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Table 1 Chemical composition of AZ91D magnesium

alloy(mass fraction) %
% Al Zn Mn Ca Si Mg
i 10.01 0.79 0.30 / 0.064 Bal.
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Table 2 Cryogenic treatment process of AZ91D-
0.1Ti-1.5Sm magnesium alloy

SR iRk TR AL B
B3 — —
Cl 200°Cx2 h ~196°Cx6 h
c2 200°Cx2 h -196°Cx12 h
c3 200°Cx2 h -196°Cx18 h
c4 200°Cx2 h -196°Cx24 h
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Fig. 2 Variation trend of the black second-phase B
-Mgi7Ali> content with treatment duration after

cryogenic treatment
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Fig. 1 Microstructures of the AZ91D-0. 1Ti-1. 5Sm alloy after different cryogenic treatment times
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Table 3 EDS analysis of chemical elements for

points A—E (atom percent) %
WA Mg Al Zn Ti  Mn  Sm
A 89.67 9.63 0.71 - - -
B 63.46 35.95 0.38 0.04 0.17 -
C 67.93 27.33 4.74 - - -
D 24.09 56.54 3.45 - - 15.92
E 29.01 43.80 - - 1.65 25.54
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Fig. 3 SEM images of AZ91D-0. 1Ti-1. 5Sm magnesium alloy with different cryogenic treatment times
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Fig.4 XRD patterns of AZ91D-0. 1Ti-1. 5Sm alloy at

different cryogenic treatment times
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Fig.5 Elemental mapping of AZ91D-0. 1Ti-1. 5Sm magnesium alloy after 12 h cryogenic treatment
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Fig. 8 EIS spectra of the alloy under different

cryogenic treatment times
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Table 4 Simulated EIS data of the alloy under

different cryogenic treatment times

B Rs/ Ret/ CPEi-T/
CPEi-P
YT (Q-em?) (Q-em?) (Frem™)
B3 1.199 6 803 2.55E-06 1.016 0
Cl1 1.296 10 600 7.57TE-06 0.7350
C2 0.655 10 825 3.16E-06 0.881 6
C3 1.675 3401 1.04E-05 0.884 6
C4 2.361 458.8 5.80E-05 1.074 0
%0 g
i 72.38
69.54  70.14 69.8
= = B 6111_2
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=
=
£ 40
i
20 F
0 1 1 1 1 1
B3 C1 C2 C3 C4
GRS

B9 AN TRY Ab B (1] 4 2 LA i
Fig. 9 Vickers hardness of the alloy at different

cryogenic treatment times
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Fig. 10 Tensile properties of the alloy after

cryogenic treatment
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Influence of cryogenic treatment time on microstructure and properties of

AZ91D-0. 1Ti-1. 5Sm magnesium alloy
Yang Xiangjie'*, Zou Weifeng’, Liu Qinbiao', Xie Shikun’, Yu Anshan’
(1. School of Advanced Manufacturing, Nanchang University, Nanchang 330031, China;
2. Zhejiang Aixu Solar Technology Co. , Ltd. , Yiwu 322009, China;
3. School of Mechatronic Engineering, Jinggangshan University, Ji'an 343009, China;
4. School of Tntelligent Manufacturing, Nanchang Jiaotong University, Nanchang 330100, China)

Abstract: Rare earth doping and deep cryogenic treatment are both advanced methods for improving material
performance. In this study, a novel AZ91D-0. 1Ti-1. 5Sm magnesium alloy was successfully fabricated by
introducing Ti and Sm alloying elements into the AZ91D magnesium alloy matrix via an alloying approach. The
alloy was subjected to cryogenic treatment in liquid nitrogen at —196°C for durations of 6 h, 12 h, 18 h, and 24 h,
respectively. A comprehensive combination of characterization methods including optical microscopy, scanning
electron microscopy (SEM) , energy-dispersive spectroscopy (EDS) , X-ray diffraction (XRD) , mechanical
property testing, and electrochemical corrosion measurements was employed to systematically investigate the
influence and underlying mechanisms of cryogenic treatment time on the microstructure, mechanical properties,
and corrosion resistance of the alloy. The results demonstrate that cryogenic treatment refines the o -Mg matrix
grains and significantly increases the volume fraction of the B-Mgi7Al1, phase and Al,Sm rare-earth phase with a
more dispersed distribution. However, as the treatment time extends to 24 h, the B-Mg,7Al, phase gradually
transforms from dispersed particles into a continuous network-like morphology, accompanied by coarsening and
agglomeration of the Al,Sm phase. Regarding mechanical properties, optimal comprehensive performance is
achieved at 12 h of cryogenic treatment, with microhardness increasing from 69.54 HV (untreated sample) to
72.38 HV, tensile strength from 189 MPa to 196 MPa, and elongation from 4. 90% to 5. 13%. Nevertheless, after
24 h of treatment, the mechanical properties deteriorate significantly, with microhardness dropping to 67. 12 HV,
tensile strength to 176 MPa, and elongation to 4. 36%. In terms of corrosion performance, the 12 h cryogenically
treated sample exhibits the best corrosion resistance, with corrosion current density decreasing from 15. 8 A *cm™
(as-cast) to 10. 2 wA+-em~2, and corrosion potential shifting positively from —0. 79 V to =0. 69 V. After 24 h, the
corrosion resistance deteriorates, with corrosion current density increasing to 43. 6 wA+cm 2 Controlled cryogenic
treatment duration (with 12 h identified as the optimal processing window) can effectively enhance both the
mechanical properties and corrosion resistance of this magnesium alloy.

Key words: magnesium alloy; Ti and Sm doping; cryogenic treatment; microstructure; mechanical properties;

corrosion resistance



