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Table 1  Chemical composition of AZ631M magnesium 

alloy (ω/%) 

Mg Al Zn Mn RE* Impurity 

Bal. 6 3 1 <0.6 <0.03 

*contains Y, Li, Zr and other rare earth elements 
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Fig.1  Microstructures (a~c) and XRD patterns (d~f) of AZ631M magnesium alloy: (a, d) as-cast, (b, e) as-homogenized and 

(c, f) as-extruded 
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Fig.2  Microstructures of AZ631M magnesium alloy at extrusion temperature of 250 h with different extrusion ratios: 

(a) 9, (b) 32, (c) 41, and (d) 81 
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Fig.3  Relationship between the average grain size with 

the extrusion parameters 
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Fig.4  Microstructures of AZ631M magnesium alloy with extrusion ratio of 32 at different extrusion temperatures: 

(a) 200 h, (b) 250 h, and (c) 300 h 
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Fig.5  Microstructures of AZ631M magnesium alloy with different heat treatment: (a) as-extruded, (b) T4, (c) T6, and (d) T5 
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Fig.6  Mechanical properties of as-extruded AZ631M magnesium 

alloy with different extrusion ratios (a) and extrusion tem- 

peratures (b) 
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Fig.7  Relationship between the strength and the average grain 

size of as-extruded AZ631M magnesium alloy 
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Fig.8  Tensile stress-strain curves of as-extruded AZ631M 

magnesium alloy 
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Fig.9  Compression stress-strain curves of as-extruded AZ631M magnesium alloy with different initial strain rates at various 

temperatures: (a) 300 h, (b) 350 h, (c) 400 h, and (d) 450 h 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

20

40

60

80

100

120

140

T
r
u
e
 
S
t
r
e
s
s
/
M
P
a

 

5�10

-4

 s

-1

5�10

-3

 s

-1

�

�

�

5�10

-2

 s

-1

a

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

20

40

60

80

100

5�10

-4

 s

-1

5�10

-3

 s

-1

�

�

�

5�10

-2

 s

-1

b

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

10

20

30

40

50

60

70

5�10

-4

 s

-1

5�10

-3

 s

-1

T
r
u
e
 
S
t
r
e
s
s
/
M
P
a

True Strain

�

�

�

5�10

-2

 s

-1

c

 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

5

10

15

20

25

30

35

40

45

5�10

-4

 s

-1

5�10

-3

 s

-1

�

�

True Strain

�

5�10

-2

 s

-1

d

 



� 4�                         ������	
 AZ631M��
�������������                      �1299� 

�������������	
��
�����

�����������������
� !"#

$�%&'(��)��*+,-./��01�23

45��./6789:;<=6>

[21]

�   

d ln( / 1)

( ) 0

d ln

m m

mξ ε

ε

+

= + <

�

�

                =6> 

� 10 ?@A AZ631M B��#CDEFG�#

H%��� 10a�10c �ICJ AZ631M #H%��

� 10b�10d�KJ AZ631M#H%�

[27]

� �LMN

O��PQ./��RSTPQU�������T

VWX�(YPQZ[B\]��EF=��^_


��`�>G���a�*b�c7H%��d[e

,-�H%�fBgh��ijH%���kl
m

ij�n0�Aob�1�pqrJstu�rJv

w
xyzR{|}�pq3B~�����z���

�����u���������R{./�pq�

��u�������#�������r
rJ]

��aR�\��Z[�����rJstu���

��a�B 30%~40%��

[28]

