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Effects of Mullite Coating on Mechanical Properties of Alumina Component
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(1. China National Academy of Building Materials Science Co., Ltd., Beijing 100024, China; 2. China National Inspection and
Testing Holding Group Co., Ltd., Beijing 100024, China)

Abstract: The prestressing reinforcement has been proved to be effective for ceramics, but how this surface prestressing affects other
mechanical propertiesis still unclear. The influence of surface residual compressive stress on the mechanical properties of composite
members, including bending strength, elastic modulus, fracture toughness, hardness and damage tolerance are investigated in this
work. In order to achieve suitable surface compressive stress and the appropriate interface shear stress, mullite and aluminum oxide
are mixed and ground into a slurry with a mass fraction ratio of 1 : 1 and coated on the pre-sintered alumina substrate. The coated
samples were prepared by pressureless sintering. With the temperature drop, different shrinkage rates and interface constraints of the
two materials form the residual compressive stress in the surface layer. Mechanical properties of the coated alumina were tested. The
experimental results show that the prestressed design can effectively improve the bending strength of alumina by 38.9%; The fracture
toughness is increased by 36.5%, and the elastic modulus and hardness are slightly decreased. The damage tolerance of the
prestressed ceramic is increased from 0.3894 m"2 to 0.4527m"2, which is 16.26% higher.

Keywords: damage tolerance; prestressed reinforcement; alumina ceramics; mullite coating
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(b) Upper surface section of alumina substrate
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(d) Fracture section of dumina substrate
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Fig. 2 SEM images of prestressed composite and substrate
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Fig. 4 Measured fracture toughness of substrate and coating/
substrate composite by SENB method
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Table 1 Vickers Hardness of Substrate

Sample No. Dy/um Da/um Hy/(kg-mm)
1 48.06 48.06 1605.9
2 47.56 46.73 1668.8
3 47.89 46.23 1647.7
4 46.89 46.89 1 686.6
5 46.89 47.39 1668.8
6 47.39 46.56 1680.6
7 47.72 48.56 1600.4
8 47.72 47.72 1628.4
9 47.89 46.73 1657.1
10 48.56 48.22 15839
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Table 2 Vickers hardness of prestressed composite

Sample No. Dy/um Do/um Hy/GPa
1 36.58 36.25 13.70
2 36.58 36.92 13.46
3 37.08 37.58 13.04
4 36.58 36.58 13.58
5 37.25 36.92 13.22
6 36.75 36.25 13.64
7 37.58 36.92 13.10
8 36.42 37.08 13.46
9 36.58 37.08 13.40

10 36.58 36.58 13.58
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Fig. 6 Vickers hardness of alumina substrate and composite
with coating
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Table 3 Residual Stress in Coating and Substrate

E/GPa EJGPa EJ/GPa R a x10% K™ 010 K asx 108K AT/C
314 329 68.934 0.01 8.35 358 8.36 1000

o/MPa o/MPa
-184.46 1.85

@ - ac osrespectively represent the thermal expansion coefficient of prestressed composite, coating thermal expansion coefficient and substrate coefficient of
thermal expansion; E;. E.. Es represent the elastic modulus of prestressed composite, the elastic modulus of coating and the elastic modulus of substrate
respectively;R represents the ratio of coating thickness to substrate thickness; AT indicates the difference between brittle ductile transition temperature and room
temperature; ocindicates the coating residual stress; o5 represents the residual stress in the substrate.
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Table 4 Damage tolerance values of substrate and
composite
Material Kd(MPam¥®)  g/MPa E/GPa H/GPa Dy/m‘?
Substrate 5.35 280.275 329 16.126  0.3894
Composite 7.32 389.275 314 13.416 04527

Kc indicates fracture toughness; ay, indicates bending strength; E represents
elastic modulus; H indicates hardness; D; indicates damage tolerance.
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