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Cro2sWo75sC 4 0.080 474 nm® F /v, KA 224 0.004 157
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Table 1 Structural parameters of WC and A425W.75C super cell

Material a/nm ¢/nm Total energy/eV  Volume/nm’ Density/x10" kg'm™ Pressure/GPa

WC 0.2923(0.2906™")  0.2852(0.28372 -48208.0 0.021107 1.541 -0.0097
Tio.25Wo.75C 0.5647 0.5102 -185195.0 0.084631 1.270 0.0158
Vo.25Wo.75C 0.5610 0.5044 -193802.0 0.082428 1.311 -0.0057
Cro25sWo.75C 0.5585 0.4990 -205136.0 0.080474 1.345 -0.0165
Mng2sWo75sC 0.5571 0.4991 -163288.0 0.080571 1.349 -0.1761
Co0p25Wo75C 0.5547 0.4988 -172250.0 0.080828 1.353 0.0098
Nio.2sWo.75C 0.5526 0.5056 -179431.0 0.082010 1.331 0.0049
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Table 2 Main elastic and mechanical parameters of 49 25W.75C

Material Cn/GPa  C/GPa  C13/GPa C33/GPa Cu/GPa B/GPa G/GPa B/IG E/GPa v A
WC 720.474  189.075 147.372  960.410  298.537 374333 285.402 1.312 679.647  0.197 1.124
Ti.25Wo.75C 852.131 125.213 144.666  616.073 69.680 349.936  187.192 1.869 480.069  0.271 0.192
Vo25Wo.75C 872.267 131.503 155.462  654.222 132.813  364.846 227.841 1.601 569.273  0.240 0.359
Cro2sWorsC  946.401  173.686 149.073  696.958  257.516  392.603 309.053 1.270 748.386  0.182  0.667
Mng2sWo7sC 903.176  162.510 153.159  673.633 243.027  379.738  293.949 1.292 711.550  0.188 0.656
Coo2sWo7sC  779.151  196.774 177.947  570.635 175.656  359.364 221.869 1.620 559.712  0.240 0.603
Nip2sWo7sC  798.058  160.986 140.424  500.080 188.068  331.096 240.255 1.378 593.463  0.201 0.590
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15.00 nm, FEUTEE X G4 B, AME WC AED X i
LRATAEOBCAT , foe KOS BLAE 13.40 nm, A 25W o 75C
TERE X SR B, 5 b E 1 RIEE 2 Wl
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Ao2sWo7sC I, 4 Cre V. Mn WRIRIELE
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Tig2sWo7sC fE 19.60~22.25 nm H IR, 4l 1
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A10.015 eV I, 5 ¢ WoR s 3 Wl i
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80F wCap2 75 m c
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Soft X-ray absorption spectra in different wavebands:
(a) 12.00 ~ 15.00 nm, (b) 15.00 ~ 22.00 nm,
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Fig.5

and

3 Ap2sWorsC 7E X-ray iff R IRUT 5 B FAIE(E
Table 3 Absorption bandwidth and peak value of 4.25W 75C in X-ray band

1°- absorption band

2" absorption band

3" absorption band

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

WC 14.97~16.97 15.66 - - 17.79~32.95 28.51/76.72
Ti0.25Wo.75C 15.50~16.33 15.59 19.60~22.25 20.09 27.41~38.57 28.04/59.30
Vo0.25Wo.75C 15.41~16.13 15.46 17.42~19.60 17.99 27.22~33.42 28.40/69.87
Cro25Wo.75C 15.41~16.99 15.46 15.74~17.42 16.25 24.89~33.19 28.38/57.92
Mn 25 Wo.75C 15.36~16.26 15.46 - - 26.89~32.89 28.36/59.73
Co0.25Wo.75C 15.19~16.08 15.29 - - 26.39~33.02 27.76/52.09
Nig.2sWo.75C 15.04~16.81 15.29 - - 26.25~32.95 27.82/51.92

3 o= B RiR. BRI, Wi as, %M g m

1) WC 7% 25%5 4 W85, fEsftkdE
e pmEB M 2R, Bl B/G. o Al E /i1 H
Cro2sWo7sC W5 255 TigosWo7sC RS LF,
i 11 A REAR Ry SEVE A RY, B FEIRINET 17.6%

2) WC 7% 25%5 4 JIE 48 Tiv V. Cr.
Mn. Co. NiJa, 5 4 J&Wd 4 )E i 3d i i fl
W 1) 5d Ui H 7 A J A 3l 2l K T A S 5 S R q
Bk, RPBRAEBETHAEYNEEE, Hh
Mng2sWo 75C IS FEAE N 2.96 electron-eV', 4@k

SRR TR, $EE T
8 AR R A E AR 2 .

3) BOX HEAE AgasWopsC T ERIR W, WK RE
WA 2 7 A T e . fEfl X B2k B, WC
MHEL GG SR AR .

RE 20 A 25 5 FE A U f

S 30k
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First Principle Study on Tungsten Carbide with Transition Elements

Wang Xufei'?, Cui Hong'?, Liu Jurong'~, Xiong Lihong’
(1. School of Mechanical Engineering, Shaanxi University of Technology, Hanzhong 723000, China)
(2. Shaanxi Key Laboratory of Industrial Automation, Hanzhong 723000, China)
(3. Qinchuan Group Hanjiang Tool Corporation Limited, Hanzhong 723002, China)

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
Ao25Wo.75C (4 is Ti, V, Cr, Mn, Co and Ni) were studied. According to the numerical analysis, the B/G value of Tip2sW7s¢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, Mng25W 75C 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 15.74~22.25 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.
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