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Table 1  Chemical composition of the experimental alloys (ω/%) 

Nominal composition  Experimental composition 

Alloy 

code 

Al Zn Nd Mg  Al Zn Nd Mg 

AZN1 9.0 1.0 0.5  8.34 0.62 0.27 

AZN2 9.0 1.0 0.8  8.00 0.58 0.64 

AZN3 9.0 1.0 1.1  8.15 0.58 0.87 

AZN4 9.0 1.0 1.5 

Bal. 

 8.07 0.53 1.36 

Bal. 
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¼ 1  WX>�J XRD¼½ 

Fig.1  XRD patterns of the experimental alloys 
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¼ 2  �À Nd_`WX>�?@ABJ SEMÁ 

Fig.2  SEM images of the microstructures of the experimental alloys with different Nd contents: (a) 0.27%, (b) 0.64%, (c) 0.87%, and (d) 1.36% 
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Fig.3  TEM image of the Al

2

Nd phase in AZN4 alloy (a), the SAED 

patterns of the Al

8

Mn

4

Nd phase (b) and the Al

2

Nd phase (c) 
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Fig.4  TEM images of the Al
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Nd
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phase in AZN1 alloy (a) and AZN4 alloy (d), the enlarge image (b) of the selection area in Fig.4a, the SAED 

patterns of the needle-like Al
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phase (c) and the rod-like Al
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 (e) 

 

 

 

 

 

 

 

 

 

 

 

 

¼ 5  WX>�JÈÉ��²v 

Fig.5  Tensile properties of the experimental alloys with different Nd 

contents at room temperature 
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Fig.6  TEM bright-field (a) and dark-field (b) images of the Al
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Nd

3 

near the tensile fracture in AZN4 alloy, the HRTEM image (c) of the 

selected yellow-colored square area A in Fig.6a, the HRTEM image (d) of the selected yellow-colored square area B in Fig.6b, the 

corresponding high-magnification (e) and FFT (f) of the selected white-colored square area C in Fig.6d, and the EDS maps of Mg (g), 

Al (h) and Nd (i) 
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¼ 7  AZN4>���ÊËÌÍ Al
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Fig.7  TEM images of the Al

2

Nd phase near the tensile fracture in AZN4 alloy (a) and the microstructure around the Al

2

Nd phase (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¼ 8  AZN4>���ÊËÌÍJ EDS}ÑÒ¿ EBSDPQ 

Fig.8  EDS maps of element Al (a), Nd (b) and Mg (c); corresponding EBSD maps of AZN4 alloy near the fracture: (d) band contrast map and  

(e) strain contouring map 

 

a^[8 ¡ê�¢w ¡	����;��@��=

UV�¢w¾ ¡¦�fs]å;�=áâI� 	�

�UV Nd�}k=UV��Al

11

Nd

3

� Al

2

Nd���]

�¶·��=�@����§ë[%IUV��J�8

��7�W�ìí	W����5UV��Al

11

Nd

3

�

Al

2

Nd�ª«$�+5=½�P�ÎFUV�ª«¸7

}kÌ�r)	g�Ð#¡{î�q}I4|	�� Nd

YZ���5 α+βp�NO��	�>¸7H α+βp�

NO�M/E�sg}k¾ ¡ê=|z��I7�	»

¼ Nd nz=½�	z� Mg

17

Al

12

���q�+|z�

�	4£¡¢w ¡=deh��	SÑ��5��;

��@���sgr���= Al

11

Nd

3

� Al

2

Nd �=½

��\CDE]�¶·��=����I 

8BCDE«&³¶·��5�����=�@� 

�

Crack 

Al

2

Nd 

1 µm 

Crack 

Al

11

Nd

3

 

Al

2

Nd 

Mg

17

Al

12

 

α+β 

M/E 

5 µm 

a 

b 

Al

2

Nd 

Al

11

Nd

3

 

20 µm 

d 

e 

Mg

17

Al

12

 

Nd 

Al 

Mg 

a b 

c 



º 6¾                           �� �5Mg-Al-Zn-Nd>�?@ABCD¿GHIKLMN                       ¸2065¸ 

� ���Al

11

Nd

3

�

��

�Al

2

Nd�Mg

17

Al

12

����	
��
 C

44

���� 

Table 2  Calculation results of Young’s modulus E, shear modulus G, G/B and elastic constant C
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Microstructure Evolution and Strengthening Behavior of 

Rare-earth-containing Phases in Mg-Al-Zn-Nd Alloy 

 

Cui Xiaoming, Yu Zhilei, Bai Pucun, Du Zhaoxin, Kang Yongfei, Liu Fei 

(Inner Mongolia University of Technology, Hohhot 010051, China) 

 

Abstract: The microstructure evolution of the Mg-Al-Zn-Nd alloy was characterized by XRD, SEM and TEM, and the strengthening behavior of 

the rare-earth-containing phases in the alloys was studied. Results show that the microstructure consists of the α-Mg, Mg

17

Al

12

, Al

2

Nd and Al

11

Nd

3 

phases in the experimental alloys. Meanwhile, as increases the content of Nd element, the size and the number of the Mg

17

Al

12 

phase gradually 

decrease; however, the number of the dispersed Al

2

Nd and Al

11

Nd

3

 phases increases. Moreover, the shape of the Al

11

Nd

3

 phase changes from 

needle-like to the rod-like with the increasing of Nd content, and the semi-coherent interface with strong binding ability exists between Al

11

Nd

3

 

phase and matrix Mg. Furthermore, the strengthening behavior of the rare-earth-containing phases includes the following aspects: During tension, 

the increase of stress concentration around the rare-earth-containing phases may induce the formation of twin around the matrix Mg, which can 

coordinate the increase of some external strain energy. Compared with Mg

17

Al

12 

phase, the hard rare-earth-containing phases with good binding 

ability initiate micro-cracks hardly; therefore, the dispersed rare-earth-containing phases play an important role in pinning dislocation movement. 

The number increasing of the rare-earth-containing phases results in the number decreasing of the micro-cracks sources, which initiate at the 

interface between matrix and eutectic structure (M/E), as well as the island-like Mg

17

Al

12

 phase. Finally, the mechanical properties of the Mg

17

Al

12

, 

the Al

2

Nd and the Al

11

Nd

3

 phases were calculated and briefly discussed, indicating these three kinds of phases are all brittle phases. Compared 

with the Mg

17

Al

12

, the hardness of Al

11

Nd

3

 and Al

2

Nd are higher. 

Key words: Mg-Al-Zn-Nd alloy; microstructure evolution; rare-earth-containing phases; strengthening behavior  
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