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Microstructure and electrochemical properties of low-temperature
hydrogen storage alloy used in Ni/MH batteries
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Abstract: ABshydrogen storage alloys Lag 54Ceg5Pry 1sNis—Cog sMng 35Al, (x=0.1, 0.2, 0.3) were prepared by arc melting method
under an Ar atmosphere. The results show that the contents of Ni and Al have obvious influences on the microstructure and
electrochemical properties of the alloys. Both the lattice parameters and the cell volumes decrease with decreasing x value. Moreover,
the discharge capacity at different temperatures, the high rate discharge property, and the cycling life of the alloy electrode are also in
close relationship with the x value. When x value increases from 0.1 to 0.3, the discharge capacities with a discharge current density
of 60 mA/g slightly decreases at 25 C, but evidently deteriorates at —40 C, the high-rate property gravely decreases, and the cycle
life of the alloy electrode is improved in some extent. Therefore, it is meaningful to control Al content for the ABshydrogen storage

alloys used in Ni/MH batteries.
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1 Introduction

The hydrogen storage alloy is a key negative-
electrode material used in MH/Ni battery, and it is
crucial for the capacity, cycling life, high-rate discharge,
high and low temperature performance, self-discharge,
and environment-friendly property[1—3]. At present, the
negative-electrode material used in second MH/Ni
battery is mainly the ABs hydrogen storage alloy, of
which the electrochemical properties are usually stable in
a temperature range from —10 C to 40 °C, but
considerably deteriorates when temperature is higher
than 45 °C or lower than —20 ‘C[4—6]. In order to make
MH/Ni battery used as vehicle power source in some
cold places, such as northeast and northwest of China,
the high-rate discharge abilities and low temperature
discharge performance for the commercialized ABs
hydrogen storage alloys still need to be further improved
so as to meet the requirements of the extended
applications. ZHANG et al[7] have reported that the
low-temperature discharge capacities of alloy electrode
can be improved by increasing Mg content in
Lag gsMg,Niy sCog35Al 15 alloys. ZHANG et al[8] have
reported that ABs-5% LaMg; composite has higher

low-temperature discharge capacity than the ABs alloy.
Mo and V also were used as additives in ABjs electrode
alloy that operates at low temperature[5, 9-10].
According to the mechanism of Al in ABjs alloy, it has
great possibility to influence the discharge capability of
electrode alloy at relatively low temperature, but few
investigations are related to this subject. In this paper, we
describe the effects of Al content on the microstructure
and electrochemical properties of Lags4Ceg25Pro 18Nig-
CopsMng;sAl, alloys. It will be of great assistance in
producing ABs-type hydrogen storage alloy with high
capacity in wide-range temperature and with high rate
discharge capability.

2 Experimental

The raw materials were based on purified metals, of
which the purities of the rare earth (RE) are 99.9% and
those of Ni, Co, Mn and Al are all higher than 99%
(mass fraction). The alloys were prepared by arc melting
method under an Ar atmosphere into button forms, which
were re-melted 4 times in order to improve the
homogeneity. The resulting ingots were mechanically
pulverized into powder with size below 74 um. And the
average diameter measured by using a laser particle size
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analyzer is 53 pum. The crystallographic structure of the
alloy was investigated by using X-ray diffraction (XRD)
with the diffraction power of 36 kV, 20 mA and Cu K,
anticathode. The scan manner was step scanning with a
step of 0.02° and a scan rate of 2(°)/min. The scan scope
is from 10° to 90°.

The electrode pellets were prepared by using the
cool-pressure method, that is, the alloy powders of 0.4 g
and Ni powders of 1.6 g were evenly mixed and rapped
by Ni foams, and then pressed under a pressure of 12
MPa to be a pellet of 18 mmx18 mmx1.5 mm. The
“sandwich” method was used to examine the
electrochemical  properties, and the measured
temperatures were —40 ‘C and 25 °C, respectively.

3 Results and discussion

3.1 Structure characterization

Fig.1 shows the  XRD  patterns of
Lay 54Ceq8Pro 18NiyCopsMng3sAl, alloys. All of the
three alloys have the single CaCus-type phase. But there
are slight differences between the relative intensities of
some Bragg peaks and small shifts between the patterns
because of the different x values of them. The lattice
parameters and cell volumes of compounds are listed in
Table 1. It can be found that both the lattice parameters
and the cell volumes decrease with decreasing x value.
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Table 1 Lattice
Lay 54Ce.8Pro.15NisCopcMng 35Al, alloy

parameter and cell volume for

Lattice parameter

X Cell volume/nm®
a/nm c/nm

0.1 0.5013 0.404 1 0.087 95

0.2 0.501 8 0.404 9 0.088 32

0.3 0.502 1 0.405 6 0.088 55

This is likely because that the radius of Al is larger than
that of Ni.

