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Abstract: The influence and micromechanism of Al or Ti doping on the phase structural stability of Mg,Ni hydrogen
storage alloy were investigated by the first-principles pseudopotential plane-wave method. The results show that within
the range of doping concentration x from 0 to 0.5, the phase structural stability of Mg,Ni-type Mg, .M, Ni(M=Al, Ti)
solid solution alloys is improved with increasing Al concentration. By contrast, the stability is weakened with increasing
Ti concentration. These solid solution alloys all exhibit thermal instability with respect to the cubic Mg;MNi,(M=Al, Ti)
compounds. They are likely to decompose into the multi-phases as composed of cubic Mg;MNiy(M=Al, Ti) and
hexagonal Mg,Ni, which are in good agreement with the experimental results. The analysis of electronic structures shows
that the phase structural stability of Mg,Ni hydrogen storage alloy with Al or Ti doping is closely associated with the
bonding electron number of the doping systems, which originate mainly from lower energy ranges below Fermi energy
level.
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Mg, Ni & 4 LA i A A 5 5 (3.6%, it 7 450
MRIRIEE & St R4l Mg BAT BT IR
BN 12 BRI A, B kA e BT R AT Ik 1 4 i
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LGN AW S o R NN TP e [ 2 NPy R G A )
H i,

AR, AR MgoNi 74 & (AR G fE th T
TIPS . 1 HAUSSERMANN 26101 J fif
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MgNi 2 EAH A FAR e ME R, I MHL T S 40 £
XSO BT R, b 253 MeoNi & S IR
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1 HE&RESHZE

Mg,Ni it 4T Co Bk, Wi
1(a) iz, oo i i dse i b AR b D, 28 Al Hy
P6,22(No.180), & i 5 a=5.219 0 A, c=13.293 0 A",
Mg,Ni FigE—Fh & 12 4> Mg JE 7R 6 4> Ni Ji 1
R E5HR6 J2), BEbR— =5 2 AN, 20l
A7 R D 3B(NI DA 3d(Ni2)A7 5 Ti%f 2 /> Ni JiF )2
FEAA 4 > Mg J/r, 20l b ks of Mgl
6i(Mg2)f7.. MgNi fhffi Mg 5 Ni [FJR 724455331
H
+6Mgl: (0.5,0,z), z=1/9;
+6Mg2:  (x, 2x, 0), x=1/6;
+3Nil: (0,0, 1/6);
+3Ni2: (0, 0.5, 1/6).
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Mg 55, 53] Mgy 6 AL(Ti)o33Ni [ 745 ALY, 4
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M(M=AIl, Ti)}% Ni £ Mg;AINi, 5 Mg TiNi, il i
JE - AR bR 0 A
Mg;AINi,: +48Mg (0.4298, 0.1250, 0.1250);

+16A1(0, 0, 0);

+32Ni (0.2058, 0.2058, 0.2058).
Mg;TiNiy: +48Mg(0.4305, 0.1250, 0.1250);

+16Ti (0, 0, 0);

+32Ni (0.2067, 0.2067, 0.2067).
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A, N AWZE/NT 0.1 GPa; TS RER, AR EGE
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Fig.1 Schematic diagrams of structures of Mg,Ni unit cell (a), Mg, ¢;Al(Ti)g33Ni crystal cell (b), Mg sAl(Ti)osNi crystal cell (c),
Mg;Al(Ti)Ni, crystal cell (d) and Mg;Al(Ti)Ni, primitive cell (e)
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Fz1 A4S Mg, Niv Al. Ti fl MgNi &4 K& MgsMNiy(M=Al, Ti){t &R T 54 5 $(a, b, ©)
Table 1 Equilibrium lattice constants (a, b, ¢) of solid Mg, Ni, Al, Ti , Mg,Ni alloy and Mg;MNi,(M=Al, Ti) compounds

Material Calculated Experimental® " %
alA b/A c/A alA b/A c/A

HCP-Mg 3.1521 3.1521 54354 3.2100 3.2100 5.2100
FCC-Ni 3.5543 3.5543 3.5543 3.5200 3.5200 3.5200
FCC-Al 4.004 0 4.004 0 4.004 0 4.050 0 4.050 0 4.050 0
HCP-Ti 2.960 5 2.960 5 4.719 3 2.9500 2.9500 4.680 0
HCP-Mg,Ni 52238 52238 13.247 1 5.21900 52190 13.293 0
Cubic-Mg; AlNi, 11.5193 11.5193 11.5193 11.547 4 11.547 4 11.547 4
Cubic-Mg;TiNi, 11.701 3 11.701 3 11.701 3 11.6178 11.6178 11.6178

11.519 3 F1 11.701 3 A, HILSZIGA (11.547 4 FI
11.617 8 A) W28, REMND N 024% 5
0.72%. HHILE K, ACAEZ ST 5 &A1
A BT EE,

2.2 AlS Ti 233} Mg,Ni & £+ 4 Hta AN

G & E IR AGE M A G T T BB R bR, &
IR, XA S TR E . W H B
JGE AL FI Ti X MgoNi & SAH g A e P, A
SCAEF B ST AL Ti B2 TN I 451 MgoNi 4
AU M H AT 35 4589 MgasMNi(M=Al, Ti)tk&4°F
BRAN T SR EAAH), A )
Q) RE:

o1 .
AH(Mg2—xMxN1) = E[Etot (Mg2—xMxN1) -

(2=2)E\y (M8)o1iq — XEot (M) go1ig —Eor (NDoig ] (1)
(M=Al, Ti; x=0,0.33, 0.5)

. 1 .
AH(Mg3;MNi,) = E[Etot (Mg3MNi,)-3E,,(Mg) -

Etot (M) - 2Et0t (Ni)] (2)
(M=Al, Ti; x=0, 0.33, 0.5)

K AHMg, MNDRE B/ 451 MgNi(x=0)
4 M Mgy MNi (M=AL, Ti; x=0.33,0.5)[F 445 4= 1)
B % #; AHMgMNi) 18 % B 31 5 45 W
Mg;MNi,(M=Al, T EWHIERH; RS
B DA BTN I 1R <6 e P I B G M 2 3 T i
SAes, HESAERREEEAM TR S R85 T3
2. HHER 2 AT WL, MgNi & & B RITHE AN -0.300
3 eV/atom, [ Al 3 Ti 24T MgNi J&5, FTERIS
J5 G5 TR AR A 2 IR AN T B2 0T R AR T AR
FEEEMIARAK .

