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Fig. 1. (color online) Schematic diagram of W2gOss crystal structure. Red and blue balls denote O and W

atoms, respectively.

(b)

B2 (MTIER) WaoOss (010) RHEILH (A EFER O, WERRR W) (a) WO 41k (010) RIELH; (b) O £k (010) RIHZH
Fig. 2. (color online) W20Oss (010) surface structure (red and blue balls denote O and W atoms, respectively): (a) WO-

terminated (010) surface structure; (b) O-terminated (010) surface structure.
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L-O1¢; (b) WO £ 1 (010) ETH45H, WO-V-O1c; (c) WO 41k (010) K 45#), WO-L-Oa; (d) WO £ 1k (010) £ fi 451,
WO-V-Oq; () O %1k (010) Fifi4i#, O-L-O1c; (f) O &1k (010) R4, O-V-O1.

Fig. 3. (color online) Hz molecule adsorption structures on W20Osg (010) surface (red and blue balls denote O and W
atoms, respectively): (a) WO-terminated (010) surface structure, WO-L-O1; (b) WO-terminated (010) surface struc-
ture, WO-V-O1.; (c) WO-terminated (010) surface structure, WO-L-Ogc; (d) WO-terminated (010) surface structure,
WO-V-Og; (e) O-terminated (010) surface structure, O-L-O1c; (f) O-terminated (010) surface structure, O-V-Oq..
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Fig. 5. (color online) TDOS and PDOS of W2qOss crystal.
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Fig. 4. Band structure of WogOsg crystal.
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Fig. 6. (color online) Part of geometrical structure of WopOsg (010) surface (red and blue balls denote O
and W atoms, respectively): (a) WO-terminated (010) surface; (b) O-terminated (010) O surface.
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(a) WO £ 1k (010) RIH45H); (b) O £ 1k (010) K45

Fig. 7. (color online) TDOS and PDOS of W2qOsg (010) surface structures: (a) WO-terminated (010) surface

structure; (b) O-terminated (010) surface structure.
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#1 WooOss (010) R ES T 5 S E0E b
Table 1. Variance of structural parameters after Ho

adsorption on W29Osg (010) surface.

‘i WA WRIEE/eV  Hi, Hy HATATE /e
WO-L-O1c 0.145 —0.03, —0.01
WO-V-O1c 0.048 —0.02, —0.02

WO
WO-L-Og 0.023 —0.02, —0.01
WO-V-Os¢ —1.164 0.64, 0.6

O-L-O1c —1.021 0.59, 0.03
0-V-O1c —-3.11 0.55, 0.55

VE: Hp, Hy #5048 15 HANIL S H, BIESS 7924
H 5.
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HH G T W8 B iy 1) BR KB OK, w AR T A
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1 2 B 3K = o R o g 25 (%) R B 20 2 0 7 FE % T 55
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KA AR K, H—HE W2, @ HE 7R
i A J& 5341, WO-V-Oo WP 4 B 1 5 N 5153
S B O 7 A1 W R T34 T 0.64e, 0.6 HL
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T I AL O SR 532 4 1 0.59¢ LT, 1 O-V-O1
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Table 2. Bond lengths of H—H bond (Dyg_g), dis-
tances between two H atoms of the adsorbed Hs and
the adsorption sites (Dyip; and Dyipyy) for Ho ad-
sorption on W20Osg (010) surface.

W B Ay 7 Du_p/nm  Dyip,/nm Dy /nm
WO-L-O1c 0.0754 0.2284 0.2968
WO-V-O1, 0.0751 0.2461 0.2937
WO-L-Ogc 0.0753 0.2384 0.3131
WO-V-Ogq, 0.1614 0.098 0.1754

O-L-O1¢ 0.6883 0.0984 0.7264

O-V-O1c 0.1564 0.0983 0.0983

K] 8§ WO-V-Oy, O-L-O1, O-V-Oq, =Flfa
58 W B AL 2R S R4y 7 R B AT S T . I 8 TT
PLE HH, 753X =PI B A4 Y b O 18 Ho 43 7 7K °F
W B, A 2 B PR T IR PR A b S, H—H B,
Hy 7 TR, IR A HIR T 5T WO-V-Oq T
g8, S0 e WA IR+ Hy, Hp 7
591 5 W B A7 Oge AW IR 1 BCEEE, TE B H—O B F1
W-—H#, B Ogc FIW JE T HI BN 2, Wy
O JR T Bk, IR W R 1O 77 Ak
G WA K. T O-L-Oq WA, E55 T
fif 25 J5 1 1T Hy 5B O TE R H—O 8, 1M
HIJE ¥ Hy i 8 7 O 15 (010) £ 1, We JR 75
W BHAE O AHIERER W—0 88K M 0.1737 nm FE
K2 7 0.191 nm, HEIEA K, W—O B BH W3,
W BEAE O B W Bt — AN Hy JRF )5 758 O Ji
T T O-V-Or W Y, A5 TS 5 1)
P H R 748 5 W B A7 O JR T B H—O 1k 2%
B, Wee JR T 5L Orc FHEFLH W—O B
0.1737 nm ¥ K4 0.2445 nm, BWIFH K, WO #
W2, T LE 3R T TR T B — AN K4 1, BT AS E
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(0.0957—0.1 nm) 545 (104.52°109.5°) KA —

