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

Alloy Zn Cu Fe Mg 

*Pure Mg - - 0.04 Bal. 

*Mg-3Zn 2.9 - - Bal. 

*Mg-5Cu - 4.73 - Bal. 

Mg-5Cu-3Zn 2.88 4.84 - Bal. 

�* : as a reference 
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± 1  CuEZnkh�l��+,\²³,RKL© EBSD± 

Fig.1  Colorful optical micrographs (a~d) and EBSD maps (e,f) 

of Mg alloys before and after Cu and Zn addition: (a) pure 

Mg, (b) Mg-Zn, (c, e) Mg-5Cu, and (d, f) Mg-5Cu-3Zn 

 

 

 

 

 

 

 

 

 

± 2  CuEZnkh�l+,\´µ^m¶· 

Fig.2  Average grain sizes of the Mg alloys before and after Cu 

and Zn addition  
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± 3  CuEZnkh�l��+,\ SEM¸ 

Fig.3  SEM images of the Mg alloys before and after Cu and Zn 

addition: (a) pure Mg, (b) Mg-Zn, (c) Mg-5Cu, and       

(d) Mg-5Cu-3Zn 
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± 4  CuEZnkh�l��+,\ XRD±¹ 

Fig.4  XRD patterns of the Mg alloys before and after Cu and Zn addition: (a) pure Mg, (b) Mg-Zn, (c) Mg-5Cu, and (d) Mg-5Cu-3Zn 
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Table 2  Lattice parameters and lattice distortion rate of α-Mg 

in different alloys 

Lattice constant/nm 

Alloy 

a c 

Lattice distortion 

rate/% 

*Pure Mg 0.320 761 0.520 342 0.066 (±0.0011) 

*Mg-3Zn 0.320 535 0.520 104 0.124 (±0.0012) 

*Mg-5Cu 0.320 478 0.520 522 0.083 (±0.0012) 

Mg-5Cu- 

3Zn 

0.320 300 0.520 422 0.100 (±0.0015) 

�* : a reference group 
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± 5  Mg-5CuEMg-5Cu-3Zn+,\ SEM¸ 

Fig.5  SEM images of the Mg alloys before and after Cu and Zn 

addition: (a, b) Mg-5Cu and (c, d) Mg-5Cu-3Zn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 6  3�+,\KL© EDS�yz± 

Fig.6  SEM images and EDS maps of Mg alloys: (a) Mg-3Zn,  

(b) Mg-5Cu, and (c) Mg-5Cu-3Zn  
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± 7  3�+,\KL©��	\ EDS	º»y¼ 

Fig.7  SEM images and EDS point analysis (mass fraction, %) of 

Mg alloys: (a) Mg-3Zn, (b) Mg-5Cu, and (c) Mg-5Cu-3Zn 

 

p 
�9«Þ)Õ½ 2:1+²� XRD��²��æ

�>Mu
�����ç� CuMg2�+ 

Mg-5Cu-3Zn��
 EDSó��d� 6c:¢��

�¢�Mg ��]^���¦Â~�����~��

¦¡¬©øCu��§¨è¾��R���~�Ûùu

Z�Ëã
Ï����~
 Cu ����¦¡4R3

Ëã
ÌÍ����+Zn ��Ç]^��R���

~�è Cu���é�Zn �3ËãÌÍ����~


�����¹+ 

� 7c � Mg-5Cu-3Zn ��
 EDS Ã]^��²

���~ E �¦Â�F �Ëã
����G �3Ëã


���+°Ã]^
²�Ü��Mg¦Â~ Mg��


t���4Ô 91.5%�Zn ��
t���¤�

0.5%�¦Â~§¨Ü& Cu���Öè EDSó]^


²�=Ë+CD�� EDS²����Í��Ëã
�

��~ôF ÃõCu�Zn ��
���åï��Mg�

CuF Zn 3B��
p «Þ¤�_1.6:0.7:0.1��ä

Í Mg ��8�
å¯Rå�Mg�Cu ��
�9p

 «ÞÕ½ 2:1�Y Zn ��
��é¼R Cu ��+

²� XRD²��8Æ Mg-5Cu-3Zn��~Ëã
Ï�

���)� CuMg

2

�øY�3Ëã
���~ôGÃõ

Cu�Zn��
���½�Cu�Zn��
p «ÞÕ

½ 1:1+²� XRD��²��`f3Ëã
ÌÍ��

��)� CuMgZn�+ 

2.2.3  TEM �� 

� 8�Mg-5Cu-3Zn��>ME���
 TEMu

Z�EDS Ã]^���h[� b2ê©+d� 8a

50 µm 

50 µm 

50 µm 

50 µm 

50 µm 50 µm 

5 µm 

5 µm 

5 µm 

5 µm 

a 

c 

b 

Mg 

Cu 

Zn 

Mg 

Zn Mg Cu 

a b 

c 

d 

Discontinuous second phase 

Discontinuous  

second phase 

Continuous second phase 

a 

c 

b 

A 

B 

E 

F 

C 

D 

G 

Point    Mg  Zn   Cu   C   O 



¬206¬                                       4,®#$&'(                                               � 50� 

:¢�A Ã�Ï�Ëã����C Ã�3Ëã
ÌÍ

�����Y B Ã�ò�
MóE��R� TEM ~

EDS��
4ë��@ �á¤ 30 nm�	Þ0R�

[
7�����ì`+° EDS²�~���Í�A

ÃE Zn��'¼�MgF Cu��
p «¤� 2:1ø

� 8b � A ÃE
h[� b2ê©�;»f�Ï�

���� CuMg

2

�b2ê©
>í��

[316]

ø�ªy

=d`æî����ï�©ðv=f¶2Ú�WÌÎ

=¼ñóu
b2ê©�d� 8c:¢�;»f�b2

ê©
>í��

[101]

