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Highlights 

 Numerical simulation of a 90 kg sapphire crystal during the Kyropoulos process. 

 Effect of the power history on the shape of the sapphire crystal and the thermal stress. 

 Thermal stress distributions in the crystal for all growth stages. 

 Optimal power history which will produce the lowest thermal stress inside the crystal. 

 

Abstract 

In this study, the effect of the power history on the shape of a sapphire crystal and the 

thermal stress during the Kyropoulos process are numerically investigated. The simulation 

results show that the thermal stress is strongly dependent on the power history. The thermal 

stress distributions in the crystal for all growth stages produced with different power histories are 

also studied. The results show that high von Mises stress regions are found close to the seed of 

the crystal, the highly curved crystal surface and the crystal-melt interface. The maximum 

thermal stress, which occurs at the crystal-melt interface, increases significantly in value as the 

crystal expands at the crown. After this, there is reduction in the maximum thermal stress as the 

crystal lengthens. There is a remarkable enhancement in the maximum von Mises stress when 

the crystal-melt interface is close to the bottom of the crucible. There are two obvious peaks in 

the maximum Von Mises stress, at the end of the crown stage and in the final stage, when 

cracking defects can form. To alleviate this problem, different power histories are considered in 

order to optimize the process to produce the lowest thermal stress in the crystal. The optimal 

power history is found to produce a significant reduction in the thermal stress in the crown stage. 
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