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Fig.1  SEM images of mixtures: (a, b) W and Ti, (c, d) W and TiH
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Fig.2  XRD patterns of WTi alloys prepared using different 

mixtures: a-W(unmilled)+Ti, b-W(milled)+Ti, c-W (unmilled) 

+TiH
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Fig.3  SEM images and EDS analysis of WTi alloys prepared using different mixtures: (a, b) W and Ti; (c, d) W and TiH
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Fig.4  Schematic diagram of the generation of plasma between the 

internal of W powders with different packing density: (a) W 

with high packing density and (b) W with lower packing 

density 

 

�� 3 ������	
� TiH

2

�
 Ti ���

����������������	� !"#$

10.7%, %&, ���'�()*+,-
�	./0

1�2� TiH

2

�2����34501���67


89':;<�<:;	=>?@A
8����'

:;BCD
+���E>F*5G TiH

2

�9 W �

:;;H�	��� TiH

2

�IA7':;@A57 SPS

JKLM�	<:;0N'�8OFPQRST3UV

�WX/
��YZO[B�\]^_`abc/d

_�<�efg

[28]

	ShijkXlmno@A��

��pq	>?X�'CD��E>F	Gr] TiH

2

�?CD��:;
�	Sh>?*�+,
�5 

������ W � Ti�

��

�TiH

2

�

��

����	
��
����

WTi 	�����

s 1 t� W �/ TiuTiH

2

v�2t01���

� WTi ���wxy=z{5�s�����	|

}~� W �������a�����,����

y�9�|}��	G���,�B�l$ 55.7%5

.�St|}~� W �t�*�	�2�[�,�

l��

[29]

5%&�|} W ���������67 

� ���� W �� Ti�

��

�TiH

2

�

��

���	
��
����
���

�����

Table 1  Properties of WTi alloys prepared using the mixtures 

of W and Ti or TiH

2 

W (unmilled)  W (milled) 

Properties 

Ti TiH

2

  Ti TiH

2

 

Conductivity/MS·m

-1

 6.68 7.2  3.80 4.78 

Relative density/% 99.7 100  97.5 98.1 

Nanohardness/GPa 3.5 6.5  7.9 8.6 

Elastic modulus/GPa 207.9 314.9  255.7 287.1 

Fracture toughness/ 

MPa·m

1/2

 

8.1 6.4  7.0 5.9 

 

'�()L�*���	Sh8������K�


�	�l$������y5 


 Ti �, TiH

2

�2������a��, ���

,/�y�!
l, ���� 7.2 MS·m

-1

�6.5 GPa/ 

314.9 GPa5%&, �����,l� 100%	.�S

t��O�9 Ti�	TiH

2

�2��	������	

Sh/ W �� ¡¢	�[�,
l£9sO[


<	.¤�3\]�����qLM¥¦o§;
t

��� WTi ��5¨© TiH

2

9 Ti �wxKª�O�

3\]���JK	.�St TiH

2

�«0¬>­�

Ti 0¬��®¯°	�� Ti 0¬ 3d ±²�a¬��

0¬��³i�$ Ti-H0¬��	SB´q$�0¬

���K�µ,	��¶·�2JK·M

[30]

¸TiH

2

¹

«LM=ºn�2�»¼Kª£y=^_½¾¿À	

¥ÁÂ8ÃwxqÄ�c	.¤Àq3\]µqJK	

%&¹«~_DÅy
l� Ti0¬	3\]ÆÇ��

�� ()

[31]

5Sh���È��,ÉÊ
<�a�

�-
l5B�,È��,/§;ËÌ�Í%ÉÊ5

TiH

2

�2
 Ti�2�t��	r]�2Î��»¼�

ÏÐyÑo�§;
����uÒ� 5 �Ó	���

����§;����v	%& TiH

2

�2¹«LM�

À=3bÔ�§;_Õ	�q§;

[32]

