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���2 AZ31�����@��(�X��)R�

3%Al�1%Zn�0.2%Mn��XR Mg3� AZ31 ��

��� � Ф7 mm×40 mm��a3}2¡v$C¢

~��`£����¤%�R�663 K¥¢ 13 hV¦

¢§¨3~���V�©L�ª£��L«���L

«¢7R 473 K�ijXR 66%¬­3

��®ab¯°±²³X� (DSC)�´�Sµ¶

V�vw"·�¸���%�¢7�¹¢º7R 5

K/min��»9¼ 1�±3½�¼ 1��S®O·�¸

�¾¿¢7�\� 450 K3½� DSCÀ��µ¶V�

���¢7R 393, 433, 473 K3����Á	Â�1

iÃV��a�Ä£� 1 h �����4V#¨35

ÅÆÇÈÉ AZ31���a9Ê 1�±3

2 LEICA DM 2500MËÌÍÎÏÐÑÒÓWÔ'

JSM-7001F Ë�Õ�Ð²³()ÓWÔ(SEM)mÖW

mno��3�×���}2�ØÙÚRÛÜ 1 mL"

ÝÜ 1 mL"ÞÜ 1 g"§ 150 mLß,��©�ab

� 1  �DEwxR DSC�M

Fig.1  DSC curve of specimen after large strain deformation
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Table 1  5 type samples of AZ31 magnesium alloy

Sample No. Sample state

1#

Solid-solutized

2#

Large strain deformation

3#

Large strain deformation+393 K, 1 h

4#

Large strain deformation+433 K, 1 h

5#

Large strain deformation+473 K, 1 h

ØÙ 6~10 s�2�§àá�âã32 HV-1000Ëä7å

æXä7�çèv$R 20 s�çèèéR 0.98 N3êë

�aìíîïðL«�ñòa�óô¡"õ"ö�÷ø

�ÄR 26"8"2 mm32WDW-200ËW�ù,úûü

���æ�¦¢êë�ü�ý¿1iº7R 0.5 mm/min3
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ØÙþab,®��×��9¼ 2�¼ 3 �±3

�S�O�~���É��¸�÷ø.��¼ 2��i

jÃV�����	
�ijno��¿��¸��

¸
����¤�[��í�X��¸(3a)��ij

É×���V� 393 K, 1 h��V��×noj��

��Óil(3b)�V� 433 ' 473 K ���V���

�ð·�¸ÈÉ�� 433 Kv¸�.�(3c)�5� 473 

Kv¸�.�(3d)�¸�÷ø� 1~3 µm3EF��¸

�÷ø`æ�Ê���¿¸�÷ø�\R 50 µm�i

jnoõ7R 1~3 µm�¡7Æ=���¡7R 10 µm�

9¼ 3b�±�393 K���ÃVab��×¼�	�

S�q�ijno�0���k���i¸���S

mÖqcd¸���\ 1 µm� !�d¸�"� 1000

#$%`mÖq35�UV���	�Uí¢7�¹

<�¸�÷ø&'(������í�Ó�·�¸n

o3DSCÀ�®O�·�¸¢7�)*·�¸¢7+

<�c��ü��¹¢F,	-ðF�.¾�3

Kamadod
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C� 473 K Sª�/·�¸/0�5z1
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C� 473 KDEF 8G ECAP®q�

���no�¤��¸�÷øR 1 µm�Y. Uematsu
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C� 614 KD£�KL®q�AZ31B���ab¸�

÷øR 2.1 µm��)��1i-433 K/473 K���Ã

V�¸�÷øR 1~3 µm�cd�»6�7É·�¸'

8É·�¸9�S:®k¸�no����3

RmÖnok;�}2²³(Ô£�<#mÖ�

9¼ 4�±3<¼ 4a	�S�O�ijÃV�no	

��í�X��¸��¸�[�=¸��¸Ã$�k

��>¸�(÷ø� 0.5~1 µm)3<¼ 4b"4c"4d�S

�O�UíV����¢7�¹<�¸�?/O�Ó

�¡�@A�c'�×��mÖq��»=53B�

393 K���vabCC�DEFG�� 433' 473 K

���F,	ab�DE·�¸3HI��·�¸n

o��¸�(�¸)�[�J�K��=¸��c�ü

��1i.L�üXsÆMSN7=¸�¡�O·�

¸v$.P�53
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AZ31 ���ä79¼ 5 �±3�1iÃV'V

