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Abstract: The structure, microstructure, thermal stability and hydriding characteristics of amorphous Lag o5 M g2, 0sNig

have been investigated with differential thermal analysis, X-ray diffraction, scanning electron microscopy and battery test.

It is found that the increase in mechanical alloying time leads to enhancement in thermal stabilities of amorphous Lag, os

Mgy, 0sNio alloy. The amorphous alloy has good charge/ discharge ability at room temperature(430 mA*h*g™ '), but the

discharge capacity decreases seriously during cycling tests due to the crystallization of amorphous and oxidization of magne

sium on the particle surface in alkaline aqueous solution.
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1 INTRODUCTION

The Mg-based hydrogen storage alloys as the ac
tive materials of metal hydride electrodes have attract-
ed attention because of higher theoretical capacities
for hydrogen absorption/desorption, and the lower

I Recent-

price compared with the other hydrides!’
ly, the charge discharge properties of M g-based alloys
at room temperature have been greatly improved by
some researchers!® ).

In particular, the Mg-NtRE system alloy is one

(14718 Tanaka et

of the most promising hydrides
all® reported that the nanocrystallne Mg-NiRE
(RE= La, Nd) alloys prepared by melt-spinning and
crystallization exhibit excellent hydrogen absorbing
kinetics and PCT characteristics in comparison with
those of the corresponding as cast alloys with coarse
eutectic structure. Kohno et all'® also reported that
the LaaMgNig, LasMgoNiz3, LasMgNii4 ternary sys
tem alloys are composed of stacked ABs and AB»
structure subunits in a superstructure arrangement,
and the LasM g>Nizs alloy shows a large discharge ca
pacity(410 mA*h*g™ '), which is 1. 3 times larger
than that of ABs type alloys.

In this paper, the structure, microstructure,
thermal stability and hydrogen storage properties of
Lag. osM g 0sNig alloy prepared by mechanical alloying

were investigated.
2 EXPERIMENTAL

2.1 Sample preparation

Lag. 9sM g2 05 Nig primary alloy was prepared as
follows. A mixture of powders of lanthanum, magne-
sium and nickel was put into a stainless steel vial to-
gether with 80 stainless steel balls of 10 nm in diame-
ter. Total amount of the powder mixture was 10. 0
g. All above handlings were performed in a glove box
under purified argon atmosphere. Then the mixture
was mechanically alloyed for selected time( 30, 50,
70 h) using a planetary ball mill apparatus( QM —
1SP4) with rotating speed of 400 r/ min.

The test electrode was fabricated from 0. 25 g
mechanically specimen,

alloyed Lag. osMg2. 0sNig
mixed with electrolyte copper powder in a mass ratio
of 1: 2, and then fixed with Teflon( PTFE) solution
onto a foam nickel holder. The test battery was pre-
pared by wrapping the electrode with a Nylon nonwo-
ven fabric separator. This anode was tightly sand-
wiched between two plates of the nickel oxide positive
cathode. The assembly was put in a container, filled
with 6 mol/ L. KOH electrolyte solution. In order to
examine the tendency for discharge loss on the hy-
dride anode, the construction of test battery was de-
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signed for an anode capacity-limited system.

2.2 Sample characterization

The structural properties, microstructure and
thermal stability of samples were examined by X-ray
diffractometer( XRD, D8 Advance) with CuK, radia-
tion( A= 0. 154 1 nm), differential thermal analysis
(DTA), scanning electron microscopy (SEM, JSM-
5100LV), respectively. The DTA was carried out
under a purified argon atmosphere under a heating
condition of 10 K*min™ ' up to 793 K. Mass of the
sample was nearly 0. 025 g.

The electrochemical hydrogen storage properties
of the test battery were conducted at ambient temper-
ature using a DC-5B automatic battery test apparatus
with PC computer and charge/ discharge controlling
software. The sample cell was charged for 5 h at 100
mA*g” ', and then discharged at various currents to a
0.9 V cutoff voltage. After each charging or dis-
charging, the circuit was opened for 10 min.

