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Fig.1 Schematic diagrams of Burgers vector bipyramid of the dislo-
cation in hcp crystal: (a) structure of bipyramid in hcp crystal,
(b) structure of bipyramid; (c) projection of each vector of

bipyramid in AABC
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Fig.2 In situ observation of the evolution behavior of <c+a> dislocation in magnesium alloy during compression®: (a) <c+a> dislocation

initiation; (b) movement of <c+a> dislocation lines; (c) structural transformation of <c+a> dislocation
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Fig.3 Microstructure evolution of LPSO phase with increasing Zr content?®™: (a) 0 at%, (b) 0.1 at%, (c) 0.2 at%, and (d) 0.3 at%
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Table 1 Unstable stacking fault energies y.t of common slip systems in pure Mg and Mg alloys (J/m?)

F1 Mg &R Mg &£ FERBBRMIRERHE By

[42,43]

Slip system Husf(vg) Husf(Mg-Al Husf(Mg-zn) Hsf(Mg-Y)
{0001}<11 20> 0.148 0.135 0.130 0.214
{1010}<11 2 0> 0.351 0.329 0.312 0.128
{1011}<11 2 0> 0.389 0.348 0.342 0.312
{1122}<11 23> 0.466 0.440 0.417 0.293

®2 Mg R Mg EEERBBRIRERBRABTHRRMIESN <,

Table 2 Critical shear stress 7, required for the unstable stacking fault energies of common slip systems in pure Mg and Mg alloys (MPa)

Slip system T, (Mg) T, (Mg-Al) T, (Mg-zn) T, (Mg-Y)
{0001}<112 0> 1383.453 1261.934 1215.196 2000.399
{1010}<11 2 0> 3281.028 3075.380 2916.469 1196.500
{1011}<112 0> 3636.239 3252.985 3196.899 2916.469
{1122}<112 3> 762.692 720.139 682.495 479.547

®3 Mg R Mg EEERBBREMIERSVIEA

Table 3 Total critical shear stress z; of common slip systems in pure Mg and Mg alloys (MPa)

Slip system 7 Ti(Mg) Ty(Mg-Al) Ti(Mg-zn) Ti(Mg-Y)

{0001}<11 20> 0.000003 1383.453 1261.934 1215.196 2000.399

B _ 11.863945 3292.892 3087.243 2928.333 1208.364
{1010}<11 2 0>

0.002757 3281.031 3075.382 2916.472 1196.503

B _ 1275.603294 4911.842 4528.588 4472.502 4192.073
{1011}<117 0>

0.000497 3636.239 3252.986 3196.900 2916.470

{1152}<1l 23> 5892.468228 6655.161 6612.607 6574.963 6372.015
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Table 4 Difference of critical shear stress between basal and non-basal slip systems in pure Mg and Mg alloys (MPa)

Mg-X A Tll(Mg-X) A th(Mg-X) A 713(Mg-x)
X=Mg 1909.439 1897.577 3528.389 2252.786 5271.707
X=Al 1825.310 1813.448 3266.654 1991.052 5350.673
X=Zn 1713.138 1701.277 3257.307 1981.704 5359.768
X=Y —792.035 —803.896 2191.674 916.071 4371.616

Note: 1: {0001}-{10 T 0}; 2: {0001}-{10 T 1}; 3: {0001}-{11 2 2}
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Room Temperature High-Plasticity Magnesium Alloy Design Based on
Stacking Fault Energy Theory

Feng Zhongxue®, Zhao Shan®, Shi Qingnan’, Yi Jianhong*, Tan Jun?
(1. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

(2. School of Materials Science and Engineering, Chongging University, Chongging 402560, China)

Abstract: To overcome the key scientific issues of poor plasticity of most magnesium alloys at room temperature, this study reviewed the
theoretical and experimental basis of using stacking fault energy to improve their room temperature plasticity from three aspects: the dislocation
characteristics of magnesium alloy, the influence of stacking fault energy on the deformation mechanism, and the relationship between stacking
fault energy and critical shear stress of slip system. On this basis, the calculation model of “stacking fault energy-critical shear stress of magnesium
alloy slip system” was established. And the critical shear stresses of pure Mg, Mg-Al, Mg-Zn and Mg-Y alloys at base plane, prismatic plane and
pyramidal plane were calculated using this model. The influences of Al, Zn and Y on the plasticity of Mg alloys were analyzed by comparing the
critical shear stress difference between the slip system of non-base plane and base plane of Mg alloy and pure Mg, so as to verify the reliability of
the model. Finally, we proposed to reduce the slip shear stress of non-base plane dislocations (especially the <c+a> dislocations) as a guideline to
select appropriate alloy elements for the design of high plasticity magnesium alloys at room temperature.

Key words: magnesium alloy; stacking fault energy; critical shear stress of slip system; <c+a> dislocation; mechanical properties
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