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ABSTRACT The Mg2Ni1−xCux (x=0, 0.1, 0.2, 0.3, 0.4) hydrogen storage alloys have been prepared
by melt-spinning technology. The structures of the as-cast and spun alloys are characterized by XRD,
SEM and TEM. The gaseous hydrogen absorption and desorption kinetics of the alloys were measured
by an automatically controlled Sieverts apparatus. The electrochemical hydrogen storage kinetics of the
as-spun alloys is tested by an automatic galvanostatic system. The results show that all the as-spun alloys
hold an entire nanocrystalline structure and are free of amorphous phase. The substitution of Cu for Ni,
instead of changing the major phase Mg2Ni, leads to a visible refinement of the grains of the as-cast alloys.
Furthermore, both the melt spinning treatment and Cu substitution significantly improve the gaseous and
electrochemical hydrogen storage kinetics of the alloys. As the spinning rate increases from 0 (As-cast
is defined as spinning rate of 0 m/s) to 30m/s, the hydrogen absorption saturation ratio in 5 min, for
the Mg2Ni0.8Cu0.2alloy, increases from 56.7 to 92.7%, the hydrogen desorption ratio in 20 min from 14.9
to 40.4%, the high rate discharge ability from 38.5 to 75.5%, the hydrogen diffusion coefficient from
8.34×10−12 to 3.74×10−11cm2/s.
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a 1 bX`]^X Mg2Ni1−xCux(x=0–0.4) _a_ XRD Z

Fig.1 XRD profiles of the as-cast and spun alloys, (a) As–spun (25 m/s), (b) Cu0.2 alloy
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Table 1 Lattice parameters, cell volumes, the FWHM values and the grain sizes of the as–spun (25 m/s)

alloys

FWHM values Grain sizes Lattice parameters and cell Volumes
Alloys

2θ=45.14◦ D203/nm a/nm c/nm V/nm3

Cu0 0.179 48 0.5211 1.3265 0.3119
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Cu0.4 0.273 31 0.5221 1.3323 0.3145
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a 2 bX Mg2Ni1−xCux(x=0–0.4) _a_ SEM fmf A lg_ EDS h

Fig.2 SEM images of the as-cast alloys together with typical EDS spectra of sections A in Fig.2, (a)

Cu0 alloy, (b) Cu0.1 alloy, (c) Cu0.2 alloy, (d) Cu0.3 alloy, (e) Cu0.4 alloy

:=G9

logi = log
(
± 6FD

da2
(C0 − CS)

)
− π2

2.303

D

a2
t (1)

D = −2.303a2

π2

dlogi

dt
(2)

H: [14], 93 i  kj*M'& (mA/g), a   %

lCXK (cm), d  .� %'& (g/cm3), F  9

nh4 , D  �kjM (cm2/s), C0   %*

%3$OE�m& (mol/cm3), Cs   %lCYY

$�m& (mol/cm3), t  (*PO(>H:U$�

kjM XUT 6(62C Cu0.2  %$kjM 

[3U[ (T 6a), :24T 0 m/s U[G 30 m/s

P, Cu0.2  %$kjM T 8.3×10−12 cm2/s U[

G 3.7×10−11cm2/s(: CuRV&T 0U[G 0.4P,

25 m/s62. %$kjM T 2.2×10−11cm2/sU

[G 5.3×10−11cm2/s(T 6b)(

hn0YY[, Mg2Ni8 %$�(�.)�'

2A2)#�0.-4o>, :;M)#$/.��

;=, 62-./ Mg2Ni 8 %,#=[i1$�

(�.)�'2, -1-.62j)$/CW$ [15](

62Z\$/CW$>o`'&$k/C)/p,  

�$kj'2*1/$op [16](A/.��3F6

205, C��32W$pQ73-./0.(-I
5)$+'&/,ql, �/qBrqsqB/pB



4 � _]^]:]^^_` Mg2Ni ^_a_WX``a�`Yab� 3774 � _]^]:]^^_` Mg2Ni ^_a_WX``a�`Yab� 3774 � _]^]:]^^_` Mg2Ni ^_a_WX``a�`Yab� 377

a 3 ]^X Cu0.2 _a_ HRTEM fmf`q_]rm (ED)

Fig.3 HRTEM micrographs and ED patterns of the as-spun Cu0.2 alloys, (a) 15 m/s, (b) 20 m/s, (c)

25 m/s, (d) 30 m/s
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a 6 bXf]^X Mg2Ni1−xCux(x=0–0.4) _attvvXu_vv`unwwwxex[xy
Fig.6 Semilogarithmic curves of anodic current vs. time responses of the Cu0 alloy electrodes in fully

charged state, (a) Cu0.2 alloy, (b) As–spun (25 m/s)

a 7 ]^X (30 m/s)Cu0.2 _aw_`\yz (HRTEM)

Fig.7 The crystal defects in the as–spun (30 m/s) Cu0.2 alloy taken by HRTEM (a) Stacking fault

denoted as A, (b) Twin grain boundary denoted as B, Dislocations denoted as C and sub–grain

boundaries denoted as D

a 8 Mg2Ni1−xCux(x=0–0.4) _a_ewvÆ`�b (HRD, i=100 mA/g) nÆ``uwx_so

Fig.8 Evolution of the high rate discharge ability (HRD, i=100 mA/g) of the alloys with the discharge

current density, (a) Cu0.2 alloy, (b) As–spun (25 m/s)
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a 9 t 50%(DOD) Æ`{x||u Mg2Ni1−xCux(x=0–0.4) _a_|uz}Z
Fig.9 Electrochemical impedance spectra (EIS) of the alloy electrodes at the 50% depth of discharge

(DOD): (a) Cu0.2 alloy, (b) As–spun (25 m/s)
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