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Fig.1  OM image of sintered pure tungsten 

50 µm 
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Fig.2  Loading and unloading curve during nano-indentation 
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Fig.3  Grain boundary misorientation images of pure tungsten after HPT with different turning numbers: (a) N=1 turn, (b) N=2 turns, 

and (c) N=5 turns 
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Fig.4  Distribution of misorientation angle for pure tungsten 

after HPTÅ
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Fig.5  Grain orientation maps of pure tungsten after HPT with different turning numbers: (a) N=1 turn, (b) N=2 turns, and 

(c) N=5 turns 
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Fig.6  Loading-displacement curves of pure tungsten before and 

after HPT during nano-indentation 
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Fig.7  Modulus and nanohardness of pure tungsten after HPT 

 

RS	c�����

[16]

&´5	�������?	

iuvW���V	D%i���AD	©¡#Q�

V	c����S	�Zn��Fs�_�4'(W

YXF�V	�������%�RS	��i�T

)]^	IÝV~�µ�5	��þLQRSSTD

i	����-%�=	�Z 5µ HPTWYö	Âì

Fyzs���`�x(8.9090.11) GPa4��WYÉ

�Y���<101>GÆFX�ÅÆ	I=�X�ÅÆ

IJ©[	Ð����yzs�¢£TV4 

HPTWYö	./ÇD¨
Fj�îX��`�	

I'(WYXF�?	j�îX��7�4ÉÊÇD

S¨
Fj�îX�(31996) GPa	�%C���}

ÇD
��%�RSF 385 GPa

[17]

	=uÏ%±ef

Í$FÇD
��%��Ú�	áÝÚ1â#Í    

%

[18]

41µ HPTWYöj�îX�x(37396) GPa	

6�%��%�RS	Õ>æ�u HPTWYca$E

©â#	_`��%��	WY���×�F���

#Q=��	I��îXF7��$�%�%���

îXF_`�$	�Zj�îX`�

[19]

4'(WYX

¦×��V	°5��������%�RS	j�

îXy��VWY��F�����=����#Q

F¢£	���i�=ÃiFTØÙWY���MFi

uvW	��¢£æ¹{DEQD%��Fj�îXY

�<7x(36095.5) GPa4�>�*Fu	�� HPTW

Y��}*+�r�Í�FX�ÅÆ	I
uj��Æ

´���	i�ÅÆ�j�îX�±�c¢£

[20]

4 

÷øV³�/cd��� Abaqus �yzPÀ�

�¦§cd�î 	¡^P�jcC´i}-Po¢

�F£¤Ä� 70.3ºFê¤P	�ÉÊÂì�VPÀ

o�F 10¥ªÒ��Âìé�	�6$ 2D,�¦î

³�12§¾¨uFGH©ªî³4���[21]}Ç

DS¨
Ý�m<F²�SP«�ã��¬�²	

�®�yzPÀÁ�Fj�îX	���1��-�]

�ãFî Db=yzPÀ¶·Db	¯°�*��

F>��B	MÌ 8ÍÎ4ÏÌÐÑ	¨
" HPTW

Yö	±²���`�	ÏÉÊF 2039 MPa `x

3747 MPa	_`�� 1¥&'(WYXF�?	±²

�tð`�ö-%/g	=³Ì 7 ÍÎFs��B

W^-.C´E4���³s�F¢£�µ�±C

´	Í�Ýâ#$E�i�]^�iuvW����

��?=VÄ�i�Y�Fw´�$<	�FW^

¤¥³s��±×%4 

F�phFu	yzPÀÁ�
Fyzs�c�

%i�ªÒC�F|i
F 6.2 GPa

[22]

��1i
F

¶·s� 5100 MPa

[23]

4=u��	yzPÀÁÂF¢

£¸3Ó�P�o�F 10¥	�1 EBSDÁ�Fi�

ªÒÐÑ	yzPÀÁÂFWYÏ¹º»i�ab�

�4C1Ú|iWY	áÝi��$	Z�$¼½¾

Ö% ¡¿�WY	�ZyzPÀÁÂDbÀ%|i

�©¡�B=1i� ¡�BÁ{

[24]

4 

 

 

 

 

 

 

 

 

 

 

 

¸ 8  Í�=cA()*+o=`1-`GËÌ 

Fig.8  Simulated stress-strain curves of pure tungsten after HPT 
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Microstructure Evolution and Micro-mechanical Properties of Pure Tungsten During 

High Pressure Torsion 

 

Li Ping, Hua Yaling, Lin Quan, Wang Xue, Xue Kemin 

(Hefei University of Technology, Hefei 230009, China) 

 

Abstract: Near-equiaxed fine grains with the average grain size of 1.21 µm of pure tungsten were fabricated via high pressure torsion 

(HPT) at 550 °C under 1.5 GPa. The influence of HPT processing with various turning numbers on microstructure and 

micro-mechanical properties of sintered commercially pure tungsten was investigated by EBSD and nano-indentation experiments. It is 

found that the pores in the material are closed effectively, the grains are refined significantly and the ratio of high angle boundary 

increases rapidly after HPT processing. Moreover, when the strain is relatively low (at the turning number of 1), there is a preferred 

grain orientation along <101>, which weakens to disappear with the strain increasing; when the strain is high (at the turning number of 

5), some small dynamic recrystallites are generated at grain boundary. In addition, the nanohardness and yield strength increase 

obviously as the strain increases, which is due to pores closure, grain refinement, lattice distortion, dislocation density increase and 

high angle grain boundary formation; the combination of relative density, residual stress and high density dislocation, makes the elastic 

modulus of HPT-processed samples higher than that of sintered commercially pure tungsten, but it decreases slightly with the strain 

increasing during the processing. 

Key words: pure tungsten; high pressure torsion; microstructure evolution; nano-indentation; micro-mechanical properties 
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