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First Principle Study on the Influence Mechanism of Impurity Gas O,
on the Adsorption Properties of Alloy ZrCo
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Abstract: The adsorption behavior of impurity gases on the surface of alloy ZrCo has an important influence on its
hydrogen storage performance. The adsorption behavior of O, on the ZrCo(110) surface was investigated with the first
principles based on the pseudopotential plane wave method. The results of adsorption energy and charge analysis show that,
the most stable geometry configuration was B3 (the Zr—Co bridge site) where the adsorption energy was —8.124 eV. The
analysis of the density of states and the differential charge density show that, the adsorption behavior of O, on the

ZrCo(110) surface is a strong chemical adsorption, where the oxygen-oxygen bond breaks. The essence of bonding between
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atom O and the ZrCo(110) surface atom is that the electron orbit of atom O overlaps with the electron orbit of the surface
atom, i.e. the 2s and 2p orbital electrons of atom O overlapped with the 4p and 4d orbital electrons of atom Zr and the 3d
orbital electrons of atom Co on the surface. The research results make senses in revealing the poisoning mechanism of alloy

ZrCo in impurity gases.

Key words: alloy ZrCo; impurity gas O,; adsorption property; influence mechanism; first principle
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Table 1 Experimental and calculated lattice parameters for the ZrCo

methods a/A
calculation” 3.180
experiment!"”! 3.196

this work 3.181

(a) (b)

1 ZrCo il e R
Fig. 1 The unit cell structure of ZrCo and the ZrCo(110) surface model
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Fig. 2 All the initial configurations of O, adsorption on the ZrCo(110) surface: top view
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R2 Zr Ml Co T IBEAIEHY 2 Aebrn (Fpfiz: A)
Table 2 The z coordinates of Zr and Co atoms after relaxation for ZrCo(110) (unit: A)

layer before relaxation after relaxation difference of z coordinate after relaxation
Co (1) 6.748 6.479 —0.269
Zr (1) 6.748 6.805 0.057
Co (2) 4.498 4.603 0.105
Zr (2) 4.498 4.504 0.006
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Fig.3 The optimized stable adsorption of O, on the ZrCo(110) surface
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Table 3 The structural parameters and energy of stable adsorption configuration of O, on the ZrCo(110) surface

model dy/A chemical bond 1 di/A chemical bond 2 d,/A E,u/eV
T1 1.309 01—7r20 1.918 - - -0.027
01—Col6 1.879 02—Co24 1.924
01—C020 1.935 02—C020 1.929
1 472 01—Zr20 2216 02—7rl12 2.193 786
01—7r8 2218 02—7r24 2.197
01—C020 1.835 02—Co8 1.836
Hl 2.456 01—Zr20 2.100 02—7r20 2.099 -6.782
01—7r24 2.100 02—7r24 2.099
01—C020 1.969 02—7120 1.771
01—Col6 1.969 - -
H2 3.203 01—7r8 2.206 - - -5.406
01—7r20 2.231 - -
01—Zr19 2.238 - -
01—7Zr24 2.097 - -
BI 1.369 o172 098 B - -0.513
01—C020 1.958 02—7120 2.028
01—Col6 1.959 02—718 2.030
B2 2.435 01—Zr20 2.024 - - -3.789
01—7Zr8 2.033 - -
01—Zr19 2.042 - -
01—C020 1.952 02—Co4 1.955
B3 3.724 01—7Zr20 2.041 02—7r16 2.039 -8.124
01—7r24 2.046 02—7r20 2.046

R4 O JFETWMIT R 4370
Table 4 The net charge distribution of O1 and O2 in each structure

model o1 02 Orotal
T1 -0.27 —-0.30 -0.57
T2 —-0.68 —0.68 -1.36
H1 -0.65 —-0.65 -1.3
H2 -0.70 —-0.55 —-1.25
Bl -0.39 -0.39 —-0.78
B2 —-0.63 —-0.69 -1.32
B3 —0.68 -0.69 -1.37

24 BFETE

A S B R R T A 22 TR T T RER S BOFE B, B SR SE S48 5 A R P Y — A e
SR XA B AT /AT, BB B b A 1 R 2 A AR AR R FR AT T ZeCo(110) 2 1 7 W B
O, FiJe B AS38 BE R S BE, IR 4 ~ 6 IR, I P R 2R 367K Fermi REZL Ep.

4 2 O, 23 W BT B3 Al T1 A5 A9 RS 2 B I, AT LUK BB T T1 A8 IS TR IRRE R X £
T A SR I (25 ~ 22 eV, —15 ~ =13 eV), X A eI T T1 475589 O, BUIHA A A 2 5 |
). T At [X B2 8 B i 22 5/ 8.

— RGBT, BE A P AR B Y A B S AR AR A G, T AR Y R R, AR M T A
22P%F B3 M T1 A% B 580K Fermi REZL MY F 8% BEWE AT /0 0r, (&1 5 R Jm s it K &1L mT L& 2, O, W Bt
B3 (i B AT T ALE I 5, &% B 22880, RImREE X F 3, diAmise thd s &, JF Bz i 4 2R
SR TR B8 LA S HL A 43 BT B 285 SR AR A &



%2 BAIEAE, A5 ZR A 0y X ZeCo 7 G RESZ R HLBR Y 55—V I BRI 5T 157

150
—%3 130
—B3
120} 0Tl (-1.33,127.28)
(-1.36,127.22) .

- 128 /
> 90 T
S >

m N

Qo

2 2126
S R

30l 124
. dlen s o . . L
0 =50 =30 -10 10 122 -2.0 -1.5 -1.0
E/eV E/eV
4 O, 7F ZrCo(110) B3 1 T1 W BRH7 (A5 25 1 B 5 O,7E ZrCo(110) B3 I T1 WEFJ5 Y Fermi eI (Y 3= 452 HE 0

Fig. 4 The density of states of the ZrCo(110) surface after adsorption of O, Fig. 5 Dominant DOS peaks near the Fermi level after adsorption of O, at
at B3 and T1 B3 and Tl
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Fig. 6 The density of states of the ZrCo(110) surface of O,: (a) before adsorption; (b) after adsorption
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Fig. 7 The differential charge density of O, adsorption at B3 on the ZrCo(110) surface: (a) the side view; (b) the top view
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Fig. 8 The differential charge density of O, adsorption at T1 on the ZrCo(110) surface: (a) the side view; (b) the top view
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2) WeEfE . O—O BE B M F 5 8 it 2 [0 A7 45 ¢ 72 . B3 A4 10 e /NI 6B o4 —8.124 eV, X W T e K 1Y)
O—O KRR ARH TR, 1M T1 MBS RIRIRE}-0.027 eV, XTI T O—O S B Filky N FERS .

3) HLfar o3BT A 45 SR AT L& B, O, 40176 R W 5 45 2] T HL 7, ZrCo(110) & 1 R 7 % 25 f 7. ok
O, WM 0T H i 24, =2k O JEF 11 2s Ml 2p HIE 53R MY Zr JL T 4p. 4d PUEF Co JEF 119 3d HlL
R T EEAREA.
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