£2 [HA4E Mg. Ni.v Al. Ti. Mg, M Ni(M=Al, Ti; x=0,
0.33, 0.5) [ 44 &4 K MgsMNi(M=Al, Ti)tb-&WIH s i ik
(Ew) X G &I A AH)

Table 2 Total energies (Ey,) and formation heat(AH) of solid
Mg, Ni, Al, Ti, Mg, M,Ni(M=Al, Ti; x=0, 0.33, 0.5) solid
solution alloys and Mg;MNi,(M=Al, Ti) compounds

Material Eo/(eV-fu")  AH/(eV-atom ")
HCP-Mg -977.867 7 -
FCC-Ni —1356.194 2 -
FCC-Al -57.003 5 -
HCP-Ti -1 605.250 4 -
HCP-Mg,Ni -3312.8306 -0.300 3
HCP-Mg; ;,Alp3Ni =3 006.036 4 -0.3537
HCP-Mg; sAlysNi —2 852.656 6 -0.386 4
Cubic-Mg;AINi, -5705.992 8 -0.499 6
HCP-Mg, ¢ Tip3sNi =3 521.916 9 —0.286 5
HCP-Mg; sTiysNi -3 626.4423 -0.273 8
Cubic-Mg;TiNi, —7253.748 8 -0.4178

f.u. represents formula unit.

2 iRl Al 88 Ti 2% MgoNi &5 &5 &%
o HE 20, BEEBANREEI N, BTERONTT
Z5H Mgy ALNI(0<x=<<0.5) [l S8 AE
BA#A S 110 Mg, TiNi(0<x<<0.5) [l 4 (T A A
BT, RWEBIMIKE 0<x<0.5 Julfly, Al
A F TG MgoNi (AR AL MRS EvE, 1f1 Ti 5
FRMIAR S, HBEEB AR BN, P X Mg,Ni 44
FARGE R e VR AR B 99 i s i . 4 Al
B Ti B ARIKIE =05 B, BTSN T4
Mg, sAl(Ti)osNi [ A4 A 62 I AT B it iy T B A
AHIF] AL A Ti W75 454 Mgz AL(Ti)Ni t A e
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-0.2
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- o g
=] - } :
S 0.3 i
<
>
2
T —0af
= — x=0 (HCP) Cubic
o —x=0.33 (HCP)
_o.5 L+ —x=0.50 (HCP) ,
S Tv—x=050 (Cubic) " Cubic .
Mg,Ni Mg, ALNi Mg, Ti\Ni
Alloy

2 ALEE Ti %% MgNi &5 & 104 SR
Fig.2 Formation heat of Mg,Ni alloy doped with Al or Ti
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T B Mg, AL(Ti),Ni(0<x<<0.5) [ K5 G X T30 7
454 Mg Al(T)NL APt RIA T EE, X2
—AMEASRT I . Ak, ASCEE ST
Mg, AL(Ti),Ni(0<x<<0.5)[E A S AN T-32 7 4k
Mg; AI(TI)NI, &Py Ak, WG
AN RPN S TiTPY:

Mg, .M Ni = xMg;MNi, +(1-2x)Mg, Ni
(M=Al, Ti; 0<x<0.5) 3)

2 G) A, 45 Mg, AL(Ti),Ni(0<<x<<0.5) [ 4
TR T Mg ANT)NL A6 &4 IR 7 A Fa e
PE, WGV RN TR N . Ry itk, R AE e v
Z i AE A VRS, AxNana@) For:
AE(Mg, M Ni) = E (Mg, M Ni) -

XE (Mg;MNi, ) — (1-2x)E, (Mg, Ni) 4)

(M=Al Ti; 0<x<<0.5)

AE W8 L 3. HIE 3 WL, 4B %ikE
0<x<<0.5 i, faEtES&E AE¥IRKT 0, RWAFITERK
INITERE Mgy AT NI [ A S AT 1377 45k

Mg AI(TING, (LA S 2 R RE P, B4
fif PG 377 4 Migs AL(TiNi, 1575 7 456 MgoNi 41
(RIS BORFISMRE TR, 2 AL S Ti #540 I
R Mg:Ni H i Mg J&, BT HU Mg, AL(Ti)Ni &4
CUA S B — [N 7 8 MgoNi 254, T Sl e o Jy
S Mgz AL(Ti)Niy %75 77 451 MeyNi £ 2L i £ A
i, LA BT RGO R T %S S

= — Mg, ALNi—~
xMg;AINi,+(1-2x)Mg,Ni
* — Mg, TiNi—~
xMg; TiNi,+(1-2x)Mg,Ni

AE/(eV-fu. ™)
o o o
N w e

e
—_
T

1 1 1 L
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X

3 ALEK Ti B7% MgNi & G 2# R e v akr
Fig.3 Index of thermal stability of Mg,Ni alloy doped with Al

or Ti
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& FOn ] 2
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Fig.4 Total and partial densities of states of Mg,Ni systems without (a) and with Al doping (b), (c) as well as cubic Mg;AINi,

compound (d)
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