
� 47� � 8� ��������	                                Vol.47, No.8

2018� 8�          RARE METAL MATERIALS AND ENGINEERING August 2018

�����2017-08-15

���	����	
����201701D121041��������������2017159�������������������� 

!"�������201603D111004�


���#$%&'&1976 �(&)*(&+,��-�./��012�3&�� +, 030024&4560351-2161126&E-mail:

489537738@qq.com

�� Mg-xAl(x=9%, 12%, 15%)��

����	
���

���

1

����

1,2

���	

1

�
��

1

�� 

1

����

1,2

����

1,2

(1. +,��-� ./��012�3&�� +, 030024)

(2. +,��-� ���7879�12�:�;<=&�� +, 030024)

� ��>?@ABCDEFGHIJ Mg-xAl (x=9%, 12%, 15%)  9�KLM XRDNOMO SEMPQ�;J AlRST

CU Mg-Al9�EVWXYZ[E\]K̂ _&̀ MabcdefOg4h4[�i[jk�;J Mg-xAl9�Eld

mnKop&>? SEM qrstcduvpwxyz{|&�;J}cd~�KX�y�63 �9�./EVW��

� α-Mg�O β-Mg

17

Al

12

�V�&�� β�RS�� AlRSE�����K3�9�<� β�E��&9�Elcd�

�����&� Mg-15%Al9�Elcd��o�&Mg-9%AlEo�KCU Mg-Al9�� 3.5%NaCl��<ab 72 h

p&yz���{��[�&�� AlRS��&��E�����K 

����CD Mg-Al9��VWXY�cdmn

��	
���TG146.22 �����A ����1002-185X(2018)08-2531-06

��������	
����������

����������
����
�������

�� 
!"�#$%&'()�* 3C�+,+-.

/0'1234567	89

[1-3]

:;<��=>�?

@�A�Mg-Al���?BCD89EF	���

[4]

�

� AZ91�AZ80�AZ63�AZ31 . AM60 ':GH�

IJKL	�MNOP���	QR

[5-7]

:ST�UV

���	QRWB.XYZ[�\]�^_`a5b

"]c�^

[8-11]

: 

d��Li 'e

[8]

fghiQRjk�lmnQR

=o�pq]c5�r�stuT4v.w�xuT6v

3yzr{ AZ63��	QRWB:|}~��G��

��;<�m�	�[� T4 ��QR����E�

QR��E�:;<�l�����r. T6 ��	

�
�b��SQR�����#�5QR: 

���*��XY��I���J�B��� 

¡QRZ[^9

[5,7]

�d�XYmn¢m£�¤¥�m

£�l¦�§¨©ª':«¬��®m�� β-Mg

17

Al

12

�����J�V��� ¡¯�	�[:d��J�

fg°±²� Al ±²4 Mg ��X�³? β ���  

�

[9,10]

:´J�µ¶*·�!�XY¸¹� β-Mg

17

Al

12

����·�gº¬�* AZ91D���XYfg��

.»�|��³? β ���[�P�y�¼½	¾¿

=o

[11]

:Ày=oÁ¹��¬XY³?	FÂÃ)�

*·�gº¬¢mBÄÅÆÇ�HÈ·�	ÉÊËÌ

����ÍÎÏ®�Ð�Ñ	»�Ò�^9�ÀÓ_

ÔÕ5��*ÍÎ	|����JÖ
:¯×Ø	P

¸¹� β ¨����J�Ù~ ÉÎÚ	QRZ[


��IÛJ�Ù~ÜÝ� AZ91D���ÍÎ	QR�

��HÈ�XÞß~à	ámWB: 

GH�âãä�=o¬�ØåæØçg°è��

J�VÎÚ	éê.ën
��ÐIì	íî�Øå

����	�ïðñ�æØ¯É��?@: 

òäóô�Al^B��õö�=YJ�st4Mg

Í÷ É«øQRlù�úH É���	QR
��

��=YJ�³?ûzpü	 β-Mg

17

Al

12

¨�úHJ�

ýþQRÕW

[5,6,8,12,13]