3 RESULTS AND DISCUSSION

3.1 Structural characteristics
The XRD patterns of the mechanically alloyed
Lag. 9sM g2 0sNig samples were depicted in Fig. 1.
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ig. 1 X-ray diffraction patterns of Lag 9sM gz 0sNig

alloy prepared by mechanical alloying

for selected time at 400 r/ min
(a) =30 h; (b) =50 h; (¢) =70 h

As can be seen from curve (a) in Fig. 1, the
Lag. 9s M g2 05 Nig specimen synthesized by mechanical
alloying for 30 h at the rotating of 400 r/ min shows
no sharp peak in its diffraction pattern and exhibits a
broad diffuse peak at around 38 ~ 48° which indicates
that the sample has an amorphous structure. By com-
paring curves(b) and (c¢) with (a) in Fig. 1, it is
found that the amorphous phase structure cannot be
changed with increasing the mechanical alloying
time, but the maximum position of the halos shifts a
little to higher angle.

3.2 Analysis of thermal stability

The thermal stability of amorphous specimens
during heat treatment was examined by DTA, and
the results were represented in Fig. 2.
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Fig.2 DTA curves of Lag 9sM gz 0sNig alloy

synthesized by mechanical alloying for

selected time at 400 r/ min
(a) =70 h; (b) —50 h; (¢) —30 h

From curve (c¢) in Fig. 2, we observed only one
exothermic reaction around 601 K in the DT A pattern
of amorphous Lag 9sM g2 05Nig alloy prepared by me-
chanical alloying for 30 h at 400 r/ min, correspond-
ing to the crystallization temperature of the specimen.
By comparing curves (b) and (a) with (¢) in Fig. 2,
we can see that shape of the DTA curves did not
change with increasing mechanical alloying time, but
the exothermic peak shifts to higher temperature,
which implies that the thermal stability of the amor-
phous specimens are improved with increasing me-
chanical alloying time.

3.3 Activation behavior

The first activation curves of Lag 9sM gz 0sNig al-
loy electrodes were depicted in Fig.3(At a charge
current of 100 mA*g™ '
mA<g™ ).

As can be seen from the charge curves in Fig. 3,

and discharge current of 50

there is slightly difference among the specimens syn-
thesized by mechanical alloying for selected time at
400 r/ min. On the other hand, there exists remark-
ably difference in the discharge curves among the
samples. In the cases of discharge curves (¢) and (b)
in Fig. 3, a plateau of the discharge voltage was ob-
served, and the plateau voltage of the electrode alloy
synthesized by mechanical alloying for 30 h at 400 r/
min was more positive than that of the other specr
mens, suggesting that good hydrogen absorb/ desorb
ability of Lag 9sM gz 0sNig alloy has been obtained by
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Fig. 3 Electrochemical activation curves of
specimens synthesized by mechanical

alloying for selected time at 400 r/ min
(2) —70 h; (b) —50 h; (c) —30 h

mechanical alloying for appropriate time at 400 r/ min
probably due to the change of equilibrium pressure of
hydrogen. On the other hand, the plateau voltage
would decrease seriously with increasing mechanical
alloying time as curves (b) and (a) shown in Fig. 3.
Moreover, under this experimental condition, the
maximum discharge capacity of specimen prepared by
mechanical alloying for 30 h at 400 r/ min is 430 mA*
heg™ ' at a discharge current of 50 mA*g™ ' at first
electrochemical charge/ discharge cycle.

3.4 Effects of discharge current on capacity

Fig. 4 showed the typical discharge curves of test
battery at different discharge currents.

In Fig. 4, the discharge capacity of the test bat-
tery decreased with increasing discharge current. The
discharge capacity obtained at a discharge current
density of 200 mA *g” " and 400 mA * g~ ' were ap-
proximately 52% and 13%, respectively, of the val-
ues obtained at 20 mA g™

dependence on the discharge current density might be

. The discharge capacity
explained as follows. Increasing discharge current
causes an increase in polarization of both the anode
and the cathode of the test battery. This in turn re-
sults in a correspondingly reduced cell voltage when a
high discharge rate is applied, leading to a smaller

discharge capacity.

3.5 Cyclic stability

The change in discharge capacities of the amor
phous Lag 9sMg» 95Nig alloy synthesized by mechant
cal alloying for 30 h at 400 r/ imn with the number of
cycles was shown in Fig. 5(At a charge current of 100

mA*g” ' and discharge current of 20 mA*g™ ).
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Fig. 4 Discharge curves of specimen using MA
(400 r/ min for 30 h) Lag 9sM g osNiy

alloy at different discharge currents
(a) —400 mA*g™'; (b) —200 mA*g™'; (¢) —20 mA*g '
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Fig. 5 Discharge capacities as a function of

cyclic numbers for Lag 9sM g>. 05N ig alloy
prepared by MA (400 r/ min for 30 h)

From Fig. 5, Lag 9sMgs 05sNig alloy synthesized
by mechanical alloying for 30 h at 400 r/ min reached
its maximum electrochemical discharge capacity at the
first charge/ discharge cycle and possessed good acti
vation characteristics, which should be attributed to
its amorphous structure (as shown in Fig. 1). Never
theless, the discharge capacity decreased seriously
with increasing cyclic numbers before 15th cycles,
and then the tendency of capacity degradation became
smaller than that for the former cycles. Overall, the
discharge capacity of the specimen was about 35% of

the initial capacity after 25th cycles.