5§;��q-

��l������,	Sh TiH

2

��������

�,�a��£���,�
l5����,/�y

�Ö�×���ÀqØÙ	Shn� TiH

2

�����

����,
l���y
Ú5n� Ti �/0N W

�����������y
l	.�St��O


���,3\]¦o
l��y	¨��O��»¼

�
+�()*�l$8����K�µ,��5¨

©	TiH

2

7¹«LM�	«ÛÜ_DÝ	�BÞÚß

à��Ü !	.-��l���á�y=

[33]

5 

��������	��
��
����� W10Ti 	�

�������

� TiH

2

�2�â�ãä�� WTi��5SPSJK 

a 

b 



�2892�                                         ()�*+	,-.                                            � 47/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  01 W
2 TiH

2


345� WTi���6789 

Fig.5  Fracture morphology of WTi alloy prepared using the 

mixture of W milled and TiH

2

 

LM�	01�2��åæ���»¼ÉÊç<	G

S�JK&�
è	ÆÇ���� ()�¢�	t

$éê.�ëì	íîïð
�����q/ SPS�

JK�ñä����	òæ01�2·ó����q

Rx	ôCDõ����2nÆÇ��X�ö÷ø�

�q	�~\�ùúJK�q§;5ûüý-õôæ

W/ TiH

2

�·ó����q5 

2.3.1  ������ WTi ����	
� 

� 6 t����q�2£������Cþ��

£�»D5�������	�9 W �/ TiH

2

��

���2	W�/ TiH

2

����q~	2Ã0N�2

ç����5��� TiH

2

�27/ W �7����

q�LM�	��� TiH

2

��7 W �2�¥� (

)CD�'E>F	:;CDD��Cþ	¥3X�

���q� TiH

2

�267

[6]

5���Cþ-^_$ç

<�Àq	��»¼r|�»¼	
ÀDÕ��»¼	

.�r]���'��CþÀq����	òr�|

�ÀD*��5������� !	
"�


13.6%	.�St����q�2��X�E>�'�

��

[20]

5������-�W����	����µ 

 

 

 

 

 

 

 

 

 

 

� 6  :;��<� W-TiH

2


��345����89�=�> 

Fig.6  Morphologies of WTi powders (a) and WTi alloy (b) as well as its phase composition (c) 

 

ç´� WC �	.�S01�27|}LM�l�|

19Û|}ú,no}|¹��D�2�����5 

õ���������a�����,����

,/�y�!��t 3.0 MS/m�96.8%�2.8 GPa /

131.5 GPa	.¤wxy=
|}�~ W�/ TiH

2

�

�����������
Ú5Gr]���7üý

���A�	����,��&¥�3����	.

� �����y
�5����q�2�9���

������2ÆÇ!"������	.7�#M

,$=�l�����q

[34]

	GS����q�2×

��	��� TiH

2

E>�'�B��%t�:;¡¢

�
<ËÌ��* W���	%&r]&'bc	S

h��q�2��[�,
�	.(æ�����q

�\

[35]

5r]~ïæ����,�ÉÊ�<	Sh�

���q�2��������,
Ú5a����

�,ÉÊ�K)	��,*Ú	a��*Ú5%+È

��,ÉÊ
<��3������,/�y�!5

Sh����q����������,/�y�!

-�
Ú	G%t/�,���ÀqØÙ��y
�5

%&r]���»¼��*�“,å”���»¼	Sh

Ñ-����()

[36]

	Sh��T3
l����y5 

��������

1v0N�2ÉÊ SPS ���»¼£y=	��

 

 

a 

b 

30 40 50 60 70 80 90

β-WC♣

♦

(
2
2
0
)

(
2
1
1
)

(
2
0
0
)

♦

♦

♦

♣

♦

(
1
1
0
)

β-W(Ti)

30   40   50   60   70   80   90 

              2θ/(º) 

2500

2000

1500

1000

500

0

I
n
t
e
n
s
i
t
y
/
c
p
s
 

� 

♣

-β-W(Ti) 

-β-WC 

c 



� 9�                        ������	
�� SPS
�W-10Ti����������                           �2893� 

�� W���� Ti�TiH

2

�	
��
������

��	
��������	���� !"�� W

���� Ti�TiH

2

�	
��
�����
��#

$��%&'����(����)*��+,-.

