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Table 1  Chemical composition of experimental alloys  

Element content, ω/% 

Alloy 

Al Zn Ce 

AZ91 8.64 0.66 0.00 

AZ91-0.3%Ce 8.63 0.67 0.29 

AZ91-0.6%Ce 8.62 0.69 0.62 

AZ91-1.2%Ce 8.63 0.64 1.19 
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Fig.1  Microstructures of experimental alloys: (a) AZ91, (b) AZ91-0.3%Ce, (c) AZ91-0.6%Ce, and (d) AZ91-1.2%Ce 
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Fig.2  XRD patterns of the samples with different Ce contents 
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Table 2  Solid solution of major alloying elements 

Element content, ω/% 

Alloy 

Al Zn Ce 

AZ91D 3.7386 0.0478 - 

AZ91D-0.3%Ce 3.6539 0.0402 0.0037 

AZ91D-0.6%Ce 3.5784 0.0424 0.0048 

AZ91D-1.2%Ce 3.4826 0.0438 0.0075 
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Fig.3  EDS analysis of metallic compounds: (a) Al
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Ce and     

(b) Mg

17

Al

12

 

 

z Mg!$9:Ñ�;<6? β-Mg

17

Al

12

$�kpp�

Ñ�%��!QY{/���k�� Mg � Al=

//�zT� ZnVP�QX>Ñ�:; Ce6  

�FÈ? Zn �Ç&P β-Mg

17

Al

12

Q@w

AZ91-1.2%Ce QpÎí'���!�AB����

ICP®S·���CTpq�]+yf 36q	fg

pÎí'���!Qz//��D� Zn6W=õ 3 þ

¶�5Ôp�]+Q>y:;��!Al

4

CeQz/Zn6

�xZn�%�'� β-Mg

17

Al

12

6 

2.2  ���������� 

õ 4 �w AZ91-1.2%Ce ��QpÎí���!�

ÚÛÂÞEFÒÂÏ ÷6õ 5�wY§ CezT¨©

QpÎ)E���!� X ÒîïÒõÔ6]�ÚÛÂ 

 

 3  . AZ91-1.2%Ce/0��123$&#4�5)* 

$6- 

Table 3  Contents of elements in compounds extracted from  

AZ91-1.2%Ce sample (ω/%) 

Al Mg Ce Zn 

43.7886 46.0517 9.7914 3.7617 
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Fig.4  BES image of compounds extracted from sample with  

1.2%Ce 
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Fig.5  XRD pattern of compounds extracted from samples 
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Table 4  Mass fraction of Mg
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Mass fraction of 

compound, ω/% 

Sample 
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AZ91D 100 0 100 100 

AZ91D-0.3%Ce 95.2 4.8    19.56 19.83 

AZ91D-0.6%Ce 88.9 10.1 9.09 8.15 

AZ91D-1.2%Ce 81.9 18.1 5.06 4.48 
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Table 5  Measured and standard diffraction angles of  
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2θ/(º) 
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Lattice 
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nm 

AZ91D 35.90 39.86 64.68 10.5933 

AZ91D-0.3%Ce 35.89 39.86 64.68 10.5692 

AZ91D-0.6%Ce 35.89 39.88 64.63 10.5894 

AZ91D-1.2%Ce 35.86 39.90 64.62 10.5746 

Standard 36.05 40.01 64.83 10.5438 
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Table 6  Calculation result of formation enthalpy 
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Table 7  Calculation result of average bond length 

Average bond length/nm 

Unit cell 

Al-Al Mg-Mg Mg-Al 

Mg

34

Al

24

 0.27406 0.30907 0.29634 

Mg

34

Al

23

Zn 0.27420 0.31882 0.29538 

 

t Ce ��cuMg-Ce #�bQ� Ce Pv�

α-MgQ��â���{� 0.09%(CTpq)(è³�

���wmç6P Mg-Al-Ce X�bQW= Al ��

��§�� Ce���52�Rx2ç6V Cei Al

/�/��y�2h\jk A1

4

Ce ��!X1P

α-Mg $]�6^tz{jk6Ce �no°4@O

AZ91
���@A|'$��v�6R}�CeP�

��Z��[Q�}`a= α-Mg$�^_��kp

�~�Ã������F�ä¥UE�� α-Mgp�

�%� α-Mg�&���

[10,11]

6cZ��[QP]�^

_&P� A1

4

Ce�5Ã� α-Mg�&��â/à=�

&��Rx%�6�R}�P]�^_`a� Ce�

Al

4

Ce�jk��F�23±²- Al

4

Ce��Z�

�[Y!jk��âX9��]�^_���R

Al

4

Ce ��ptP�ø�Al

4

Ce �]�°��]��

»�SF�m�\jk±ü��ü6Wx� AZ91


��Q Ce zT����&%���m�gÜ

Al

4

CeqT�e���vâW�&ü���ü�±ü

��ü�v6 

?= Al ��'j>P
Q//â���526

Mg-Al#�bQ AlPv� α-MgQ����L� 12%

(è³����� 2%(CTpq)6VPK��Z�±²

³AlG,���F�EPv� α-MgQ�����

>��� Al@������jk β-Mg

17

Al

12

X,Îý

���j~&P6P/â�~���³���P α-Mg

Q� Al �Y\�íþ,(è��ÇØ��T�=�

����\(è³ AlP α-Mg$Q�=���ü¬6

. AZ91
��Qz/ Ce�AlP α-MgQ���T2

çL5� Ce�Al �§���$���,-��Ð5

TÀ��ç�]+6VW= Ce���K</�Al�

��� Ce�BCXYâ6}c�i����� Al�



� 11�                               �  �°)10 AZ91453GH8D$;XYZ±²                       ¨3413  ̈

W= Al

4

Ce �Y!jkcrs�R�� β-Mg

17

Al

12

�

qTrsP�øn�=!úpt

[12,13]

