glass
Ceramic-metal
Glass-metal

Ceramic-ceramic
Glass-glass
Ceramic-glass
Ceramig-metal
Glass-metal

Ceramic-ceramic
Glass-glass
Ceramie-glass
Ceramic-metal
Glass-metal

Glass-metal
Ceramic¢-ceramic
Glass-glass
Ceramic-glass
Ceramic-metal

Ceramic-metal

Ceramic-metal
Ceramic-metal

Ceramic-ceramic
Glass-glass
Ceramic-glass
Ceramic-imetal
Glass-metal

{Glass-metal
Ceramic-metal

Ceramic-ceramic
Ceramic-metal
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Fig. 4 Diffusion aspects of elements in translugent alumina ceramic-niobium mital seal

{a} Sealing temperature ; 1500°C  Sealing time; 5 min,
(b) Sealing temperature; 1500°C  Sealing time; 20 min.
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Fig. 5 Diffusion aspects of elements in glumina ceramic-Kovar seal®.
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Table 4 Solder composition used for active

alloying method and sealing temperature,

Solder composition Sealing temperature

Ti-Ni about 1000°C
Ti-Cu about 920°C
Ti-Ni-Ag about 1000°C
Zr-Ni about 1000°C
Zr-Fe about 980°C
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Table 5 Tour types of interfacial reactions of metals with oxides at 1800°C

in a neutral atomosphere.

The {ormation of a difinite new phase Be-Al:Os, Be-MgO, Si-AlzOs, Si-Mg0O,

at the interface Nb-BeO, Tl ’\/[gO

The COTTOSION of thc oxulc interface Ti-Be(, [‘: AlaOs, Ti-TiOs, Ti-ZrOsy,

by the metal Ti-MgO, - AlOs, 7r=TiOs Zr-MigO,

The penetration along the grain boun- Be BeO Be, AlaOs, Be-ZrO;, Be-1 \/[gO

gi?s%s and the alteration of the oxide Be-ThO,, $i-BeO, Si- AlLOs, Si-ThO,
Nb-BeO, Nb-Zr0s, Nb-MgQO, Nd-Th,,
Ti-Be(, Ti-AlOs, Ti-Z10,, Ti-MgO,
Ti-ThQe, Zr-Be(d, Zr- AlOs, Zr-7Zr0y,
Zr-ThOs,,
Mo-AlOs (2100°C)

No physical alteration of the metal- Ni-BeO, Nl Aleq, Ni~TiOs, Ni-ZrOs,

oxide interface Ni-MgC, Ni-ThOz, Mo-BeO, Mo ALQs,
Mo-TiOs, Mo-ZrOs, Mo-MgQ, Mo~-Ths,
Be-BeO, Be-ZrQz, Be-ThOs, Nb-ALOs,
Nb-TiOs, Nb-ZrOs, Nb-Mg0Q, Nb~ThO,,
Ti-ThO,, Lr-210y, Zr-ThOq
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