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 1  5052-H32!"#$%� 

Table 1  Chemical composition of 5052-H32 (ω/%) 

Mg Fe Cu Mn Cr Zn Al 

2.50 0.03 0.10 0.08 0.32 0.10 Bal. 

 

 2  5052&'�()*+,-. 

Table 2  Heat treatment process of 5052 aluminum alloy 

Process 

Heat treatment 

temperature/� 

Holding time/h Cooling mode 

1 

350, 370, 390,  

410, 430, 450 

1 Air 

2 430 1, 2, 3, 4, 5 Air 

3 430 2 

Air, water, 

furnace 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  GH���EFG� 

Fig.1  Test equipment and tensile specimen: (a) tensile specimen, 

(b) heating furnace, (c) Vickers hardness tester, and    

(d) material testing machine 
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Fig.2  Influence of heat treatment temperature on strength:  

(a) yield strength and (b) tensile strength 
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Fig.3  Influence of heat treatment temperature on uniform 

elongation 

 

 

 

 

 

 

 

 

 

 

� 4  �	
��#$%��� 

Fig.4  Influence of heat treatment temperature on σ
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Fig.5  Influence of heat treatment temperature on hardness 
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Fig.6  Influence of heat treatment holding time on yield strength(a) 

and tensile strength (b) 
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Fig.7  Influence of heat treatment holding time on uniform 

elongation 
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Fig.8  Influence of heat treatment holding time on σ

s

/σ

b 

1 2 3 4 5

0

5

10

15

20

25

30

35

 

a

 ε =0.0001 s

-1

 ε =0.0005 s

-1

 ε =0.001 s

-1

Y
i
e
l
d
 
S

t
r
e
n
g

t
h

 
σ

s

/
M

P
a

1 2 3 4 5

0

30

60

90

120

150

180

 

 

 ε =0.0001 s

-1

 ε =0.0005 s

-1

 ε =0.001 s

-1

b

Holding Time/h

T
e
n
s
i
l
e
 
S

t
r
e
n
g
t
h
,
 
σ

b

/
M

P
a

1 2 3 4 5

0.10

0.11

0.12

0.13

0.14

0.15

0.16

0.17

0.18

0.19

0.20

 

 

σ

s

/
σ

b

 ε=0.0001 s

-1

 ε=0.0005 s

-1

 ε=0.001 s

-1

Holding Time/h

1 2 3 4 5

20.0

22.5

25.0

27.5

30.0

 ε =0.0001 s

-1

 ε =0.0005 s

-1

 ε =0.001 s

-1

 
E

l
o

n
g

a
t
i
o

n
/
%

Holding Time/h



� 3�                               ������	
�� 5052������������                        �967� 

MPa��������	
 5 h��5052����

�������� 

�������	�������� !""#

����$%�&'()�*$+�,-./,��

 0123456�7���	8 1 h��
 2 h�� 

5052����� ��9:;!""#���<=

>?*$+�,-.��456��@���	��

/��ABCDE��	FGHI JK���

�L%MNOPQR�<STU 5052���� �

�9:�!""#CVWX�Y=7���	���

���AB�Z[\]��^(_`a Al

3

Mg

2

[18]

)�

b*cNOd\]�L%Mef������gh�

i��� !""#jk+�69� 

���������	 5052 
�����������

2.3.1  ����� 5052 ���	
�� 

*,-.�� 430 l��� 2 h456�m 5052

����no*p0;q0 r0 3s456�tu

�� vw��FGxy�zh{+0123-.|

5052���������}~�� 10V�� 

m�{+01236�tu��(� 10a)&��

{+0123mtu�����{��m�{+01

236�vw��(� 10b)�p0 q0456 5052

�����vw����{���r0239:�

-.| 5052 ����vw���Y=�����

{�� 

2.3.2  ����� 5052 ��������� 

*$+�,-.�� ���	45(430 l/2 h)

6�{+0123m 5052�����������

��}~�� 11V���m����������r

0239:������� 

2.3.3  ����� 5052 ����
�� 

+.���������h 3s0123(430 ��

2 h)456 5052�������}~�� 12V�� 

 

 

 

 

 

 

 

 

 

 

� 9  ���� !��� 

Fig.9  Influence of heat treatment holding time on hardness 
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Fig.10  Influence of cooling mode on strength: (a) yield strength 

and (b) tensile strength 
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Fig.11  Influence of cooling mode on uniform elongation 
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Fig.12  Influence of cooling mode on hardness 
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Table 3  Values of A�

��

�C under different strain rates 

A/MPa AC/MPa C 

17.56 0.4672  0.0265 
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Table 4  Values of B, n under different strain rates 
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Table 5  Values of A, B, C, n under different strain rates 

Temperature/� A/MPa B/MPa C n 

H32 50.93 317.35 0.4919 0.2466 

350 47.08 326.895 0.4353 0.2413 

370 55.13 332.43 0.3409 0.2696 

390 37.58 324.61 0.1131 0.3066 

410 18.60 316.62 0.0561 0.3880 

430 17.56 263.67 0.0265 0.4879 

450 19.80 338.70 0.0581 0.4225 

-3.5 -3.0 -2.5 -2.0 -1.5 -1.0

4.0

4.2

4.4

4.6

4.8

5.0

 Fitting (0.0001 s

-1

)

 Fitting (0.0005 s

-1

)

 Fitting (0.001 s

-1

)

 Experiment (0.0001 s

-1

)

 Experiment (0.0005 s

-1

)

 Experiment (0.001 s

- 1

)

l
n
σ
'

lnε

p



�970�                                        ������	
�                                              � 50  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 15  Johnson-Cook �������������� 

Fig.15  Variation curves of Johnson-Cook model parameters with heat treatment temperature: (a) A, (b) B, (c) C, and (d) n 
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Fig.16  Fitting curves of Johnson-Cook model parameters: (a) A, (b) B, (c) C, and (d) n 
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Table 6  Correlation coefficients (R

2

) of different parameters 

A B C n 

0.9974 0.9187 0.9896 0.9992 
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Fig 17  True stress-strain curves of 5052 alloy after re-heat treatment: (a) 410 �, (b) 430 �, and (c) 450 � 
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Effect of Heat Treatment Parameters on Mechanical Properties of  

5052 Aluminum Alloy 

 

Jia Xiangdong, Zhao Yang, Xu Siqi 

(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China) 

 

Abstract: Take the 5052-H32 as the research object, the mechanical properties were studied under the condition of different heat treatment 

parameters by uniaxial tensile test and hardness test, and the influence mechanism of different heat treatment parameters on mechanical 

properties of 5052 aluminum alloy was analyzed. The results show that the deformation resistance of 5052-H32 aluminum alloy can be 

significantly reduced and its plastic deformation ability can be improved during re-heat treatment. The heating temperature plays a major 

role in the process of heat treatment, and the cooling mode has little influence on the strength and hardness of 5052 aluminum alloy under 

reasonable heat treatment temperature and holding time. On this basis, the constitutive model of 5052 aluminum alloy after re-heat 

treatment was established by Johnson-Cook model. 

Key words: aluminum alloy; heat treatment; mechanical properties; flow stress; constitutive model 
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