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Abstract: Hydrogen has been considered as an ideal energy carrier owing to its high combustion heat, abundant resource
and zero pollutant. Development of hydrogen energy will play a positive effect on carbon peaking and carbon neutrality goals,
while it requires high-capacity and low-cost functional hydrogen storage materials. La-Mg-Ni-based A,B,-type hydrogen stor-
age alloys originated from La-Ni binary alloys have the advantages of high capacity, low raw material cost. Mg addition into
[ A,B,] sub-units in La-Ni binary alloys suppresses hydrogen introducing amorphization and strengthens the bulk structure.
The capacity of La-Mg-Ni-based A,B,-type hydrogen storage alloys is as high as 1. 80wt% , much higher than commercial
AB;-type alloys. The crystal structure of La-Mg-Ni-based A,B,-type hydrogen storage alloys is adjustable and usually influ-
enced by elemental substitution and preparation techniques. Based on these above, this paper reviews the influence of ele-

mental substitution and preparation techniques on phase
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Fig. 2 Crystal structure of 2H- and 3R- A, B, -type alloys
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Fig.3 Crystal structure of La, sMgy sNi; D, | showing the stacking of the LaNig and LaMgNi, slabs with their relative expansion
during deuteration"®]
F1 La, Mg, ;Ni, RILWE RFEIES Rietveld 34715 H ) RS 5 5%
Table 1 Atomic parameters in the structure of La, Mg, sNi;-based deuterides from Rietveld refinements of the powder neutron diffraction
data’?’
Lattice La, Mg, sNi; Dy ; La, Mg, sNi;Dg o
parameters/ A a=5.3991(1) a=5.3854(1)
¢=26.543(2) ¢=26.437(2)

Atom Site x ¥ z Oce. x ¥ z Oce.
Lal af 173 2/3 .0169(5) 0.50(-) 173 2/3 0.0160(5) 0.50(-)
Mgl 4f 1/3 2/3 .0169(5) 0.50(-) 1/3 2/3 0.0160(5) 0.50(-)
La2 4f 173 2/3 .1723(6) 1.0(-) 173 2/3 0.1735(5) 1.0(-)
Nil 2a 0 0 0 1.0(-) 0 0 0 1.0(-)
Ni2 4e 0 0 .1603(4) 1.0(-) 0 0 0.1603(4) 1.0(-)
Ni3 4f 1/3 2/3 .8314(4) 1.0(-) 1/3 2/3 0.8323(4) 1.0(-)
Nid 6h  0.843(1) 0.686(2) 1/4 1.0(-) 0.841(1) 0.682(2) /4 1.0(-)
Ni5 12k 0.8350(6) 0.670(1) .0863(2) 1.0(-) 0.8366(6) 0.673(1) 0.0869(2) 1.0(-
D1 12k 0.310(3) 0.155(1) .1800(5) 0.40(1) 0.306(3) 0.153(1) 0.1809(5) 0.371(9)
D2 6h  0.512(1) 0.488(1) 1/4 0.77(3) 0.509(1) 0.491(1) 1/4 0.82(2)
D3 4e 0 0 .2186(7) 0.50(-) 0 0 0.2176(6) 0.50(-)
D4 12k 0.342(4) 0.171(2) .1419(4) 0.46(1) 0.346(4) 0.173(2) 0.1438(4) 0.492(9)
D5 12k 0.174(3) 0.348(6) .0892(6) 0.32(1) 0.166(3) 0.332(6) 0.0942(7) 0.28(1)
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Lattice La, sMg, sNi; Dy La, sMgo sNi; Dy
parameters/ A a=5.391(1) a=5.3854(1)
¢=26.543(2) c=26.437(2)

Atom Site x ¥ z Occ. x ¥ z Oce.
D6 12k 0.484(2) 0.516(2) 0.0885(7) 0.40(2) 0.480(2) 0.520(2) 0.0878(7) 0.39(2)
D7 12k 0.306(2) 0.153(1) 0.0250(4) 0.50(2) 0.292(2) 0.146(1) 0.0240(4) 0.46(2)
D8 12k 0.527(2) 0.473(2) 0.4461(9) 0.31(2) 0.533(1) 0.467(1) 0.4494(8) 0.29(2)
D9 4f 2/3 173 0.068(1) 0.27(2) 2/3 173 0.073(1) 0.27(2)

