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Abstract 

We have studied effects of Ni- and Cu-coating of hydride-forming metal alloys on their performance as the cathode material of an Ni/MH, 
cell. Ni or Cu (5-9 wt.%) was coated on alloy particles by an electroless coating technique prior to test electrode preparation. Mechanical 
stability of the alloy particles and the cycle life did not appear to be improved by such coatings. However, such coatings greatly improved the 
electrode rate capability and alloy activation time. The coating technique appears to be extremely useful for alloys which have other desirable 
properties, such as high specific capacity and long cycle life, but have low rate capability and long activation time. 
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1. Introduction 

A nickel-metal-hydride (Ni/MH,) cell is rapidly being 
commercialized, in recent years, for power sources for many 
applications, especially for consumer electronics. The 
Ni/MH, system has received special attention from many 
battery developers and manufacturers especially due to envi- 
ronmental safety concerns regarding the Ni/Cd cell. Con- 
cerns about toxicity of Cd have led to stricter governmental 
environmental regulations, both in production processes and 
disposal of the cells. Such regulations made it more difficult 
to manufacture Ni/Cd cells and dispose of them economi- 
cally after use. The Ni/MH, cell has also the advantage of 
being able to replace an Ni/Cd cell virtually without achange 
of the existing power systems for many electronic devices 
because these two are similar in physical structure as well as 
in charge and discharge voltage characteristics. In addition, 
the Ni/MH, cell has higher gravimetric and volumetric 
energy densities than Ni/Cd cells, by approximately 30%. 

Despite its rapid commercialization, further improvement 
of the cell is desired for long cycle life, higher rate capability, 
and other properties. For some applications, high power is 
critically important. Performance of the cell in general, 
including rate capability, depends strongly on the alloy com- 
position. Some alloys show high specific capacity and chem- 
ical stability but lack rate capability. Other alloys are 

* Corresponding author. 

tediously slow in activation taking man) cycles to reach full 
capacity. It has been reported that coating. alloy particles with 
Cu and Ni can improve rate capability, utilization, and cycle 
life performance [l-3] of the alloy in an Ni/MH, cell. In 
this study, we have investigated the alloy rate capability and 
cycle life of selected AB,-type alloys beldre and after coating 
with Ni or Cu in an effort to develop an advanced Ni/MH, 
cell [4]. 

2. Experimental 

2.1. Alloys and coating 

Alloy compositions studied in this paper are shown in 
Table 1. Non-atomized alloy samples ( D31 and D32) were 
made by mechanical pulverization of ingots prepared by melt- 
ing in an induction furnace. Atomized alloy samples (D3 la, 
D32a, R02a, and R06a) were prepared by an atomization 

Table I 
Alloy compositions 

Alloy identification Compositions 

D31 and D31a 
D32 and D32a 
R02a 
R06a 
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technique described in Ref. [5]. Particle size range of all 
alloy samples was 38-90 pm in diameter. The coating was 
carried out using an electroless coating technique. Ni-coating 
was carried out in an alkaline hypophosphite bath ( NikladTM 
776A and 776H). Typical weight gain by the coating was 
8-9% of the original alloy weight. Cu-coating was carried 
out in an acidic copper sulfate bath. Cu-coating was achieved 
by a displacement reaction by introducing alloy powder in a 
vigorously stirred solution of approximately 0.5 M CuS04 
containing Cu in a quantity corresponding to approximately 
5% of the alloy weight. 

