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 1  AZ91D !"#$�% ADC12 !"&$�'()*+,

� (ω/%) 

Table 1  Chemical compositions of AZ91D Mg and ADC12 Al 

Metals Mg Al Zn Mn Si Fe Cu 

AZ91D Bal. 8.47 0.72 0.21 0.91 - - 

ADC12 0.25 Bal. 0.54 0.18 11.46 0.88 1.8 

 

 2  AZ91D!"#$�% ADC12!"&$�'()-+ 

./ 

Table 2  Mechanical properties of AZ91D Mg and ADC12 Al 

σ

s

/MPa σ

b

/MPa δ/% 

121 151 2.8 

178 223 1.2 
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´ 1  @45lm�An&�Aop 40 mm/minsbcµex

¶´ 

Fig. 1  Macrostructures of the joints when Al alloy was placed on 

advancing side with velocity of 40 mm/min at different 

rotation speeds: (a) 700 r/min, (b) 900 r/min, (c) 1100 

r/min, and (d) 1300 r/min 
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´ 2  345lm�An&�Aop 40 mm/minsbc 

µex¶ 

Fig.2  Macrostructures of the joints when Mg alloy was placed 

on advancing side with velocity of 40 mm/min at different 

rotation speeds: (a) 700 r/min, (b) 900 r/min, and (c) 1100 

r/min 
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´ 3  L·¸¹ºµex¶ 

Fig.3  Cross-section of the FSW joints at different rotation speeds: (a) 700 r/min, (b) 900 r/min, (c) 1100 r/min, and (d) 1300 r/min 

 

 

 

 

 

 

 

 

 

 

´ 4  HIJKLbcfg`»¼½´ 

Fig.4  Schematic of microstructure distribution of FSW joint 

 

 

 

 

 

 

 

 

 

´ 5  AZ91D345? ADC12@45�,Qefg 

Fig.5  Microstructures of the base metals of AZ91D Mg alloy (a) 

and ADC12 Al alloy (b) 
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´ 6 roq 700 r/minsdL·Qefgx¶ 

Fig.6  Microstructures of the joint at the rotational speed of 700 r/min: (a) HAZ in AS, (b) TMAZ in AS, (c) weld nugget, (d) TMAZ in 

RS, and (e) HAZ in RS 

 

 

 

 

 

 

 

 

 

´ 7  roq 900 r/minsdL·Qefgx¶ 

Fig.7  Microstructures of the joint at the rotational speed of 900 r/min: (a) HAZ in AS, (b) TMAZ in AS, (c) weld nugget, (d) TMAZ in 

RS, and (e) HAZ in RS 

 

 

 

 

 

 

 

 

 

´ 8  roq 1100 r/minsdL·Qefgx¶ 

Fig.8  Microstructures of the joint at the rotational speed of 1100 r/min: (a) HAZ in AS, (b) TMAZ in AS, (c) weld nugget, (d) TMAZ in 

RS, and (e) HAZ in RS 
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´ 9  roq 1300 r/minsdL·Qefgx¶ 

Fig.9  Microstructures of the joint at the rotational speed of 1300 r/min: (a) HAZ in AS, (b) TMAZ in AS, (c) weld nugget, (d) TMAZ in 

RS, and (e) HAZ in RS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

´ 10  FSWbc¾|}5OPQfg´ 

Fig.10  Microstructures of the different zones in FSW joint: (a) HAZ in RS, (b) NZ, (c) banded zone in NZ, (d) Mg/Al interface,       

(e) TMAZ in AS, and (f) HAZ in AS 

 

=5vÙ%
�

[18]

X1�;�^ë¥¦°È��pq

(¢�«¬vàËT���ÚÎFsªØ�(£!�

 ¡EF��0p4 10eqXé14 10d>j�£���

����C§�>?��ªØ�WPgh$lmno

=B�5�>j]M&lmj�lm�
�¤�r�

�d�^�IJ�¥¦&^�Ð�>j��UV ¡

)dØ§��$ 

2.3.2  EDS ������� 

÷4 11öø���µ% 900 r/min�=>>j��

£�;< EDS(3�V¨lm°N�©ª�(¢«¬$

EDS!*+)Æ1Mg/Al­£�S1sQ® 5 µm��

C���¯B|}��©ª��©ª�°�1GB|}

5?R��$EDS�*§¨ØøT� Mg�Al©ª±�

1B|}$²³© 3 5 EDS _*§¨�´µ��£�

�F Mg

2

Al

3

�Mg

2

SiÑ Mg

17

Al

12

dz$4 12%>ja

b�=¯� XRD¯v(3�§¨©ª=¯°#¶ïS

1�C���¯ Mg

2

Al

3

�Mg

17

Al

12

� Mg

2

Si�1���

���t��lmno=B���¯��z1·ò¸ 

20 µm 

a 

b c 

d 

e 

50 µm 

50 µm 

50 µm 

a 

b 

c 

50 µm 

50 µm 

50 µm 

d 

e f 

a 

b 

c 

d 

e 

f 

υ=40 mm/min&ω=900 r/min 

2 mm 

Mg 

Al 



±1556±                                       ²�5³,-
/0                                              � 48� 

 

 

 

 

 

 

 

´ 11  ´ 10d83@¯º EDSXTU?ºTU 

Fig.11  EDS line analysis (a) and map scan (b~d) of the Mg/Al interface in Fig.10d 
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Table 3  EDS results of different points at the joint interface in Fig.11 (at%) 
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´ 12  roq 900 r/minbc¸¹º XRD´¿ 

Fig.12  XRD pattern of the cross-section at the rotational speed  

of 900 r/min 
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Fig.13  Tensile strength of the FSW joints 
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´ 14  bc¨©ÀlÁ¨Â XRD`a 

Fig. 14  Fracture location of the joints (a) and XRD pattern of the fracture surface (b) 

 

 

 

 

 

 

 

 

 

 

 

� 15  ��� !" SEM#$ 

Fig. 15  SEM fractography of the FSW joint 
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Microstructure and Properties for Friction Stir Welded Joints of High-pressure Die 

Casting Dissimilar Mg/Al Alloy 
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Abstract: The high-pressure die castings of AZ91 Mg and ADC12 Al alloys of 3 mm in thickness were welded by frciton stir welding. OM, 

SEM/EDS, XRD and universal tensile testing machine were used to analyze the microstructure and tensile property of the joint. Results 

show that defect-free welded joints are obtained when ADC12 die-casting aluminum alloy is placed in the advancing side with a welding 

speed of 40 mm/min and the rotational speeds of 900~1300 r/min. Mg and Al alloys are mixed with each other in the nugget zone, and 

mechanical interlocking occurs. In the parent material, the thick and large casting dendrites are obviously refined, and the non-Mg/Al 

matrix phases mainly include Si, Mg

2

Al

3

, Mg

17

Al

12

 and Mg

2

Si, whose particle size decreases first and then increases with the rotational 

speed increasing. The average tensile strength of the joints increases first and then decreases with the increasing rotating speed. Fracture 

occurs at the interface of the thermal affceted zone and the nugget zone in the advancing side. 

Key words: friction stir welding; microstructure; mechanical properties; high-pressure die casting magnesium alloy; high-pressure die 

casting aluminum alloy 
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