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Table 1  Nominal composition of aluminum alloys (ω/%) 

Alloys Zn Mg Cu Zr Yb Cr Al 

1# 8.6 2.5 2.2 0.16 - - Bal. 

2# 8.6 2.5 2.2 0.16 0.30 0.20 Bal. 
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Fig.1  TEM images of T6-aged 2# alloy: (a) uniformity 

precipitate on grain boundary and intracrystalline and (b) 

dispersion precipitate on matrix Al 
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Fig.2  Characteristics of precipitates and PFZs: (a) 1# and (b) 2# 
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Fig.3  Optical microstructures of two alloys with solid solution 

treatment 1#: (a) L-T surface, (b) L-S surface, 2#: (c) L-T 

surface, and (d) L-S surface 

a 

b 

0.5 

µm 

a 

b 

200 nm 

c 

d 

a 

b 

100 nm 

η 

η 



�1962�                                          ¥¦
§¨©�ª«                                           � 38� 

 

{_`[� Al-Zn-Mg-Cu ���VW#*Ã����

L Cr�Yb� Zr ÄYZ ����VW#�7� 

< 4 = EBSD K�#$~�ab�st�B< 4

Äc*M�� Zr � 1#��#$b�a�def¯s

t� 30°~60°�K~�#$B�*Ã����L Cr�

Yb� Zr� 2#��#$b�a�def¯st� 0°@

20°�~�#$Bè*\IÃ����L Cr�Yb �

Zr� 2#��8ng`1��~�#$�no*K~�

#$�VW##�Ah*\I�5�� Cr�Yb � Zr

��'(á< 1){XgGHno��iÃÙÚ��#

ÙÚj�*IY[��#���K*�º��iÃ�

�~��#$*F�[�no�VW#� 

������
�����������

T6"g=*����
�{�:;��áâ 2�

Ã��� Cr�Yb� Zr� 2#��! T6"gPQuÄ

Åk� � Al-Zn-Mg-Cu-Zr������:;��*

lm���n��¬M� Zr � 1#��'Ñ*Ã��

� Cr�Yb � Zr � 2#��� S-L ���:;��F

21.6 MN/m

3/2

 �m 29.3 MN/m

3/2

*� L-T���:;

��F 32.8 MN/m

3/2

 �m 42.5 MN/m

3/2

� 

����������

��

�

<5=T6"g1=+�
��SEM :o�p�F

<5ÄÅ>&*M�Zr�Al-Zn-Mg-Cu��:o�pÛ

Üf¯=q#:;*�Ã��� Cr�Yb� Zr�

Al-Zn-Mg-Cu��:o�pf¯=�r§s#:;*

ÄÅ�Ð*��r8t�uv�w}'��*!"q

#$��#$st�}x;QIYyh�?�EDXs

%*��f¯�XCr�Yb�Zr�Al� 

���	
��
�

%&�h� 7000 �������f¯�hù

�*´ 7000 ����%&�h�!"*:;��C

z{B¼½�B�#�¬#$�%&'�R¬�KO

7z¬|7z��a}*7000 ������#�¬

#$�%&ÙÚa~YZ�#�%&'��= GP¹*

η'*η'|#$%&'= η'*pt�#$���¹�

�+±²%&ÙÚÛÜ-{OPQRS����h 

�

����T6����2�	
��
���

Table 2  Mechanical properties of of T6-aged alloys 

Alloys 
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1# 709.7 683.6 8.9 21.6 32.8 

2# 747.1 725.2 9.3 29.3 42.5 
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Fig.4  Microstructures of alloys in T6 condition in grip section: (a) 1# typical EBSD image, (b) 1# misorientation distribution, (c) 2#  

typical EBSD image, and (d) 2# misorientation distribution 
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Fig.5  Tensile fractographs of T6-aged alloy: 1# (a, b) and 2# (c, d) 
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Abstract: The influence of complex Cr, Yb and Zr alloying on the microstructures and fracture characteristics of Al-Zn-Mg-Cu alloy has 

been investigated and the mechanism of toughening by adding Cr, Yb and Zr was analyzed. The results show that the Al-Zn-Mg-Cu alloy 

containing Cr, Yb and Zr may form the spherical dispersoids containing the Cr, Yb and Zr homogeneously distributed in the Al matrix, 

which can strongly pin the dislocation and subgrain boundaries, retain the deformation-recovery Al matrix with low angle boundary in the 

alloy and inhibit the recrystallization of Al matrix. By complex Cr, Yb and Zr alloying to Al-Zn-Mg-Cu alloy tempered as T6, the 

fractographs consist of dimple-type transgranular cracking with minor intergranular cracking. Compared with the Al-Zn-Mg-Cu-Zr alloy, 

the intergranular fracture resistance increases obviously, the precipitates free zone is wider with discontinuous distribution on the grain 

boundaries for the precipitates.  

Key words: Al-Zn-Mg-Cu alloy; ytterbium; recrystallization; fracture characteristics; transgranular fracture  
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