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Fig.1  XRD patterns of combustion synthesis product with different 

NaCl contents: (a) before leaching and (b) after leaching 
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� 2  9: NaCl;<ABCDEF`abcd=}¥lm 

Fig.2  SEM images of combustion synthesis products before leaching with different NaCl contents: 

(a) k=0, (b) k=5, (c) k=10, (d) k=15, and (e) k=20 
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Fig.3  EDS spectra of combustion synthesis products before leaching with different NaCl contents: 

(a) k=0, (b) k=5, (c) k=10, (d) k=15, and (e) k=20 
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� 4  9: NaCl;<ABCDEF`abct=}¥lmOT§W¨� 

Fig.4  SEM images ans particle size distribution of combustion synthesis products after leaching with different NaCl contents: 

(a) k=0, (b) k=5, (c) k=10, (d) k=15, and (e) k=20 
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� 5  9: NaCl;<ABCDEF`abct=¦� 

Fig.5  EDS spectra of combustion synthesis products after leaching with different NaCl contents: (a) k=0, (b) k=5, (c) k=10, (d) k=15, and (e) k=20 
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Fig.6  Average particle size of tungsten boride with different 

NaCl contents 

0 5 10 15 20

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 

A
v
e
r
a
g
e
 
P
a
r
t
i
c
l
e
 
S
i
z
e
/
µ
m

K

 

3.6

2.9

2.2

1.4

0.7

0.0

I
n
t
e
n
s
i
t
y
/
�
1
0

3

 
c
p
s
 

0.00      2.00      4.00       6.00       8.00      10.00 

a 

b 

c 

d 

e 

0.00      2.00      4.00       6.00       8.00      10.00 

3.0

2.4

1.8

1.2

0.6

0.0

I
n
t
e
n
s
i
t
y
/
�
1
0

3

 
c
p
s
 

3.0

2.4

1.8

1.2

0.6

0.0

0.00      2.00      4.00       6.00       8.00      10.00 

3.0

2.4

1.8

1.2

0.6

0.0

I
n
t
e
n
s
i
t
y
/
�
1
0

3

 
c
p
s
 

0.00      2.00      4.00       6.00       8.00      10.00 

Energy/keV 

0.00      2.00      4.00       6.00       8.00      10.00 

Energy/keV 

3.0

2.4

1.8

1.2

0.6

0.0



�136�                                           >"
$��(��                                           � 47� 

2WB + 3B = W

2

B

5

                         �5� 

W

2

B

5

������	
 W� B���
��WB��

� WB� B��������� W

2

B

5

�������

�� 650 !"#$�Mg� B

2

O

3

%�&'()�*+

���,-�.����/0� 12��$��3�

�4�567'8�9:���;�3���9:��<=

�>?��@A���'B���CDW�&E�3410 

!�F B �&E�2300 !�G0D�����HI�

�JK�LM&'�N%�OP8'�����QJR

STUVW���B:XYZ(0.117 nm)[[\D]:X

YZ(0.202 nm)�^_�RSJK� B :X` ab:

X�cde\�f:XYZF:X?eg�W:X�R

SJK�h` Lg�ci��jk^l�mnopq

r B �RSst
[[gD W �RSst

[20]

�B :X

uvwxW:Xyz{|��W:X,-� B���

W4�����WB��'B}~����o B:Xh

�������� WB 4����f�� W

2

B

5

�*J

K����� 7O�����8'������RSJ

K`��mneg����0*RS���g����

� B:X�JWB���xW

2

B

5

�RS��WB�;

�5�4����� W

2

B

5

� 

��W-B���%�

[21]

����W

2

B

5

���ze

��O��������W B�¡¢£��¤¥%¦�

BJ?§¨��e0©hpq*+������� XRD

�ª«�NaCl�¬­6����%®eg�mn�¬­

NaCl ��HI��¯r W

2

B

5

F°�� MgO ±�9=

²r³% WB�j�^´ W � B 4����� WB �

��eµ�fWB� B4�����e0�QJ>iB

%¦¶·

[22]

�P Mg ´9:¸�B

2

O

3

F W ´:3��

WB��¹º»¼o�½¾¿ÀCÁ´Â�ÃÄÅÆ�

�eµ��oÇÈP���1É-�¬­�ÊË¸ NaCl

ÌVuÍ����Î�ÀÏÐHI�����>?ÑÒ

Ó NaCl�&E 801 !�ÔÕÖ×&'��fØµrÆ

���JK��HI��

[23]

��fpqrWB� BuÁ 

 

 

 

 

 

 

 

 

 

� 7  W-B

2

O

3

-Mg45=©ª£� 

Fig.7  Reaction mechanism of W-B

2

O

3

-Mg system 

ÙÒÚÛ��ÜÝ�&'� NaClÈ�´N%��Þß�

fuà:X
�%áRS�&âã��st[0D�ä

%��st

[24]