/ 44%�01
�	234567/ 55.7%8 

2�9:;<=>?�@ Ti �����!"AB

&'	 TiH

2

��CDEF�AB&'��	GH�

��I*��+,CJK 10.7%801���	 W10Ti


�	LM5NOPQN2345�RST,&@7�

UV� 100%N7.2 MS/mN6.5 GPa� 314.9 GPa8 

3�@ W� TiW TiH

2

	
��
���W� TiH

2

	
�
�X�����	WTi
��=Y	*��

%�AB�)I�+,� 13.6%�I
�	ZS@[�

\
�	]^	_`Sab@.�c]dLM5�2

345�UVe� 96.8%� 2.8 GPa8 

4�f
gh�9:;<=>?�SPS �� WTi


�1�ij�����	 W �� TiH

2

��	�


��8 

 

����    References 

[1] Chiou J-C. J Electrochem Soc[J], 1995, 142(7): 2326 

[2] Fugger M, Plappert M, Schaffer C et al. Microelectronics 

Reliability[J], 2014, 54: 2487 

[3] Waterman E, Dunlop J, Brat T. Proceedings 7th International 

Multilevel Interconnection Conference[C]. CA: Santa Clara: 

Institute of Electrical and Electronics Engineers (IEEE), 1990: 

329 

[4] Wickersham C E. Method of Producing Tungsten-Titanium 

Sputter Targets and Targets Produced Thereby. United States 

Patent: 685789[P]. 1993 

[5] Wang Q X, Fan Z K, Liang S H. Sci China Technol Sci[J], 

2010, 53(4): 1049 

[6] Kim Hwan-Cheol, Shon In-Jin, Garay J E. International 

Journal of Refractory Metal and Hard Materials[J], 2004, 

22(3): 257 

[7] Cha Seung l, Hong Soon H, Kim Byung K. Materials Science 

and Engineering A[J], 2003, 351(1): 31 

[8] Vajpai Sanjay K, Kei Ameyama. Intermetallics[J], 2013, 42: 

146 

[9] Li Yuanyuan(���), Yang Chao(� �), Li Xiaoqiang(��

�) et al. The Chinese Journal of Nonferrous Metals( !"

#�$%&)[J], 2011, 21(10): 2305 

[10] Liu L H, Yang C, Kang L M et al. Materials Science and 

Engineering A[J], 2016, 650: 171 

[11] Liu L H, Yang C, Kang L M et al. Science Reports[J], 2016, 

6: 23467(1-7) 

[12] Luo Yatao('()). Dissertation for Master(*+,-)[D]. 

Xi’an: Xi’an University of Technology, 2015: 25 

[13] Allibert C H. Int J Refract Met Hard Mater[J], 2001, 19: 53 

[14] Zhao Shixian(./0 ), Song Xiaoyan(123 ), Wang 

Mingsheng(456) et al. Acta Metallurgica Sinica(�$%

&)[J], 2009, 45(4): 497 

[15] Yang Yong, Wang You, Tian Wei et al. Journal of Alloys and 

Compounds[J], 2009, 481: 858 

[16] Duan Renguan, Zhan Guodong, Joshua D Kuntz et al. 

Materials Science and Engineering A[J], 2004, 373: 180 

[17] Cha S I, Hong S H, Kim B K. Materials Science and 

Engineering A[J], 2003, 351: 31 

[18] Zhao Shixian, Song Xiaoyan, Zhang Jiuxing et al. Materials 

Science and Engineering A[J], 2008, 473: 323 

[19] Guyou J, Hazotte A, Monchoux J P et al. Intermetallics[J], 

2013, 34: 94 

[20] Wang Qingxiang(478), Fan Zhikang(9:;), Yang Yi(� 

<). The Chinese Journal of Nonferrous Metals( !"#�

$%&)[J], 2009, 19(3): 295 

[21] Wang Qingxiang, Liang Shuhua, Fan Zhikang et al. 

International Journal of Refractory Metals and Hard 

Materials[J], 2010, 28: 576 

[22] Yang Xiaohong(�2=), Sun Te(> ?), Xiao Peng(@ A). 

