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Gradient Joining of Si;Ns—Mo and Reaction Bonding Mechanism

CHEN Fei'?, GU Xing', JIA Mingyong', WU Yueqi', SHEN Qiang'
(1. State Key Laboratory for Advanced Materials Composite Technology, Wuhan University of Technology,
Wuhan 430070, China; 2. Chemistry and Chemical Engineering Guangdong Laboratory, Chaozhou 521000, Guangdong, China)

Abstract: The effective joining between silicon nitride ceramics and metals is crucial for making full use of their excellent properties
and meeting the service requirements of materials or components in complex environments. The gradient joining of silicon nitride
ceramic (SizN4) and molybdenum (Mo) with large physical properties difference was realized by a powder metallurgy gradient
composite technology. The reaction mechanism of Si;N, and Mo in each gradient layer under different sintering temperatures and
SizNy, additions was investigated. The transition layer structure of SizN4/Mo,Si,/Mo gradient material was optimized based on the
reaction mechanism and the concentration distribution index p, obtaining the gradient connection of SizN4 to Mo and improving the
mechanical properties. The results show that Si;N, and Mo mainly form molybdenum-silicon compounds through the diffusion
reaction between Mo and Si. The reaction process follows (Mo+Si)—(Mo3;Si/MoSi,+Si)—(MosSi;). The bending strength of
Si3N4/Mo,Si,/Mo gradient material reaches the maximum value of 371.42 MPa, the shear strength reaches the maximum value of
30.58 MPa, and the elements in the transition layer appear a quasi-continuous gradient distribution when p=1.5.
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Table 1 Graded structure design of Si;N4/Mo,Si/Mo
functionally gradient materials (FGMs)
according to the exponent p

Volume fraction of Mo/%
Layer
p=1(1%) p=15 p=0.4 p=102#)

1 10 32 39.81 10
2 20 16.4 52.53 30
3 30 354 61.78 70
4 40 58.6 69.31 80
5 50 85.4 75.78 90
6 60 93.7 81.52 100
7 70 100.0 100.00

8 80

9 90

10 100
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Fig. 3 Cross-sectional views of composites using Si;Ny/Mo as raw material with ratio of 9:1 sintered at 1 100—1 500 C after the

bending test (green for Mo, red for Si)
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Fig. 5 Cross-sectional views of composites using SizNy/Mo as raw material with ratio of 5:5 sintered at 1 100—1 500 ‘C after the

bending test (green for Mo, red for Si)
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bending test (green for Mo, red for Si)
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