2.2. Test electrodes and cells 

The metal-hydride (MH,) test electrodes were prepared 
by pasting a slurry of the alloy powder, Shawinigan acetylene 

Fig. 1. SEM photograph ( X 5000) of an electroless Ni-coated particle of a 
mechanical powder, D3 1. 

black (AB50), and polymer solution on a piece of nickel 
foam substrate of 80 to 100 pores per inch. Test electrodes 
were approximately 2.3 cm X 2.3 cm in size. Each electrode 
contained approximately 0.8 to 1 g of alloy. Performance 
tests of the MH, electrodes are carried out in a flooded elec- 
trolyte Ni/MH, cell containing 31 wt.% KOH electrolyte. 
After activation, the cells were immediately trickle charged 
at 10 to 20 mA for a minimum of several hours before meas- 
uring their initial capacities to prevent possible corrosive 
oxidation of the active alloy material 

2.3. Test cycle regime 

The cycling regime for the cycle 111~ test was an aerospace 
low earth orbit (LEO) regime at appi oximately 50% depth- 
of-discharge with 110% recharge, i.e., 35 min discharge at 
0.86C rate (285 mA) followed by recharge at 0.6OC (198 
mA) for 55 min. Interim capacity was measured by discharg- 
ing the cells at 165 mA to 1.0 V after interrupting the cycle 
test at the end of charge followed by charging them at the 
same rate for 2.5 h. The discharge/charge cycle was repeated. 
These second cycle data are discussed below. 

3. Results and discussions 

3.1. Ni-coating 

A scanning electron microscopy (SEM) picture ( X 5000) 
of the cross-sectional view of an Ni-coated D31 alloy is 
shown in Fig. 1. A partially peeled-off film ( < 1 p,m thick) 
of the Ni-coating is shown in the middle of the picture (indi- 
cated by an arrow). To confirm that the film is made of Ni, 
P and Ni maps of energy dispersive analysis of X-rays 

Fig. 2. Phosphorous map of EDAX/SEM photograph ( X5000) of the 
Ni-coated alloy particle of Fig. 1. 

Fig. 3. Nickel map of EDAXlSEM photograph (5000 X ) of the Ni-coated 
alloy particle of Fig. 1. 
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(EDAX)/SEM were taken, see Figs. 2 and 3. High concen- 
tration of P in the film region of the map in Fig. 2 is indicating 
that the film is made of an Ni film, since an electroless coating 
of Ni from a hypophosphite bath generally contains P as much 
as 5-14 wt.% [6]. The Ni map as shown in Fig. 3 is also 
indicating that the film is Ni. 

3.2. Electrode performance of Ni- and Cu-coated versus 
uncoated alloys 

We have studied effects of the Ni- and Cu-coatings on the 
initial performance of alloys. Charge and discharge voltage 
curves of Ni/MH, cells containing alloys without and with 
Ni-coating are shown in Fig. 4 for a non-atomized alloy, D32, 
and in Figs. 5 and 6 for the atomized alloys, D32a and D3 la, 
respectively. Charge voltages of uncoated alloys are notice- 
ably higher and discharge voltages noticeably lower than 
those of the Ni-coated alloys for both the atomized and the 
non-atomized alloys. This observation indicates that the Ni- 
coating reduced substantially the electrode polarization, 
hence it greatly enhanced the electrode rate capability. This 
reduced polarization might be due to the possible catalytic 
activity of the Ni-coating for hydrogen oxidation and water 
reduction, while such a catalytic activity is not anticipated 
from the Ni atoms in the alloy. Charge and discharge voltage 
curves for an atomized alloy, RO6a, without and with Cu- 
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Fig. 4. Charge and discharge voltage of curves D32 alloy electrodes at 100 
mA in an Ni/MH, cell. (A, B) Charge curves and (E, F) discharge curves 
are for the uncoated alloy. (C, D) Charge curves and (G, H) discharge 
curves are for Ni-coated alloys. 
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Fig. 5. Charge (at 80 mA) and discharge (at 70 mA) voltage curves of 
Ni/MH, cells made of bare and Ni-coated atomized D32a alloy electrodes. 
(A) Charge curve and (B) discharge cmve are for the uncoated alloy. 
(C, D) Charge curves and (E, F) discharge curves are for Ni-coated alloys. 

