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FEM Analysis on Erosion of Corundum-based Refractory in Refining Ladle

HUANG Ao ,GU Hua-zhi,LEI Ming ,ZHANG Mei-jie ,ZHANG li,ZHOU Shuang-lin
(State Key Laboratory Breeding Base of Refarctories and Ceramics, Wuhan University of Science and Technology , Wuhan 430081 , China )

Abstract: According to the application parameter of corundum-based refractory in refining ladle, the
Johnson-cook model was chosen, erosion model for refractory in high temperature was established, erosion
process of refractory in refining ladle was studied by FEM method. The effects of erosion degree, particle
velocity, particle size, porosity on erosion rate of refractory in refining ladle were analyzed. The flow field
of bottom blowing ladle with thermal transmission of solid and liquid coupled was considered, the erosion
condition of refractory in refining ladle was discussed. The results show that: The Johnson-Cook model,
which was applied to simulate ductility cutting erosion of refractory in high temperature, is appropriate
and reasonable. The erosion rate with small angle degree from 15-30 is much higher, the erosion rate was
decreased following the increasing of angle degree above 25. The relationship between erosion rate and
particle velocity, particle size and porosity is exponential. The erosion of refractory in refining ladle is
small-angle erosion, particularly in parts of ladle, the slag line near porous plug, the side wall near
bottom and porous plug, and etc. performance significantly. The erosion of refractory can be weakened as
the interfacial film with higher melting point and density formates.
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Tab.1 Material parameters of projectile and ceramic plate

Item Value Item Value

Density/g » m? 3.07 Strain hardening index 0.26

Shear modulus/(;Pa 154 Reference strain rate 10°
Yield strain constant/GPa 4.0 Wave velocity/cm - ps? 1.0
Strain hardening constant/GPa 0.074 Gruneisen coefficient 0.2
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Tab.2 The conditions and program of the experimental
Scheme Impact speed/m - s Impact angle/degree Porosity/ % Erosion material particle diameter/mm
1 14. 68 5~90 19 0.15
2 5~15 30 19 0.15
3 14.68 30 19 0.05~1.00
4 14. 68 30 19 ~24 0.15
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Fig.3 Variation of erosion rate with impact angle Fig.4 Variation of erosion rate with impact velocity
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