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Fig.1 Schematic diagram of ITF-ECAP processing die and billet
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Table 1 Simulation scheme of ITF-ECAP and parameters

Parameter Value
Temperature of sample/°C 25
Temperature of punch and die/°C 50, 100, 150, 200, 300, 350

Temperature/°C 25

Coefficient of heat transfer between sample and air/kW-m *-K ' 0.8
Coefficient of heat transfer between the sample-punch and die/kW-m K 2

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 field distribution of B2 billet at different one-pass ITF-ECAP deformation stages by setting the initial temperature of the mould
at 300 °C and B2 alloy billet at 25 °C: (a) initial, (b) stable, and (c) end
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Fig.4 Equivalent stress distribution of B2 alloy processed by ITF-ECAP deformation at different mould temperatures: (a) 50 °C, (b) 100 °C,

(¢) 150 °C, (d) 200 °C, (e) 300 °C, and (f) 350 °C
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Fig.5 Photographs of B2 alloy after ITF-ECAP processed with different mould temperatures: (a) ITF-ECAP mould, (b) macroscopic morphology

of B2 billet after ITF-ECAP processing
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Fig.6 SEM images of as-extruded B2 billet (a—c) and four-pass ITF-ECAP processed sample with mould temperature of 300 °C (d—f)
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Table 2 Comparison of mechanical properties of B2 alloys

Alloy YS/MPa UTS/MPa EL/% Ref.
Meg-1.5Bi (Extruded) 17542 23242 10.242.0 [26]
Mg-1.5Bi (ITF-ECAP-4P) 227.843.1 345.344.1 31.6£2.3 This study




2 W]

FON A B A IR S A A R A BRI S S

* 533 .

PEFPS 25, BT B 20 ok X 5 40 & X 2 R 7E R ik
TR RE JI AN 5], o] 51T B 7 AN, X A
FIT B e ™. S — 7, EAE & B2 & & B AT
SR, BT R LA & R4 G g0
(<5 pm) , 75 F A AR T 1ot F2 o n] DA J 7 48 0 7 R 2,
HARFE G KRR A, X2 T YA TR o A2 A ff o
2 B B A e O AR P A i 00 A THT S I
YIRL 73 (CRSS) L5 L [ 1 # (1) CRSS [ FUAE 23 B T dff
JRUS 1 AR 17 8 3 B A, P DA A T % DA B 7 AR
(RS20 DT R - LA e A s BB PR UL T . 75 20
[)52 , ITF-ECAP fin i #2 7h R 75 ZEX B 347 #4016
AL, BN B M LR [R) B mT AT A HR D # ) 2R
AR RN TRAR iR m I TRCR , B R RN
il 2% PR R T B & M BB TV

5 45 i

D55 M ECAP L EANA , W0 iR B 37 %642 M B 1R
T.(ITF-ECAP) T. Z I 7E ¥Rk} b b 37t 5 B 4 281G 45
LR 375 3 A5 B AT DA AR ARG 35, 5 8 1 A8 2 1 P i
FIHEAT , SCRT DA G PRI BE 3ot 1 51 A I Ao 4 SO AL

2) 1% B B & ITF-ECAP il LE AR [ %48 580, 1
BRMBLERE R, RIS 5 A AN ) B3, 5
T FEOFRL MLE A0S B R IR B (£9300 C) R, BT
I8 46 H R IR, T LA G R T RS = A

3ITF-ECAP I T4 R uJ DAAEEE A & A 3 H Bk
R 2 s 2 S AROK A R ) - B 2L TR
-4 A B A SR SRt — e IS S 5%,

SE K

[1] Zhang Yuan, Yang Yuzhuo, Liu Yun ef al. Rare Metal Materials
and Engineering[J], 2024, 53(5): 1310

[2] Meng Shuaiju, Xiao Haoran, Song lJinlong et al. Journal of
Materials Research and Technology[J], 2024, 30: 9007

[3] Wu Zhaoxuan, Curtin W A. Nature[J], 2015, 526: 62

[4] Wang Yinmin, Chen Mingwei, Zhou Fenghua et al. Nature[J]],
2002, 419(6910): 912

[5] Gao Junheng, Nutter J, Liu Xingguang et al. Scientific Reports[J],
2018, 8(1): 7512

[6] Zha Min, Li Yanjun, Mathiesen R H et al. Acta Materialia[J],
2015, 84: 42

[7] Xu Jinliang(¥F 4 ), Song Yifan(5% B M), Ding Ruizhi( T & &)
et al. Rare Metal Materials and Engineering(%i 3 & J& ¥ ¥l 5 L
FH)[J], 2024, 53(6): 1735

[8] Zha Min, Zhang Xuan He, Zhang Hang et al. Journal of Alloys
and Compounds[J], 2018, 765: 1228

[91 Xu C, Fan G H, Nakata T et al. Metallurgical and Materials
Transactions[J], 2018, 49(5): 1931

