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LTS HCRI L 450 . kG SR, Ti B4R MgH,
H Mg, B Mg ZF (1) 1] e MgH, 7K & (Wil 4 )
AT AR ENE RE AR . T BIR T
W, BREESLIG Y B A (AN 23 A7) WS INE Ti(Wn TiFs)
JCE MM AT & MgH, & thRE. ik, A
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thZ Mg—H. Ti—H. H—H 8Kk, 87T
M MgH, R 2 #5E H 7 i et U H 745
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Fig. 1 Three kinds of supercell models: (a) Mg;¢Hs,; (b) MgsTiH3; (¢) MgisHs,
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Fig. 2 Supercell model: (a) MgH, supercell; (b) Octahedral
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Fig. 3 Bonding distance changes between H and Mg(Ti)

H(B)—Mg(0)(Ti)
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Ti JR 175 H g7 2mARREAY TiH, B%EK
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M MgH, 7R Z#5E H 7 Prit 22 ae i, R C
(DPFA;
Ecoh:E(Mgl6—xTixH32—y)_E(Mg16—xTixH32)+n/2E(H2) (1)

L x RoRERP Ti PGy Fn BoRER
HRE H IR T IIANM HEE H R T 2R
KA Mg 1T, A MgH, AT HEE 1 A H JRT
(H(A)(x=0, y=D)FiTEheEN 1.54 eV, BiE2 M H
JRF(H(A)FHB))(x=0, y=2)F 5 ERE =N 1.78 eV, 1M
Ti %18 Mg J5, MgH, AR BE 1 4~ H JRT
HA)) =1, y=D)riiEaeE N 0.54 eV ML 2 4
H J 7 (H(A)+HB))(x=1, y=2)FriH it 1.43 eV, 5
SEREM: T B MgH, A& Mg Ji5, #E H R
T (A AEE 2 M e/ N TR L H T
Prigfett. ML H RIS/, RAKR
REZ 5 o IRV UL, Ti 4% Mg G F) T 5 MgH,
R fRENERE

22 TiBR Mg aiRHIEEE
Ti A0 Mg AT MAHEWE 4 Pros. BT
MgH, A H LK 4)Fw, 7T, ESKREL(Er)
H I EAAAE A RE R AIBRXC R . +0.5 eV~+3.5 eV,
POKRELL(Er) LA (RSB A 4> 2R H T Mg(s)
Mok, D& H)W ok, & efef b, it
1) Mg(s)55 H(s)Z MAFAE—E MIAAAE T . 24 ibE
MIAELE, R MRE, ST MgH, R R IR S)
D%, fRAWNAE. T Ti B Mg 5 MgH, A% 4
4, S 4RI, TOKREEH(E)H
W KBRS 0 P AR SE,  [FIINAELE IS e
[ BRIX (A —2.3 eV~—0.5 eV Fl+0.7 eV FHzX [, I
H1+0.7 eV BT RE S A1 BRI AL Ti 48 Mg 58 L
(1), He AR PR T T R AR i A e Ay B p H I
Ti MBI TE. FRERFBEX 0.7 eV i)
FER A Ti(d) s B 1 Tk, TR LR A
Ti(s), Ti(d)5 H(s)Z [MAEESR AL AR .tk &k
W, Ti B8 Mg 5, IR Mg(s)5 H(s)Z RS AFLE
—EMZAE, (& RE R BRI [ (+0.7 eV Bt
HYE MgH, 1A R 9 K BELL(Be) BT AERR AR %, IF FLIA]
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Fig. 4 DOS of MgH, systems: (a) Before Ti atom substituting

Mg atom; (b) After Ti atom substituting Mg atom
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JIN Z5UM7E 4 T8 58 A0 TiFs V8 B MgH, 1K 2 [
SRR B S0 25 LRI, e KR B T R e A e
Fa, IXSLHR R ER R MgH, MR R A PEREE T A
1, [RI SEEG I R i AR R =4 MgF,, 1l MgF, [ 1E
R T BE 5 ROR B MgH, R R B RN Mg A5 5
A, L, A5 X Mg A AR R ARE I HL
HREAT AT,

# MgH, th &, Gli% 1 4> Mg 246087 F H—H
BT R S5 Rk 1 FTa. TR 1 A A
IR EAE 0 K I, 7EBAT Qi Mg AL 44 T, MgH,
ZEH H—H M5 8K 0.3050 nm; £EA1iE Mg 4%
PEFIAt R, MgH, 1K & H—H (s 0.2841
nm, 5 [ HRE T Hy 407 H—H [18£1:(0.0741 nm)
AHEE, R MgH, MR H B H, 7 1. HZ&, i
Mg ZEALIZAE N, TER Hy 23 1 IR B 5. 1 — 2
AT, BliE Mg AT, WS 0 K I, AR
#iE 2 A H 5 F(H(A)M H(B)), H—H HH KA
0.2943 nm, H, 7> TAIAE s i Tt s 2 325 K B
H—H ({8 Kol 02801 nm; 43 %k 473 K i,
H—H 5K 0.2792 nm; 24350 673 K I,
H—H KK R 0.2789 nm. BEFREE IR, A~
HrRAAE Mg 207, B H—H 8K T H o0 7
t H—H W, (B HIAR R, B H, 4 (16 )
Hag, I, G0E Mg B4R, H—H KRR,
T4 i MgH, RS T 2447