�Î�®å� NaCl æ?Ö����N%

��çèéêëOìV�mn[u£*ÔÕ>?OìV

�mn�^fHI���=²r WBÜí1É-�îä

�� NaCl 6:X×
�RSï cd���fj�c

d��6Dð�ñ4����WB� Bmn�g�̂ _

ò�róôNaClÞß�¬­�����W

2

B

5

�õö�

V�µ�j1^l�mn6����%ï r÷2é�

������JK�øÁ�WBQJRS4���� B

�l�ù�P1�ú2�¼� Bûß��;ü��CD

*æ?eýþ B:X6 Kα®eë�ÔÕ���� XRD

�øÓ��=V� 

W-B

2

O

3

-Mg ��Æ��1�����®0<>�

7'9:JK�<=�>?¯r@AÅÆ����±�

9Ö�ÊË¸ NaCl &'��´rL��N¼Þß��

�rRS����	����JK� NaCluÍ����

ÀÏÐHI��

Ë<=g?�>?���Æ���



�/��8']�
���à$�ã�:}�8'

]�
,-�= &â���û�ã��Ö*ÀC��

\(�G�0)

[25]

�CD NaCl ÔÕrÑÒ<=�>?�Ø

µrÆ�ÏÐO	�>?��fØµrHI����a

é�Ö�HI���»u���.HI�������

�Æ����Ø� NaCl �&EPo����8']�


�Ó() NaCl�ß��. NaCl¬­?eý$�&

ãçèée��uÁW������
(� �pq!

k"#�±�,-$®I�%{²&�'=�8']�


%{²&�(�)
��'=JK�(���
,-

�ï*+��� NaCl �Ó,¯��
×
-®.(%

{

[14]

�È/&ã�01��È�12K�234�
�

.5�6� 

ã7HI��8U9�8']:Æ;G
Ze\�

Ò¾e|��<éã NaCl ()�HI���8']�


,-�Øµr�
�,-Á�®=wc>r��JK

�%{�4��HI��?@A���8']:Æ��

�N¼ NaClÞß×��B RSCgP£D�a�C�

.*� NaCl &Æ�� EF$�ó������8'

]�
�� NaCl &Æ��=�CDÀÏÐ��Fs�

óô��Æ����Øµ�jk�=�8']�
�G

$
Hu�9èiBCg���̂ _���
IJe\�

'=����
IJ%¢D'=K®O�\�j�CD

�
,-(�� NaCl �P£ MgO �'=JK�Ó¯

,�'=���
�óô k�ê¬f�ý�� k=15×K


��\LMeg�;G
�� k=0$� 1.91 µm�\

 k=15$� 0.98 µm�NaCl�¬­ØµrÆ�����

W

2

B

5

 

B 

W 

WB W 

B 

B 



� 1�                �����NaCl;<PABCDEFHIJKLM4QRFOTU= ¡S�¢+£¤            �137� 

��Øµr:X�RSt�cdr�
�CgÜí1É

-�.ÑÒN¼ NaCl îä�ä¼$��ýr��Æ�

��N¼NOÞß�à$îä�� NaCl �h�JVc

døCg�8']�
����C�j�cd��óô

NaClæ?�êPfêg�j���
�;G
�� kQ

15 ×K�\LMÄR�:^�Î. NaCl æ?� 12

õö�*SU���h� 1�LT;U��^f.

NaClæ? kV15��
;G
��\uÄR� 

��������

1) �W-B

2

O

3

-MgÆ��¬­ÊË¸NaClã7HI

��U9=r8']:Æ�HI��C MgO W

2

B

5

 

WB WX���HI�����JYZ'=W[\]^

�_�re´���8']� 

2) NaCl 6������%®eg�mn�ø¬

NaClK'=���)
�%´W

2

B

5

�¬­ÊË¸ NaCl

�����%4�r4'�=²rWB�þWBóôNaCl

æ?�êgf`aêP�ù�4´W

2

B

5

+WB+B���� 

3) '=���;G
�ó NaClæ? kö�ê¬f

�\�. k=20$� 
��ù\ö 0.85 µm�Î
�4

'LM� kQ15K�ýeb�. kV15�oØLM�U� 

4) '=�����e0�W � B �l�æ?©�

 r 98%P2�*� NaCl æ? k=5 $���ùg�W

�B�l�æ?� r 98.51%�Î%X��ø¬­NaCl

$û1�W

2

B

5

c4´W

2

B

5

+WB+B���� 

 

����    References  

[1] Zhang Guojun(«�¬), Zou Ji(­ ®), Ni Dewei(¯°±) et al. 

Journal of Inorganic Materials(²£���³)[J], 2012, 27(3): 

225 

[2] Liu Ran(´ 	), Xue Xiangxin(µ¶·), Jiang Tao(¸ ¹) et al. 

