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Table 1  Chemical composition of alloys (ω/%) 

Nominal  Measuremental  

Alloy 

Al Zn Ca Mg  Al Zn Ca Mg 

AZ91 9 1 - 9 1 - 

AZC1 9 1 1.0 8.25 0.42 1.25 

AZC2 9 1 1.5 8.03 0.67 1.74 

AZC3 9 1 2.0 

Bal.  

8.32 0.34 2.53 

Bal. 
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� 1  ����� XRD�� 

Fig.1  XRD patterns of the experimental alloys 
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Fig.2  SEM images of magnesium alloy with different Ca contents: (a) 0%, (b) 1.25%, (c) 1.74%, and (d) 2.53% 
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Fig. 3  SEM image (a) of AZC3 alloy and element distribution of Mg (b), Al (c), Ca (d), Zn (e), and Mn (f) 
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Fig.4  TEM image (a) and EDS result (b) of Al

2

Ca 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  ��6 3.5%NaCl789:; 7d<�=>��?@ 

Fig.5  Curves of corrosion rate-time (a) and corrosion rate-Ca 

content (b) of the alloys after immersion in 3.5% NaCl 

solution for 7 d 
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Fig.6  SEM images of the experimental alloys after immersion in 3.5% NaCl solution for 7 d: (a) AZ91, (b) AZC1, (c) AZC2, and (d) AZC3 

a 

0    2    4     6     8    10   12 

Energy/keV 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

b 

Element ω/% at/% 

Mg 13.35 16.38 

Al 52.90 58.50 

Ca 33.75 25.12 

Totals 100.00  

0.0 0.5 1.0 1.5 2.0 2.5

0.2

0.3

0.4

0.5

C
o
r
r
o
s
i
o
n
 
R
a
t
e
/
m
g
·
c
m

-
2

·
d

-
1

Ca Contents, ω/%

b

1 2 3 4 5 6 7

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 

 

Time/d

C
o
r
r
o
s
i
o
n
 
R
a
t
e
/
m
g
·
c
m

-
2

·
d

 
-
1

 AZ91

 AZC1

 AZC2

 AZC3

a

Al 

Mg 

Ca 

Ca 

Corrosion channel 

Al

2

Ca 

 

α-Mg dendrite 

Corrosion pits   

Corroded eutectic α+β 

A 

 

β-Mg

17

Al

12

 

Corrosion channel 

B

 

Micropit  

   Corroded eutectic α-Mg 

Micropit in primary α-Mg 

  

C 

a 

b 

c 

d 

α-Mg dendrite 

Corrosion channel 

Al

2

Ca 

(Mg,Al)

2

Ca 



�3116�                                        ����� !"#                                             � 47$ 

��������	
���
���������

����������� α-Mg!"#$ α-Mg�

β-Mg

17

Al

12

��%&��	��'(#)*+�,-[4]

.�/0�12 6b 345�#6�78 Ca 9:�	

��;#� α-Mg����<='>�1? @A$

 α-MgB8C7#β-Mg

17

Al

12

!D8C7#EFC>#

G0
���
�HI"JKLM
�N�OP#�Q

RCS�����T2 6b;UVWX��Y(Z[\

]#β-Mg

17

Al

12

�^_` α-Mg ��	%&��<Ia

Gbc�T2 6c Z[\]#� α-Mg de�]f�

'g	h�i�jk��;4 Al

2

Ca la	m�!�

α-Mg ��%&T�#nOopq��cr�s Ca B

8l 2.53%tu2 6dv#� α-Mg 	h�if�we

xy(#������O(��3Qz1? @A��

	(8
� Al

2

Ca!y�o%&T	D8#{tL|o

� α-Mg; Al9:	B8#G0� α-Mg����

�}�)~T2 6d;UV��Y(Z[\]#� @

A(Mg,Al)

2

Ca �^_`$ α-Mg ��	%&T;#

α-Mgpq������
�����������,

-[13].�*+/0�T"Z[ AZ91�AZC1� AZC2

;����'���uA�B�Cv\]#6� Ca9:

���de��if��Og#jk6� Ca�QRL

|��de\�h�	��#A�B ����i��;