�ST@]c�ØUVÉ�" Al

ub< 9%v��m�jÞ��¬¼b�d	 β-Mg

17

Al

12

�

]c Al�"V«~�éê�QR
�	íî: 

��������

jk����u99.5%v����u99.98%vB



 2532 ¡¡                                         ¢£�¤./012                                          � 47� 

�ÎÚ��9¬��8l	ÕW��Ë
u�[§�

B�	-§+SF

6

��§÷v:�¶�Á�×�	�

����4µ°Ê�� 500 �	��¬����°4

730 ������Ê�������m:G����

×�	�����������| ���°4 760 �

�!" 15 min:'Ê�Ý�4 700 ���#$4%&

B 110 cm '()!¬�*¸+�,ß��:��ß

Mg-xAlux=9%�12%�15%�-"p.v3 y���

,/0pq12B#1�#2�#3��: 

�9�¨~�3uZEISSv. S-4800 456l3

uHitachiv78��	�7éê³9��9 X’Pert PRO

4 X:;<:=uPanalyticalvÕW�¨ph: 

�9>lù¥m?;�@Ahijk 2y=oV�

�ÕWQRWB]c:jk*BÊ{ÕW�QRC-B

3.5%	 NaCltÌ�]cD/Yª 10 mm×10 mm�EF

	Yª9G�HIJK�[:�9 Gamry reference 600

4lmn�^LÕW¥m?;MD�N�OPl¥BQ

�l¥�Rl¥BSTl¥��^l¥B/U�V�/

U*tÌ¬!" 3 min�*�WlùXÑ�YÕWM"�

56��B 1.0 mV/s: 

E���9Z��[=	 S-4800 456l3

uHitachiv78�r Mg-Al��* 3.5%NaCltÌ¬@

A 72 h�/U	XY.\YQR³9:XY78D�Á

/UXY	QR��]^:

 

������	
�

����������

_ 1 B#1�#2 �#3 `y��	 X :;<:[

uXRDv:;_Jô�3 y��aP; α-Mg � β- 

Mg

17

Al

12

Ó¨é?:b���¬ Al 	���/U¬ β

¨	<:w��cd���XÙéê¬ β¨�"�F: 

_ 2BI� Al�"���	�¨~�éê:J�

eß�3 y��	éêaP; α-Mg Í÷¨� β- 

Mg

17

Al

12

¨u_ 2 ¬fghijkvé?�β ¨�"

b� Al�"	��H�F�À� XRDph|}l�

m�:HÈ*#1/U¬ β¨nopzpü*Í÷¬u_

2av�b� Al �"�Fcd¨qrs?Btuzu_

2bv�E�*#3��¬nûz|vu_ 2cvpü: 

_ 3BI� Al�"���	 SEMéê³9:¨

V�¨éê�SEM¯wxÜ784 β-Mg

17

Al

12

¨	p

ü�³r�_¬fgB α-MgÍ÷�yzg	P β¨:

J{�b� Al�"	�b�β¨�"�F	��¯�

|}�~b�#3��¬��ù"ßÞb�z	 β ü{
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¥ 1  CU Mg-Al9�E XRD¥¦ 

Fig.1  XRD patterns of as-cast Mg-Al alloys 

 

 

 

 

 

 

 

 

 

¥ 2  CU Mg-Al9�E§¨VW 

Fig.2  Optical microstructures of as-cast Mg-Al alloys: (a) #1 alloy, (b) #2 alloy, and (c) #3 alloy 
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¥ 3  CU Mg-Al9�E SEMª« 

Fig.3  SEM images of as-cast Mg-Al alloys: (a) #1 alloy, (b) #2 alloy, and (c) #3 alloy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¥ 4  CU#39� β�E SEM{|8 EDS¥¦ 