F1 A0 1A Mg TR MgH, /A R H—H #K 142
AT
Table 1 Bonding distance changes of H—H atoms in MgH,

systems with and without Mg vacancy

Super cell Bonding distance/nm
model H(B)—H(B) H(A)—H(B) H(A)—H(A)

Mg;cHs, 0 0.5223 0.3050 0.4251
Mg;6Hz 0 0.3910 0.3010 -
MgHy 325 0.3296 0.2998 -
MgHy 473 0.3203 0.2984 -
MgiH;p 673 0.3142 0.2966 -
Mg;sHs, 0 0.5145 0.2841 0.3868
Mg;sHzo 0 0.3135 0.2943 -
Mg;sHyy 325 0.3104 0.2801 -
MgsHy 473 0.3098 0.2792 -
MgsHy 673 0.2931 0.2789 -

N DAR SIS Mg 2 MgH, 7k R A
A REER, RAKXOUE TN MgH, R~ 1
A Mg I BRI E 2 A H IR FRrfifes, KI
IHEER-278 eV, NHf. MAIER Mg A0 H
[FIINHE 2 AN H R TP aa st N +1.78 eV, HNIE{H.
HHUEAE H, Mg AT, nI4e s MgH, 14 2 I i
SARTIHEAT N
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24 TiF:BMFRBESERERZIMATHIE

TV SRR N B, Bk MgH, fif S0k 5 A ek iy,
MgH, fift BT 7 1 fg N AR R 4 Hr it
ORI, Ti A% Mg A& Mg A7 04 5 MgH, fif
ARz REA RN . K AXQAXG) A5 Ti
AR Mg Frifd I Re AT B Mg 2507 BT 7 ZE I R
AH\=[EMg;sTiHz)+EMg) |-[E(Ti)+E(MgicHs)]  (2)
AHZZE(Mgl5H32)+E(Mg)_E(Mg16H32) (3)

HHEAKXQ): W Ti B Mg i EMaERE
AH=2.34 eV; 1HHAQB): B Mg A5 21 Re i
AH,=6.65 eV. LW AH, FI AH, [BEB KN, K BL AH,
W /NT AH,, RUIFEMGEL T, TiF; X MgH, A &R fi#
AT s, T Mg AT EiE Mg A
CiyN s

A TiF; IS+ MgH, Rt s 45 10 g
IRAFAE R =) MgFas SCHR[20]16 SE 56 45 L /R A7 (E
RN =) 6-TiHys Ti s ZUR S| H R 72 [ & HE, &
WA A% TiH A8 Htr i, EIRKT TiF;
I, HEW MgH, 7 & & AE AL 2 SN 2TiFs+
3MgH,—3MgFy 2 TiHyHH, & & EL . 20 o0 Aol
A1, MgH, [5G G T8 B S50 (5 A (—76.15£9.2)
kI/mol™, Z5 Bl fl, BLW] MgH, ARG HIRRsE
EZRA G il 1 Ti AR Mg J5, TR [ N4 TiH,,
TiH, A& & R 925046 —54.81 kJ/mol ™, fi& T
MgH, 57 &8 TE R, R TiH, WA ATE,
AR MgH, A RREAR S . XFE, TiF; Il MgH,
WERT, MgH, RS A LT MgH,, 1M
1k TiH, KZEHAT, TiFs @EIHEAAEM . Bk, TiF; nf
$E i MgH, (R R R E T )%

3 %t

1) Ti 4% Mg f1eiE Mg 25407, 7] T-#2 7 MgH,
R #AT A, IR T, Ti 348 Mg % MgH,
R BETE N AHF .

2) TiFs H i Ti #4C MgH, ' Mg, A npie
SN 2TiFs+3MgH,—3MgF,+2 TiHy+H, [ 47 3547, Afi 45
FAREE ) MgHy RAZFEAS, A2 BREEFIANFRE (1) TiH,,
EFAAR R R FEA W MgH,, &4k A TiH,
HEAT, TiFs 28T . R, TiF; #8517 MgH,
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First-principles investigation of TiF; solution hydrogen
thermodynamic effects on MgH,

YUAN Jiang" % ZHOU Dian-wu', WEI Hong-wei’

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
Hunan University, Changsha 410082, China;
2. Zhangjiajie Aviation Industry Vocational Technical College of
Aviation Maintenance Department, Zhangjiajie 427000, China)

Abstract: Based on experimental results in which the dehydrogenating properties of MgH, systems was improved by the
addition of TiF; as the catalyst, the energy to remove H atoms, geometry and electronic structure of MgH, systems were
calculated by using Dmol® program based on the density functional theory. Solutions for MgH, hydrogen doping TiF;
thermodynamic effects were studied.The results show that the role of Ti—H bond is stronger than the effect of Mg—H
bond, thus the H atoms around Mg atoms in MgH, phase diffuse to the Ti atom around, resulting in reduction of the H
atoms around Mg. The formation of Mg vacancy can improve the thermodynamic behavior of MgH, system. At low
temperatures, the Ti atoms of TiF; can substitution some Mg atoms of MgH, system, which occupy the larger advantage
for the formation of Mg vacancies. The dehydrogenating properties of MgH, systems is improved with TiF; because of
the Ti atoms of TiF; substitution the Mg atoms of MgH, system formed TiH,, the reaction of
2TiF;+3MgH,—3MgF,+2TiH,+H, during mill process is accelerated, and a stable structure MgH, shift, generating
unstable structure TiH,, this system is not the solution process by MgH,, but converts to TiH,, so TiF; can improve the
performance of hydrogen.

Key words: MgH,; TiF3; density functional theory; dehydrogenating property
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