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Table 1  Actual chemical composition of the alloys (ω/%) 

Alloy Mg Zn Sr Mn 

Mg-0.2Zn-0.1Mn Bal. 0.22 0 0.070 

Mg-0.2Zn-0.1Mn-0.1Sr Bal. 0.22 0.079 0.066 

Mg-0.2Zn-0.1Mn-0.2Sr Bal. 0.26 0.20 0.064 

Mg-0.2Zn-0.1Mn-0.3Sr Bal. 0.25 0.28 0.064 
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Table 2  Comparison of Kokubo simulated body fluid (SBF) and human body fluid in ion concentration (mmol·L

-1

) 

Solution Na

+

 K

+

 Ca

2+

 Mg

2+

 HCO

3

-

 Cl

-

 HPO

4

2-
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4
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Human body fluid 142.0 5.0 2.5 1.5 27.0 103.0 1.0 0.5 

Kokubo SBF 142.0 5.0 2.5 1.5 4.2 147.8 1.0 0.5 
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¾ 1  Mg-0.2Zn-0.1Mn-хSr¿À@^_EÀÁ�:2;< 

Fig.1  Optical microscopic images of the as-cast (a~d) and homogenized (e~h) Mg-0.2Zn-0.1Mn-хSr: (a, e) x=0, (b, f) x=0.1, 

(c, g) x=0.2, and (d, h) x=0.3 
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¾ 2  Mg-0.2Zn-0.1Mn-хSr4 XRD¾Â 

Fig.2  XRD patterns of the Mg-0.2Zn-0.1Mn-хSr alloys 
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¾ 3  ^_EÀ Mg-0.2Zn-0.1Mn-0.1Sr 4 TEM ÃÄ@�ÅW

SAEDÆÇ 

Fig.3  TEM image of the homogenized Mg-0.2Zn-0.1Mn-0.1Sr 

alloy (a) and SAED pattern of second phase (b) 

 

 

 

 

 

 

 

 

 

 

¾ 4  ^_EÀ Mg-0.2Zn-0.1Mn-хSrkÇ4 SEMÃÄ@£'ÈÉ EDS$I 

Fig.4  SEM images of the homogenized Mg-0.2Zn-0.1Mn-xSr alloys and EDS results of the marked positions: (a) x=0.1, (b) x=0.2, and (c) x=0.3 
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¾ 5  Mg-0.2Zn-0.1Mn-xSr.*h|4'>-'DËÌs 

´µ?# 

Fig.5  Tensile stress-strain curves and mechanical properties of 

the Mg-0.2Zn-0.1Mn-xSr alloys at ambient temperature 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 6  Mg-0.2Zn-0.1Mn-xSr. 37  Kokubo� ��Z�ÍÎ��

240 hÏ� pHDEËÌ 

Fig.6  Variation of pH in SBF at 37 Ð during 240 h immersion 

for Mg-0.2Zn-0.1Mn-xSr alloys 
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¾ 7  Mg-0.2Zn-0.1Mn-xSr. 37  Kokubo� ��Z�| 

ÑEËÌ 

Fig.7  Potentiodynamic polarization curves of Mg-0.2Zn- 

0.1Mn-xSr in SBF at 37 Ð 
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� ���Mg-0.2Zn-0.1Mn-xSr � 37  �

��

� SBF ����	
���


�� 

Table 3  Electrochemical parameters of Mg-0.2Zn-0.1Mn-xSr 

alloys in SBF at 37 �

��

� obtained from polarization tests 

Alloy E

corr

/V I

corr

/µA·cm

-2

 P

i

/mm·a

-1

 

Mg-0.2Zn-0.1Mn –1.67Ò0.03 517Ò92 11.83 

Mg-0.2Zn-0.1Mn-0.1Sr –1.79Ò0.04 395Ò93 9.03 

Mg-0.2Zn-0.1Mn-0.2Sr –1.73Ò0.07 493Ò22 11.27 

Mg-0.2Zn-0.1Mn-0.3Sr –1.67Ò0.04 530Ò85 12.11 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 8  ^_EÀ Mg-0.2Zn-0.1Mn-xSrX89ÓÔÕpÂ¾ 

Fig.8  Electrochemical impedance spectra of the homogenized 

Mg-0.2Zn-0.1Mn-xSr alloys 
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¾ 9  Mg-0.2Zn-0.1Mn-xSr. 37 ���Z�/4��BC�x 

Fig.9  Corrosion rates of Mg-0.2Zn-0.1Mn-xSr alloys in 37 Ð 

SBF calculated using mass loss 
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¾ 10  Mg-0.2Zn-0.1Mn-xSr���l5JÖ SEMÃÄ@£'ÈÉ EDS$I 

Fig.10  SEM images of the Mg-0.2Zn-0.1Mn-xSr alloys and EDS results for the marked positions after mass loss tests: 

(a) x=0, (b) x=0.1, (c) x=0.2, and (d) x=0.3 
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¾ 11  Mg-0.2Zn-0.1Mn-xSr .��Z�/�� 10 ×5BC�

� XRD¾Â 

Fig.11  XRD patterns of corrosion products of Mg-0.2Zn-0.1Mn- 

xSr alloys after 10 d of immersion in SBF 
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¾ 12  Mg-0.2Zn-0.1Mn-хSrØÙBC��54ÚÛBC¡Ü¾ 

Fig.12  3D corrosion appearances of Mg-0.2Zn-0.1Mn-xSr alloys after removal of corrosion products: (a) x=0, (b) x=0.1, 

(c) x=0.2, and (d) x=0.3 
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Effects of Trace Sr on Microstructure, Mechanical Properties and 

Corrosion Resistance of Mg-0.2Zn-0.1Mn-xSr Biomaterials 

 

Yu Weiming, Li Jingyuan, Li Jianxing, Wang Jin, Lai Huiying, Zhang Yuan 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: The effects of adding trace Sr element on microstructure, mechanical properties and corrosion properties of 

Mg-0.2Zn-0.1Mn-xSr (x=0, 0.1, 0.2, 0.3, wt%) alloys were investigated. The results of microstructure observation reveal that the grain size 

of the alloy decreases with the increase of Sr content. The granular Mg

17

Sr

2

 phase is uniformly dispersed in the magnesium matrix, while 

the second phase grows up as the Sr increases. The results of mechanical properties investigated by tensile test at room temperature 

indicate that micro Sr can improve the yield strength and tensile strength. But the elongation decreases with the increase of Sr content. 

Degradation was studied using immersion tests in Kokubo solution. The corrosion rate is faster and the pitting is more likely to occur 

when the Sr content increases. The average corrosion rates of Mg-0.2Zn-0.1Mn-xSr (x=0, 0.1, 0.2, 0.3, wt%) measured by mass loss are 

6.85�6.01�6.80�7.52 mm/a. Trace Sr can improve the corrosion resistance of magnesium alloys. However, with the increase of Sr 

content, the magnesium alloys are more prone to pitting and intergranular corrosion, which in turn reduces the corrosion resistance of 

magnesium alloys. The bio-corrosion behaviors can be attributed to the grain refinement and the diffused second phase, which can promote 

the formation of corrosion product film. However, the bigger second phase in the matrix will accelerate the local corrosion, and reduce the 

corrosion resistance of magnesium alloy. The results show that Mg-0.2Zn-0.1Mn-0.1Sr has the best mechanical properties and corrosion 

resistance. 

Key words: magnesium alloy; Sr; microstructure; mechanical properties; corrosion resistance 
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