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Alloying on Storage Hydrogen Materials

LI Rong™? ZHOU Shang-Qi* LIANG Guo-Ming' LUO Xiao-Ling'
(*College of Chemistry, Chongging Normal University, Chongqing 400047)
(College of Material Science and Engineering, Chongging University, Chongqing 400044)

Abstract: The effect of exothermic alloying on Vanadium-based hydrogen storage materials is calculated by the
method of Xa (SCC-DV-Xa) cluster. The calculated results show that: when the exothermic metal is added into
VeHea, the net charge of V decreases, on the other hand, the net charge of H decreases when Ti or Ca is added
into VgHg, while it increases by adding of Mg or Zr into VgHg. Moreover, with the alloying of exothermic metal,
the density peak of V4s orbital breaks up. And the V4s orbital overlaps with Hls and H2s more in exothermic
alloyed materials than in unalloyed VgHg, which demonstrates that the ionic interaction between V and H
strengthens. And, the charge density difference indicates strong interaction between the alloying metal M and H
in VsM,Hg. The Fermi energy of VsMg,Hg is higher than unalloyed VgHg, which displays that the hydride
becomes more unstable by adding of Mg. Oppositely, the Fermi energy of the hydride falls down by adding of Ca,
Ti, Zr, thus V5M,Hg(M=Ca, Ti, Zr) are more stable than unalloyed VgHg,.
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Fig.1  Cluster mode of V5M,Hs (M=Mg, V, Ca, Ti, Zr)
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Table 1 Electron occupation numbers in the valence orbits of V;M,Hs (M=Mg, V, Ca, Ti, Zr)
A Mg Ca Ti Zr
Hls 1.335 15 1.247 38 1.265 13 1.420 20 1.308 52
H2s 0.261 44 0.190 62 0.379 13 0.257 09 0.167 81
M3s 1.918 39 0.600 09 2.007 88 2.000 26 2.001 55
M3p 6.078 56 0.455 12 6.007 44 6.001 25 6.000 03
M3d 3.066 05 — 0.467 01 2.067 98 9.999 92
M4s 0.135 61 — 0.284 83 0.066 64 1.998 72
M4p 0.263 73 — 0.091 67 0.066 42 5.973 47
M4d — — — — 2.539 23
M5s — — — — 0.354 33
V3d 3.313 86 3.216 14 3.319 79 3.365 24 3.260 17
Vds 0.160 77 0.576 01 0.892 93 0.167 73 0.473 80
Vép 0.281 30 0.164 01 0.465 11 0.386 11 0.259 35
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