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 1  Al-Zn-Ni-Mg-Cu!"�#$%&� 

Table 1  Chemical composition of Al-Zn-Ni-Mg-Cu aluminum alloy (ω/%) 

Nominal composition Zn Ni Mg Cu Zr Ti Fe Si 

Al-4Zn-3.5Ni-2Mg-1Cu 4.01 3.41 2.10 0.961 0.112 0.098 0.085 0.023 

Al-5.6Zn-3.5Ni-2Mg-1Cu 5.60 3.48 1.80 0.976 0.148 0.078 0.045 0.011 

Al-10Zn-3Ni-2Mg-1Cu 9.90 3.02 1.95 0.991 0.125 0.080 0.105 0.045 

Al-7.2Zn-4.8Ni-3Mg 7.20 4.77 3.04 0.001 0.110 0.107 0.200 0.083 
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¢ 1  Al-Zn-Ni-Mg-Cu9:�@£¤¥¦ 

Fig.1  Microstructures of Al-Zn-Ni-Mg-Cu aluminum alloy: (a) Al-5.6Zn-3.5Ni-2Mg-1Cu, ingot; (b) Al-5.6Zn-3.5Ni-2Mg-1Cu, extrusion 

bar, longitudinal direction; (c) Al-7.2Zn-4.8Ni-3Mg, ingot; (d) Al-7.2Zn-4.8Ni-3Mg, extrusion bar, longitudinal direction 

 

 

 

 

 

 

 

 

 

 

¢ 2  Al-5.6Zn-3.5Ni-2Mg-1Cu9:�@ XRD¢§ 

Fig.2  XRD pattern of Al-5.6Zn-3.5Ni-2Mg-1Cu aluminum alloy 

 

 

 

 

 

 

 

 

¢ 3  Al-7.2Zn-4.8Ni-3Mg9:�@F��¨©ª 

Fig.3  SEM image of size of grain particles of Al-7.2Zn- 

4.8Ni-3Mg aluminum alloy 

20 30 40 50 60 70 80 90

0

2000

4000

6000

8000

 

 

I
n
t
e
n
s
i
t
y
/
c
p
s

2θ /(

o

)

α-Al

Al

3

Ni

a 

b c d 

100 µm 

50 µm 100 µm 100 µm 

50 µm 



� 7�                                 ���«%Al-Zn-Ni-Mg-Cu789:�@EFOPNH                        �2321� 

�����	
���

U 2M Al-Zn-Ni-Mg-Cuop����bg}~!

� Ni�Mg: Cu]^�-�./�
ª Zn]^� 4%

@0 10%+
����ab�
� 565 MPa@0 705 

MPa
ef�
� 463 MPa@0 618 MPa
1¨gh

i� 9.5%�0 3.5%!2�
:3}4�56
	�

Zn]^�}~�7
Al-5.6Zn-3.5Ni-2Mg-1Cu���

�ab�
�ef�
:1¨ghi�8M 650 MPa�

572 MPa: 7.5%!n� Al-10Zn-3Ni-2Mg-1Cu���

: Al-7.2Zn-4.8Ni-3Mg ����bg}~
9:�a

b�
�;
Âcd9 700 MPa<=
>¨:�ef

�
?�
3}?�!@A* Ni]^��=>x¨


Ap�B4� Al

3

Ni �>?
�C����3}ÒD

��!�(I 7XXX����?�
@E Ni��¨


ab�
�ef�
���@E
3}�����!

Ni���@EE��� MgZn

2

?��%HI
 �@

E9 Al

3

Ni?�FG�%HI! 

� 4M Al-Zn-Ni-Mg-Cu����bg1TpH!

