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Fig.1  XRD patterns of Al-Mg-Ce alloy powder with different 

composition 
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Fig.2  DTA curves of Al-Mg-Ce alloy powder with different 

composition 
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Fig.3  TG curves of Al-Mg-Ce alloy powder with different 

composition 
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Fig.4  XRD patterns of Al-15Mg-1Ce powder oxidized at 

different temperatures 
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Fig.5  SEM images (a, b) and EDS spectra (c, d) of Al-15Mg-1Ce powder oxidized at 600 w (a, c) and 1300 w (b, d) 
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Table 1  Elemental analysis of spectrum 1 for Al-15Mg-1Ce 

powder oxidized at 600 �

��

� in Fig.5a 

Element O Mg Al Ce Total 

ω/% 31.10 25.71 41.16 2.03 100 

at% 42.81 23.29 33.59 0.32 100 
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Table 2  Elemental analysis of spectrum 2 for Al-15Mg-1Ce 

powder oxidized at 1300 �

��

� in Fig.5b 

Element O Mg Al Ce Total 

ω/% 38.12 6.58 52.97 2.32 100 

at% 51.43 5.84 42.37 0.36 100 
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Fig.6  Microstructures of Al-Mg-Ce alloy with different compositions: (a) Al-15Mg, (b) Al-15Mg-1Ce, 

(c) Al-15Mg-3Ce, and (d) Al-15Mg-5Ce 

a 

b 

c 

d 

5 µm 



�1190�                                          V���� #��                                           � 47� 

Al

11

Ce

3

�èé�E�ãä`a�êb�»ë�<§a

èéìí�îï�'Z Al

11

Ce

3

�ðñ� Ce 
 Al E

TYç��<�òó Al

11

Ce

3

�ðñ³B�ET� Ce&

Ce � Al-Mg-Ce ����«¬a�Þô�îï'Z

Al

11

Ce

3

��9F�òó��� Ce ���åõö�÷

ø Al

11

Ce

3

�./ Ce�ùT��,��ïúû Al

11

Ce

3

�./ Ce �ùT��,b

[19,20]

&Al

11

Ce

3

���`\

Þ��åüm@����ý`m@¡�³B�567

� Ce´�¸m@� CeO

2

�'Z CeO

2

¤�óAa�U

EZ 1�ãäm@ÆÇ����þ���� Al34Ñ

t�ÒÞoaY����ÒÓm@

[21]

&ïh�ãä Ce

ùT�ý��AlùT��ê�Al�m@¡�¹ºfT

���VW»ë��¨©XE��# 2 
# 3 ���

�� DTA-TG ¾¿�ÑFWX�>��Al-15Mg-3Ce

��� 2 �ºÂÃõ� Al-15Mg-1Ce ���XR	


��ÈÉm@Ê�LË¼��Ô 84%�ï

Al-15Mg-5Ce ��ÈÉm@Ê�LËX���Ô

80%&'ßÐ>µij Ce�ST�U' 1%ý�Ô 3%

�¦ 5%�Al-Mg-Ce ���Âef�ê&���

Al-15Mg-1Ce��ÑF9Xg�Âef& 

� Al-15Mg���QRij CeÊ�Al-Mg-Ce�

�ÀÒ�ºÂÃ9F� 540~600 ·��� Al-15Mg

��b� 150 ·&»�'Z Al-Mg-Ce ��Ù«no

�567³B�ET� Ce��
�c^,b�Ñtw

e���m@no�´�¸m@�eS�h Ce �Q

RV Al

3

Mg

2

�¸?@×256XABY89�»�Î

�VW567�m@no��§ý`×êb�

Al

3

Mg

2

�m@ÆÇ�`a�Al

3

Mg

2

�z{m@ÆÇ¹

ºÂT�VWQRij Ce� Al-Mg-Ce���ÀÒ�

m@ºÂÃ`aêb&ãä Ce ùT�LR�Al

11

Ce

3

�89TLR�h���`\Þ��åüm@�å�

Z567m@ÆÇ���=Ï¡�ãä Ce ùT�L

R�Al

3

Mg

2

�èéDE��m@ÆÇno��V�p

mqrstu���m@ÆÇ�
�ïh³B�56

7� Ce �¸´�m@Ê{��óA� CeO

2

���

Al

3

Mg

2

�Ñt��
� Al

3

Mg

2

���ÒÓm@&$

ª�ãä Ce ùT�LR�Al-Mg-Ce ���ÀÒ�º

ÂÃ�m@ºÂ����ºÂTèéêb&��$��

� 4 �åÏ�������c���Al-15Mg-1Ce �

�ÑF9�g�Âef& 

��������

1) �n������ Mg ùT� 15%�Ce ùT

0%	1%	3%
 5%� Al-Mg� Al-Mg-Ce��c�&

�����±�� Al	Al

3

Mg

2


 Al

11

Ce

3

& 

2) Al-Mg-Ce��� Ce�QRVAl

3

Mg

2

��m@

ÆÇ`aêb�����m@ÆÇ¥äåÏoa�v

�¨©�ãä Ce ùT�LR�Al-Mg-Ce ���ÂÆ

Çwe�ê& 

3) Al-15Mg-1Ce��
��E�m@ÆÇfT¹

ºT��������ÑF9�g�Âef&
�i

j Ce� Al-Mg-Ce��c����Âef� !�"