References

[10] Chen Hao( /% %), Peng Lili( % [ WN), Li Jiandong( %= & 4)
et al. Rare Metal Materials and Engineering(¥i 15 & JE#M K5 T
FE)[J], 2024, 53(7): 1944

[11] Gong lJialin, Liang Wei, Wang Hongxia et al. Rare Metal
Materials and Engineering[J], 2013, 42(9): 1800

[12] Jin Zhongzheng, Zha Min, Yu Zhixuan et al. Journal of Alloys
and Compounds[J], 2020, 833: 155004

[13] Meng Shuaiju(# )il %%), Xiao Haoran( 4 #54%), Luo Zhanju(%% 5
2%) et al. CN202211597591.6[P]. 2023

[14] Meng Shuaiju( 7 )il 2%), Zhang Mingchi(5k B th), Wang Menglu
(FE %) et al. Rare Metal Materials and Engineering(Fi ' & /&
FHBLS TAE)[I], 2025, 54(5): 1245

[15]Su C W, Lu L, Lai M O, Materials Science and Engineering
A[J], 2006, 434(1): 227

[16] Ren Guocheng({E: [F] %), Zhao Guoqun(#X [E #f). The Chinese
Journal of Nonferrous Metals( " [ {5 4 J& 5 #i) [J], 2013,
23(7): 1789

[17] One N, Nowak R, Miura S. Materials Letters[J], 2004, 58(1-2): 39

[18] Jiang Hong, Fan Zhiguo, Xie Chaoying. Materials Science and
Engineering A[J], 2009, 513-514: 109

[19] Meng Shuaiju( 7 )i %%). Microstructure and Performance of Mg-
Bi-Ca Alloys(Mg-Bi-Ca & & WO #1435 1 & T 78)[D]. Tianjin:
Hebei University of Technology, 2020

[20] Yang Lipo, Liu Shuguang, Liu Gengliang. Rare Metal Materials
and Engineering[J], 2023, 52(3): 890

[21] Yamaguchi D, Horita Z, Nemoto M et al. Scripta Materialia[J],
1999, 41(8): 791

[22] Eivani A R, Mirghasemi S M, Seyedein S H et al. Journal of
Materials Research and Technology[J], 2021, 12: 1913

[23] Ren Guocheng(fF: [H B), Zhao Guoqun(i* [F 1), Xu Shubo(4#l
%) et al. The Chinese Journal of Nonferrous Metals("F [Ef 24>
JEEER)[I], 2011, 21(4): 848

[24] Gao Leilei(# 75 ), Zhang Jinzhong(5K 4 ), Sha Lei(¥> #%),
Special Casting and Nonferrous Alloys(FiFPe5i& B B 54)[1],
2016, 36(2): 152

[25] Luo Peng(¥ 3%), Xia Juchen( & E i), Hu Qiaodan(#] {7 /1)
et al. Rare Metal Materials and Engineering(Fi 5 4 J&#1 k15 1.
F£)[J], 2005, 34(9): 1493

[26] Meng Shuaiju, Yu Hui, Li Lichao et al. Journal of Alloys and
Compounds[J], 2020, 834: 155216

[27] Yu Hui, Fan Shaoda, Meng Shuaiju et al. Journal of Magnesium
and Alloys[J], 2021, 9: 983

[28] Meng Shuaiju(# I %), Yu Hui(4x #%), Cui Hongwei( #£ 4. T))
et al. The Chinese Journal of Nonferrous Metals("F [E 7 .4 8
AR, 2017, 27(5): 894

[29] Go J, Lee J U, Yu Hui et al. Journal of Materials Science and
Technology[J], 2020, 5(44): 62

[30] Meng S J, Yu H, Fan S D et al. Materials Letters[J], 2020, 261:
127066



©534 . WA EEMES TR H55%5

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: To investigate the influence of mold temperature on the temperature field and equivalent stress field of Mg alloy processed by inverse
temperature field equal channel angular pressing (ITF-ECAP), a thermal mechanical coupled finite element analysis model was established for
ITF-ECAP processing of B2 alloy (Mg-1.5Bi, wt%). Combined with experimental research, the processing process of B2 alloy at different mold
temperatures was analyzed. The results show that during the ITF-ECAP, the temperature of the billet significantly increases at the corner of the
mold channel, which facilitates smooth plastic deformation. After severe deformation, the temperature gradually decreases, thereby inhibiting
coarsening of recrystallized grains. The stress concentration of the billet mainly occurs at the corner of the channel and near the mold outlet, and it
significantly decreases with the increase in mold temperature. The experiment verification finds that when the mold temperature is low (200 °C),
the surface cracking of B2 alloy billet occurs after one-pass ITF-ECAP processing. In contrast, the surface of B2 alloy can be ITF-ECAP
processed for four passes without surface cracking when the mold temperature is set as 300 °C. Further microstructural characterization reveals
that a bimodal grain structure composed of fine and ultrafine grains is formed after four-pass ITF-ECAP deformation, leading to a simultaneous
improvement in both strength and ductility.
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