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ABSTRACT

The alkaline treatments of rare earth-magnesium—nickel based hydrogen storage alloy
with lithium hydroxide (LiOH) aqueous solutions of various concentrations (1 M, 2 M, 4 M,
5M, and 6 M) were investigated. The morphology and composition of the alloy surface and
the electrochemical characters of the electrode were tested. The discharge capacity and
cycle life of the alloy electrode were effectively improved after the treatment with LiOH
solution of 5 M or higher. The samples treated in 5 M LiOH for 1 h and 6 M LiOH for 10 min
showed better electrochemical properties than the other samples. The passive oxide and
hydroxide layer formed in LiOH solution increased the charge retention rate and decreased
the high rate dischargeability of the alloy electrode. The high concentration LiOH solution
diminished the formation of oxygen containing species on the alloy surface during the
treatment. The LiOH solution can remove the Mg element on the alloy surface effectively.
Copyright © 2015, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.

Introduction

formed during the alkaline treatment accelerated the H ab-
sorption on the alloy surface [4,5].
The surface of the hydrogen storage alloy is oxidized easily

Hydrogen storage alloy used as the negative electrode of
nickel-metal hydride (Ni-MH) battery is required to be of good
electrocatalytic activity, anti-corrosion in alkaline electrolyte,
and cyclic durability. Its performances are not only depended
on the alloy composition but also on the surface state [1-3].
Alkaline treatment is an effective method for improving the
electrochemical properties of metal hydride electrodes [4—11].
It was reported in previous studies that the high rate dis-
chargeability, cycle life, and charge efficiency were improved
after the treatment in alkaline solutions. The Ni rich sub-layer
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in the alkaline solution. The oxide layer affects the electro-
catalytic activity seriously. Therefore, the reduced agents,
such as HsPO,, NaBH,, and KBH,, were added in the alkaline
solutions [6—11]. They can enhance the etching effect of the
alkaline treatment and reduce the surface oxidation of the
alloy powders. It was also found that the H absorption was
accelerated even after the significant oxidation [12,13]. Auger
electron spectroscopy (AES) results showed that the alkaline
atoms in the surface oxide layers could reduce the work
function for the electrons of the alloy powders and help the
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transportation of the electrons from the alloy surfaces to the
H, and H,0 molecules [14,15].

However, there are also some disadvantages of the alkaline
treatments. The repeating hydrogenation and dehydrogena-
tion during the alkaline treatment cause the surface micro-
cracks and the pulverization of the alloy powders. The
smaller the initial grain size was, the faster the pulverization
rate was [5]. It was also found the charge retention rate
decreased after the alkaline treatment [8].

The previous studies of the alkaline treatments mostly
focused on ABs-type alloys. Their low power characteristics
and capacities limit the application of Ni-MH batteries.
Recently, AB; j3g-type rare earth-Mg-Ni based alloys with
higher hydrogen storage capacities and fine electrochemical
properties have been developed as the alternatives. However,
their pulverization and corrosion rates in alkaline electrolyte
are faster than ABs-type alloys. It was proved the nickel, co-
balt, or copper coating enhanced the catalytic activity, the
maximum discharge capacity, and the cyclic stability of the
rare earth-Mg-Ni based alloy electrodes [16-19]. The KOH so-
lution containing KBH, can also improve the cycle life of
Lap ;Mg 3Niy 4Cogs hydrogen storage alloy [11]. Recently,
Nakatsuji et al. have invented a new method for treating the
rare earth-Mg-Ni based hydrogen storage alloy with LiOH so-
lution. This method can effectively remove the oxide and
hydroxide precipitations on the alloy surface [20]. It has also
been reported that the existence of Li atoms in the surface
oxide layer can accelerate the H, dissociation and the H
permeation through the oxide layer [21]. The effect of LiOH
solution on the rare earth-Mg-Ni based hydrogen storage alloy
was better than that of KOH and NaOH solutions.

In this work, the effect of LiOH aqueous solution on the
(REMg),(NiAl); hydrogen storage alloy was investigated. To
improve the cyclic stability, the charge retention rate, and
other electrochemical properties, the alkaline treatments in
LiOH solutions of various concentrations were carried out.
The morphologies and electrochemical properties of the
(REMg),(NiAl); hydrogen storage alloys were tested before and
after the treatment.