U, (10724%)° U (107242)"
La(Mg) 3.1(2) 2.3(2)
Ni 2.59(6) 2.87(6)
D 1.0(2) L 1(1)
R-factors R,,=3.88%; RP:3.23%;X2:4. 95 R,,=4.02%; RP:3.43%;X2:4. 33

Note : “ Uiso parameters have been constrained to be equal for the chemically and structurally identical groups of atoms: Lal, Mgl and La2; Nil ~

Ni5; DI1~D9.
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MY AR DL LI M oK B PR AR T B 4L
T T A TALE IR Y AE T UKL R 4 45 AR
BEEMEL, SEHRIEMLE, begh o 2 5N &R A,
Gy P, ATLAS A (B 1) SRR B 0 P RHAC L 5
T IE], DLARTS R AR S5 . X FE5Ea |
REZHFEM) La-Mg-Ni RIEA S SR UL, MARBLS & —Fh
PEATEEA T A T B, W OB R PR 4l R A L
gl | EHBESs | R AR B T Re sk L SO SS S LR
B RLBE L G R L S 4 R R R A T 0 o5 0 e iR
YERTR (D7 8 BT ) 8 ek B A J0RE () AF B 25 0
SR IEFIAY T, AR LA — i S R 1Y [ AR R
BRI AR IAEK, VEHIRE4LE La-Mg-Ni RIS A
S Ry A a2 il £ Xof B 4 M 45 F B At U i B i 2
R T KM TR, WE T 5 A,B, HIEEUH W
P  NE (20 (1) 53(2) ) B b 5544 S ot 2 2H X
[ rANAi A

LaNi,+liquid<>La, Ni, (1)

La,Ni, +liquid<>LaNi, (2)
34 T Sm-Mg-Ni, La-Mg-Ni, La-Nd-Mg-Ni, La-Nd-Mg-
Ni-Mn, La-Nd-Mg-Ni-Al &£~ Gd,Co, 5K Ce,Ni, HI
HHAB, TG4, UG &R R ATERE S
HL Ak 22 vERE, Hih Sm, Mg, Ni, &4 B96E S 7T LIk 5
1.88%, H 100 M ZETEWALH 0. 7% %,

RS JEAE GPa FALMUE J1 WA FH T 390 8
BRI T R IR EE, ARG A A &R R, Liu
ZELOVR O AE N T TR ML P R B A A O il & T
Lag s Mg, sNiy s &4, MR T HA B &L &% EN
Ce,Ni, BUAHIIE W, RS E W He8e Tt )e, R 8z
B, 3 LaNi, HE BT R, MHE 2 GPablf, &40
AR IR F] 353 mAh -g7', HUKHLR AR AE T RAF,
1200 mA - g™ HLPLE BN, A R0 M GE T DL gk 2
43. 8%, il HL A5 B e 4 R AE AT LRI R AR ORI (7] 2 e 44
it o L A DK i el DA R AT 5 4 8 R 1) — R

RUBRM 5, 207 B FHEER B | Be gt i a] |
PASMBAE R BUR e W . AR5 | MERR I S,
AN R S TR T AN S THEAA S
La, Mg, 5 Niy o5, B T LaNig #15 La,Ni, #1245, &4
EH /DR N 5 La,Mg,, . BB AR THREHESS 4
WERARRLAN /N . ZHZU4%5), HONi 5 La,Mg,, MR,
AT SO L BE Ty, i T R A PR AR E 1, 150 JE
IR 25 i RS AT IR 5] 20 70%
4.5 HMHOBE5RELIE