�#
$%&/
�ÒÞ�Ç©'(& 

 

����    References  

[1] Yetter R A, Risha G A, Son S F. Proceedings of the Combu- 

stion Institute[J], 2009, 32(2): 1819 

[2] Babuk V A, Vassiliev V A, Sviridov V V. Combustion Sci 

Technol[J], 2001, 163(1): 261 

[3] Zhao Qinghua(���), Wang Lili(���), Liu Xin(�  ) et 

al. Chemical Propellants & Polymeric Materials(I�¡¢£

#g;¤� )[J], 2011, 9(1): 50 

[4] Li Wei(¥ ¦). Thesis for Doctorate(§�¨©)[D]. Jilin: Jilin 

University, 2007  

[5] “Handbook of Light Metal Materials Processing” Writing 

Group(ª«��� S�¬­®¯°G). Handbook of Light 

Alloy Processing(«
�S�¬­ )[M]. Beijing: Metallur- 

gical Industry Press, 1979: 85 

[6] Su Jie(± ²), Xiao Yude(³´µ), Li Wenxian(¶©·) et al. 

Journal of Materials and Metallurgy(� #¸��¹ )[J], 

2005, 4(1): 55 

[7] Wang S H, Zhou H P, Kang Y P. Journal of Alloys and 

Compounds[J], 2003, 352(1-2): 79 

[8] De Boer F R, Boom R, Mattens W C M et al. Cohesion in 

Metals, Transition Metal Alloys[M]. Amsterdam: North- 

Holland Physics Publishing, 1988: 42 

[9] Villars P, Calvert L D. Pearson’s Handbook Crystallographic 

Data Intermetallic Phases[M]. Materials Park, OH: ASM 

International, 1991: 73 

[10] Jesser W A, Zhang B W. Physica B: Condensed Matter[J], 

2002, 315(1-3): 123  

[11] Chia T L, Easton M A, Zhu S M et al. Intermetallics[J], 2009, 

17(7): 481 

[12] Wang Wei(� =), Tang Zhenlei(º»¼), Zhan Chunyao(½

¾¿) et al. Rare Metal Materials and Engineering(V���

� #��)[J], 2009, 38(12): 2100 

[13] Joshi P B, Marathe G R, Murti N S S et al. Materials Letters 

[J], 2002, 56(3): 322 

[14] Lv Y Z, Wang Q D, Zeng X Q et al. Materials Science and 

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



� 4�                               �  ���VW�����
�@ K\h8��                             �1191� 

[15] Mebarki N, Kumar N V R, Blandin J J et al. Materials 

Science and Technology[J], 2005, 21(10): 1145 

[16] Li Tiefan(¥ÀÁ). Journal of Chinese Society for Corrosion  

and Protection(��ÂÃ#ÄÅ�¹)[J], 2002, 22(3): 180 

[17] Wang Wei(� =). Thesis for Master(��¨©)[D]. Nan- 

chang: Jiangxi Science and Technology Normal University, 

2013: 8 

[18] Wei L Y, Dunlop G L. Journal of Alloys and Compounds[J], 

1996, 232(1-2): 264 

[19] Wang Y S, Wang Q D, Ma C J et al. Materials Science and  

Engineering A[J], 2003, 342(1-2): 178 

[20] Hou P Y, Stringer J. Materials Science and Engineering A[J], 

1995, 202(1-2): 1 

[21] Dean J A. Lange’s Handbook of Chemistry[M]. New York: 

McGraw-Hill, 1999: 89 

 

 

 

Effect of Rare Earth Ce on Thermal Performance of Al-Mg-Ce Alloy Fuels 

 

Yi Huan, Cai Shuizhou, Zou Hui 

(State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University 

of Science and Technology, Wuhan 430074, China) 

 

Abstract: Al-Mg and Al-Mg-Ce alloy fuels were prepared by a melting method, in which the mass fraction of Mg was 15% and the mass 

fraction of Ce were 0%, 1%, 3%, 5%. The phase composition, oxidation exothermic performance and appearance/element distribution of 

alloy fuels were characterized by XRD, TG-DTA and SEM/EDS, respectively. The reason of differences in oxidation exothermic reaction 

between alloys with different mass fractions of rare earth Ce and the oxidation behavior of Al-Mg-Ce alloys were analyzed. The results 

show that the oxidation exothermic performance of Al-Mg-Ce alloys declines gradually with the increasing of Ce content. The first 

oxidation reaction temperature of Al-Mg-Ce alloy powders is about 160 °C lower than that of Al-Mg alloy powders due to the addition of 

Ce. Al-15Mg-1Ce alloy powders exhibit better thermal performance with the heat enthalpy of 6413 µV·s/mg and mass increasing of 90% 

at 1300 °C among them. 

Key words: rare earth element Ce; Al-Mg-Ce; alloy fuels; oxidation reaction 
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