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SU Gaoqin, MA Ning, SHI Zhe, CAO Zhijie
(School of Physics and Electronic-Electrical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: Solid-state hydrogen storage materials have been considered as one of the most promising hydrogen storage
methods due to the advantages of high volumetric density, flexible transportation, good safety, etc. The development of hy-
drides with reversible hydrogen capability at low temperature (<80 °C) is of great significance for expanding the application
of solid-state hydrogen storage technology. The low thermodynamic stability of transition metal alanates may meet the low-
temperature requirements of hydrogen storage systems, which has the potential values of fundamental research and applica-
tions. This paper not only systematically reviews the research progress of transition metal alanates, including the preparation
methods, structural and property characterizations, underlying mechanisms, etc. , but also discusses the main problems and
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development trend, which aims to provide reference for the further study of transition metal alanates.
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Table 1 Physicochemical properties of transition metal alanates

Transition metal Theoretical Decomposition

alanates capacity/%  temperature/C Ref.
Sc(AlH,) , 8.7 -110 [20]
Ti(AlH,), 11.1 -85 [19]
V(AIH,), 8.3 <20 [21]
Cr(AlH,), 9.1 <20 [22]
Mn( AlH,), 6.8 25 [23]
Fe(AlH,), 6.8 -80 [19]
Zn(AlH,), 6.3 <20 [24]
Y(AIH,), 6.6 50 [25]
AgAlH, 2.9 -50 [26]
TaH,( AlH,), 4.11 130 [27]
Yb(AIH,), 3.4 70 [25]
Yh(AIH,), 4.5 100 [28]
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(MS) FZEHIIHF(DSC) BhZR, () FERRIERE RS =% XRD [, (d) 7F 145 C . 10 MPa H, 254 F AW ik & 2k

Fig. 1 The dehydrogenation phase analysis and isothermal ab/desorption curves of Y ( AlH, )3—3LiCl[3l] . (a) XRD patterns before and

after purification, (b) TPD, MS and DSC curves, (c¢) XRD patterns of dehydrogenated samples at different stages, (d) isothermal

absorption and desorption curves at 145 °C and 10 MPa H,



24 Hh A ki

EEEVE

3.9 Zr(AH,),
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FEBRA W T OSBRI 1 Ze(ALH,) ,, RBEINT .
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88 A 53 RV 1R 0 LA
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W,
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A —FhE ALY Li Nb(AIH,), . BRI
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VEZ I8 400 2R i FRER S VL, 7F 10 MPa [9E
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YIHBR T EIF=8) 1iCl Z 48, B HBLT NbAL, F Al BA7 5

W, UW] Nb,(AlH,) JEH AFaE, KBS BT T Lk
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3.11 AgAH,

AgAIH, I BIEAE R BN 2.9%, 1952 4, Wiberg
A5 1 AgClO, M LiAIH, 7£-80 °C F Z Bk W =2 1
Ul AgAIH, é’riﬂﬁf;;—so CI, AgAIH, 43-fiFt
B Ag F AL, JERERCR SR, ROVANTT .

AgClO, +LiAlH, *»AgA1H4+Lic1o4

>=50 C
AgAlH, —Ag+Al+H,

FIHATCA L, AgAIH, RISSHRFIE R, 5 2t —
WS

7 NbAl, ¢LCl vAl

As-milled NbCI -5LIAIH,

Intensity (a.u.)

10 20 30 40 50 60 70 80
26 (degree)
¥ 2 LiAlH,, NbCly PASERES NbCls-SLiAIH, #) XRD Eli%
Fig.2 XRD patterns of LiAlH, , NbCls and as-milled NbCly-5LiAlH, samples
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TaH,(AlH, ), FUFHEAEEEN 4. 1%, 1978 4F, Kost %7
iRt LH, Al 5 TaCly 7E CBEE W H SR A2 B Ta (AlH,) 6
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T B 2 LA R A3 At O R 1 i — A
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rhilE—25 o REALH ( 3b) , & i B an T .
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[RE(AIH,),]—~REALH, +( 3—x)A1+(6—%) H,

REALH, (1535 REAIH, B # 0, H A RZ5H i
PRSLI [ AIH 1 NTERFG A, DL NALH, S, REAIH, &
IRGEAIFASIR ST BB N IE] 3¢ Ml 3d fizs, Nd JRFRIE
JRFReAECh 12, Hd 6 NMERFTE b 1, 6 MR T
& o WiJrIn, REAIH FENN#GI R h ot — 2D oMl

BT LaAlH,, REAIH,(RE=Ce, Pr, Nd) )4 i
Sad sy 2 HPEAT (K 3e) . XFF Nd, Pr Al Ce Mis,
100 CHIRE, A A EE R ELE 170~ 180 C,
5 S BRI & A AE 180~270 CC 2[R, LaAlH, [
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Fig. 3 The dehydrogenation phase analysis, structural diagram and decomposition curves of REAIH, [ ; (a) hydrogen evolution during ball milling,

(b) XRD patterns of as-milled products, (c, d) crystal structure of NdAIHg in a projection along [001] (c) and along [010] (d), (e)

TPD curves, (f) DSC curves

AR EAL 130~230 CZ 0, AEEER, ME#E  3.14 Eu(AH,),

JES R, DSC 45K LH (18 3f), Ce, Pr 1 Nd H Y2
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B4 T Eu( AIH,),. 41 5a ffn, R EuCl, B, ER
JE SRR A AR RO

EuCl,+NaAlH,—[ EuClL,( AlH, ) ]+NaCl
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Fig. 5 The dehydrogenation phase analysis and dehydrogenation curves of Eu( AlH, ), [32]
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