3.6 Mechanism of capacity degradation

In order to study the causes of discharge capacity
loss of amorphous Lag 9s Mgy os Nig alloy electrodes
during charge/ discharge cycling, the XRD and SEM
analysis for charged/ discharged specimens were car-
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ried out, and the results were depicted in Figs. 6 and
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Fig. 6 X-ray diffraction patterns of MA
Lao. 9sM g2. 05N ig specimens after

different cycles(400 r/ min for 30 h)
(a) —25th cycle; (b) —15th cycles; (c¢) —l1st cycles

Fig. 7 SEM images of asmechanically-alloyed
and as-hydrided Lap 9sM g2 ¢sNig specimens

(a) —M echanical alloying for 30 h at 400 r/ min;
(b) —After 25th cycling

As can be seen from curve (c¢) in Fig. 6, the
amorphous structure of specimen did not change at
the first electrochemical cycle, but the peaks of Ni,
Mg>oNiH4 and Mg ( OH) » phases appeared clearly at
the 15th charge/ discharge cycles as curve (b) shown
in Fig. 6.

By comparing curve (a) with (b) in Fig. 6, it is
found that intensities of the crystalline phases

strengthened gradually and the amorphous content in
the alloy decreased during the cyclic tests, suggesting
that partially amorphous phase decomposed to the
crystalline Mg>,NiH4 and Ni phases during electro-
chemical charge/ discharge cycling.

Fig. 7 showed SEM images of the as-alloyed and
as"hydrided specimens. By comparing (b) with ( a)
in Fig. 7, there was not major difference in shape
(sphere or spheroid) and in size( 0. 7~ 4. 0 Hm) be
tween the specimens synthesized by mechanical alloy-
ing for 30 h at 400 r/min and charging/ discharging
for 25th cycles in 6 mol/ L. KOH electrolyte, but the
surface state of the particles was different. In the case
of specimen for 25 electrochemical cycling, some
small particles of M g-( OH) 2 could be seen on particles
surface. It is known that the magnesium alloys have
poor corrosion resistance, especially when they are in
contact with strongly corrosive media. The results
shown in Fig. 6 suggested that the surface of the
magnesium alloy is covered by Mg ( OH)» during
charge/ discharge cycling. When the partial alloy is
oxidized to Mg(OH) 2, the amount of hydrogen stor
age alloy is consequently reduced. As the oxidation
forms on the surface of the electrode, both charge
transfer at the alloy/ electrolyte interface and hydro-
gen diffusion either into or out from the bulk alloy
when charging( or discharging) are inhibited, which
leads to a lower discharge capacity.

Therefore, the reason of discharge capacity loss
of amorphous Lag 9sM g2 05N ig electrodes was that the
amorphous phase decomposed to crystalline M g>NiH4
and Ni phases and Mg on the surface was oxidized to
Mg (OH)2 during the electrochemical charge/ dis-
charge cycles in 6 mol/ L. KOH electrolyte.

4 CONCLUSIONS

1) Amorphous Lag 9sM g2 0sNig alloy is prepared
by mechanical alloying for 30 =~ 70 h at 400 r/ min,
and the thermal stabilities of the amorphous specr
mens are improved with increasing the mechanical al-
loying time.

2) The test battery using Lag 9sM g2 o5sNig alloy
synthesized by mechanical alloying at 400 r/ min for
30 h shows good charge/ discharge behavior(430 mA*
heg™ ') at room temperature, but the discharge ca-
pacity decreases seriously during the electrochemical
charge/ discharge cycle tests. The discharge capacity
loss are attributed to two factors: one is partially
amorphous phase decomposes to the crystalline
MgoNiH4 and Ni phases with increasing charge/ dis-
charge cyclic number. The other is the surface oxida
tion of the magnesium alloy in an alkaline aqueous so-
lution forms Mg (OH) > phase, that in turn causes a
reduction in capacity and inhibition hydrogen mass
transfer.
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