Rare Metal Materials and Engineering(B"�$C	DE

F)[J], 2013, 42(7): 1492 

[23] Dai Weili, Liang Shuhua, Luo Yatao et al. International 

Journal of Refractory Metals and Hard Materials[J], 2015, 

50: 240 

[24] Lin C M, Chang C M. Materials Science and Engineering 

A[J], 2010, 527: 5038 

[25] Wang Zanhai(4GH ), Wang Xingming(4I5 ), Chu 

Maoyou(JKL) et al. Chinese Journal of Rare Metals(B"

�$)[J], 2006, 30(5): 688 

[26] Gu Jian, Gu Sasa, Xue Lihong et al. Materials Science and 

Engineering A[J], 2012, 558: 684 

[27] Gu Jian(M N), Gu Shasha(OPP), Xue Lihong(Q�=) et 

al. Acta Metallurgica Sinica(�$%&)[J], 2013, 49(4): 435 

[28] Liu Xuemei(RST ), Song Xiaoyan(123 ), Zhang 

Jiuxing(UVW). Journal of Functional Materials(X�C

	)[J], 2005, 11(36): 1728 

[29] Huang Peiyun(YZ[ ). Powder Metallurgy(
�\��

])[M]. Beijing: Metallurgical Industry Press, 2006: 163 

[30] Han X L. Scripta Materialia[J], 2007, 56(1): 77 

[31] Papazoiglou T P, Hepworth M T. Tans Met Soc Alme[J], 1968, 



�2894�                                         B"�$C	DEF                                            � 47^ 

242: 682 

[32] Azevedo C R, Rodrigues F D, Beneduce Neto F. Journal of 

Alloys and Compounds[J], 2003, 353: 217 

[33] Andrej Furlan, Dario Grochla, Quentin D’Acremont et al. 

Advanced Engineering Materials[J], 2017, 19(5): 1 600 854 

[34] Lucile Lallemant, Gilbert Fantozzi, Vincent Garnier et al. 

Journal of the European Ceramic Society[J], 2012, 32: 2909 

[35] Snead L L, Nozawa T, Katoh Y et al. J Nucl Mater[J], 2007, 

371: 329 

[36] Mansur Ahmed, Savvakin Dmytro G, Ivasishin Orest M et al. 

Materials Science and Engineering A[J], 2013, 576: 167 

 

 

 

Effect of Raw Material Powders on Microstructure and Property of W-10Ti Alloy 

Prepared by Spark Plasma Sintering 
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Xi’an University of Technology, Xi’an 710048, China) 
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Abstract: Two kinds of WTi mixtures were used as the raw materials, one was the mixed powders of W (unmilled or milled) and Ti (or 

TiH

2

), and the other was the mechanically alloyed W-Ti powders. The W-10Ti alloys were then prepared by spark plasma sintering (SPS) 

at 1400 °C for 10 min. XRD, SEM and nano indentation were used to investigate the effect of raw material powders on the microstructures 

and properties of W-10Ti alloys. The results show that WTi alloy prepared using milled W powders has no pure Ti phase, the content of 

Ti-rich phase is decreased by 44% and the nanohardness is improved by 55.7%, when WTi mixed powders are used as the raw materials. 

Meanwhile, TiH

2

 powders with fine particles are beneficial to the WTi alloy with less Ti-rich phase which is fine and uniformly distributed 

in the microstructure. The obtained alloy has a relative density of 100% and its electrical conductivity, nanohardness and elastic modulus 

are improved by 7%, 46% and 34%, respectively, compared with those of the alloy prepared using Ti powders. For the WTi alloy prepared 

using the mechanically alloyed WTi powders, the content of tiny stripped Ti-rich phase is higher and the alloy has a better ductility but a 

lower density of 96.8% and nanohardness of 2.8 GPa than the alloy prepared with WTi mixed powders. Proper raw powders are a key 

factor to obtain excellent WTi alloy by SPS. 

Key words: SPS; WTi alloy; Ti-rich phase; physical properties 
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