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Structures and properties of La-Mg-Ni system hydrogen storage alloys
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Abstract: The double-roller rapid quenching technology was successfully used to prepare La-Mg-Ni system hydrogen storage alloys.
The effects of magnesium content and heat-treatment process on the alloys properties were studied. When the alloy with 1.09%(mass
fraction) Mg is heat treated at 900 ‘C for 4 h , its discharge capacity is more than 380 mA-h/g at 0.2C, and the cyclic life is beyond
500 counts at 2C. By XRD and PCI analyzing, the results show that the alloys are composed of LaNis and LaNi; phase. The
hydrogen absorption/desorption pressure of the alloy increases, so does the slope of plateau, and the plateau becomes broad first and
narrow again as Mg content increases. This method is simple to be suitable for production on a large scale.
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1 Introduction

As crucial important negative material of Ni/MH
battery, well or poor properties of rare earth hydrogen
storage alloy directly have influence on its quality.
Because it seems to be difficult to further improve
discharge capacity of merchandized AB;s-type alloy, the
demands of high capacity and high power batteries
cannot be satisfied. Meanwhile, the lower hydrogen
storage capacity and high cost also limit its application in
fuel battery. But La-Mg-Ni system with AB;-type alloy
becomes major research focus[1-5] among some
universities, institutes and enterprises since it has
superiority in large hydrogen storage capacity, high
discharge capacity and quicker activation property, but
its poor cyclic life needs to be enhanced further. In the
past few years, we obtained a nanocrystalline alloy with
well-distributed composition in conventional rapid
quenching furnace under a sub-pressure, by adding cover
reagent and selecting right smelt process, and the
problem that the compositions of alloys are instable
because of amount of magnesium volatilizing during
smelting process was resolved, and the cyclic stability of
the alloy was improved. Based on our earlier research
work[6—7], the effects of content of magnesium and
heat-treatment process on alloy properties are studied to

improve the electrochemical properties of the alloys
further in the present work.

2 Experimental

2.1 Preparation of alloys

A series of La-Mg-Ni hydrogen storage alloys with
different magnesium contents (mass fraction, %) of 0.35,
1.09 and 3.85, respectively, were prepared by rapid
quenching furnace in Ar atmosphere, and the cover
reagent was added up. When molten alloy liquid flowed
across the cobalt roller to be quenched, the alloy plates
with thickness from 0.05 mm to 1.5 mm were obtained,
then alloy powders were prepared by mechanically ball
milling after heat-treatment. The purity of experimental
raw materials is more than 99.9%.

2.2 Measurement of structures and properties

The phase structures were measured on RINT-1100
type X-ray diffraction analyzer of Japan with Cu
radiation. AMC GAS REACTION CONTROLLER of
America was used to test PCI curves for reflecting the
hydrogen absorption and desorption properties. The
discharge capacity and the cyclic stability of the alloys
were determined by the galvanostatic method. The
maximum discharge capacities were measured of which
the alloy electrodes were charged at 0.2C for 360 min
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followed by a 5-min break, and then discharged at 0.2C
to the cut-off potential of 1.0 V. In order to test the cyclic
life of alloy electrodes, it would be activated at 0.7C with
8 cycles, charged at 2C for 36 min, followed by a 5-min
break, and then discharged at the same current density to
the cut-off potential of 1.0 V.

3 Results and discussion
3.1 Phase structure

Fig.1 presents the X-ray diffraction patterns of the
alloys with different Mg contents. It is found that these
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Fig.1 XRD patterns of alloys: (a) 0.35% Mg; (b) 1.09% Mg;
(c) 3.85% Mg

alloys are composed of LaNis and LaNi; phase, and the
LaNi; phase increases but LaNis phase decreases as the
content of Mg increases, which indicates that Mg may
facilitate the formation of LaNi; phase[8].Moreover,
while La is replaced by Mg, and the crystal axle be
shrunk, the cell volume reduces because the atomic
radius of Mg (0.172 nm) is smaller than that of La (0.274
nm), and it can be proved that the diffraction peaks shift
towards the larger angle with Mg content increasing.