B, W—O MR B AT We HAR N Wi, BUER
MR T — AL

B8 (IR ) =AW Hy 4 TS R4 H) (A3 F5 O, BERFRE W) (a), (b) WO-V-Oa, T}
WAL (o), (d) O-L-Onc W (e), (£) O-V-Orc WM

Fig. 8. (color online) The configurations before and after Ha adsorption on stable adsorption configuration

(red and blue balls denote O and W atoms, respectively): (a), (b) WO-V-Og. adsorption configuration;

(¢), (d) O-L-O1. adsorption configuration; (e), (f) O-V-O;. adsorption configuration.

3.4 B E WM B H, oS F WM A DOS
2 Xir]

Hy 73 T W B E W0 O55(010) 2 1 A5
RN, TR 2 5B i 72540 @ X b Hy
P FAE WO-V-Ose, O-L-O1 F1 O-V-Or W Fff 44 5
W B AT S5 P DOS 43 A T Hy 43 1 0 3 T W B iR -1
Z [A1AH AR F 1 L.

K9 (a) F1 9 (b) B 2] F 23 5 45 HE T WO-
V-Os WP 14 B S5 TR I AT 5 B TDOS, O Ji
T 5 WIJEPDOS, H, 73 1 H)DOS. %I Lty K 7]
PLE H WO-V-Oq 1 B B 1 /5 1 DOS KA 748
1, Rl 2 Ho 43T 7K IR B 2 WO 2811 (010) KT

J&, DOS KA T AR KA 4k, H 5 7 1) 1s i i
RS, LT HI s PUE MR &, £ —21.3—
—19 eV AL H LT A kg, X2 Hy 1) s Bl 5
O 5T 2s RAEPIEES; /£ —9 VAL HIL T —A
KR, 12 HF Hy (9 1s 3185 O J 71 2p K
A ZARAE R, TIAE —2.6 eV A I K el 2 i Hig
(1 1s BB 5 W JE 1) 5d B 220 F i R, 78
—8.4——3.5 eV H10—3.6 eV Ab7= A4 [ i, 2 iy
Hy [ 1s BUE 5 O 1 2p A= sp B Z+ 40 4E F A Hy
1 1s BI85 W i) 5d B 2 A AF F JERNE ).
WA FEE, WAHE T H, He 705150
AW JE 7T L.
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Fig. 10. (color online) TDOS and PDOS (a) before and (b) after Hy adsorption on O-L-Oq..
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Fig. 11. (color online) TDOS and PDOS (a) before and (b) after Hy adsorption on O-V-Oqc.
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Abstract

With the development of modern industrial technology, tungsten products prepared from traditional tungsten
powder cannot meet the demands of industry. However, the properties of tungsten products produced from ultra-
fine tungsten powder have been greatly improved: they have high strength, high toughness, and low metal plasticity-
brittle transition temperature. Hence, it is necessary to carry out theoretical research of the micro-adsorption dynamics
during hydrogen reduction of WyoOss, which is beneficial to synthetizing ultra-fine tungsten powder. In this article, to
comprehend the crystal characteristics of W20Oss (010) surface and provide the theoretical reaction law for hydrogen
reduction on WoOsg (010) surface, the absorption mechanism of Hy molecule on W20Oss (010) surface is studied by
the first-principles calculation based on density functional theory in a plane wave pseudo-potential framework. The
results show that the indirect band gap of W2oOss is 0.8 eV, indicating that it has metallic characteristic. The W2¢Oss
(010) surface has different terminations, i.e., WO-terminated (010) surface and O-terminated (010) surface. After the
geometrical optimization of the two surfaces, the W—O bond length and bond angle of W—O—W are both changed.
In addition, six absorption configurations of Ha on W2qOss (010) surface, including WO-L-O1c, WO-V-O1c, WO-L-Oq,
WO-V-Ogc, O-L-O1 and O-V-Oq., are chosen to be investigated. The calculation results show that the WO-L-O1c,
WO-V-0Oi; and WO-L-Og2. absorption system are unstable, while the WO-V-Og., O-L-O1. and O-V-O;i. absorption
configuration are stable. When Hs molecule is dissociated into two H atoms, the absorption energies of the three
stable configurations are —1.164 eV, —1.021 eV and —3.11 eV, respectively. It is obvious that the O-V-O. absorption
configuration is the most stable one. The analysis of density of states reveals that the 1s state of H atom interacts with
the 2p and 2s states of O atom. The outermost O1. atom of O-terminated (010) surface contains an unsaturated bond,
which results in the formation of bonding between two H atoms and O1. atom. As a result, an H2O molecule is formed
and an oxygen vacancy on the surface is generated after absorption reaction. By combining experimental observations

with simulation calculations, the mechanism of hydrogen reduction of W4yOss can be revealed from a microscopic view.

Keywords: first-principles calculations, W5qOsg, Hs, absorption energy
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