	
�����l β-Mg

17

Al

12

!��#������	

��#�����\�	��
�!����#���

�����#���>	� ¡¢�)~#£¤�	�

� β-Mg

17

Al

12

!�y�o��%&T	D8#�¥z�

} AZ91¦����	§¨©/� 

2 7lª{CaB8«¬��� 3.5%NaCl ­®;

¯° 7 d�de±²$³´µ¶�345�#6� Ca

9:���de��	h���exO>#��if

�Og�AZ91�AZC1�AZC2� AZC3��deH·

¸`	¹���if��ºl 227.26#218.952#

124.739� 139.01 µm�jk 1.74%CaB8	��»�

�¼Q'½� 

2 8l AZC3��� 3.5%NaCl ­®;¯° 24 h

�	 SEM µ¶w EDS *+#345�#��de�

�'�¾�������T2 8a;UVWX�Y(Z

[\]#����¿�ÀÁ¢�#M��deÂ�Ã

Ä�T^�Å EDS �m3Æ#����aÇ1 O�

Mg�78	 AlÈ�#�m����ÉÊ��ËÌÍ

*+u2 8b~8fv\]#ÌÍËÎÏÐ������

ÑÊ	 O9:�ÒÑÓ#Mg�Al9:�ÒÑ|#Zn�

Ca 9:�Ò'�Ô��jk����aÇ��l

MgO# AlT��deÕÖ/X×ØÙÚ�  

2 9 l AZC3 ��de���� XRD 2Û�3

45�#����aÇÜÝ MgO � Mg(OH)

2

���

Þe����ÌÍ*+/0� 
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Fig.7  LSCM images of corrosion surfaces of the experimental alloys after immersion of 7 d: (a) AZ91, (b) AZC1, (c) AZC2, and (d) AZC3 
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Fig.8  SEM image (a) of corrosion products of AZC3 alloy after 24 h immersion and element distribution of O (b), Mg (c), Al (d), Zn (e), 

and Ca (f) 

 

 

 

 

 

 

 

 

 

 

 

� 9  AZC3��B.��CD XRD�� 

Fig.9  XRD pattern of corrosion products of AZC3 alloy 
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Fig.10  Polarization curves of the experimental alloys in 

3.5%NaCl solution 
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Table 2  Polarization curve parameters of alloys 
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AZ91 –1.458 1.35 

AZC1 –1.468 0.907 

AZC2 –1.427 0.548 

AZC3 –1.458 0.613 
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Fig.11  AFM image (a) of AZ91 alloy and surface potential difference maps and profiles of AZ91 (b, c), AZC2 (d, e) 

and AZC3 (f, g) alloys 

-2.0

-1.8

-1.6

-1.4

-1.2

-6 -5 -4 -3 -2 -1

  AZC1

 

E

c
o
r
r
 

/
 
V
 
v
s
 
S
C
E

lg(I

corr 

/A·cm

-2

)

  AZC3

  AZ91

  AZC2

Eutectic α-Mg 

Primary α-Mg 

β-Mg

17

Al

12

 

Mn-enriched area 

p

1

 

p

3

 

p

2

 

Al-depleted α-Mg 

Al-Eeriched α-Mg 

p

4

 

0      5      10     15      20     25 

Distance/µm 

 

–0.2

–0.4

–0.6

–0.8

–1.0

–1.2

 

a 

b 

p

4

~360 mV 

p

3

~230 mV 

p

2

~180 mV 

p

1

~130 mV 

c 

P
o
t
e
n
t
i
a
l
/
V
 

Al

2

Ca 

Al-Mn phase 

p

2

 

p

1

 

Al

2

Ca 

p

1

 

Al

2

Ca 

 

p

2

 

1     2    3 

Distance/µm 

 

–0.8

–0.9

–1.0

–1.1

 

 

0    5   10   15   20   25 

Distance/µm 

 

–0.9

–1.0

–1.1

–1.2

–1.3

d 

f 

p

2

~165 mV 

p

1

~190 mV 

p

1

~380 mV 

p

2

~155 mV 

e 

g 

P
o
t
e
n
t
i
a
l
/
V
 

P
o
t
e
n
t
i
a
l
/
V
 



� 10�                                 ������	
�� Ca
���������                           �3119� 

���� 165~190 mV����	
 Ca��
���

��������
��������������

�� !�"#$%&'()*+,
 Al-.��!

