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Fig.1 Illustration of alloy preparation process
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Fig.2 Microstructures of ZV31 (a) and ZV31-E (b) alloys
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Fig.4 Microstructures (a, b, d, e, g, h) and grain sizes (c, f, i) of different secondary extruded alloys: (a~c) ZV31-KE alloy, (d~f) ZV31-CE alloy,
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Fig.5 Engineering stress-engineering strain curves of different
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Table 1 Tensile properties of different secondary extruded alloys

State of sample Extrusion temperature/°C UTS/MPa YS/MPa EL/%
Semisolid+quench+extrusion, ZV31-CE 432H.4 38244.1 1240.1
Semisolid+air cooling+extrusion, ZV31-KE 402+0.8 346+10.2 13+13
Non-semisolid+extrusion, ZV31-EE 319+54 239+34 39+1.2

Dimples

10 pm. FORT

K6 AR _ZXFEFZ G RN SEM JESR
Fig.6 SEM morphologies of tensile fracture of different secondary extruded alloys: (a) ZV31-KE alloy, (b) ZVV31-CE alloy, and (c) ZV31-EE alloy
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Effect of Semi-solid Cooling Methods on Microstructure and Mechanical Properties of
Secondary Extruded Mg-3.88Zn-1.56Gd Alloy

Zeng Qi, Zhang Yingbo, Zhuang Ye, Hu Yunfeng, Zhang Pu, Li Mojia
(School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The effects of semi-solid (quenching or air cooling) and hot extrusion on the microstructure and mechanical properties of
Mg-3.88Zn-1.56Gd alloy were studied. The results show that after semi-solid quenching, the second phase presents nano eutectic lamellar
structure in the alloy, while after semi-solid air cooling, the second phase presents trigeminal island, block and micron lamellar structure in
the alloy. After secondary extrusion, the semi-solid+extruded alloy presents typical bimodal structure due to incomplete recrystallization.
Compared with the non semi-solid alloy, the semi-solid+extruded alloy exhibits higher strength. The main reason for the performance
enhancement of the alloy is due to the formation of bimodal structure. The fine grains provide the grain boundary strengthening, while the
coarse grains without recrystallization produce the strengthening effect by inhibiting the base plane slip. The second important reason is the
refinement of quasicrystal phase and its dispersion in the matrix.

Key words: magnesium alloy; bimodal structure; semi-solid isothermal treatment; recrystallization

Corresponding author: Zhang Yingbo, Ph. D., Associate Professor, School of Materials Science and Engineering, Southwest Jiaotong

University, Chengdu 610031, P. R. China, E-mail: zhangyb@swjtu.edu.cn


https://doi.org/10.1016/j.jmatprotec.2020.116874.
https://doi.org/10.1016/j.jmatprotec.2020.116874.
https://doi.org/10.1016/j.jmatprotec.2020.116874.
https://doi.org/10.1016/j.jmst.2020.04.031
https://doi.org/10.1016/j.jmst.2020.04.031
https://doi.org/10.1016/j.jmst.2020.04.031
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180095&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180095&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180095&journal_id=rmme
https://doi.org/10.1016/j.scriptamat.2020.10.052
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=e20160146&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20130819&journal_id=rmme
https://doi.org/10.1016/j.matchar.2020.110670
https://doi.org/10.1016/j.matchar.2020.110670
https://doi.org/10.1016/j.matchar.2020.110670
https://doi.org/10.1016/j.msea.2019.02.083
https://doi.org/10.1016/j.msea.2019.02.083
https://doi.org/10.1016/j.msea.2019.02.083
http://dx.doi.org/10.1016/j.jallcom.2014.11.167
http://dx.doi.org/10.1016/j.jallcom.2014.11.167
http://dx.doi.org/10.1016/j.jallcom.2014.11.167
http://dx.doi.org/10.1016/j.msea.2016.12.063
http://dx.doi.org/10.1016/j.jallcom.2012.05.100
http://dx.doi.org/10.1016/j.jallcom.2012.05.100
http://dx.doi.org/10.1016/j.jallcom.2012.05.100
http://dx.doi.org/10.1016/j.matlet.2015.12.070
http://dx.doi.org/10.1016/j.matdes.2016.09.012
https://doi.org/10.1007/s11661-017-4081-2
https://doi.org/10.1016/j.scriptamat.2019.12.003.
https://doi.org/10.1016/j.scriptamat.2019.12.003.
https://doi.org/10.1016/j.scriptamat.2019.12.003.
https://doi.org/10.1016/j.jallcom.2018.11.229
https://doi.org/10.1016/j.jallcom.2018.11.229
https://doi.org/10.1016/j.jallcom.2018.11.229
https://doi.org/10.1016/S1003-6326(12)61741-5
https://doi.org/10.1016/S1003-6326(12)61741-5
https://doi.org/10.1016/j.jmrt.2020.06.029
https://doi.org/10.1016/j.jmrt.2020.06.029
https://doi.org/10.1016/j.jmrt.2020.06.029
http://dx.doi.org/10.1016/j.msea.2017.02.088
http://dx.doi.org/10.1016/j.msea.2017.02.088
http://dx.doi.org/10.1016/j.msea.2017.02.088
https://doi.org/10.1016/j.jmatprotec.2020.116699
https://doi.org/10.1016/j.jmatprotec.2020.116699
https://doi.org/10.1016/j.jmatprotec.2020.116699
https://doi.org/10.1016/j.jmst.2021.01.077
https://doi.org/10.1016/j.jmst.2021.01.077
https://doi.org/10.1016/j.jmst.2021.01.077
https://doi.org/10.1016/j.scriptamat.2020.05.025
http://dx.doi.org/10.1016/j.msea.2016.12.063
http://dx.doi.org/10.1016/j.msea.2016.12.063
mailto:zhangyb@swjtu.edu.cn