3.2 Properties of hydrogen absorbing/desorbing

Fig.2 shows that the effects of Mg content on
hydrogen absorption/desorption properties at 343 K. It
can be seen that not only the plateau pressure of
hydrogen absorption/desorption but also the slope of
plateau continuously increases when the content of Mg
increases from 0.35% to 3.85%, and the regions of
plateau become broad first and narrow again. When the
pressure of plateau is lower, the region grows narrow
since the hydrides formed are too stable to release part of
hydrogen, and it causes hydrogen capacity reduces. The
more Mg content, the smaller the cell volume and the
place which storages hydrogen atom, and the narrower
the plateau regions[9]. The hydrogen absorption/
desorption plateau region of the alloy with Mg content of
1.09% is expanded and reversibility is better. By
calculating, the equilibrium hydrogen pressure is 8 659
Pa, the hysteresis (1g(P./Py), where P, and P, are
absorption and desorption equilibrium pressure,
respectively) is 0.352 7 (at H/M=2.4 dehydrogenation),
and the slope of the plateau (Ig(Ps/Ps)/[(H/M);—
(H/M), 5]) is 0.118 3.
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Fig.2 PCI curves of alloys with different magnesium contents
at 343 K

3.3 Effects of magnesium content on electrochemical
properties
Table 1 lists the results of electrochemical pro-
perties of the alloys prepared with different Mg contents.
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Table 1 Effects of Mg content on alloy properties

Mass fraction Discharge capacity/(mA-h-g™")

of Mg/% 0.2C 0.7C 2C
0.35 307.4 305.7 267.5
1.09 380.8 375.6 3545
3.85 299.3 296.3 284.7

Whether high or low content of Mg, the discharge
capacity and cyclic life are poor. These alloys are all
complexes measured by phase structure analysis, in
which LaNi; phase is absorbing hydrogen phase, LaNis
phase is catalytic phase, and the discharge capacity
directly depends on the abundance of these two phases.
Because there is few LaNi; phase but many LaNis phases
in the alloy with 0.35% Mg, its small hydrogen storage
capacity leads to low discharge capacity. As the content
of Mg is larger, the abundance of LaNi; phase enhances,
at the same time, the alloy has not enough LaNis phase to
catalyze LaNis phase. As a result, the process of
hydrogen absorption/ desorption is carried on slowly to
make discharge capacity decrease. The discharge
capacity of the alloy with 1.09% Mg can reach 380.8
mA-h/g at 0.2C as the abundance of LaNis phase is a
match for that of LaNi; phase.

3.4 Effects of heat-treatment process on electro-
chemical properties

The effects of heat-treatment process on alloy
properties with 1.09% Mg was investigated, the results
are listed in Table 2.

It can be seen that the discharge capacity of the
alloy without suffering from heat-treatment is lower and
it is no more than 331.5 mA-h/g. When the temperature
is beyond 900 °C, the discharge capacity of the alloy
decreases. It produces amount of lattice defects in the
alloy that lead to poor arrangement and make inner stress
increase, while the rapid quenching technology greatly

Table 2 Effects of heat-treatment on alloy properties

decreases grain size. With the temperature increasing, the
electrochemical property of the alloy is improved by
means of releasing stress, poor arrangement as well as
lattice defects. But excessively high temperature causes
the second phase to be easily formed when dropping in
temperature, so that the electrochemical property of the
alloy decreases. In addition, long time also makes the
discharge capacity reduce because of Mg volatilizing
during heat-treatment process[10], so the experimental
results indicate that the better heat-treatment technology
isat 900 ‘C for 4 h.

3.5 Electrochemical characteristics

The discharge curve of alloy at 0.2C and cyclic
curve at 2C are shown in Figs.3 and 4.The mid-point
voltage is 1.298 V. After 556 cycles, the capacity loss
rate of the alloy is only 19.7%. The important reasons of
improving cyclic property of the alloy is that rapid
quenching technology not only enhances the anti-
pulverizibility, but also strengthens its toughness and
strength.
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Fig.3 Discharge curve of alloy at 0.2C

Discharge capacity/(mA-h-g—")

Number of

Condition of heat-treatment process

0.2C 0.7C 2C cyclic life
Without heat-treatment 331.5 329.7 309.9 212
850 C,4h 365.8 361.2 329.6 242
900 C,2h 375.2 370.8 345.8 318
900 C,4h 380.8 375.6 354.5 556
900 C,8h 376.4 371.2 3493 523
950 C,4h 380 374.5 353.7 503
980 C,4h 368.4 361.3 335.5 325
980 C,8h 355.4 350.1 324.4 375
1020 'C,2h 336.5 3313 309.8 232
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Fig.4 Cyclic curve of alloy at 2C
4 Conclusions

1) When the alloy with 1.09%(mass fraction) Mg is
heat treated at 900 “C for 4 h, the discharge capacity of
the alloy is more than 380 mA-h/g at 0.2C, and it has
better cyclic stability.

2) The hydrogen absorbing/desorbing pressure of
the alloys increases, so does the slope of plateau, and the
plateau becomes broad first and narrow again as Mg
content increases from 0.35% to 3.85%.
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