6 

ZnP Mg-Zn#�bQ���52�K<���

ü¬³Pv� α-Mg Q��â���� 6.2%(è³

����g� 1.4%6Celotto Í

[14,15]

��ª«E

β-Mg

17

Al

12

Q&P Zn�MN�Ñ�YS Ce��i

�AZ91 
��Qâop� Zn �ptP β-Mg

17

Al

12

QP α-Mg$Q�/ÝT����T0ã=�P�

�Q�� zT6WxL,�S>��= α-MgQ�

Zn P��Z��[Q@`aP]�^_5LUE%

�@A���c�� β-Mg

17

Al

12

$� Zn w�� 

β-Mg

17

Al

12

Q� Al

[15]

§���W= Mg-Mgh�vâ

����R�cÑb]^�ô<qvâ6 

3  �  � 

1×z� AZ91
��Q� Ce¡¢jk Al

4

Ce��

!P α-MgQ�/ÝT���P]�^_�`a�

RF�&�%�6� CezT������T�â

�&%�����Al

4

CeqT�e���vâ1W

�&ü���ü�±ü��ü�v6  

2×��Q� Al ��,P α-Mg Q��,D

β-Mg

17

Al

12

� Al

4

Ce��!�j~&P6Al�(è��

Tâ=���V� CezT���i/rã���j

k Al

4

Ce mnFRST� AlR-�� β-Mg

17

Al

12

�

qTrsX�=!úpt6 

3×��Q� ZnP α-MgQ���TXYâ��

&P= β-Mg

17

Al

12

Q6Zn P]�^_�`a�@UE

%��&���c Zn�  β-Mg

17

Al

12

Q� Al�R

β-Mg

17

Al

12

��ô_v�ô<qvâ6 

 

MN��    References 

[1] Wang Chunjian(º»¼), Jin Qinglin(½¾), Zhou Rong(¿ 

À) et al. Rare Metal Materials and Engineering(¦x© 

!��ª)[J], 2010, 39(1): 208 

[2] You Z Y, Zhang Z G, Zhang J S. China Foundry[J], 2012, 9(2): 131 

[3] Tong G D, Liu H F, Liu Y H. Transactions of Nonferrous 

Metals Society of China[J], 2010, 20(1): 336  

[4] Wang F, Wang Y, Yu B Y. Transactions of Nonferrous Metals 

Society of China[J], 2010, 20(2):311 

[5] Lu Y Z, Wang Q D, Zeng X Q. Materials Science and 

Engineering A[J], 2000, 278(1-2):66 

[6] Du W W, Sun Y S, Min X G. Materials Science and 

Engineering A[J], 2000, 356(1-2):1 

[7] Chaubey A K, Scudino S, Prashanth K G et al. Materials 

Science and Engineering A[J], 2015, 625(2): 46 

[8] Li K J, Li Q N, Jing X T. Scripta Mater[J], 2009,60(12): 1101 

[9] Sun Y S, Zhang W M, Min X G. Acta Metallurgica Sinica[J], 

2001, 14(5): 330 

[10] Liu S F, Li B, Wang X H. Journal of Materials Processing 

Technology[J], 2009, 209(8): 3999  

[11] Yao H, Wang Q, Song Y L. Journal of Alloys and 

Compounds[J], 2009, 473(1-2): 550 

[12] Kabirian F, Mahmudi R. Metallurgical and Materials 

Transaction A[J], 2009, 40(9), 2190 

[13] Manivannan S, Gopalakrishnan S K. Alexandria Engineering 

Journal[J], 2016, 55(1): 663 

[14] Celotto S, Bastow T J. Acta Materialia[J], 2001, 49(1): 41  

[15] Zhou Shimin(¿ÁÂ), Yu Chao(Ã Ä), Zhu Hongxi(ÅÆÇ). 

Materials for Mechanical Engineering(ÈÉ�ª ! )[J], 

2015, 39(2): 45 

 

Alloying Element Distribution and Compound Structure of AZ91 Magnesium Alloy 

with Ce 

 

Su Juan, Guo Feng, Cai Huisheng, Liu Liang, Chen Baodong 

(Inner Mongolia University of Technology, Hohhot 010015, China) 

 

Abstract: AZ91 magnesium alloy samples with different Ce contents were prepared by die-casting, and the distribution of alloying 

elements and the causes of microstructure change were discussed based on microstructure observation, solid solution measurement of 

alloying elements and mass fraction calculation of compounds. The results show that Ce in the alloys mainly forms Al

4

Ce with a little 

solid solution in α-Mg. With the increase in Ce content, the Al

4

Ce becomes more and larger when the amount of solid solution of Ce 

increases. Ce can refine grains of α-Mg, because the Ce enriched in front of solid/liquid interface during solidification causes composition 

under-cooling and hinders element diffusion. Al in the alloys mainly exists in the forms of solid solution in α-Mg and eutectic β-Mg

17

Al

12

 

besides in Al

4

Ce; with the increase in Ce content its own solid solution slightly decreases but the β-Mg

17

Al

12

 significantly decreases in 

amount because part of Al has formed Al

4

Ce. The solid solution of Zn in α-Mg is much less than its content in the alloys, and it is mainly 

distributed in β-Mg

17

Al

12

 and replaces Al in them, resulting in lattice distortion of β-Mg

17

Al

12

. 

Key words: rare earth Ce; AZ91 magnesium alloy; element distribution; microstructure 
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