
� 48�    � 9�                                   ��������	                                 Vol.48, No.9 

2019�      9�                       RARE METAL MATERIALS AND ENGINEERING                     September 2019 

 

�����2018-09-10 

���	����	
�� (51575153)����	
����
�� (51705119) 


����  ����1973�����������������
� �!�"�#$ �� 230009�%&'0551-62901368�E-mail: 

li_ping@hfut.edu.cn 

 

����� Al-Zn-Mg-Cu-Zr ���	
�� 

��� 

 

�  ��������	�
���������� 

(�������#$ �� 230009) 

 

�  ��( 400 )*+,- Al-Zn-Mg-Cu-Zr�./012 1 GPa34056789:;<�=>?@ABCD%E

��FGDHIJKLMNOPQRSTJUQV3ABWXD%E�YZ[\T]I^YZ[\_`abc�4056

defghi7�j@3kl mn�opqrst 7 uv�3]M1w7]I^YZ[\_,-�xyhz9{|

3}��j@~�YZ���cA3h�YZT��3]I^YZ[\_0.5�JU��j@��T������QVYZ

��[���qrhi�E\���������������� HPTJU�QV3]I^YZ[\A�st_2�JU

�QV2kl����3� �hWX�¡������@¢y 0.5 �JUQV.£¤�1�¥(¦§¨Z I^©ª3

«qF?*�]I^YZ[\¬��_ 

����Al-Zn-Mg-Cu-Zr��4056�%E�YZ�]I^YZ 

������: TG311;TG146.21        ������A        �����1002-185X(2019)09-2981-06 

 

Al-Zn-Mg-Cu ��������	
����

������������������ �!�

"#�$�����%&�����'

[1-3]

()*�

����'+ Al-Zn-Mg-Cu,��-./0123

4�5*6789�:;<9=�><9�?@�A

�

[4-7]

(BCDE�><9FGH�IJ234KLM

N67�><9OP�.Q=RS�TUVWXEY

��$Z[��FGHLO

[8-10]

(\]^_`	a

��bc����<9���������defg

hi01�j>(klmnopVqrs�tuvwo

pxM�yz=`{�|}~��':�234wgrain 

boundary precipitate, GBP~���=s���de��

�<9���A���X��������

[2,11]

(�

�%�de���0���.��EA�TU���

�_`���$<9?@�(
�f������.

q��234����M�����n���|}�

�A������<9��

[12-14]

(J. J. Pang��Vq

� 7075���5��� ¡¢�����E £¤¥

H�.¦	
§¨�©<9�

[15]

(��ªh��
d

e«\0���.�TU¬'�<9�\�®�*

������><9��¯°�de±4�²³�_

`´µ��|}¶«\�n���·�� ¡¢�*

¸¹º'�>§����»¼|}½³
de(�¾�

¿ÀÁÂµ���»¼|}� Al-Zn-Mg-Cu-Zr ��

5��.�Ã��.¦TU���><9��5�  

sÄ( 

1  �  �  

ÀÁ�ÅÆ Al-Zn-Mg-Cu-Zr ���/sÇÈ 1

´É(E 400 ÊHsC5���\ 1 GPa�»¼ËÌ

\ 0.5� 2Ë���»¼ÀÁ�]^��\ Φ100 mm× 

8 mm�ÍÎ� ÏÐÑÒ¦��.ÍÎ5� T6tu

v�Ó 473 ÊxM 2 h+135 Ê`{ 16 h(ÔÕ�.Í

ÎÖ�×u 40 mm Øs5�¦Ù¸¹sÄ=��Ú

Í(Vq MR2000ÛÜÝ�4ÞßàáâÞß¸¹ã

ä�¬'�|åæsÄ$¬'�<9��ãE 3.5%(ç

1sÌ)NaClMè¤¥�5� 70 h�éê<9ÀÁã

Vq WDML-50 Ûë��ìíîïbsCE £�

3.5%NaCl Mè<9¤¥�5�ÑÒë��ìíîï

ÀÁ�îïìí\ 1×10

-6 

s

-1

( 

2  ����� 

2.1  ���� 

ð 1\ HPT�.ñ¦ÍÎ�Þß¸¹ð�$� x

òóÈÍÎÔô�yòóÈÍÎnô�zòóÈÍÎò

ô(ÅÆ Al-Zn-Mg-Cu-Zr�����:õ\ö0��



®2982®                                        ¯°�� �!                                             � 48� 