Experimental

The commercial (REMg),(NiAl); hydrogen storage alloy pow-
ders with A,B;-type crystal structure of more than 90 wt% and
a small amount of AB3, ABs, and AsB4s phases were used. The
alloy powders were obtained from Xiamen Tungsten Co., Ltd.
To investigate the effect of alkaline treatment, the alloy
powders were immersed in LiOH aqueous solutions at 363 K
under mechanical stirring. The concentrations of LiOH
aqueous solutions were 1 M, 2 M, 4 M, 5 M, and 6 M. The
immersing times were 10 min, 20 min, and 60 min. After the
completion of this step, the mixture was allowed to stand to
settle the hydrogen storage alloy powders and the superna-
tant LiOH solution was removed. Then, the alloy powder was
washed with distilled water and dried in vacuum at 333 K.
The metal hydride electrode was made by mixing 200 mg
pure alloy powder with 800 mg Ni powder and cold pressing
the mixture into a pellet of 16 mm in diameter under 530 MPa
pressure. The alloy pellet was sandwiched between two

foamed Ni plates (60 mm x 20 mm) with a Ni wire soldered on
to form a negative electrode. Electrochemical measurements
were carried out in a half-cell consisting of metal hydride
electrode as the working electrode, sintered Ni(OH),/NiOOH as
the counter electrode, and 6 M KOH solution as the electrolyte
at 298 K. The working electrodes were charged at 60 mA g~ * for
7.5 h followed by a 10 min rest and discharged at 60 mA g~ to
the cut off potential of —1.0 V. High rate dischargeability (HRD)
was described as Ci/Cpax X 100%, where C; was the discharge
capacity at the discharge current density i mA g~ * and Cpax
denoted maximum discharge capacity at 60 mA g~*. Charge
and discharge current density of 300 mA g~* were conducted
to test the cycle lives of the metal hydride electrodes after the
activation of 10 cycles.

The surface morphology of the alloy powder was observed
using scanning electron microscopy (SEM) with a Hitachi-54800
Unit operating at 10 kV. The surface state and the element dis-
tribution of the alloy powder were examined by auger electron
spectroscopy (AES). AES depth profiles were measured using a
PHI-700 scanning auger nanoprobe with an electron beam of
5kVand 5 nA. The samples were sputtered with Ar" on an area
of2mm x 2mm at3kVand 2 pA. The oxygen content of the alloy
powder was determined by the pulse heating inert gas fusion-
infrared absorption method. The magnetization was tested by
vibrating sample magnetometer (VSM).

Results and discussion
Surface and microstructure characteristics

Fig. 1 shows the morphologies of the (REMg),(NiAl); hydrogen
storage alloys treated in LiOH aqueous solutions with the con-
centrations of 2 M, 4 M, 5M, and 6 M. It is obvious that the alloy
surfaces were covered with rod-like and needle-like pre-
cipitates. With the increase of the LiOH concentration, the
amount of rod-like and needle-like products on the alloy surface
increased. When the concentration reached to 6 M, the column-
shaped things appeared. During the treating process, some el-
ements dissolved in the alkaline solution, such as Mg ion, light
rare-earth metal ions, and complex anions. The hydroxides of
the dissolved metals in the solution increased gradually and re-
precipitated on the surface of the alloy powder. With the accu-
mulation of the hydroxides, the dissolving speeds of the metal
elements went down sharply. The hydroxides served as the
barrier for further corrosion [9]. The porous surfaces formed by
the corrosion and etching of the alkaline solution are rich in Ni
atoms that can improve the reaction activity and raise the
oxidation resistance of the alloy electrodes [10].

Fig. 2 shows the energy dispersive spectrometer (EDS) an-
alyses of O contents on the (REMg),(NiAl); alloy surfaces after
treated in LiOH solutions of various concentrations. It can be
seen from this figure the O content first increases and then
decreases with the LiOH concentration for the same treating
time. When the alloy powders were treated in 6 M LiOH so-
lution for 10 min and 20 min and in 5 M LiOH solution for
60 min, the O content reversed to decrease. This suggests that
the high concentration of 6 M or lower concentration of 5 M
with longer treating time can help diminish the oxygen con-
tent on the alloy powder. The O contents were also tested
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