+	Þ`fÏ�
����

CuMg

2

+� EDS ²��¢�C ÃE Mg�Cu F Zn 3

B��
p «Þ¤� 1:1:1�� 8e � C ÃE
h[

� b2ê©�îê©èòó

[11]

#ô��~
ª?�


���
b2ê©õö�;»f�ÌÍ�����

CuMgZn�b2ê©
>í��

[311]

+B Ã�ò�


MóE�°� 8d~b2ê©~���Í�BÃE&¦

¡
ò�
÷ë�;»f�ò��£� CuMg

2

�F

CuMgZn ��Ûùò�Ñ�q{På_

[316]

CuMg

2

// 

[311]

CuMgZn

+ 

Þb�Mg-5Cu-3Zn ��
>ÉÒÑ�á¾�ª

?�����d� 9a :¢+°�~���Í���

��É¾
 ª?ôB ÃEõFø¼�¿À
ù�

�ôA ÃEõW7+� EDS ²����Í�ù��

~ Mg�Cu F Zn ��
p «ÞÕ½R 1:1:1�Y

É¾
 ª?~ Mg�Cu F Zn ��
p «Þ¤�

5:1:1øúû��W7«ÞÑ�ås�A�B òÃE


� b2ê©§¨=Ë�d� 9b�9c :¢�;»f�

���� CuMgZn�b2ê©
>í��

[011]

+C

D��RÉ¾
 ª?Fù��~ Mg ��Ñ�¦

¡ås�É¾
 ª?� CuMgZn F α-Mg 
ü>

�øYù���¼áRü>���
´sü>

CuMgZn+  

2.2.4  DSC �� 

� 10� Mg-5Cu�Mg-3ZnF Mg-5Cu-3Zn��Á

A�O~
 DSCý.+°�~���Í�� MgÁÃ

¼½3C
��Ê& 1�¦¡
þ�µ�Ûù Cu�Zn

��
ma�Ì� Mg
ÁAþ�µ¦¡E�+� 10

~ý. b�Mg-5Cu
 DSCý.����Í� 489.5 x

¸¹Ò��ª 1�¦¡þ�µ+� Mg-Cu����

[22]

�¢�Cu 
t���� 5%D�� 485 xt2V�r

ü>vä�é)1�_L�α-Mg+CuMg

2

�Ö�ü>v

ät2è DSCý.~þ�µ
t2wÀÕ½���8

ÆÖ�þ�µç� CuMg

2

��rüÁvä
t2w

À+	Þ·�u Mg-5Cu ��
UVÚ����)�

α-Mg+CuMg

2

+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 8  Mg-5Cu-3Zn�QR\ TEM��EEDS	º»F½¾2 

¿ÀÁÂÃ 

Fig.8  TEM morphology, EDS analysis and SAED of the secondary 

phases in Mg-5Cu-3Zn alloys: (a) TEM bright filed image, 

(b, c) SAED of point A, (d) SAED of point B, and      

(e) SAED of point C 
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Fig.9  TEM morphology, EDS and SAED results of the granular 

precipitates in Mg-5Cu-3Zn alloys: (a) TEM bright filed 

image, (b) SAED of point A, and (c) SAED of point B 
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Fig.10  DSC curves of the Mg alloys before and after Cu and  

Zn addition 
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Table 3  Calculated Q value of different Mg alloys (K·(mass fraction%)
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Alloy *Pure Mg *Mg-3Zn *Mg-5Cu Mg-5Cu-3Zn 
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2.10 17.47 27.09 40.85 
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Table 4  Vickers hardness of α-Mg and secondary phase in 

different Mg alloys 

Vickers hardness, HV/�10 MPa 

Alloy 

Matrix Second phase Average 

*Pure Mg - - 29 (±1.5) 
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Fig.11  Average Vickers hardness of the Mg alloys before 

and after Cu and Zn addition 
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Fig.12  Variation of microhardness (HV) as a function of d 
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Fig.13  Average ultimate tensile strength of the Mg alloys 

before and after Cu and Zn addition 
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Fig.14  Average elongation of the Mg alloys before and after Cu 

and Zn addition 
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Abstract: The microstructure (especially the second phase) of Mg-5Cu-3Zn was characterized by reference to Mg, Mg-5Cu and Mg-3Zn, 

and the fine grain mechanism of Cu and Zn was discussed. The results show that when Cu, Zn, Cu and Zn are added to pure Mg, the grains 

are transformed from columnar to equiaxed grains. The second phase of Mg-3Zn is distributed in the matrix in a granular manner, and the 

phase composition of the alloy is α-Mg+MgZn. The second phase in Mg-5Cu is reticulate, and the phase in the alloy is composed of 

α-Mg+CuMg

2

. The second phase at the Mg-5Cu-3Zn grain boundary shows two different morphologies i.e., the continuous block second 

phase of CuMg

2

 phase, and the discontinuous fishbone second phase of CuMgZn phase. The grain refinement mechanism of Zn on Mg is 

mainly the solute effect of Zn. The grain refining mechanism of Cu to Mg is mainly the solute effect of Cu element and the nailing effect 

of CuMg

2

 to grain boundary. The addition of Cu and Zn has a better effect on fine grains because of the complex solute effect of Cu and 

Zn and the stronger nailing effect of the second phase to grain boundary. 

Keywords: Mg-5Cu-3Zn alloy; grain refinement; secondary phase; characterization 

 

Corresponding author: You Guoqiang, Ph. D., Associate Professor, College of Materials Science and Engineering, Chongqing University, 

Chongqing 400044, P. R. China, Tel: 0086-23-65111279, E-mail: ygq@cqu.edu.cn 


