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Fig. 1 Schematic diagram of ITF-ECAP process for B2 Mg alloy
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Table 1 Simulation scheme of ITF-ECAP simulation and

parameters adopted in this study

Parameter Value
Temperature of sample /°C 25
o 50, 100, 150,
Temperature of punch and die /C
200, 300, 350
Temperature/'C 25
Coefficient of heat transfer between sample
and air/(kw-m2>K") 0.8
Coefficient of heat transfer between the 5
sample-punch and die/(kw'm2K")
Friction coefficient of sample- punch and die 0.05
Punch speed/(mm-s™) 5
Punch stroke/mm 68
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Fig.2 Temperature distribution of B2 billet at different ITF-ECAP deformation stages by setting the initial

temperature of the mould and B2 billet at 300 °C and 25 °C, respectively: (a) Initial; (b) Stable; (c) End
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Fig.3 Peak and minimum temperature rise of B2 alloy during one-pass

ITF-ECAP processing with different initial mould temperatures
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Fig.4 Effective stress distribution of B2 Mg alloy processed by ITF-ECAP deformation under different mould temperatures: (a) 50 ‘C; (b) 100 C;

(¢) 150 C; (d)200 °C;(e) 300 °C;(f)350 C
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Macroscopic morphology of B2 billet after ITF-ECAP processing
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Fig. 6 SEM microstructures of as-extruded B2 billet and four-pass ITF-ECAPed sample with mould temperature of 300 C:

(a-c) as-extruded B2 sample; (d-f) B2 sample processed by four-pass ITF-ECAP processed with mould temperature of 300 ‘C
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Table 2 Comparison of mechanical properties of B2 alloys
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Finite element simulation and experimental analysis of Mg alloy processed by inverse
temperature field equal channel angular pressing
Meng Shuaiju'->?, Song Jinlong', Chen Jianfei!, Zhang Jianjun', Wang Lidong', Qi Jianing?, Li Yongfei®, Yang Guirong!
(1 State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lanzhou 730050,
China)
(2 Wenzhou Engineering Institute of Pump and Valve, Lanzhou University of Technology, Wenzhou 325000, China)

(3 CITIC Dicastal Co., Ltd., Qinhuangdao 066011, China)

Abstract: Aiming at revealing the influence of mold temperature on the temperature field and effective stress field of Mg alloy processed by inverse
temperature field equal channel angular pressing (ITF-ECAP), a thermal mechanical coupled finite element analysis model of Mg-1.5Bi (wt.%, B2)
alloy ITF-ECAP processing was established. Combined with experimental research, the processing process of B2 alloy at different mold temperatures
was analyzed. The results showed that during the ITF-ECAP processing, the temperature of the billet significantly increased at the corner of the mold
channel, which facilitated smooth plastic deformation. After severe deformation, the temperature gradually decreased, effectively avoiding
coarsening of recrystallized grains. The stress concentration area of the billet is mainly distributed at the corner of the channel and near the mold
outlet, and it significantly decreases with the increase of mold temperature. The verification experiment found that when the mold temperature was
low (200 C), the surface of B2 alloy billet cracked after one pass ITF-ECAP processing, while the surface of B2 alloy could be ITF-ECAP processed
for 4 passes without surface cracks when the mold temperature was setted as 300 ‘C. Further microstructural characterization revealed that a bimodal
grain structure consisting of fine and ultrafine grains was formed in the B2 alloy processed by four-pass ITF-ECAP deformation, significantly
improved the strength and ductility of the alloy synergistically.

Key words: magnesium alloy; equal channel angular pressing; finite element simulation; deformation temperature
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