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 1  AZ31!"�#$%&'()*+�  

Table 1  Chemical composition of AZ31 base metal and wire magnesium alloys (ω/%)  

Materials Al Zn Mn Si Fe Ca Cu Ni Mg 

AZ31 base metal 3.11 0.91 0.27 0.08 0.003 0.04 0.01 0.001 Bal. 

AZ31 wire 2.94 0.88 0.26 0.0093 0.0011 - 0.0024 0.0008 Bal. 

 

 2  CMT&,-. 

Table 2  Welding parameters of CMT 

Power type Current/A Voltage/V Welding speed/m·min

-1

 Wire feed speed/m·min

-1

 Shield gas  Argon velocity/L·min

-1

 

DC MIG welding 123 9.6 0.7 9.2 99.99% Ar 20 
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Table 3  Parameters of cryogenic treatment 

No. Temperature/� Time/h Post-processing 

1 Room temperature 0 - 

2 –100 4 

3 –140 4 

4 –180 4 

Warming to room 

temperature 

���

������� 

2.2.1  ������ 

Â 2 «*{�
Ü³%{ÄÅ���
Ü³�


&{� 3.5% NaCl=êH
¢®¯aëå¢®¯»s

6Ï�ì
�cVÅæDí
�®î��Ïªaë�

�®îeï(ðñò|ó
�AB�óôá(ðñò 



� 5�                          ������	
�� AZ31
�� CMT����������                �1545� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1�������	
��
������� 10 h �
���

Fig.1  SEM images of weld zone corroded for 10 h after cryogenic treatments at different temperatures: (a) untreated, (b) –100 �, 4 h,  

(c) –140 �, 4 h, and (d) –180 �, 4 h 
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Fig.2  Nyquist plots of weld zones after cryogenic treatment for  

4 h at different temperatures  
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Fig.3  Equivalent circuit diagram 
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Table 4  Results of fitting impedance  

No. Treatment R

film

/Ω·cm

2

 R

ct
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2

 

1 Untreated 1117 2093 

2 –100�, 4 h 1522 2938 

3 –140�, 4 h 1709 3171 

4 –180�, 4 h 1124 2127 
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Fig.4  Polarization curves of weld zones after cryogenic 

treatment at for 4 h at different temperatures  
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Fig.5  XRD patterns of weld zones after cryogenic treatment for 

4 h at different temperatures  
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Table 5  Electrochemical parameters obtained by fitting Tafel in Fig.4 

No. Treatment E

corr

/V

SCE

 i

corr

/mA·cm

-2

 E

pit

/V b

a

/mV·decade b

c

/mV·decade

-1

 

1 Untreated –1.538 0.116 –1.553 54.6 –182.3 

2 –100 �, 4 h –1.461 0.019 –1.433 48.4 –152.7 

3 –140 �, 4 h –1.435 0.006 –1.279 376.7 –179.8 

4 –180 �, 4 h –1.534 0.086 –1.548 101.3 –154.4 
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Fig.6  Microstructure of weld zones after cryogenic treatment at different temperatures: (a) untreated, (b) –100 �, 4 h , (c) –140 �, 4 h,  

and (d) –180 �, 4 h 
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Fig.7  SEM images of weld zones after cryogenic treatment at different temperatures: (a) untreated, (b) –100 �, 4 h , (c) –140 �, 4 h,  

and (d) –180 �, 4 h 
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Effect of Cryogenic Treatment Temperature on Corrosion Resistance of AZ31 

Magnesium Alloy CMT Weld Joint 

 

Chen Jinqiu, Wu Zhisheng, Cui Chao, Zhao Fei, Shuai Peng, Han Yu  

(Taiyuan University of Science and Technology, Taiyuan 030024, China) 

 

Abstract: The effect of cryogenic treatment temperature on corrosion behavior of AZ31 magnesium cold metal transfer (CMT) weld joint 

was studied by an electrochemical method. Results indicate that the corrosion resistance of the joints after cryogenic treatment at –100 

°C/4 h, –140 °C/4 h and –180 °C/4 h is improved to some extent compared to that of non-cryogenic joints. As the temperature decreases, 

the corrosion resistance exhibits a downward trend after the initial rise. The critical reason for this trend is the change in size, quantity and 

distribution of the second phase caused by cryogenic treatment. The weld zone after cryogenic treatment under –140 °C for 4 h shows the 

best corrosion resistance because its charge transfer resistance and corrosion product film resistance reaches a maximum and the corrosion 

current reaches a minimum. 

Key words: cryogenic treatment; AZ31 magnesium alloy; CMT; weld zone; corrosion resistance 
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