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Abstract: With the rapid development of science and technology, more and more stringent requirements for the properties of
engineering materials are put forward. Engineering ceramics possess multiple advantages such as high strength and hardness,
excellent resistance to high temperature and corrosion. With the gradual application of the engineering ceramics in extreme en-
vironment as alternatives for traditional metallic materials, the joining techniques of these ceramics appear to be one of the crit-
ical issues before used successfully. However, currently the properties of the joints of the ceramics are much lower than that of
the matrix themselves, which are mainly due to two reasons. One is the accumulation of elastic strain energy in the ceramic
matrix, and the other is the formation of the brittle reaction layer at the interface. In this review, various techniques emerging
in recent years are introduced for the relief of the elastic strain energy of the ceramic base materials and the control of the
thickness of the brittle reaction layer at the interface, whose basic theories, condition of use, examples of application, and dis-
advantages are analyzed in detail. At last, an outlook is provided for the theoretical research and technical procedures for the
further development of mechanical properties of the joint structures of engineering ceramics.

Key words: engineering ceramics; joining structure; mechanical properties; elastic strain energy; brittle reaction layer at
the interface; research development
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Fig. 1 The evolution of strength metric of joint
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Fig. 2 Shear strength vs. calculated strain energy in the ceramic!’’
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Fig. 3 Flexural strength results of the Si;N,/14NiCrl4 joints with different
filler arrangements: (a) schematic illustration of the four different
investigated brazed joints and (b) summary of the flexural strength

results of the different brazed joints'®!
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Table 2 Hollow structures and test shear strength of corresponding joints' '’

Groove size( mm)

Base material Filler Groove shape Shear strength! "/ ( MPa)
Width Height Spacing

C-SiC/Nb-10H{-1Ti TiNi Rectangle 0.2804] 1.2 1.4 30
C-SiC/Mo TiNi Triangle 0.36 "/ 1.1 1.2 40
C-SiC/GH140 NbNi Sinusoid 1.2L¢] 1.4 1.2 50
C-SiC/3YC44 NbNi Sinusoid 1.20¢] 1.4 1.2 42
C-C/Nb-10Hf-1Ti Ti Sinusoid 1.30¢! 1.5 1.3 45
C-C/Mo Nb Sinusoid 1.4L¢] 1.6 1.4 35
C-C/Mo-20Re Nb Rectangle 0.504! 1.2 0.5 32

Note: 41 —Width of rectangle; ) —edge length of triangle; ¢/
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Fig. 4 Surface structure of C/C, microstructrue and shear strength of corresponding joints: (a) cone arrangements,

(b) interface microstructure and (c¢) shear strengih[”]
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Fig. 5 Laser induced structures on the ceramic joining surfaces: (a) cones and (b) crossed channels
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Fig. 6 The surface structure of C—SiC and shear strength of corresponding joints: (a) schematic illustration of the different interface structures

and (b) shear strength results of the different interface''*!
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Table 3 The types and contents of strength phase versus mechanical properties

Composite braze

Room temperature strength of joints

Matrix with/without the P4( MPa)
Base material Initial filler phase PUltimate strengthening phase Pq P; content Strength
SiyN,/Siy N, [18:19] AgCuTi Mo Mo 5 vol% 429.4,2000 ]
SiyN,/Siz N, [20:21] AgCuTi siC SiC( Coverd with Ti;SiC, ) 5 vol% 506. 3/200" "
Si; N, /42CrMo! 2! AgCuTi Mo Mo 10 vol% 587.3/114.20 %]
SiyN,/Invar %] AgCuTi TiN TiN 2 vol% 229/63L "
Siy N, /42CrMo! 225 AgCuTi TiN TiN 5 vol% 376/188' ¢
SiyN,/TC4[%] AgCuTi nano Si;N, TiN+TisSi; 2 wit% 73.9/49.2LP]
Sic/Sicl?7-28] AgCuTi B,C (B,C+)TiC+TiB 1.5 wi% 1409202
C-SiC/TC4 AgCuTi Ti+C TiC 25 vol% 145/102" "]
C-C/TC4) AgCuTi nano Al, O, nano Al, O, 0.3 wt% 27.8/-L"]
C-C/TC4B0 TiCuZrNi C nano tube TiC 1 wi% 38/22L0!
Si0, -BN/Invar?!] AgCuTi BN TiN+TiB 3 wt% 39,3000
Al 0,/TC4132) AgCuTi B TiB 40 vol% [ ] 80/43L"]
Al, 0, /TC43:34] CuTi TiB, TiB 40 vol% ) 143.3/40. 21 Y
Note; | *1—P% ;[ *!—three—point bending strength ;[ "} —shear strength ; [ ¢! —four—point bending strength
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Fig. 9 Physical properties versus TiN,: (a) CTE of brazing seams versus TiN content in Si;N,/AgCuTi+TiN/Invar joint'?! and (b) maximum

axial tensile residual stresses and four—point bending strength versus TiN content in Si;N,/AgCuTi+TiN/42CrMo joint'24]
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brazed with Ag—Cu-Ti/Cu mesh/Ag—Cu-Ti composite foils and (b) shear strength of three kinds of ZSC/GH99 joints'
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