Al-4Zn-3.5Ni-2Mg-1Cu ���bg1T�1éû�b

gë÷� 45°I
�JLÞë÷
1TUû�Ø�s;

K#� Al

3

Ni?!Al-10Zn-3Ni-2Mg-1Cu���bg1

T�1éûõ"öbgë÷
õ"öLLÞë÷
1T 

 

 2  Al-Zn-Ni-Mg-Cu!"�'() 7XXX*!"�#+, 
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Table 2  Tensile properties of Al-Zn-Ni-Mg-Cu aluminum alloy 

and traditional Al-Zn-Mg-Cu aluminum alloy 

Composition 
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3
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�
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¢ 4  Al-Zn-Ni-Mg-Cu9:�@itr±8² 

Fig.4  Tensile fracture morphologies of Al-Zn-Ni-Mg-Cu 

aluminum alloy extrusion bar, T6 heat treatment, 

longitudinal direction: (a,c) Al-4Zn-3.5Ni-2Mg-1Cu 

and (b, d) Al-10Zn-3Ni-2Mg-1Cu 
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¢ 5  Al-Zn-Ni-Mg-Cu9:�b 7A049:�@³´ µ¶· 

Fig.5  Differential thermal analysis curve of Al-Zn-Ni-Mg-Cu 

and 7A04 aluminum alloy during cooling process 

 

 

 

 

 

 

 

 

 

 

¢ 6  Al-5.6Zn-3.5Ni-2Mg-1Cu9:�dxxy@¥¦ 

Fig.6  Structures of Al-5.6Zn-3.5Ni-2Mg-1Cu aluminum alloy welded joint: (a) macrostructure, (b) weld zone, (c) fusion zone,  

(d) heat affected zone, and (e) aluminum matrix 
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� 3  Al-5.6%Zn-3.5%Ni-2%Mg-1%Cu �������� 
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Table 3  Tensile properties of Al-5.6%Zn-3.5%Ni-2%Mg-1% Cu 

aluminum alloy welded joints 

Hardness, HV/MPa 

R

m

/MPa A/% 

Fusion zone 

Heat affected 

zone 

Aluminum 

matrix 

323 2.0 960 1430 1590 

 

 

 

 

 

 

 

 

¢ 7  Al-5.6Zn-3.5Ni-2Mg-1Cu9:�dxxy@r±8² 

Fig.7  Tensile fracture morphology of Al-5.6Zn-3.5Ni-2Mg-1Cu 

aluminum alloy welded joint 

 

 

 

 

 

 

 

 

 

 

 

¢ 8  Al-Zn-Ni-Mg-Cu9:�Oj �¢ 

Fig.8  Strength map of Al-Zn-Ni-Mg-Cu aluminum alloy 
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Abstract: 3wt%~5wt% Ni element was added to the Al-Zn-Mg-Cu deformed aluminum alloy, and a large amount of Al

3

Ni phases were 

formed by eutectic reaction. Therefore, the particle strengthening effect of the Al

3

Ni phases was also found besides MgZn

2

 aging 

strengthening. The increase of Ni content not only improves the casting performance and weldability of the Al-Zn-Mg-Cu deformed 

aluminum alloy, but also increases the tensile strength and yield strength. The preferred composition of Al-Zn-Ni-Mg-Cu aluminum alloy 

is Al-5.6Zn-3.5Ni-2Mg-1Cu. Its tensile strength, yield strength and elongation are 650 MPa, 572 MPa and 7.5%, respectively. The tensile 

strength and elongation of its welded joint are 323 MPa and 2%, respectively. With the increase of Zn content, the Al

3

Ni phase changes 

from interfacial tear to self-fracture. With the increase of the Ni content, the strengthening effect of Al

3

Ni phases is improved, but the 

content of Ni cannot exceed the eutectic point. Decreasing the aspect ratio of Al

3

Ni particles helps to suppress the self-fracture of Al

3

Ni 

phases. Uniform distribution of Al

3

Ni phase helps to prevent the abnormal growing of recrystallized grains.  

Key words: Al-Zn-Ni-Mg-Cu aluminum alloy; Al

3

Ni phase; eutectic strengthening effect; tensile properties; weldability 
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