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Fig.2  Cell band structure of WC single crystal 
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Fig.4  Total density of states and density of partial wave states in A

0.25

W

0.75

C model 

 

�02B�WC �� Ti�V�Cr�Mn�Co�Ni

�	�¾" A

0.25

W

0.75

C A 3d� W 5d¥¦¤�Þ¶

�
ß¢³´à¿ PDOS �k<�z�·á��	

A

0.25

W

0.75

C �!��Ø�G; Mn

0.25

W

0.75

C °±

²ky 2.96 electron·eV

-1

��!��Ø ��	

A

0.25

W

0.75

C·¯ÎÏvâ�°±²ÜÝã²�z�

ÙÚ��Ø�ät³´�µ¿°±²kÃÄ×o�

Ép��	&b���<�" WC

[27]

 WC �

A

0.25

W

0.75

C ¶¯GåæÚ�°±²ÜÝ<?çèé

°�½�ÙÚ�ã  

���� X ����	
���

ê���HXëÝÛìíî����GHXë

Ýïm©ðñ��L¶k OPò|��ó./�Ë

A

0.25

W

0.75

CHô XëÝÛìíîõ �UÛ XëÝö

D
O

S
 
(
D

e
n

s
i
t
y

 
o

f
 
S

t
a
t
e
s
/
e
l
e
c
t
r
o

n
·
e
V

-
1

)
 

D
O

S
 
(
D

e
n

s
i
t
y

 
o

f
 
S

t
a
t
e
s
/
e
l
e
c
t
r
o

n
·
e
V

-
1

)
 

D
O

S
 
(
D

e
n

s
i
t
y

 
o

f
 
S

t
a
t
e
s
/
e
l
e
c
t
r
o

n
·
e
V

-
1

)
 

Energy/eV 

Energy/eV 



�892�                                        �������	
                                             � 50� 

ë A

0.25

W

0.75

C�Û÷yø´µ X ëÝH X/W � C �

� ù¼;úë�¾"�! A��ûü�±²ý

z�Õ?ô XëÝH A

0.25

W

0.75

C;�½íî�íî�

34����ÀÉ�Ív ¬ 5� A

0.25

W

0.75

CHô

XëÝÛìíîõ�Ñþ¬ a�b� c,-�H XëÝ

Û÷ 12.00�15.00 nm�15.00�22.00 nm � 27.00�

30.00 nmíîõ  

¬ 5 ���Hê X ëÝÛì�WC ©G����

QR<À�Híîè����NLê X ëÝïm�	

89
��m 2 3 � WC ê���QRH X ëÝÛ

ìíî¯©íîè�� WCQRH 17.79~32.95 nm

ÛìÑ�HØíî��zíîØ²y 76.72 eV�c�ò

������!	íîè�Öo�íî¯vâ��;

H 25.00�38.00 nmÛì�G; Ti

0.25

W

0.75

Cíî¯�

��Ë 10.5 nm ¬ 5; a�� XëÝÛ÷H 12.00�

15.00 nm���ê XëÝÛì��¨WCQRt Xë

Ý�Híî¯��zíî¹�½H 13.40 nm�A

0.25

W

0.75

C

Hê X ëÝÛì�íî ¬ 5 ; b yò 1�ò 2 íî

¯�ò 1 íî¯7X ëÝÛ÷ 15.00�17.00 nm�

A

0.25

W

0.75

C <�½íî�G;� Cr�V�Mn íîèH

15.46 nm, Co�NiH 15.29 nm�ò 2íî¯7Cr

0.25

W

0.75

C

H 15.74�17.42 nm�V

0.25

W

0.75

CH 17.42�19.60 nm�

Ti

0.25

W

0.75

C H 19.60�22.25 nm �½íî�,-H

16.25�17.99 � 20.09 nm ¿�½Ø²y 0.030�0.025

� 0.015 eVíîè ¬ 5; c��ò 3íî¯íî

èèk�c��!��íî¯Û÷�j WC È^Û÷

�½� ½!�Tic�íî¯²�zy 11.16 nm  
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Fig.5  Soft X-ray absorption spectra in different wavebands:   

