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Abstract  

(LM)Ni4.49Co0.aMn0.205A]0.205 (LM, lanthanum-rich mischmetal) hydrogen storage alloy powder was coated by 25 wt.% electroless 
copper l:lating in an acidic bath, mixed with organosilicon and compacted into disk-type electrodes at room temperature. The 
characteristics of the metal hydride electrodes were examined through electrochemical measurements in a half-cell. As the 
amount of organosilicon increased, the initial discharge capacity of the electrode became lower and the activation rate at 
high eur::ent density was slower. For extended cycling, however, the electrodes with organosilicon were superior in terms of 
high rate discharge capacity, useful range of temperature and cycle life to the silicon-free electrode, though the charge retention 
was not improved. It is suggested from the results that organosilicon can be usefully applied as a binder in the preparation 
of metal hydride electrodes. 
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1. Introduction 

The metal hydride electrode using hydrogen storage 
alloys has been studied very extensively over recent 
years because of several advantages such as a high 
energy density, a fast charge-discharge rate and a very 
low toxicity. This electrode can suitably substitute for 
the cadmium electrode in the Ni-Cd battery [1-10]. 

However, in practical applications of the metal hydride 
electrode, one of the problems, especially when an 
alloy wilh a high hydrogen storage capacity is used, is 
a large decay of the discharge capacity upon repeated 
charge-discharge cycling. 

Many studies [3-13] related to the cycle life of hydride 
electrodes have been reported. Willems [8] found that 
LaNis-type alloys with components such as Co, A1 and 
Si had a much longer cycle life. In order to obtain 
good electrical conductivity, compactness and mechan- 
ical endurance, Ishikawa et al. [11] and Park and 
Kirchheim [12] coated the alloy powder with copper 
by employing an electroless plating method. Also, Sakai 
et al. [13] used polytetrafluoroethylene (PTFE) as a 
binding :material. The adhesive material was found to 
bind the alloy powder easily to form a network, providing 
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good flexibility and close contact between powder par- 
ticles. In this study we have examined the properties 
of electrodes prepared using organosilicon as a binding 
material. Organosilicon has been widely used as a sealant 
for windows, etc. and is very inexpensive compared 
with PTFE powder or a PTFE dispersion. 

2. Experimental details 

The hydrogen storage alloy with the composition 
(LM)Ni4.agCoo.aMn0./osAlo.zo5 (LM, lanthanum-rich mis- 
chmetal) was provided by JMC (Japan) as a powder 
with particle size below 100 /zm. The hydrogen de- 
sorption plateau pressure of this alloy is 0.6 atm at 25 
°C and the effective hydrogen storage capacity is about 
0.9 H/M. 

The alloy powder was coated with 25 wt.% copper 
by electroless plating in an acidic bath. Details of the 
method have been described in a previous paper [12]. 
The copper-coated alloy powder was mixed with 3-10 
wt.% adhesive silicon sealant (organosilicon 780RTV, 
Lucky-DC Silicon Co. Ltd., South Korea) and cold 
compacted at 6 ton cm -2 into disks of 10 mm diameter. 
The electrochemical measurements were conducted in 
a Pyrex test cell consisting of the metal hydride electrode, 
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a platinum counterelectrode, a mercury oxide (Hg/ 
HgO) reference electrode and 6 M KOH electrolyte. 
Charge-discharge cycles were carried out automatically 
up to 200 cycles. 

The charge and discharge currents were of equal 
magnitude for all samples and changed from 10 mA 
for the first 10 cycles to 15, 30 and 60 mA for subsequent 
cycles. The charge times were 200 min at 10 rnA, 130 
min at 15 mA, 65 min at 30 mA and 33 min at 60 
mA. Discharging was interrupted at -650  mV(Hg/ 
HgO) in order to avoid oxidation of the copper. A rest 
time of 20 s was allowed for every change in the current 
direction. 

3. Results 
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Fig. 2. Discharge capacity as a function of discharge current and 
amount of organosilicon in activated alloy electrodes (charge 15 mA, 
130 min at 25 °C). 

The influence of the amount of organosilicon on the 
activation of the electrodes is shown in Fig. 1. As the 
amount of organosilicon increased, the initial discharge 
capacity decreased, indicating that the organosilicon 
suppressed the electrode activation. This can be at- 
tributed to the fact that the organosilicon covered the 
surface of the alloy powder, resulting in a decrease in 
contact area between electrode and electrolyte. The 
maximum discharge capacities, however, were achieved 
at about the fifth cycle, since the volume change of 
the alloy upon charging and discharging caused many 
cracks in the alloy, producing new clean surfaces needed 
to activate the alloy. 

Fig. 2 shows the discharge capacity as a function of 
the discharge current and the amount of organosilicon 
in the activated electrodes at 25 °C. As the amount 
of organosilicon increased, the discharge capacity at 
high discharge current became higher. When the elec- 
trode bound by 10 wt.% organosilicon was discharged 
at 60 mA, the discharge capacity was about 96% of 
the maximum capacity. 
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Fig. 1. Changes in discharge capacity of electrodes prepared with 
various amounts of organosilicon during initial charge-discharge 
cycling (charge 10 mA, 200 min; discharge 10 mA at 25 °C). 
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Fig. 3. Discharge capacity as a function of  temperature and amount 

of organosilicon (charge 15 mA, 130 min; discharge 15 mA). 