/01
�  

3  �  � 

1) 23��4���(*+ α-Mg567

β-Mg

17

Al

12

�589:;7 α-Mg+β-Mg

17

Al

12

<=�5

Al

2

Ca>(Mg,Al)

2

Ca?1�	
 Ca��
���<=

?@AB�β-Mg

17

Al

12

�C�>DEAF�Al

2

Ca >

(Mg,Al)

2

Ca�GH�I� 

2) J� Ca K����LMNOP�QRS��

�TUV�W1
 Al

2

Ca �XYZ[R\]^_�	


 Ca ��
�����,;7��`aObcde

AF�������fg( β-Mg

17

Al

12

hi<= α-Mg

jklm= α-Mg� 

3) ��,��\n� Al

2

Ca o α-Mg
���F

) β-Mg

17

Al

12

o α-Mg
���� 

 

����    References 

[1] Polmear I J. Material Science and Technology[J], 1994, 10(1): 1  

[2] Cui Xiaoming(���), Bai Puncun(���), Hou Xiaohu(�

��) et al. Rare Metal Materials and Engineering(����

 !"#$)[J], 2016, 45(4): 1045 

[3] Cui Xiaoming(���)%Bai Puncun(���)%Hou Xiaohu(�

��) et al. Rare Metal Materials and Engineering(����

 !"#$)[J], 2014, 43(9): 2281 

[4] Krawiec H, Stanek S, Vignal V et al. Corrosion Science[J], 

2011, 53(10): 3108 

[5] Zhang Xin(& '), Zhang Kui(& (). Corrosion Science and 

Protection Technology(��)*"+,-.)[J], 2015, 27(1): 

78  

[6] Feng Hui, Liu Shuhong, Du Yong et al. Journal of Alloys and 

Compounds[J], 2017, 695: 2330 

[7] Mingo B, Arrabal R, Mohedano M. Materials & Design[J], 

2017, 130: 48 

[8] Feng Chong, Li Mingzhao, Hou Yang et al. Rare Metal 

Materials and Engineering [J], 2015, 44(1): 41 

[9] Baek Soo-Min, Kim Hyeon Ju, Jeong Hu Young et al. 

Corrosion Science[J], 2016, 112: 44 

[10] Zhou Wei, Aung Naing Naing, Sun Yangshan. Corrosion 

Science[J], 2009, 51(2): 403  

[11] Fan Yu, Wu Guohua, Gao Hongtao et al. Trans of Nonferrous 

Met Soci of China[J], 2005, 15(2): 210 

[12] Suzuki A, Saddock N D, Jones J W et al. Scripta 

Materialia[J], 2004, 51(10): 1005 

[13] Wu Pengpeng, Xu Fangjun, Deng Kunkun et al. Corrosion 

Science[J], 2017, 127: 280 

 

 

Effect of the Second Phase on Corrosion Behavior of Magnesium Alloys 

with Different Ca Contents 

 

Cui Xiaoming, Yu Zhilei, Zhang Xiaoting, Bai Pucun, Liu Fei, Du Zhaoxin, Cao Wentao  

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

 

Abstract: The microstructures of Mg-Al-Zn-XCa (X=0 wt%, 1.25 wt%, 1.74 wt%, 2.53 wt%) alloys before and after corrosion were 

characterized by XRD, SEM, TEM and EDS. And the corrosion behavior was studied by mass-loss, electrochemical method and SPM. The 

results show that the phases are mainly composed of α-Mg, β-Mg

17

Al

12

, Al

2

Ca and (Mg, Al)

2

Ca. With increasing Ca content, the size of the 

dendritic arms decreases, and the scale and number of the Mg

17

Al

12

 phase decrease gradually. The shape of the Al

2

Ca phase transforms 

from bonelike to network at the grain boundary, and the (Mg, Al)

2

Ca phase increases gradually. The results of corrosion behavior testing 

indicate that the addition of Ca can reduce the content of α+β eutectic, and therefore leads to the narrowed corrosion channel and decreased 

proportion. The formed Al

2

Ca cathode phase inhibits the hydrogen precipitation process, and the adding Ca causes an increase in the 

anodic corrosion potential. The potential difference between Al

2

Ca and α-Mg is lower than that between β-Mg

17

A

l12 

and α-Mg. 

Key words: Mg-Al-Zn magnesium alloy; Ca; second phases; corrosion behavior 
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