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ABSTRACT

Electrolytic impregnation of nickel hydroxide into porous sintered nickel plaque from var-
ious nickel solutions were carried out at room or high temperatures and current density
range of 2.5mAcm? to 25mA cmn% The morphology of the deposited surface was observed
with an electron microscope and the surface products were analyzed by means of X-ray dif-
fraction method. Nickel hydroxide was deposited in nickel nitrate electrolyte, while deposits
from sulphate or chloride solutions were almost metallic nickel. The loading level of nickel
hydroxide from nitrate solutions was 1.6gcm™* void volume and the appearance of the sur-
face was good quality. Discharge capacity of prepared electrodes in nickel nitrate electrolyte
was larger than that of the others bath. It was considered that the cell capacity was depen-
dent on the surface roughness of active material.

INTRODUCTION

The nickel active material is used as bat-
tery cathode. The nickel-cadmium alkaline
battery is a subject of research for high ener-
gy density and extend the life-time. Nickel
electrode are often prepared by chemical im-
pregnation of active nickel hydroxide in the
porous sintered nickel plaque. Since the oper-
ation of chemical impregnation is very com-
plicated, its process requires a special tech-
nique. In the electrochemical method, nickel
hydroxide is electrolytically deposited in the
pores of the plaque”. This method is operate
efficiently.

However, electrolytic impregnation deterio-
rates the properties of the nickel nitrate solu-
tion due to the formation of ammonium
hydroxide?. Therefore, reproducibility is not

necessarily uniform. In the present paper, the
properties of electrodes prepared by electro-
chemical impregnation from various nickel
solutions were investigated.

EXPERIMENTAL PROCEDURE

The typical process flow sheet for electro-
chemical impregnation of nickel hydroxide
electrode is shown in Figure 1. Sintered nick-
el plaque (50x70x0.7mn, porosity 85%)
was placed between two counter electrolytic
nickel plates. 0.5~3.0M Ni(NO;),, NiSO, and
NiC,, solutions were carried out at room or
high temperature (85°C) and current densities
in the region of 2.5~25 mA cm™? were used.
The nickel hydroxide electrodes were assem-
bled with two negative cadmium electrodes in
the cells and 6M KOH was used as an electro-
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lyte. The characteristics of the cells prepared
by electrolytic impregnation were compared
with high temperature chemical impregnation
¥, The surface morphology was analyzed by
means of a scanning electron microscope.
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Fig. 1 Schematic of electrochemical impregnation
Process.

RESULT AND DISCUSSION

The best condition of deposition of electro-
lytic impregnation from Ni(NQO;), solution was
constant current-constant voltage electrolysis
at 85.

In this method, constant current electrolysis
at 25mA cm™? 60min was followed by constant
voltage 2.4V 60min electrory sis. Sometimes,
the loading level ofnickel hydroxide in this
case was almost 1.6g cm™? void volume. How-
ever, the amount of nickel hydroxide was de-
creased with a number of impregnation
times. Table 1 shows typical data of loading
levels. This may due to change of bath condi-
tion.

Nitrate ions increase the self-discharge of

the nickel-cadmium cell®.

Cd + H,0 + NO,-
2NiOOH + H,0 + NO,-

Cd(OH), + NO,-
2Ni(OH), + NOs-

The discharge of the positive and negative
electrodes were promoted very much by the
nitrate-nitrite shuttle. It should be taken to
minimize the content of nitrate. Table 2
shows initial capacities of the nickel positive
electrodes.

Electrochemical impregnation from nickel
sulphate and chloride solutions can be taken
nitrate free electrode. However, these elec-
trodes had little discharge capacities. Fig-
ure 2 shows X-ray diffraction patterns of
nickel positive electrodes. From the figure, it
can be considered as deposits from sulphate
and chloride solutions were almost metallic
nickel.

Table 1 Impregnation data of nickel positive elec-

trodes.

Number of Weight Loading level
Impregnation gain/g /eg-cm™3 void vol.
1 0.763 1.04
2 0.633 0.87
3 0.618 0.85
4 0.599 0.82

Table 2 Initial capacities of nickel positive elec-

trodes
I ated
MPrenated | Ni(Noy), | Niso, | NiCl,
solution
Discharge 1.00 0.01 0.01
capacity/Ah ) ’ )
Utilization
106 0.93 0.92
/%
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Fig. 2 X-ray diffraction patterns from nickel posi-
tive electrodes.
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Fig. 3 SEM photographs of the surface of nickel
(a) Impregnated in Ni(NO;) solution
(b} Impregnated in NiSO, solution
" {c) Impregnated in NiCl; solution

The results of the surface observations
are presented in Figure 3. The morphologi-
cal change was observed in the respective
electrodes.

In order to compare characteristics of
electrochemical impregnation with chemi-
cal 1t (90°C), the cells were measured a
quantity of self-discharge on standing
(Figure 4, 5). The cell prepared by elec-
trochemical mpregnation from Ni(NO;)
was show ed good quality.
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Fig. 4 Charge retention characteristics of Ni-Cd

cell.
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Fig. 5 Charge retention characteristics of Ni-Cd
Cell.

4. CONCLUSIONS

In this work, the best condition of electro-
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lytic impregnation from Ni(NQ,), solution is
constant current-constant voltage electroly-
sis at high temperature. However, deposits
from NiSO, and NiCl, solutions are deposited
almost metallic nickel. Self-discharge charac-
teristics of Ni-Cd cell prepared by Ni(NOs),
solution is better than that of high tempera-
ture chemical impregnation. It is consider
that the cell capacity dependent on the sur-
face roughness of active material.
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