� 393 K���ÃV�a×Âð~����a�¤ä

7�Ä;<E 27%' 34.5%3H. K. Kim

[8]

CEF 4G

ECAP MN,®� AZ31 �����¸�÷øR 2.5 

µm�ÓWä7pq 641 MPa3Q. D. Wang

[9]

CEF 4

G CËCEHJQGúKLMN,+O����ab

ä7R 746 MPa3�)��F~�-�1i-V�RS

�vw,+O����ÓWä7pqE 737.6 MPa3

� 2  AZ31<�RBCIJtyz{|

Fig.2  Microstructure of 1# sample

� 3  4��tR AZ31 OM<�yz{|

Fig.3  OM microstructure of AZ31 magnesium alloys: (a) 2#, (b) 3#, (c) 4#, and (d) 5# sample
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� 4  4��tR AZ31<� SEMyz{|

Fig.4  SEM images of AZ31 magnesium alloy: (a) 2#, (b) 3#, (c) 4#, and (d) 5# sample

� 5  AZ31;<�Ryz�`

Fig.5  Hardness of AZ31 magnesium alloy 
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� 6  AZ31;<�R��U�

Fig.6  Tensile properties of AZ31 magnesium alloy

� 7  4��t>wR���� SEM��

Fig.7  SEM images of fracture surface after tensile deformation : (a) 1#, (b) 2#, (c) 4#, and (d) 5# sample
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�

2 1/ 2

2 3 /( )e d bρ = < > ×

                    (2)

ú	�b R}~�X�Âð Mg��R 0.3 nm3EF
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� 8  � XRD� ¡¢ XRD£ ¤¥¦§¨�p©DE

Fig.8  Integral breadth analysis to calculate average crystallite 

size and lattice strain from XRD data: (a) 1#, (b) 2#, and 

(c) 3# sample
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Table 2  Some micro structural and mechanical features 

calculated from XRD data

Sample No.

Average gain 

size, d/nm

Lattice 

distortion, 

<e

2

>

1/2

/%

Dislocation 

density, 

ρ/10

14

 m

-2

Dislocation 

distribution to 

strength, σ

ρ

/MPa

1# 66.981 0.030 0.512 115.799

2# 62.371 0.1 1.843 219.713

3# 63.66 0.07 1.32 89.27

ú	�M"α"G"b�ÄR Taylorqñ�)(Æ��o

�vR 6.5)"���)(0.5)"���X(16.6 GPa)"}

ú�X(0.3 nm)3EFªú�SåyOq{6l σ

ρ

��

Ê 2�3

-ð�1iç%�PQ67<\ 260 MPa(çq

\ 370 MPa�;< 110 MPa�5<Ê 1�S�O�1

iF,	�.L�q{Â67;¹�|R 219.713�

115.799=103.914 MPa�\��;<67� 94.47%3�

��Âð�{ü<�|����
�U�ijV�6

7;<�q{|7�(ç���st3V�RSvw

��V�����q{|7��48���-ðvw

6l�z2��®PQ67
<3
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1) �2�R�%����®~�-�1i-V�

���c=%����R;< AZ31���67',
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2) �1i��ÃV� AZ31���� 393 KD�

��vCC�DFG�Uí��¢7�¹<�AZ31

���� 433 K¢7D�DE·�¸3

3) ����F 473 KV����V��¥���

~�É67�Çv����;<E����ë�3�

�êëcd$6�����F 473 K���Vcf�

�úRU�cf3
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Microstructure and Properties of AZ31 Processed by Solid-Solution-Large 

Strain Deformation and Post Heat Treatment

Cheng Xiaonong, Ru Jinming, Mo Jiping, Xu Xiaojing

(Jiangsu University, Zhenjiang 212013, China)

Abstract: AZ31 magnesium alloy is used as a research object to explore whether the solid-solution, large strain deformation and post heat 

treatment can be used to prepare a high strength magnesium alloy. It is found that a yield strength of about 330 MPa can be got by the 

solid-solution and large strain deformation, and a yield strength of about 370 MPa can be got by the post appropriate aging due to aging 

strengthening. The plasticity can be enhanced by post recrystallization, keeping the strength of solid-solution state at the same time. Many 

twins and dislocations are found in the large strain deformation sample with a mean grain size of 1~3 µm. It can be concluded that the 

solid-solution, large strain deformation and post heat treatment technology is an a effective method to enhance the strength and ductility 

for aluminum alloys and magnesium alloys.

Key words: magnesium alloy; strain; mechanical properties; aging strengthening
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