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Hydrogen-storage mechanism of
amorphous Mg-Ni-La hydrogen-storage alloys in
electrochemical absorbtion/desorbtion process
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Abstract: (MggoNiys) 00-.La(x=4, 6, 8, 10) amorphous alloys were prepared by melt-spinning. The phase structures of
the ribbons before and after charge/discharge cycling were characterized by X-ray diffractometry (XRD) and
high-resolution transmission electron microscopy (HRTEM), respectively. The results show that MggsNiy;Lag has the
maximum discharge capacity of 582 mA-h/g, and its absorption/desorption process can be divided into the following four
stages: 1) the hydrogen atoms are absorbed by the amorphous phase, and the distribution of the hydrogen atoms is
disordered; 2) with further hydrogen-absorbing, two hydrides of HT-Mg,NiH, and LT-Mg,NiH, with a diameter of less
than 4 nm form gradually and their numbers increase; 3) beginning with the release of hydrogen, the local structure the
decomposition after returns to the disorderly state, leaving only some of the large size and relatively stable LT-Mg,NiH,4
nanocrystals; and 4) the remaining hydrogen atoms release from the amorphous phase, and the structure of the alloy in the
process has no significant change.
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Fig. 1 XRD patterns of amorphous (MggNiss)100-La, (x=4, 6,
8, 10) alloys
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for amorphous alloy (MgeNizs) 90— La(x=4, 6, 8, 10) electrodes
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Table 1 Activation period, maximum discharge capacity
(Ciax)> and capacity retention after 20 cycles (Cy) and
theoretical capacity utilization rate (C,,) for Mg-Ni-La samples

Activation Crnax/ Coo/ Co/

Sample period/cycle (mAh-g!) % %
Mg §Nigs 2Lay 6 436 48.6 463
Mggs.4Niz7 6Lag 4 488 639 558

MggsNiysLag 4 582 71.4 71.5
Mgg3.sNigs sLaig 3 556 66.1 73.2
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Fig. 3
Mg-Ni-La alloy electrodes (50% depth of discharge) at 27 ‘C(a)
and their equivalent circuit(b)

Electrochemical impedance spectra of amorphous
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Table 2 Contact resistance R, and charge-transfer resistance

R, of amorphous Mg-Ni-La alloy electrodes at 27 ‘C

Sample R,/Q R /Q
Mg, sNisg2Lay 1.02 5.38
Mges.4Nip7 cLag 0.98 3.96

MggsNiy;sLag 0.99 3.36
Mgg3.sNigs sLaig 1.10 3.79
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Fig. 4
MgsNiy;Lag alloy electrode at fourth charge/discharge cycle(a)

Charge potential curve of quenched amorphous

and XRD patterns obtained at different time points (from point
a to point e) of charging process(b)
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Fig. 5 XRD pattern of MggsNi,;Lag alloy electrode at fourth

charge cycle and its fitted curve
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Fig. 6 Discharge potential curve of MggsNiy;Lag alloy
electrode at fourth charge/discharge cycle(a) and XRD patterns
obtained at different time points (from point e to point i) of

discharging process(b)
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electrode at fourth charge/discharge cycle

Crystalline Change curve for MggsNiy;Lag alloy

2[R B TT A /B Mg, NiH, 58 Mg, Ni [k bk BA £
Ga, A XRD KR, T HAZeT g,
MR AR IR, 200 78 S RS S R A T T
TEM B8 T HIFETRZ, WA O 3R &
MgsNiysLag 154, (6 AH [ I AR 22 08 4 A T 3k
3. Bl 8 ok 78 AR HL S & 4200 TEM 5 B AH R
1 HL RS U



3064 A G A R

2014 412 H

) ——

LT fﬁ‘é" “

gy

AR

8 3 MgesNiysLag 7 4 LA ES 4 134 78 FE SO 5 1 TEM 8 S AL A7 5

LT-Mg,NiH, (240)
LT-Mg,NiH, (600)

HT-Mg,NiH, (222)

HT-Mg,NiH, (422)
HT-Mg,NiH, (511)

LT-Mg,NiH, (600)

Fig. 8 TEM images and electron diffraction patterns of charged (a) and discharged (b) MgesNiy;Lag ribbons at fourth cycle
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