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Table 1  Heat treatment process of ceramic core samples to 

simulate the directional solidification process 

Ceramic core samples Sintering Heat treatment 

S0 60 min/1000 � - 

S1 60 min/1000 � 30 min/1500 � 

S2 60 min/1000 � 60 min/1500 � 

S3 60 min/1000 � 90 min/1500 � 
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Fig.1  Ceramic core samples (a) and Gleeble uniaxial compression experiment (b) 
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Fig.2  Stress-strain curves of isothermal uniaxial compression tests on a Gleeble-1500D mechanical simulator: (a) S0, (b) S1, (c) S2, and 

(d) S3 
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Fig.3  Compressive strength and elastic modulus of samples 
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Fig.4  Microstructures of S0 (a) and S3 (b) ceramic core samples 
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Fig.5  Experiment results of typical compression stress-strain and simulation results based on Weibull distribution statistical damage 

constitutive model: (a) S0, (b) S1, (c) S2, and (d) S3 
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Mechanical Properties and Constitutive Model of Silica-based Ceramic Core for 

Directional Solidification of Single Crystal Superalloy 

 

Xu Zilin, Zhong Jiangwei, Su Xianglin, Xu Qingyan, Liu Baicheng  

(Key Laboratory for Advanced Materials Processing Technology (MOE), Tsinghua University, Beijing 100084, China) 

 

Abstract: The mechanical behaviors of silica-based cores for the directional solidification of single crystal superalloy hollow blades were 

investigated. The experimental results of strength, elastic modulus and stress-strain relationship of sintered samples S0 and heat treatment 

samples S1, S2 and S3 were obtained. Based on the Weibull distribution statistics, the continuous damage constitutive model of 

silica-based cores for the directional solidification of single crystal superalloy hollow blades was established by M-C (Mohr-Coulomb) 

criterion. The method of determining the relevant parameters of the continuous damage constitutive model was given. The results show 

that the mechanical properties and the degrees-of-sinter of silica-based core samples with heat treatment at 1500 °C are improved. The 

relationship between the crack propagation and the macroscopic fracture of silica-based cores is described by the damage variable D in the 

constitutive model and microstructure.  

Key words: single crystal superalloy; silica-based core; mechanical property; constitutive model 
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