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Research Progress on Joining of SiC Ceramics and Its Composites Using SiC as Major Phase
of Joining Layer
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(1. School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China;
2. China Nuclear Power Technology Research Institute, Shenzhen 518026, Guangdong, China)

Abstract: SiC ceramics are difficult to be directly processed into large and complex components due to their high brittleness, high
hardness and high wear resistance. Therefore, joining technology is one of the developed methods to facilitate the engineering
application of SiC ceramics. Among various joining methods, the joints obtained by the joining method using SiC as a major phase of
the joining layer have some advantages like high joint strength, low joint stress, radiation resistance, chemical corrosion resistance
and high temperature resistance, thus becoming the key technologies for SiC ceramic joining, i.e., nano-infiltrated transient eutectoid
phase joining (i.e., NITE phase joining), silicon-carbon reaction joining (i.e., Si—C reaction joining) and precursor joining. This
review represented three kinds of SiC ceramic joining technologies above using SiC as a major phase of the joining layer from the
aspects of joining mechanism, joining process, joint composition, microstructure and joining strength. The advantages and
deficiencies of the three kinds of joining technologies were analyzed and compared. In addition, the future development was also
prospected.

Keywords: joining of silicon carbide ceramics; nano-infiltrated transient eutectoid phase joining; silicon-carbon reaction joining;
precursor joining
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Fig. 1 Process schematic diagram of NITE phase joining, Si—C reaction joining and precursor joining
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Table 1 Examples of NITE phase joining for SiC-based ceramics

Cracks and voids

SiC matrix

SiC matrix

SiC matrix

SiC matrix

Joining condition

Additives Joint strength/MPa Fracture failure Reference
Temperature/C Pressure/MPa Holding time/min
AlLO5-Y,05-Si0O, 1600 20 60 97° Interlayer [22]
AlLO3-Y,05-Si0, 1800 20 60 249° Matrix [22]
ALO3-Y,05-MgO 1850 20 60 343+53° Matrix [23]
ALO;-H0,0; 1700 20 10 157.8" Interlayer [24]
ALO;-H0,0; 1800 20 10 155.2° Interlayer [24]
ALO;-Y,05-Si0, 1800 20 60 >90° Matrix [37]
ALOs-Y,05-Si0, 1800 20 120° Matrix [40]
ALO3-Y,05-Si0, 1700 20 10 115.0° Matrix [42]
ALO3-Y,05-Si0, 1700 20 10 104.2° Matrix [42]
AlL,03-CeO; (About 70)" 1700 20 10 163.9° Matrix [42]
AlL,03-CeO; (About 70)° 1500 20 10 57.4° Interlayer [42]
AlL,03—-CeO; (About 35)° 1500 20 10 113.2° Matrix [42]
ALO3-Y,0;5 1800 10 60 320° Matrix [43]
AlLO5-Y,05 1875 20 10 67.3° Interlayer [44]

" refers the thickness of joint layer (um); “refers to flexural strength; " refers to shear strength.
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Table 2 Examples of joining of SiC-based ceramics by Si—C reaction joining

Joining condition

Joining material Matrix Joint strength/MPa® Reference
Temperature/ C Holding time/min Atmosphere
SiC, C, Si RB-SiC 1480 15 Vacuum [25]
C,Si RB-SiC 1425 5-10 750 [45]
C,Si RB-SiC 1250-1 450 5-10 202 [48]
C RB-SiC 1500 10 Vacuum 246 [49]
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SiC, C PLS-SiC 1450 30 Vacuum 346 [52]
a-SiC, PF, Si Cy/SiC 1600 Vacuum 210 [54]
C,Si SiCy/SiC 1425 5-10 78 [55]
C,Si RB-SiC 1425 5-10 210 [55]
C, Si, EP SiC green 1450 Vacuum 300 [56]
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