coating are shown in Fig. 7. Cu-coating also reduced the 
electrode polarization rather drastically thus improving sub- 
stantially the electrode rate capability and the electrochemical 
utilization of the alloy. The effect of Ni-coating on the cycle 
life performance of the alloy D32a is shown in Fig. 8. The 
Ni-coated alloy was fully activated in 100 cycles giving 
approximately 200 mAh/g while the corresponding uncoated 
alloy was not fully activated giving less than 100 mAh/g. 
This alloy appears to be activated to approximately 16OmAh/g 
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Fig. 6. Charge (at 80 mA) and discharge (at 70 mA) voltage curves of 
Ni/MH, cells made of hydride electrodes containing uncoated and Ni-coated 
atomized D31a alloys. (A) Charge curve and (B ) discharge curve are for 
the uncoated alloy. (C, D) Charge curves and (E. F) discharge curves are 
for Ni-coated alloys. 
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Fig. 7. Charge (at 70 mA) and discharge (at 7j mA) voltage curves of 
Ni/MH, cells made of hydride electrodes Llbntaining uncoated and 
Cu-coated atomized RO6a alloys: (A) Charge curves of duplicate cells for 
the uncoated alloy (0.868 and 0.965 g, respectively); (B) discharge curves 
of these cells; (C) charge curves of duplicate I:ells for Cu-coated alloy 
(0.858 and 0.915 g, respectively). and (D) dischxge curves of these cells. 
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Fig. 8. Effects of Ni-coating on capacity of elek,trodes made of atomized 
D32a alloy powders: (A) and (B) Ni-coated, ant1 (C) uncoated. 
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Fig. 9. SEM photograph ( X 500) of an Ni-coated atomized particles of R02a 
alloy. 

Fig. 10. SEM picture of Ni-coated RO2a alloy after 742 cycles. 

after 700 cycles during which the Cu-coated alloy was par- 
tially degraded to give similar capacity value. This and other 
results showed that the Ni- and &-coatings provide faster 
activation than the corresponding uncoated alloys, but after 
long cycling their performances appear to converge to a sim- 
ilar specific capacity value as indicated in Fig. 8. 

Physical degradation of Ni-coated alloy particles was stud- 
ied by SEM. SEM pictures of Ni-coated atomized particles 
of R02a alloy before and after the cycling test are shown in 
Figs. 9 and 10, respectively. The degradation of Ni-coated 
R02a alloy particles after 742 cycles was rather pronounced 
as shown in Fig. 10. We have also previously discussed the 
mechanical degradation of atomized particles of other 
uncoated alloys [ 51. Although Ni-coating gives the great 
benefit of reducing activation time of the alloy and reducing 
electrode polarization, it appears that the mechanical stability 

of the alloy was not improved. AddItIonal cycle test results 
on alloys with and without Ni-coating appears to show that 
cycle life of the alloy is not improved by the coating as 
illustrated in Fig. 8. This result is in contrast with an earlier 
report [ 31 that the cycle life of L,aN&,A& alloy was 
improved by a factor of four by Cu-coating. The difference 
of the two observations appears to bt: due to the following 
reasons. The main degradation reaction of LaNi4.7Ab.3 alloy 
might be oxidation of the alloy by oxygen gas evolved from 
the Ni electrode of the Ni/MH, cell Hence, this cycle life 
improvement was due to the function of the Cu-coating as an 
oxygen barrier to protect LaN&Al,, , alloy from oxidation 
[ 3 1. In contrast, the main degradation of the present alloys 
could be due to mechanical disintegration which is not pro- 
tected by the present Ni-coating. 

4. Summary 

Ni and Cu, respectively, were coated on alloy particles by 
an electroless coating technique with a minor weight gain 
(5-9 wt.%) prior to the preparation of the test electrodes. 
Mechanical stability of the alloy particles and the cycle life 
did not appear to be improved by such coatings. However, 
the coating greatly improved the electrode rate capability and 
alloy activation time. The coating technique appears to be 
extremely useful for alloys which have other desirable prop- 
erties, such as high specific capacity and long cycle life, but 
have low rate capability and long activation time. 
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