The temperature dependences of the discharge ca- 
pacity of the organosilicon-bound electrodes are shown 
in Fig. 3. The maximum discharge capacity appeared 
at 25 °C for all electrodes. With any increase or decrease 
in temperature the discharge capacities decreased. The 
addition of organosilicon improved the useful range of 
temperature compared with the silicon-free electrode 
and the effect was more significant at low temperature. 

The potential gaps between charging and discharging 
at various temperatures are illustrated in Fig. 4. It can 
be seen that the potential gap decreased with increasing 
temperature for all electrodes. Since the potential gap 
is a dynamic hysteresis and represents the rate of 
electrode reaction, the results in Fig. 4 reveal that the 
rate of electrode reaction decreases with decreasing 
temperature. This would appear to be reasonable be- 
cause the electrode reaction is a thermally activated 
process. Thus the decrease in discharge capacities at 
low temperature in Fig. 3 was due to the slow rate of 
the electrode reaction. On the other hand, the decrease 
in capacities at high temperatures where the electrode 
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Fig. 4. Pc,tential gap between charge and discharge as a function of 
tempera ture  and amount  of  organosilicon. 
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Fig. 5. Changes  in discharge capacity ratio after various retention 
times at 75 °C: A, 1 day, discharge 15 mA;  B, 5 days, discharge 15 
mA;  C, 5 days, discharge 3 mA; D, second cycle of A, discharge 
15 mA. 

reaction rate was faster could be attributed to the 
decrease in charging efficiency because of a higher 
plateau pressure for hydride formation than atmospheric 
pressure:. 

Fig. 5 shows the changes in discharge capacity in 
the organosilicon-free and 20 wt.% organosilicon-bound 
electrodes after various retention times at 25 °C. The 
results lot the two electrodes were almost the same, 
indicating no effect of organosilicon addition on charge 
retention. When the electrode had been stored for 24 
h after full charging and discharged at 15 mA, the 
discharge capacity decreased to about 68% (176 mA 
h g- l )  of the normal capacity. After storing for 5 days, 
it was about 54%. The reasons for the decrease in 
discharge capacity with retention time can be classified 
into two kinds: a self-discharge due to the desorption 
of hydrogen gas from the electrode and a self-deac- 
tivation of the electrode. The latter could come from 
a decay of the catalytic effect at the electrode surfaces. 
In order to clarify the actual reason, we attempted to 
discharge the electrode stored for 5 days at a very low 
current (3 mA). The discharge capacity increased sig- 

nificantly to about 86% of the normal capacity. Another 
experiment, cycling of the electrode stored for 24 h, 
was conducted at the normal discharge current of 15 
mA. The discharge capacity recovered from 68% at 
the first cycle to 90% at the second and gradually 
approached close to the normal value with increasing 
cycles. From the fact that the discharge capacity was 
strongly dependent on the discharge current, we could 
conclude that the decrease in discharge capacity with 
retention time was caused by the self-deactivation of 
the electrode. 

The changes in discharge capacity with 
charge-discharge cycling of various organosilicon-bound 
electrodes are presented in Fig. 6. Similar to other 
metal hydride electrodes, these electrodes also showed 
considerable degradations in discharge capacity with 
increasing number of cycles. The maximum discharge 
capacities, appearing after about 4-5 cycles, were nearly 
the same, 250 mA h g-1 (including the weights of 
coated copper and organosilicon), for all electrodes. 
The discharge capacities of the electrodes after 200 
cycles were 66%, 68%, 71% and 76% for the silicon- 
free and 3, 5, and 10 wt.% organosilicon-added elec- 
trodes respectively as compared with their maximum 
capacities, i.e. increasing with the amount of organos- 
ilicon. This improvement in cycle life by the addition 
of organositicon can be explained by a shielding effect 
of the organosilicon. Shielding of the alloy surface by 
the organosilicon can protect the alloy from oxidation 
and falling off from the electrode. However, it was very 
difficult to completely prevent the alloy powder from 
falling off during cycling in the open half-cell, because 
the volume expansion of the alloy with hydriding, con- 
firmed by X-ray diffraction analysis, was about 25%. 
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Fig. 6. Variation in discharge capacity of organosilicon-bound elec- 
trodes with cycles at 25 °C (charge 15 mA, 130 min; discharge 15 
mA).  
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4. Conclusions References 

For the preparation of metal hydride electrodes, we 
have added silicon sealant as a binding material after 
25 wt.% copper plating. From electrochemical mea- 
surements on the electrodes, we can draw the following 
conclusions. 

(1) As the amount of organosilicon increases, the 
initial discharge capacity becomes lower, but the max- 
imum discharge capacity can be achieved within 5 cycles. 

(2) The electrodes with organosilicon are superior 
in terms of high rate discharge, useful range of tem- 
perature and cycle life to the silicon-free electrode, 
although there is no difference in the charge retention. 

(3) Silicon sealant can be promisingly utilized as a 
binding material in the preparation of metal hydride 
electrodes. 
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