(a) 12.00 � 15.00 nm, (b) 15.00 � 22.00 nm, and        

(c) 27.00�30.00 nm 

 

� 3  A

0.25

W
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Table 3  Absorption bandwidth and peak value of A

0.25

W

0.75

C in X-ray band 

1

st

- absorption band  2

nd

- absorption band  3

rd

- absorption band 

Material 

Bandwidth/nm  Peak/nm   Bandwidth/nm  Peak/nm   Bandwidth/nm  Peak(nm)/Max(eV) 

WC 14.97A16.97 15.66  - -  17.79A32.95 28.51/76.72 

Ti

0.25

W

0.75

C 15.50A16.33 15.59  19.60A22.25 20.09  27.41A38.57 28.04/59.30 

V

0.25

W

0.75

C 15.41A16.13 15.46  17.42A19.60 17.99  27.22A33.42 28.40/69.87 

Cr

0.25

W

0.75

C 15.41A16.99 15.46  15.74A17.42 16.25  24.89A33.19 28.38/57.92 

Mn

0.25

W

0.75

C 15.36A16.26 15.46  - -  26.89A32.89 28.36/59.73 

Co

0.25

W

0.75

C 15.19A16.08 15.29  - -  26.39A33.02 27.76/52.09 

Ni

0.25

W

0.75

C 15.04A16.81 15.29  - -  26.25A32.95 27.82/51.92 
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1WWC�� 25%ò 4��P"�!	�H���

�$à2½��a�OP B/G�υ � E ,u��

Cr

0.25

W

0.75

C�����Ti

0.25

W

0.75

C�����¾

��QRvys�QR�±²ÖoÂ 17.6%  

2WWC�� 25%ò 4��P"�! Ti�V�Cr�

Mn�Co�Ni	�ò 4��P"�! 3d¥¦¤��

W  5d ¥¦¤�Þ¶�
ß¢³´à¿°±²�k

<�z�2B���Ø�
���!��G;

Mn

0.25

W

0.75

C°±²ky 2.96 electron·eV

-1

��!�

�Ø ��	�¶¯·¯vâ�°±²ÜÝã²�

ã�ÙÚ��Ø��ã�³´�µ¿°±²�k�

ß¢&b���v�  

3Wô X ëÝH A

0.25

W

0.75

C ;�½íî�íî�

34����ÀÉ�Ív Hê X ëÝÛì�WC

©G����QR<À�Híîè  
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Abstract: Tungsten carbide (WC) is increasingly used in high-temperature power equipment. The brittleness and high density of WC 

restrict its wider use. Metal atom doping is a method to improve the performance of WC. The generalized gradient based on the first 

principle was used as the approximate exchange correlation function. The elastic, electron and X-ray absorption characteristics of 

A

0.25

W

0.75

C (A is Ti, V, Cr, Mn, Co and Ni) were studied. According to the numerical analysis, the B/G value of Ti

0.25

W

0.75

c (B is the 

volume modulus, G is the shear modulus) is 1.869, the material is the modified ductile material, and others are brittle materials. The 

brittleness of WC decreases with the doping of 25% V, Co and Ni atoms, and brittleness increases with the doping of 25% Cr and Mn atoms. 

After doping, the range of density of state decreases, the value of Fermi level increases, and the metallicity of the compounds increases. 

Among them, Mn

0.25

W

0.75

C has the strongest metallicity. The X-ray absorption spectrum shifts blue after doping, and there is an absorption 

band in a soft X-ray band. The strong absorption peaks appears in the 15.74A22.25 nm band after doping Cr, V, and Ti. The results are 

helpful to the experimental and application study of WC compounds with plasticity and low density. 

Key words: tungsten carbide; doping; transition elements; first principle 
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