Materials Review(��º³)[J], 2006, 20(6): 1 

[3] Khor K A, Yu L G, Sundararajan G. Thin Solid Films[J], 2005, 

478(1-2): 232 

[4] Ingole S, Liang H, Usta M et al. Wear[J], 2005, 259(7-12): 849 

[5] Hun Guo, Zuo Dunwen, Tang Guoxing. Advanced Materials 

Research[J], 2010, 142: 166 

[6] Barth R F. Journal of Neuro-Oncology[J], 2003, 62(1): 1 

[7] Matsudaira T, Itoh H, Naka S et al. The Society of Materials 

Science[J], 1987, 36(410): 1167 

[8] Chen Ying, He Duanwei, Qin Jiaqian et al. Journal of Materials 

Research[J], 2010, 25(4): 637 

[9] Peng Cheng(» �), Chen Song(¼ ½), Wu Yanke(¾¿
) et al. 

Chinese Journal of Rare Metals(>"
$)[J], 2010, 34(2): 264 

[10] Arams B, Trombe F. Solar Energy[J], 1973, 15(1): 67 

[11] Yazici Sertac, Derin Bora. Int Journal Refractory Metals and 

Hard Materlals[J], 2011, 29(1): 90 

[12] Cosku S, Ovecoglu M L. Metallurgical and Materials Transa- 

ction A[J], 2013, 44(4): 1805 

[13] Patil K C, Aruna S T, Mimani T. Current Opinion in Solid State 

and Materials Science[J], 2002, 6(6): 507 

[14] Dufaux D P, Axelbaum N R L. Combustion and Flame[J], 1995, 

100(8): 350 

[15] Camurlu H E, Maglia F. Journal of the European Ceramic 

Society[J], 2009, 29(9): 1051 

[16] Khanra A K, Pathak L C, Mishra S K et al. Materials Letters[J], 

2004, 58(5): 733 

[17] La Peiqing(ÀÁÂ), Han Shaobo(�ÃÄ), Lu Xuefeng(Å�Æ) 

et al. Journal of Inorganic Materials(²£���³)[J], 2014, 

29(2): 191 

[18] La Peiqing(ÀÁÂ), Ou Yujing(ÇÈÉ), Han Shaobo(�ÃÄ) et 

al. Rare Metal Materials and Engineering(>"
$��(�

�)[J], 2016, 45(4): 853 

[19] La Peiqing(ÀÁÂ), Han Shaobo(�ÃÄ), Lu Xuefeng(Å�Æ) 

et al. Powder Metallurgy Technology(MÊË
ÌÍ)[J], 2013, 

31(1): 1 

[20] Cai K F, Nan C W. Ceramics International[J], 2000, 26(5): 523 

[21] Brandes E A, Brook G B. Smithells Metals Reference Book[M]. 

Oxford: Butterworth-Heinemann Press, 2004: 548 

[22] Duschanek H, Rogl P. Journal of Phase Equilibria[J], 1995, 

16(2): 150 

[23] Nersisyan H H, Lee J H, Lee S I et al. Combustion and Flame[J], 

2003, 135(4): 539 

[24] Nersisyan H H, Lee J H, Won C W. Combustion and Flame[J], 

2005, 142(3): 241 

[25] Song Shimo(ÎÏÐ), Zhuang Gonghui(ÑÒÓ), Wang Zhenglie 

(ÔÕÖ) et al. Physical Chemistry(a�K�)[M]. Beijing: 

Higher Education Press, 1992: 57 

 

 

 

 

 

 



�138�                                           >"
$��(��                                           � 47� 

 

 

Effect and Mechanism of NaCl Content on Phase and Size of Submicron 

Tungsten Boride Powders by Salt-assisted Combustion Synthesis 

 

Han Yijun

1

, Dong Peng

1

, La Peiqing

1

, Wei Yupeng

1

, Guo Xin

1

, Sheng Jie

1

, Lan Wei

2

 

(1. State Key Laboratory of Advanced Processing and Recycling of Non-Ferrous Metal, 

Lanzhou University of Technology, Lanzhou 730050, China) 

(2. Lanzhou University, Lanzhou 730000, China) 

 

Abstract: The diluent NaCl was added into the W-B

2

O

3

-Mg system to prepare submicron tungsten boride powders via salt-assisted combustion 

synthesis. The products were analyzed by XRD, SEM and EDS, and the effect of NaCl content on phase composition, morphology and average 

particle size of the products were studied. Results show that the combustion synthesis products before leaching mainly consist of W

2

B

5

 and MgO, 

and the morphology of particles is similar to ellipsoid when without adding NaCl. After adding NaCl, combustion synthesis products before 

leaching mainly consist of W

2

B

5

, MgO, WB and B, and the morphology of particles is irregular and particles are of slight reunion together. The 

products after leaching are composed of small sized tungsten boride particles; the average grain size decreases with the increasing of NaCl contents; 

when the content of NaCl k=20, the smallest particle size is 0.85 µm. The purity of products after leaching is higher, and the contents of W and B 

are up to more than 98%. The biggest content value of W and B is 98.51% when the content of NaCl k=5%. 

Key words: NaCl content; salt-assisted combustion synthesis; morphology; phase; particle size 
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