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First-principles of hydrogen diffusion mechanism in titanium crystals
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Abstract: The first-principles calculation was carried out on the Ti-H supercells based on the density functional theory.
The system energy was obtained in various Ti-H supercells. The hydrogen diffusion pathway and the energy barrier were
investigated through analyzing the energy change of titanium crystals with the H atom at different positions. The
difficulty degree of the hydrogen diffusion was analyzed at the room temperature. The results show that H atoms diffuse
across the share surfaces of the octahedral and tetrahedral interstitials and from the octahedral interstitials to the
tetrahedral ones in the a-Ti crystals. H atoms diffuse across the adjacent tetrahedral interstitials sharing surfaces and from
one tetrahedral interstitial to the other in the f-Ti crystals. The energy barrier needed to be overcome for the H diffusion
in the f-Ti crystals is lower than that in the a-Ti crystals. H atoms occupying the tetrahedral interstitials in the g-Ti will
play a leading role in the a+ titanium alloy during the diffusion process.
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Fig. 1 Different diffusion pathway of H atoms in a-Ti crystal:

(a) 0—0; (b) O—T—T—0

N FH DFT (55— kR B, 42 B8 1) If %12,
THE H R TAE o Ti Sl A 17T R 3 2 A7 i i 22
SEIRIR B K R A2 20 0.7566 eV(ILIE] 2(a)); #4110
K 1) P AR, A H R TAE o-Ti ddAs b 147
TR 340, HITBER 4407, G Ea 2 s
Se RO RE R 322202 0.6564 eV(ILIE 2(b)). 4/
1(b) 3 B A% 1 5145 L 5 PAPAZOIGLOU 213
WA RN H R FAE o Ti P BUseE 6 0.636
eV BUMIFT

2.2 H7E B-Ti BI&FRITBITA

B-Ti &k AN TT SR, B AEAE )\ A4 R]
BR(O)FIPU AR I BR(T), AHLLZ T, Al B 44
BUNONTHAR R B4R 204 0.022 nm, DU i A ] i 247
2920 0.042 nm). SR P4 DY AR R B4R R DT
Be, A HE B-Ti bk A9 DY T A4k (] B 35 A 157 1 b RETEAIR,
FONFRE . H IR T B-Ti dtks— A DU A 7] B i )

Energy/eV

0 0468 0936 1404 1872 2340

Diffusion distance/A
0.8
(b)
0.6
>
L
B 0.4f
Q | |
=
@
02F
0 096 192 288 384 480
Diffusion distance/A

2 HETAE o-Ti Sl A R B AR 7 IO 2 e IR ) i 3
22 1]
Fig. 2 Energy barriers needed to be overcome for H atoms
along different pathways in a-Ti crystal: (a) O—O; (b) O—T—
T—0
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Fig. 3 Different diffusion pathways of H atoms in S-Ti crystal: (a) T—T; (b) T—O—T
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