�� 10���\�IC

J AZ631M �Z[B]�A 0.3 
 0.5 �,-���

./�ij��A��^_A 300~450  �¡¢]�

`�A 5£10

-4

~5£10

-2 

s

-1

�\�KJ,-�ij��

A��^_ 300~350  �450  ¤¥�¦¡¢]�`

��
��^_ 350~450  �¡¢]�`� 5£10

-4

~5

£10

-2 

s

-1

��§¨]�©�ªH�\� AZ631M�Z

[!«����a��¬�ICJ AZ631M­���

./���\�KJ AZ631M�Z[B]�`�A 2.5

£10

-3

~5£10

-2 

s

-1

���^_A 300~350 
 400  ¤

¥­®¯�./�°±¦^./�X²�«�³´5

�µ�*ABS]�`�G���¶��#©
�·

¸��¹º��^_»S�¼½¾¿��yz�rÀ

�¶��Á

[29]

�c7 Xia R

[6]

\ICJ Mg-Zn-Y-Zr

�Z[#��ÂA�ÃÄQX�ÅutÆÇH`rJ

stu
ªÈuÉÊË¥�ÌS�Z[B¦^S]�

`����H%zµ�IC�½�$�ÍÎÏÆÐÇ

ÌS,-�rJstu¥�ÌS�Z[BS^���

H%zµ

[24]

� 

Ñ 10a�10c LÒÓ��Ô®Õ��^_A 300~ 

370  ��§¨¡¢]�`��ªH��a�ªH�

Õ��^_A 370~450  �§¨¡¢]�`��ª

H��a�Ö¬�\×KJZ[H%� 10b�10d�B

��^_ØÙÚÑ 300Û 450  �§¨¡¢]�`�

�ªH��a�­�¬°±BÜ¦^_G��a�Ö

¬�`_5«�ÜS^_G���Ý�B 300~350  

��a�ÞßGàÛ 0.3 �G�,-®¯��./�

áV?â�ãäIC$� AZ631M�Z[��H%z 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 10  ���	 !"#�	
$%
 AZ631M��
&'� 

Fig.10  Processing map of as-extruded (a, c) and as-cast (b, d) AZ631M magnesium alloy with different compression strains: 

(a, b) ε=0.3 and (c, d) ε=0.5 
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Microstructure and Hot Deformation Behavior of As-extruded 

AZ631M Magnesium Alloy 

 

Dang Jingtao, Jiang Zhuzhong, Ren Lingbao, Yin Dongdi, Quan Gaofeng 

(Key Laboratory for Advanced Technologies of Materials, Ministry of Education of China, 

Southwest Jiaotong University, Chengdu 610031, China) 

 

Abstract: The influences of different extrusion ratios and extrusion temperatures (holder temperature) on grain size and mechanical 

properties of AZ631M magnesium alloy were investigated and then the optimal aging treatment parameters and heat processing parameters 

of as-extruded AZ631M were studied. The extrusion experiments were performed with the extrusion ratio of 9, 32, 41, 81 and the 

extrusion temperature of 200, 250, 300 °C. T5 and T6 heat treatment were used to develop mechanical properties and the heat processing 

map were depicted at the temperature ranging from 300 °C to 450 °C with initial strain rate from 5×10

-2 

s

-1

 to 5×10

-4 

s

-1

. The results reveal 

that with the decreasing extrusion temperature from 300 °C to 200 °C, the grain size decreases from 31 µm to 14 µm, the ultimate tensile 

strength (UTS) and the elongation increase from 325 MPa to 368 MPa, 13.6% to 17.3%, respectively. With the increasing extrusion ratio 

from 9 to 81, the average grain size refines from 24 µm to 8 µm, the UTS increases from 277 MPa to 376 MPa and the elongation 

decreases from 16.1% to 15.3%. After T6 treatment (420 °C/8 h + 210 °C/18 h ), the UTS of as-extruded AZ631M increases by 18%, up to 

390 MPa and the elongation decreases by 40% compared with the as-extruded alloy (extrusion ratio: 32, extrusion temperature: 250 °C). 

The optimum heat processing parameters of as-extruded AZ631M are at the temperature of 400~450 °C and the initial strain rate of 

5×10

-4

~1.5×10

-3 

s

-1

. 

Key words: AZ631M magnesium alloy; extrusion temperature; extrusion ratio; aging treatment; mechanical properties; heat processing map 
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