Fig.4  Morphology (a) and EDS spectrum (b) of β phase in the 

substrate of #3 alloy 
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¥ 5  CU Mg-Al9�EQ¬Oab_®¯®°±jk 

Fig.5  Hydrogen evolution rates vs. immersion time for the 

Mg-Al alloys immersed in 3.5% NaCl solution 
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¥ 6  CU Mg-Al9�Ei[jk 

Fig.6  Potentiodynamic polarization curves of the as-cast Mg-Al 

alloys in 3.5% NaCl solution 
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¥ 7  CU Mg-Al9�� 3.5%NaCl��<ab 72 hpstcduvEcd{| 

Fig.7  SEM corrosion morphologies of as-cast Mg-Al alloys after hydrogen evolution testing for 72 h in 3.5% NaCl without corrosion 

products: (a) #1 alloy, (b) #2 alloy, and (c) #3 alloy 

 

 

 

 

 

 

 

 

 

 

¥ 8  CU Mg-Al9�� 3.5%NaCl��<ab 72 hp²z SEM{| 

Fig.8  Cross-section SEM morphologies of as-cast Mg-Al alloys after hydrogen evolution testing for 72 h: (a) #1 alloy, 

(b) #2 alloy, and (c) #3 alloy 

a 

b 

c 

a 

b 

c 

2.0 µm 

2.1 µm 

3.8 µm 



� 8�                       #$%©6CUMg-xAl (x=9%, 12%, 15%) 9�EVWXY8cdmn                    2535  

 ��ßÇ2.0~2.1 µmÈ��#323>?�DÞ ��

àÇ~3.8 µmÈ�ã;�Íy 8aÑÒ�#1%&>?�D

Þ5�°±�7�»¼5ä7åADÞ��#2 c#3

%&>?�DÞ ��*6°±� 

Læ����Kçèé$�&ê�'(�/>?

[ë@A�DÞÑìí

[20]

�îï�;�½%&>?�

DÞhðÙA�ñä7ò���ó

[21]

�ôõ�ö.

Mg-Al%&��÷øù$'(@A�D� Uúû�X

�; MgO/Mg-Al-O/�<�Þ�hð��6Ö× Al


��\�MgOüÞýß

[22, 23]

��þFzH½%&>

?XY@A ��Þ�hð�>?DÞ�Al �7Ø�

�@A��BCD����ÔÕ�\ Al
�� Mg-Al

%&>?åA�DÞH�7�\� Al
��Ê�XY

�\DÞ���_�Íy 8cÑÒ�À Al
��� 15%

V�23>?@A�DÞ4à�>	DÞ4����

��BCDXY��¤�����'(	
¢Ó� 

��������

1) 3 q%&<=���,;¸ α-Mg  c

β-Mg

17

Al

12

 �A��6 β 
�Ö× Al
��K

�K� 

2) 3q%&HÖ Al
�\�%&�^'(_`

�Ø�Mg-15%Al^'(_`4a�Mg-9%Al�

^'(_4b� 

3) ¨© Mg-Al%&� 3.5%NaClFzHde 72 h

Q�>?,XY@A�CD�Ö× Al
���DÞ

���_Ø� 

 

����    References  

[1] Liu Huan(³ ´), Xue Feng(µ ¶), Bai Jing(· ¸) et al. 

Rare Metal Materials and Engineering(¢£�¤./01

2)[J], 2017, 46(4): 1097 

[2] Turen Y. Materials and Design[J], 2013, 49: 1009 

[3] Zhang Daidong(¹º»), Zhang Xiaoru(¹¼½), Hao Xiaowei 

(¾¼¿) et al. Rare Metal Materials and Engineering(¢£�

¤./012)[J], 2014, 43(8): 1862 

[4] Fang Daqing(À-Á), Liang Chao(Â Ã), Zhang Kewei(¹Ä

Å) et al. Rare Metal Materials and Engineering(¢£�¤.

