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Table 1 Chemical composition of sample (w/%)
Zn Sr Zr Mn Mg
3.12 0.18 0.57 0.31 Bal.

Molten Mg-Zn-Sr-Zr-Mn alloys
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»Homogenization 460 C/24 h

Solidification device A 4
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‘ Tensile direction

SUNS-UTM5305 tensile tester
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Fig.1 Schematic diagram of pre-stretching preparation and static immersion of Mg-Zn-Sr-Zr-Mn alloy
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Fig.2 OM (a-c) and SEM microstructures (d-f) of alloys with different pre-stretching deformations: (a, d) 2%, (b, €) 4%, and (c, f) 6%
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Fig.3 Potentiodynamic polarization curves of 2%, 4% and 6%

pre-stretched alloys in Hank’s solution
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Table 2  Fitting results of polarization curves

Pre-stretching Ll Lo A -em? Corrosion

deformation/%  -mV decade™ "™ rateimm at
-4.22 14.79 0.38
-3.90 10.96 0.25
-3.31 32.31 0.74
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Fig.4 EIS and the corresponding fitting circuit of 2%, 4% and

6% pre-tensile deformation alloys
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Fig.5 Corrosion morphologies of different pre-stretched alloys soaked in Hank’s solution for 3, 5 and 10 d: (a, d, g) 2%, (b, e, h) 4%, and

(c, f, i) 6%
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Fig.6 XRD patterns of corrosion products of 2%, 4% and 6%
pre-stretched alloys immersed in Hank’s solution for
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Fig.7 Corrosion morphologies after removing corrosion products of different pre-stretched alloys immersed in Hank’s solution for 3, 5

and 10 d: (a, d, g) 2%, (b, e, h) 4%, and (c, f, i) 6%
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Fig.8 Schematic diagrams of corrosion mechanism of Mg-Zn-Sr-Zr-Mn alloys in Hank’s solution
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Effect of Pre-stretching Deformation on Degradation of Mg-Zn-Sr-Zr-Mn Alloy

Zhang Yuan, Zheng Ruining, Liu Yun, Zhao Guanzhang, Tian Yagiang, Zheng Xiaoping, Chen Liansheng
(Key Laboratory of the Ministry of Education for Modern Metallurgy Technology, North China University of Science and Technology,
Tangshan 063210, China)

Abstract: Magnesium alloys own excellent biocompatibilities and unique degradation characteristics. However, the poor corrosion
resistance in physiological environment seriously restricts its development in clinical applications. Mg-Zn-Sr-Zr-Mn alloys were prepared
by pre-tensile process. The relationship between the microstructure, corrosion rate and film layer morphology and the pre-tensile type
variables was investigated by XRD, OM and SEM. The results show that with the increase deformation of pre-stretching, the grain sizes are
gradually elongated, the numbers of twins are increased, and the dispersion degrees of precipitated phases gradually increase. The
corrosion rate of the three pre-stretching alloys in electrochemical (0.38, 0.25, 0.74 mm a™) and mass loss (2.85, 1.83, 5.88 mm 4™%) both
decreases firstly and then increases. Therein, the 4% pre-stretching alloy has high corrosion resistance, which indicates that appropriate
pre-tensile deformation can improve the continuity of the precipitated phase at the interface, hinder the corrosion process, and play a
positive role in the corrosion properties of the alloys. However, when the pre-tensile deformation continues to increase, a large number of
dislocations will be generated and hydrogen diffusion path will be created, which is conducive to hydrogen enrichment and leads to the
decrease of corrosion resistance. Moreover, appropriate pre-tensile deformation can improve the corrosion uniformity, densification and
continuity of the film-layer, and delay the corrosion process by changing the redistribution of residual -stress.

Key words: medical magnesium alloy; pre-stretching deformation; film degradation; film density; corrosion rate
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