La-Mg-Ni Ri#&l A4t T HA 5 240 B0,
HA R HE VAN Z R A PR30, DR e 45 4 10 T 4
I e, K () BRAh B — 5 b R 45 0 A AT
B, e — iR VO N A TR AR B A R I
AR A A A A T AR, BEE WAHSS M Ak, R
BARTHM RIS PERE . W La, ,,Nd, s Mg, ,Ni, ,Al, , &
G AE 900 CHEATIE KALTE , Fifi 5 AL BRIGHE] A 2B, A
SR Z AR M 2%, Gd, Co, TR AH A &5 1 2 97 3
BRI R A BB 365. 0 mAh -g ($545) 1R F]
389.6 mAh - g ' (FALH 20 h) P MR 2 X
Lag Mg, 5, Niy 45 B4 AR IR B 5 ) AH 5 40 %) 0 ¢ R alE
7T, KPUAE 890 °C K CaCu, K5 MgCu,Sn Y
AAAEEEMEVE A 25, Ce, Ni, 750K 8 7 308 3o 451 5 52 17 T
B, FEREE IR AR E IR R £, 950 CIBAF A &
FEAR N Ce,Niy UKL, FEAE 975 °C LA N REMS 24 5 BAAH 25
., A A R 28 AT IR F] 394 mAh g7,

FRIMAL I T2 BIE 8 76 A & R M B )2 a0 4 08 |
G FREST . AR, LIRS R A TS
P, BEAEH R R BE G F AR M. Wang 25 58
iT7E Lag ,sMg, ,sNi, ,Co, ,Al, , FRHEPEHE Cu-Pd &1 2 3k
15T BRI B R R MR SRR E M, 1500 mA - g™
T A S B RE IR B 86. 4%, H. 100 JENTEFRFASE
PEIKF 82. 7%, T b BH 0] LUAE £ 4 A0 45 W B 5 RO AT 42
FHGERE AR, RS T K F) SR, R
W/ TR TR

5 % i&

La-Mg-Ni & A,B, BRI SRR BA RGN —KM +
FBMEEEA S, LA S B bt ag,
T [ 25 Ak SRR 8 R v e Tt f R A R LA
AR E S T IR R T A . SR T A 4 B0 AR et
A ARERAR , TEMLEE 1 AN 58 0 AR A 4 o
SRR Z IR R PR AR B AR T B — 2P e,
I, AJEXT La-Mg-Ni & A,B, BUEE A 4 W HF5E Al G
e ILA T
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155 La-Mg-Ni & A,B, BIGGANL M-S0 A PERENT T HE IR 37

(1) & b A 25 K T UL o) 5 el A 25 W it
I A AR 25 A T ML o R 52 4 WA, BRI DR A 98 R TR
HURIT X A b PR S5 44 B 52 R, 4 WA U oG 2 R i)
AR ZE AL AT LR, 48 7S A A AR S5 R TR L ) B A
FEA IS S L, E B IER A SR E B T s AR
TAEE S I AT La-Mg-Ni & A,B, MA 45 ATk
REAY 4R e 2R K PR T

(2) K AG B 3t T2 o (1 85 38 A8 HIL 1 5 0 8 U SR s
La-Mg-Ni & A,B, %5 & YRiAA7E 1) 1 ZE R LG 206 30
RUEMER2E , WFITRKAE R 72 v W PROT I K 5 45 0 Bt
ERCPE2E S, DA AT B BT R i 25 AR A
67 8 E AR AR E R AG I 1 AR i S5 RS B, P2
PrrEmoRms, RIREKEMBEAEERSSNEERRE,

(3) B 43 5 AH 25 46 W] 45 1 i £ B R . La-Mg-Ni &
AB, RIS HMNE R 2ZR K, ZYHIE AR,
RS RR 2 R Vs TR, DRI R T 0 9 45 21 A A s A (e
45) 5 R A B AR R U, B R AL A
PR EEEUREE | 1] 55 ] A A% A X HE 45 4 A 1 5 i)
A, EIRAMGSM IR BR  #EST s S5 AHES R AT Y
il B H AR ZoK P La-Mg-Ni & A,B, B E A 4T
RESRTHFN SR
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