/012)[J], 2017, 46(4): 1110 

[5] Liu B S, Wei Y H, Hou L F. Journal of Materials Engineering 

and Performance[J], 2013, 22(1): 50 

[6] Zhao Dingzang(ÆÇÈ), Zhang Dingfei(¹ÇÉ), Liu Yuping 

(³Ê%) et al. Rare Metal Materials and Engineering(¢£�

¤./012)[J], 2017, 46(2): 289 

[7] Liu B S, Kuang Y F, Chai Y S et al. Journal of Magnesium and 

Alloys[J], 2016, 4(3): 220 

[8] Li J R, Jiang Q T, Sun H Y et al. Corrosion Science[J], 2016, 

111: 288 

[9] Yang H Y, Guo X W, Wu G H et al. Surface and Coatings 

Technology[J], 2011, 205(8-9): 2907 

[10] Yang H Y, Guo X W, Wu G H et al. Corrosion Science[J], 

2011, 53(1): 381 

[11] Liu B S, Wei Y H, Chen W Y et al. Surface Engineering[J], 

2015, 31(11): 816 

[12] Zhou W, Shen T, Aung N N. Corrosion Science[J], 2010, 

52(3): 1035 

[13] Song G L, Atrens A. Advanced Engineering Materials[J], 

1999, 1: 11 

[14] Chen L, Wu Z, Xiao D H et al. Materials and Corrosion[J], 

2015, 66(10): 1159  

[15] Song G L. Advanced Engineering Materials[J], 2005, 7(7): 

563 

[16] Song G L, Atrens A, Dargusch M. Corrosion Science[J], 1998, 

41(2): 249 

[17] Song G L, Bowles A L, StJohn D H. Materials Science and 

Engineering A[J], 2004, 366(1): 74  

[18] Zhao M C, Liu M, Song G L et al. Corrosion Science[J], 2008, 

50(7): 1939 

[19] Ambat R, Aung N N, Zhou W. Corrosion Science[J], 2000, 

42(8): 1433 

[20] Makar G L, Kruger J. International Materials Reviews[J], 

1993, 38(3): 138 

[21] Froats A, Aune T K, Hawke D et al. Metal Handbook[M]. 

Ohio: ASM, 1987: 740  

[22] Makar G L, Kruger J, Joshi A. Advances in Magnesium Alloys 

and Composites[M]. Weinheim: TMS, 1998: 105  

[23] Makar G L, Kruger J. Journal of the Electrochemical Society 

[J], 1990, 137(2): 414 

 

 

 

 

 

 



 2536 ¡¡                                         ¢£�¤./012                                          � 47� 

 

 

Microstructure and Corrosion Behavior of the As-cast 
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Abstract: Mg-xAl (x=9%, 12%, 15%, mass fraction) alloys were prepared by semi-continuous casting. The effects of Al contents on 

microstructure evolution of Mg-Al alloy were investigated using X-ray diffraction (XRD), optical microscopy (OM) and scanning electron 

microscopy (SEM). Meanwhile, the corrosion behaviors of the Mg-xAl alloys were studied by both hydrogen evolution and 

potentiodynamic polarization curves. Moreover, the corrosion mechanism of Mg-xAl alloys was also discussed based on the SEM corrosion 

morphologies of as-cast Mg-Al alloys after hydrogen evolution testing for 72 h in 3.5% NaCl without corrosion products. The results 

indicate that the microstructure of the three alloys is composed of α-Mg phase and β-Mg

17

Al

12

 phase. Moreover, the content of β phase 

increases with the increase of Al content. As a result, the corrosion resistance of the three alloys is enhanced with the increase of the β phase. 

The Mg-15%Al alloy has the best corrosion resistance, while Mg-9%Al has the worst. The oxide film forms on the surface of all the as-cast 

Mg-Al alloys after hydrogen evolution testing for 72 h in 3.5% NaCl. Furthermore, the stability of the film increases with the increase of Al 

content.  

Key words: as-cast Mg-Al alloy; microstructure; corrosion behavior 
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