ò:�:õ��\ 250 µm÷ø�ùö0�234úû

�:�(üq 0.5 Ë� HPT �.¦�Øs:õýÞº

'Ð 10 µm÷ø��þ
Øs 50 µm÷ø�ö0:õ�

:�234��º'ù���1ýÞ��(�»¼Ë

ÌA�Ð 2 Ë¦�ÍÎ�:õ^��Ù�º'ù��

�	�^�A�����:õº'A�i:��1�

67:�234°
sÌw:�234°
��:�

�~���(

 

 1  Al-Zn-Mg-Cu-Zr!�"#�$%&� 

Table 1  Chemical composition of the as-received Al-Zn-Mg-Cu-Zr alloy (ω/%) 

Element Zn Mg Cu Zr Ti Fe Si Al 

Content 12 3 2.6 0.2 0.05 0.05 0.05 Bal. 
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Fig.1  Metallographic images of as-received Al-Zn-Mg-Cu-Zr alloy (a) and the alloy processed by HPT with 0.5 turn (b) and 2 turns (c) 
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Fig.2  Polarization curves of HPT-processed samples with different   

   torsion turns 
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Table 2  Corrosion current density of HPT-processed samples  

with different torsion turns 

Current Initial 0.5 turn 2 turns 

j/mA·cm

-2

 0.21 0.068 0.074 
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Fig.3  Impedance diagram of HPT-processed samples with 

different torsion turns 
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Fig.4  Equivalent circuit diagram 
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Table 3  Polarization resistance of HPT-processed samples  

with different torsion turns 

Polarization resistance Initial 0.5 turn 2 turns 

R

p

/kΩ·cm

2

 93.6 80.9 34.6 
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Fig.5  Immersion corrosion images of as-received Al-Zn-Mg-Cu-Zr alloy (a) and the alloy processed by HPT with 0.5 turn (b) and 2 turns (c) 

 

0 20 40 60 80 100

0

-10

-20

-30

-40

-50

 0 turn

 0.5 turn

 2 turns

 

 

Z

i
m
a
g

/
k
Ω
·
c
m

2

Z

real

/kΩ·cm

2

R

s 

C

 

R

P 

50 µm 

150 µm

c 

b 

a 

50 µm 

150 µm

50 µm 

150 µm



®2984®                                        ¯°�� �!                                             � 48� 

� 4  �������	
������ 

Table 4  Stress corrosion resistance of HPT-processed samples with different torsion turns 

σ
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/MPa δ/% 

Alloy 

Air Sol 
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 loss/% 
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δ loss/% I

SSRT

 

Initial 224 124 45 3.4 1.6 53 0.46 

0.5 turn 631 451 29 6.7 5.0 25 0.30 

2 turns 629 394 37 6.5 3.8 41 0.39 
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Fig.6  The corrosion type transformation principle diagram of as-received Al-Zn-Mg-Cu-Zr alloy (a, b) and the alloy processed by HPT with 

0.5 turn (c, d) and 2 turns (e, f) 
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Effect of High Pressure Torsion on Stress Corrosion Resistance of Al-Zn-Mg-Cu-Zr Alloy 

 

Li Ping, Wu Guangshan, Wei Xuefeng, Wang Boxiaotian, Yan Siliang, Xue Kemin 

(Hefei University of Technology, Hefei 230009, China) 

 

Abstract: High pressure torsion (HPT) experiment and subsequent heat treatment were carried out on as-received Al-Zn-Mg-Cu-Zr alloy at 

400 °C under the pressure of 1 GPa. Optical microscope, electrochemical workstation and slow strain rate tensile machine were used for 

microstructure observation, electrochemical corrosion and stress corrosion resistance test for the as-received and HPT processed samples. The 

results show that HPT processing can improve the tensile strength and stress corrosion resistance by modifying the size and distribution of grains 

and secondary phases. The secondary phases agglomerated at the grain boundary corrode continuously, which leads to obvious intergranular 

corrosion and weak stress corrosion resistance of the as-received alloy. After 0.5 turn of HPT processing, the fragmentation and content 

reduction of secondary phase reduce the corrosion sensitivity; at the same time, the planar slip decreases and homogeneous slip mode increases 

due to grain refinement, which synergetically results in a significant improvement of the stress corrosion resistance. The HPT processed sample 

with 2 turn has finer grains with uniform distribution, which leads to the further increases of homogeneous slip mode compared to that with 0.5 

turn, but under the interaction of intense pitting and stress concentration, the resistance to stress corrosion slightly decreases. 

Key words: Al-Zn-Mg-Cu-Zr aluminium alloy; high pressure torsion; electrochemical corrosion; stress corrosion resistance 
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