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Fig.1 OM image of the sample after homogenization at 400 °C
for3 h

temperature, 300+400 C).

FI e B (OMD I H 1 U (SEMD AT X
SR AT (XRD)/E RD-TD V-1 _E A5 T WG 35 )5t
A AbFR 5 IO DA B EL IR 1 A 21 T 8T
ML, K DI, 235 WA [FIRZS ) Mg-Sn-Zn-Ca
WA Fr ) E W RD 5 )4 10 mm, 35 TD J5 7] % 8 mm
[ & R O, FH Sl b 40K R TH AT B PR S L KA
600# 1000# 1400# . 1800# 1] TG B i /K b 4R 3E AT K 44T
BE B ORFT B I AR P AT BB THI 4R 2R A K o AR5 A8
AR R I BB AR, R RN . B 4% 18
KRS ZEEARRR LA 7: VIR & 505 IO T R R L
TR PS5 5T WO MBS PR o 7R T B A SR TH
JEE PR AR AT 21 ok, 4R 0 F B R A B T
FH BN 1) M T-1% , B J5 7F Leica DM2700 P2
e AT S R I SO0 . R A ZEISS Sigma-
300 AL 44 L 7 AU AT OWL ZH SR RS 5
BLFEAZA S 1A ST IOUL 20 3R 2 08 W 11 i 3 —
TS B S A A . IF K BE B 2 BUR O X
(EDS) 6 9 55 —AH 1) 445 B 43 BT R 1) 76 28 49 A DA%
Wi T TG R Ao 5 B R, IRRE L 58 il A S 56
S I G T 1 5 A ik, 3 R R ORI A7
JRUPEEAT AN 5 LA ysk 2 85 72 W T 1 358 B Ak R 5
ISR . {E X Pert PRO MPD " 2K FH 4 S48 5, {RAE %
HEIE T3 H 515 18 20/ FE 3 N 10°~80° ) 1 it
T, LA 5°/min B4 X IARE EAT XRD &

P A S I0 A8 F 1 i AGS-X B R R B LR AT , S 4
R B E N 1 mm/min. HRIE GB/T 16865-2013 brifE, &
Jefd F CAD BPF 22 AR n T B4R, FE A B Ll 4T
AT A VIR T VEIRASOM LA 7 1) 0 L i 2 i
I RS R A RS, SR 5 PR 40K &% 3R THI T B P LA BR
ZUNEDRIT . 23 X AR T2 40 4 59 3047 L A S B8 A0
Pz £ 7 G R 4R (DIC) , I3RS & T2 44T R ik F
BIPTRL 5 BE iR IR BE A A 2R 55 ) 2= Mk R S 40, HF v
e EIIEN P E DA OR EHib} A S

3 HRRIH

3.1 &AL

3JER T AR B Mg-2Sn-2Zn-1Ca 84 S WA 1
OM [}, I8 3a B 172 Mg-2Sn-2Zn-1Ca & 4 7E LI BT £
JRUBALER , ok KN AT, P 38 ok R T 208 39.58 pm,

®1ABIIBRTZ

Table 1 Rolling experiment process

Temperature/°C

Group - Each pass reduction/%  Cumulative reduction/%
First pass Second pass
ST 300 300 25 43.75
uUT 300 400 25 43.75
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Fig.2 Dimension of tensile specimen of sheet
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Fig.3 Microstructures of magnesium alloy sheet at different stages: (a) original microstructure; (b) single rolling at 300 °C; (c) ST rolling;
(d) UT rolling
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Fig.4 Microstructures of magnesium alloy sheet after rolling by different processes: (a—b) ST rolling and (c—d) UT rolling
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Fig.5 EDS mappings of magnesium alloy sheet after rolling by different processes: (a, d, g) first rolling; (b, e, h) ST rolling; (c, f, i) UT rolling
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Fig.7 True stress-true strain curves (a) and mechanical properties (b) of sheets under different rolling processes
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Fig.8 DIC images of sheet tensile samples after rolling with different processes: (a) edge sample of ST-rolled sheet; (b) middle sample of ST-
rolled sheet; (c) edge sample of UT-rolled sheet; (d) middle sample of UT-rolled sheet
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Fig.9 Fracture morphologies (a—b, d—e) and corresponding EDS mappings (c, f) of sheet tensile specimens rolled by different processes: (a—c) ST
rolling; (d—f) UT rolling
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Fig.10 SEM morphologies of tensile fracture of magnesium alloy sheet under different rolling processes: (a) original, (c) middle tensile

fracture of ST-rolled sheet; (¢) middle tensile fracture of UT-rolled sheet; (b, d, f) enlarged images of marked areas in Fig.10a, Fig.10c and
Fig.10e
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Regulation of Secondary Phases in Mg-Sn-Zn-Ca Alloys Through Incremental
Temperature Rolling and Their Performance

Zhi Chenchen'?, Si Lei', Li Peijin’, Liu Pengtao', Huang Zhiquan', Ma Lifeng'”
(1. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
(2. Key Laboratory of Metallurgical Equipment Design Theory and Technology,
Taiyuan University of Science and Technology, Taiyuan 030024, China)
(3. National Key Laboratory of Advanced Stainless Steel, Taiyuan 030024, China)

Abstract: To investigate the effect of secondary phases on the microstructure and mechanical properties of Mg-Sn-Zn-Ca alloys, this study
employed both isothermal and incremental temperature rolling processes on Mg-2Sn-2Zn-1Ca magnesium alloy sheets. Mechanical tests reveal
that the yield strength (161.3 MPa) and elongation (6.6%) of the isothermally rolled sheet are significantly lower than those of the incremental-
temperature-rolled sheet, which exhibits a yield strength of 295.6 MPa and an elongation of 20.9%. Microstructural analyses indicate that the
isothermally rolled sheet exhibits a coarse-grain microstructure with a large number of deformation twins. In contrast, the incremental temperature
rolling process effectively decreases the grain size to 10.17 um through the regulation of secondary phase. During isothermal rolling, an increase
in the content of secondary phases (Mg Zn ) leads to larger particle sizes, which induces stress concentration, thereby contributing to premature
material failure. Conversely, incremental temperature rolling facilitates interactions between secondary phases and high-density dislocation
regions, acting as preferential nucleation sites during recrystallization, and thereby enhancing the plasticity of the material.

Key words: magnesium alloy; incremental temperature rolling; secondary phase; microstructure; mechanical property
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