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Abstract : The eectrochemical characterigics and crystal sructure of metal hydride electrode of AB3. stype aloy was sud-
ied. The dectrochemica propertiesof the metal hydride el ectrode were investigated a room temperature and - 30 . The
partial subgtitution of Ni by Al element causes an expangon of the lattice cell and increases the ecific capacity and rate

discharge ability of the aloy.
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Due to high specific energy , environment friend
and no menory dfect , MH-Ni battery has been widely
invedigated and applied in portable computers, cellu
lar telephones, new cordless and hybrid electric vehi-
cles'* 3. Metal hydride eectrode is the most impor-
tant part in MH-Ni battery. ABstyped hydrogen sor-
age dloys have been extensvely sudied and used as
metal hydride electrode material in MH-Ni bat-
tery!* 81 but rare earth AB,, AB3 and ABstype hy-
drogen dorage alloys almog have not been paid to at-
tention. This paper , as a part of AB3 stype hydrogen
dorage aloy research, concerns the electrochemica
characterigics of metal hydride electrode of the aloy
and the partial subgitution of Ni by Al element.

1 Experimental

1.1 Preparation of alloy

All alloys were prepared by arc - melting of the
condituent metal s on a water-cooled copper hearth un-
der an argon atmogphere. The purity of the metas, i.
e. ,La, Ni, Al, is higher than 99. 9% (mass frac-
tion) . The samples were then inverted and remelted 5
times to ensure good homogeneity. Theredfter , the al-
loy samples were crushed into fine powders of 200
300 mesh in nortar.

1.2 X-ray diffraction
Crygallographic characterization of the hydrogen
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gorage alloys were carried out by XRD analys's utiliz-
ing Cu K radiation on a Ragaku D/ max 2500V PC X-
ray diffractometer. The cell parameters of the aloys
were calculated by Cell program.

1.3 Hectrochemical measurements

The metal hydride electrode was prepared by me-
chanically pressing (6000 kg- cm™?) the well-mixed
alloy powder with nickel powder in weight ratio of
1 5. The weight of whole electrode was 0.9 g. The
pellet with a diameter of 13 mm and thickness of
1.5 mm wasformed at room temperature. The electro-
chemical properties were measured in a cell which
oconsgs of a working electrode (metal hydride elec-
trode) , a ocounter-electrode (NiOOH/Ni (OH), elec-
trode ) . The electrolyte is 6 mol - L ~ ! KOH aqueous
9l ution. Charge and discharge tes was conducted us
ing DC-5 battery teging ingrument controlled by com-
puter. The emphads of these charge/ discharge tess
was on electrochemical capacity and dability of the
negative electrode. The capacity of the postive elec
trode was designed to be much higher than that of the
negative electrode. The experimenta cells were
charged at a current of 60 mA- g *for 5.5 h, ater
5 min res , and were discharged at certain currents.

2 Results and Discussion
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2.1 Crydal dructure

XRD patterns of LaNigs- xAlx (0 < x < 0. 3)
compounds shown in Hg. 1 exhibit sharp peaks, indi-
cating a long-rage crygallographic order and excellent
crygalinity. The compounds have dnge phase with
LazNirtype phase, There are some dight offsde a
mong the patterns of LaNis s- xAl x(0< x<0.3) comr
pounds because of the elemental subgitutions. Table 1
ligs the lattice parameter and cell volume of conr
pounds. It can be found that cell wolume increases
with the increases of x in the compounds because of
the radius of Al islarger than that of Ni.
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Fig.1 XRD anayses of aloy compostions of (1) LaNiss,
(2) LaNiz4ALo.1, (3) LaNissALozand (4) LaNix
AlLo 3

Table 1 Lattice parameter , cell volume for LaNis 5. xAl x
(0< x<0.3) compounds

L attice parameter cdl volume/
Al-stochiometry .3
a/nm ¢/ nm nm
0.0 5.05242(665) 24.6371(2) 544.67
0.1 5.0515(928)  24.64871(3) 544.71
0.2 5.05247(475) 24.63729(1) 544.74
0.3 5.05282(696) 24.63941(2) 544.79

2.2 Discharge performance of metal hy-
dride electr odes

The discharge characterigics of the metal hydride
electrodes at low current dendty are shown in FHg. 2.

It can be clearly seen that the LaNis s electrode
has low discharge capacity. However , the perfor-
mances of the electrodes are greatly improved on Al
addition. The chemical characterigics of Al and Ni
may be conddered to elucidate this phenomenon. As
the atomic radius and atomic volume of Al are greater
than that of Ni, the addition of Al with inevitably
causes an expandon of the lattice cell and will thus
enlarge the interditial gpace and accordingly will ben-
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Fg.2 Discharge characterigics of metalic hydride electrodes
(Charge at current of 60 mA- g~ *for 5.5 h; Discharge
a current of 60 mA-g (1) LaNi3.5, (2) LaNiz4
ALo.1, (3) LaNiz.sALo.2, (4) LaNizALo.3)

efit the processes of hydrogen sorption and desorption.

2.3 Hfect of element subsitution on acti-
vation of €ectrodes

It is found from FHg. 3 that LaNis s eectrode
shows very low capacity , less than 90 mAh- g *.
However, the discharge capacity of LaNis 4 Alo.1,
LaNis 3Alo 2, and LaNis »Alg 3 isover 135 mAh-g !
for the firg cycle and the discharge capacity is up to
90 % of the maximum capacity in the third cycle.
Therefore it is reasonable to conclude that Al addition
causes an expangon of the lattice cell and is bendficia
to the activity of the electrode.
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Fig.3 Dependence of discharge capacity on Al contents

2.4 Hfects of Al on rate discharge ability
of electrodes

High rate discharge ability (HRD) is an impor-
tant property for MH-Ni battery. HRD is obtained
from discharge capacity at different discharge ability
us ng the following equation.

HRD ( %) = Cy/ Ceo
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where Cy is discharge capacity at different discharge
current , and Cgp is the discharge ability at the dis
charge current of 60 mA-g~*. The HRD of the metal-
lic hydride electrodes under different discharge current
dendty is shown in FHg. 4. It is clearly seen that the
HRD of electrodes increases with the increase of
amount of the Al addition. At the discharge current of
2500 mA-g ', HRD of LaNiz sisonly 24 %, whichis
more than 14 % lower than that of LaNiz 2Alg.3. This
can a9 be attributed to the greater intergitial gace of
aloy with Al addition that make the hydrogen diffuse
eadly ,1Ehus improve the high rate discharge ability.
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2.5 Specific capacity at - 30

The ecific capacity at low temperature is very
important for an MH-Ni battery , epecialy for the
MH-Ni battery used in the northeast of china in win-
ter. It is noted from Hg. 5 that Al addition is detri-
mental to the gecific capacity at low temperature. The
reaon of the phenomenon is not very clear and we will
find it in our following research work.

3 Conclusion
Al isfound to be bendit not only to the gecific
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Fg.5 Discharge characterigics of metalic hydride electrodes
a - 30 (Charge current: 60 mA-g ‘for 5.5 h;
Discharge current: 60 mA - g *; (1) LaNiss, (2)
LaNiz.4ALo.1, (3) LaNiz.3ALo.2, 4.LaNizALo.3)

capacity , but a9 to the high rate dischargeability for
the aloy. On the other hand it is detrimental to the
discharge performance at low temperature.
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