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Table 1  Chemical composition of the experimental alloys  

(ω/%) 

 Zn Mg Cu Zr Er Ti Al 

Alloy1 8.03 1.79 1.45 0.15 - 0.039 Bal. 

Alloy2 7.98 1.82 1.47 0.16 0.16 0.039 Bal. 
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Ê 1  29!"5Z>?[\ 

Fig.1  Microstructures of the as-cast alloys: (a) optical micrograph of alloy 1, (b) SEM image of alloy 1, (c) optical micrograph of alloy 2, 

and (d) SEM image of alloy 2 
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Table 2  Chemical composition of secondary phases of the 

as-cast alloys in Fig.1b and 1d (at%) 

Element Al Zn Mg Cu Fe Er 

A 36.33 22.81 23.42 17.44 - - 

B 15.84 31.04 31.89 21.23 - - 

C 27.37 24.42 34.70 13.50   

D 70.51 7.17 - 17.58 - 4.43 

E 76.12 2.20 - 14.27 7.41 - 
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Fig.2  SEM micrograph of the as-cast alloy 2 (a) and corresponding elements planar distributions of Al (b), Zn (c), Mg (d), Cu (e), Er (f), 

Fe (g) 
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Ê 3   29!"5:e DSC ÒN 

Fig.3  DSC curves of as-cast experimental alloys (a) and its magnification (b) 

 

�µÂ�EI�t� 481 Ã1�M��ÄÅPÆ��

�E�¨�I��Ð�D 480 Ã1½¾-�³I�Ç

J�ö9:�ø 475 Ã����E¨�I��ùÈI

�qî 470 Ã� 475 Ã�K1 �� 2 � DSC »

HQ�.R« 2 N¼eY��� 573.8 Ãc2��

º 1N¼eY�w 3QÉbÊ¡¢���¡¢��Ëw

�zw 3b �{1S. H. Wang )Ì

[15]

Í9:ÎB

Al

8

Cu

4

Er¶��EI�t� 575 °C���w 2s�Ï

Ð��¼eYs�7�D�� 2N`Q Al

8

Cu

4

Er¶�

�E1ÑÒ Al

8

Cu

4

Er¶ �� 2Q¼Æá�/0�B

CD Er op�máâ�\�¶�Ó¿�m�áâ�

�7�¼eY�YZ�áâ1 

����������� SEM � EDS �����

w 4�{���E¬��� SEM�Å.�Ïw�

$ EDS �*¼V�wQ��Í¶� EDS �*�§1

D� 3 Q1Cw 4 s�`�-��P��E�Â! 2

���Q��x_���â�ü�HWX�öÔÕ

.1 �� 1Q�Ö×¯mØ�_ÙÚ¶�ÛÜ EDS

�*¼V�§s�ÏÐÎ3ÙÚ¶���ÝÞ)½¾

��¿��o(AlZnMgCu)¶1Ú\�¶áD�� 1�

�� 2QßÚð á�ÙÚ¶�zw 4bQ�àá�{�

Î3¶Z�â©¬��_ãQØ_ää~HÕ®¼

Æ1�� EDS¼V�§s��w 4bQ B¡¢��_

¶�opWa;w 1d Q D �{�¶opWa�ö�

_��½Ã.¯m Zn op� Al

8

Cu

4

Er ¶1C ¡¢¶

�opWa;�� 1 QÙÚ¶�opWa�ö�_�

��o(AlZnMgCu)¶1w 4c�w 4b°»¡¢��Ë

w�wQZmwå6_¶���E34 B�"C�

�VB� η(MgZn

2

)¶1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ê 4  ]^_Z!"e SEMÓÔMF�Õ  

Fig.4  SEM images of the Al-Zn-Mg-Cu alloys after homogenization: (a) alloy 1; (b) alloy 2; (c) high magnification of the rectangular 

area in Fig.4b 
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Table 3  Chemical composition of secondary phases of the 

homogenized alloy in Fig.4 (at%) 

Element Al Zn Mg Cu Er 

A 46.12 17.24 12.30 24.34 - 

B 59.31 6.84 - 29.33 4.52 

C 44.52 17.98 26.32 11.18 - 

D 83.50 8.39 5.49 2.53 - 
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Ê 5  29!"5Z7]^_Ze XRDÊG 

Fig.5  XRD patterns of Al-Zn-Mg-Cu alloy before and after 

homogenization (a-as-cast alloy 1, b-homogenized alloy 

1, c-as-cast alloy 2, and d-homogenized alloy 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ê 6  29!"Ö×ØcdÙe=�>?[\7lÁ SEMÚÛ 

Fig.6  Microstructures of the Al-Zn-Mg-Cu alloys after aging treatment: (a) optical micrograph of alloy 1, (b) SEM image of alloy 1,   

(c) optical micrograph of alloy 2, and (d) SEM image of alloy 2 
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Fig.7  TEM images of the alloy 2 under different conditions: (a) homogenized and (b) peak aged 
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Ê 8  29!"Ö×0QRSÜÝe SEMÚÛ 

Fig.8  SEM fractographs of the experimental alloys: (a, b) alloy 1 and (c, d) alloy 2 
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Table 4  Tensile properties of the two alloys at room 

temperature 
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/MPa δ/% 

1 565.8 530.6 10.27 

2 558.6 524.8 11.164 
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Abstract: Two kinds of alloys Al-Zn-Mg-Cu and Al-Zn-Mg-Cu-0.15%Er were prepared by steel mould casting. The existence form of Er 

in the as-cast, homogenized, deformed and aged microstructures of the Al-Zn-Mg-Cu alloy were investigated by optical microscopy (OM), 

scanning electron microscopy (SEM), energy dispersive spectrometer (EDS), differential scanning calorimetry (DSC), transmission 

electron microscopy (TEM) and X-ray diffractometry (XRD). In addition, the effect of Er on the tensile properties of the alloy at room 

temperature was also discussed. The results show that trace element Er can refine the as-cast microstructure of Al-Zn-Mg-Cu alloy to a 

certain extent, but this refinement is limited. Er exists in the alloy mainly in the form of a ternary Al

8

Cu

4

Er phase, which forms during the 

solidification and segregates at the grain boundaries, and which often occurs between eutectic networks. Al

8

Cu

4

Er has a high melting point 

and poor plasticity and is therefore easily crushed during the thermal deformation of the alloy. Al

8

Cu

4

Er fragments may cause cracks and 

may also induce recrystallization nucleation, which will eventually have an adverse effect on the comprehensive properties of the alloy.  

Key words: Al-Zn-Mg-Cu-(Er) alloy; Al

8

Cu

4

Er phase; microstructure; mechanical properties  
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