
� 47� � 3� ��������	                           Vol.47, No.3

2018�      3�                        RARE METAL MATERIALS AND ENGINEERING               March 2018

�����2017-03-20

���	����	
��
�������NCET-13-0765��������������2014GB121000�


��
� !"#$#1992 �%#&'%#()*+!,-./,0*1,2#34 () 230009#5670551-62901368#E-mail: 

sundz1991@126.com

��������	
��
��������

���

1

�� �

1

�� �

1

�	 


2

���


1

����

1

(1. ()*+!,#34 () 230009)

(2. 3489:;<=>?@A#34 () 230009)

� ��BCDEFGHIJKLMN�#OP OMQ DSCRSTCDJKLMUVWXYZ[\�]^_`�X#

F( XRDaEBSD BCD\�]^_`bc[defFgIhHITijkFlmn7JKLMoCDp�qrns

tu#��\v1w`defFgxygzs{|X#�\o}~�gz[�gp�`�����F�xy\�]^

_`��#fFggz���_���`g�[g����R�#�defFg��h\��xg�����0�g

�X[gz����`�(��#JKLMoCDfFg��� ¡�#-.�¢£¤>¥¦�k

����JKLM�\�]^_����defFg�!§�g�

�������TG146.4

+

11 ������A �����1002-185X(2018)03-0937-06

��������	
�����
�����

���������������� �!�"#$

�%&'()*�+,-.

[1]

/0-#$123�4

5,6789�:;�<=89>?@ABCDEF

�GHIJ�AKLMNC�LOPQ�RS�T�

U#�VW�X-YZ[\��]^=_Q�`2a


+,bc/CT�[d#efSevere Plastic Deformation�

SPDgh>ijT�[dAB�k�lm�nopCq

�LO�rstQLM�u�vwxy��0��z8

9{���\Y�|�\Y�}(�~����,/

��V)*��=CT�[d#e�����q

��fECAPg����ZfHPTg�/�,W���

D�;fDSCgzT�[d>?����V�����

���vw�9���[dvw����9L���

�����U ¡/W. Q. Cao�

[2]

��a¢£¤\�

�q��>?���V�¥[�S. S. Hazra�

[3]

�D�

�a IF¦� ECAP>?��§¨©ªV���V�[

Q/9«§¬��9L­®¯<=>D�°±²�³

zLO(´j�µ¶�,�·¸u�a¹º����

�/»¼½¾<=#e¿À�ÁÂ��Ã23CÄÅ

k¹º�¯#$+,-.�~� SPD:;ÆÇ/0-

ÈÉÊËz¢��»¼½¾#e��ÌÍÎB�Ï=

»¼½¾Ðd[��V�ÑÒ�
���9L�ÓÔ

ÌÍ¬Õ/

�¬Õ»¼½¾>?��AK¢�d[��VÖC

�×ØÙ	�Ú��[d>?�����9L��|¹

º�����[Q�Â��z»¼½¾-Ð¢�89{

�d[��V��a�D��|��vw¨Û/

1  � �

ÜÝ¹º�¢�99.9%�Þß�Φ15 mmà15 mm

�89�¢�áº��zk��97.3%/�âãäå�

�1æx-y-zÀ¼½¾�1çæ»¼½¾èÝ�
�éê

�ê1ë�/ÜÝ-ì�áU�í1423 Kf≈0.34T

m

g

î\30 min�ï}\�h>\ðñòóô�773 K��

õÓ ö÷�ø��6 mm/s�À¼�ùúûÍü>10 s�

��»çæ»¼�ùèÝ/ÜÝ�ãçæ[dDÚÀ

¼+[ε§��ýε=ln(H/h)fH�èþ½-���h�è

þ½Ð��g/5,�\���zèþ|o����§

������Ú�	
�z�����
��½Ð�

���Úî��\[dvw/ 

�½¾-Ðèþ���������èþ�zè

þ��������,��|�_�f{����1:3g

�� �!��Ð��MR2000"#ò����$1¨

Û��vw/�Õ�»¼½¾-Ðd[��V�[Q�

5,�%STA449F3"&'���(zèþ��DSC

)è�DSCèþHD	=50 mg�ÜÝ-,*+,-è

þ§�./�U�\�bc�298~1673 K�0\ø�

�10 K·min

-1

�5,12î3/45X' Pert XRD67(

|JSM-7001F"��8$9S[d-Ð�lmk�� 



¨938¨                                          ©>ª«-.0*1                                            � 47� 

 

 

 

 

 

 

 

 

 

 

 

¬ 1  JKLM*­®¯¬ 

Fig.1  Schematic of multi-directional forging 
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¬ 2  JKLMCD°±UVW� 

Fig.2  Microstructure evolution of specimens: (a) sintered; (b) axial forged, ε=0.72; (c) 1 pass, ε=0.72; (d) 2 passes, ε=0.53 
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Fig.3  DSC curves of sintered and deformed samples 
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Fig.4  XRD patterns of sintered and deformed samples 
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Fig.5  Misorientation distribution of sintered and deformed 

samples 
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Fig.6  Grain size distribution of sintered and deformed samples 
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Fig.7  Microstructures of sintered (a) and deformed (b) samples 

with 1 pass 
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Table 1  Grain boundary angle of sintered and deformed sample with 1 pass 

Sintered W 

Deformed W 

Boundary misorientation 

Fraction Length/µm·µm

-2

 Fraction Length/µm·µm

-2

 

2°7θ85° 0.669 0.398 0.193 0.469 

5°7θ815° 0.211 0.126 0.332 0.805 

θ915° 0.120 0.072 0.475 1.152 
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Fig.8  Grain boundary angle distribution of sintered (a) and 

deformed (b) samples with 1 pass 
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Deformation Stored Energy and Dynamic Recrystallization Behavior of Pure Tungsten 

Processed by Multiple Directional Forging 
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Abstract: Microstructure evolution and change of deformation stored energy of sintered pure tungsten during multi-directional forging were 

investigated by OM and DSC. The source of deformation stored energy and dynamic recrystallization behavior of pure tungsten were studied by 

XRD and EBSD. The results indicate that dynamic recrystallization during hot deformation leads to remarkable grain refining with porosity 

significantly decreasing. The high-density dislocation structure that remains in the grains and subgrains results in an increase in stored energy of 

deformation after deformation. There are quantities of recrystallized grains distributed along the higher energy zone in grain boundaries and grain 

boundary intersection. The mechanism of dynamic recrystallization is the mixture of deformation induced grain boundary migration mechanism 

with subgrain coarsening and mechanical fragmentation of grains. The recrystallization temperature of pure tungsten is unchanged substantially, 

and with thermal stability is increased after multiple directional forging. 

Key words: multiple directional forging; deformation stored energy; dislocation; dynamic recrystallization; high-angle grain boundaries 
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