3.2 Electrochemical properties

The typical detail capacity—potential curves at the
third cycle of LagssCeg,sPro15Nig—:Mng3sAl, alloys at
—40 ‘C and 25 C during discharging processes are
shown in Figs.2(a) and (b), respectively. It can be clearly
seen that at room temperature (25 C) the discharge
capacity of the alloy has no obvious difference when x
value varies from 0.1 to 0.3. The maximum discharge
capacity emerges at x = 0.1. But at low temperature
(—40 C) the discharge capacity decreases from 251.5
mA-h/g to 140.4 mA-h/g when x value increases from 0.1
to 0.3, indicating an intensive influence of x value on the
discharge capacity.
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Fig.2 Discharge capacity—potential curves at 3rd cycle of
Lag 54Ce25Pro.15NigCogsMng 35 Al alloys at 25 C(a) and
—40 C(b)

To elucidate this phenomenon, the chemical
elemental characteristics of Ni and Al must be
considered. As both the atomic radius and atom volume
of Al are greater than those of Ni, increasing x value will
inevitably cause the increase of the cell volumes, and
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therefore increase the interstitial space of the lattice cell,
which will be favorable to the hydrogen-storage process.
At the same time, the lattice distortions are also enlarged
with increasing Al, and this will be detrimental to the
hydrogen-storage ability of alloys. The comprehensive
effects of the above two opposing factors generate the
voltage-capacity dependence curves at 25 C like those
in Fig.2(a). Nevertheless, the discharge capacity of an
alloy at low temperatures, especially lower than —20 ‘C,
is mainly controlled by dynamic processes of the
electrode reaction[9, 11]. In this case, the smaller the cell
volume, the higher the hydrogen-equilibrium pressure of
the metal hydride, which would accelerate the diffusion
rate of hydrogen in the metal matrix, and therefore
favorite to discharge. Additionally, element Ni in the
alloy can promote its electrocatalytic activation. Thus,
the discharge capacity of alloy LagssCegasPrs-
Niy—,CogsMng35Al, at —40 ‘C decreases seriously with
increasing x value. The effects of elements Al and Ni on
the high rate
Nis—,Coge¢Mng3sAl, are as the same as those on the

performance of Lags4Ceg,5Pro 15~

discharge capacity at low temperature, and the results are
shown in Fig.3.
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Fig.3 High-rate discharge ability of Lags4CeposPro 1sNig -
COOAGMH()_35A1X alloys

Aluminum appears in all commercial ABs alloys. It
is believed that the incorporation of Al in the alloys
substantially reduces the electrode corrosion and
attributes this to the formation of protective surface
oxides [12—13]. The presence of a even small amount of
Al substantially decreases Vy (the molar volume of
hydrogen), n (the number of H atoms in the charged
electrode) and, consequently, both the lattice expansion
and corrosion[13]. These are beneficial to the cycling
stability. The cycle life of Lags4CeogPrg18Nis—Cog6-
MnysAl, at 25 ‘C with different x values is shown in

Fig.4. It can be seen that the cycle life increases with
increasing x value.
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Fig.4 Cycle life of La0‘54CeOA23Pr0AlgNi4,xC00‘6Mn0‘35Alx alloys
4 Conclusions

1) Both the lattice parameters and cell volume
decrease with the decrease of Al content in
Lag 54Ceq 25Pro 18Ni4C0g ¢Mng 35Al; (x=0.1, 0.2, 0.3).

2) The discharge capacity of Lags4CeqgPrg 18Nig-
CogsMny3sAl, at 25 ‘C has no
with x value varying from 0.1 to 0.3, but at —40 C it is
intensively influenced by x value. When x value
increases from 0.1 to 0.3, the discharge capacity of the
alloys at —40 ‘C decreases from 251.5 mA-h/g to 140.4
mA-h/g.

3) The Lag s4Ceg23Pro.1sNiz 0Cog sMng 35Alg ; alloy is
capable of performing high-rate discharge and has
excellent

obvious difference

electrochemical properties as negative

electrode materials used in Ni/MH battery at low
temperature, even at —40 C.
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