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Abstract 

A study of the cyclic voltammetry response of a coprecipitated nickel hydroxide electrode in 5 M KOH solution shows that cobalt, 
manganese and zinc are beneficial additives in practical nickel batteries because they can increase the overpotentials for oxygen evolution 
reaction at the nickel hydroxide electrodes and decrease redox peak potentials. By contrast, iron and lead are considered harmful to nickel 
batteries because they can decrease the overpotentials at the nickel hydroxide electrode. On the other hand, the addition of iron is beneficial 
to the water electrolysis process. Cobalt can act as antidote to iron and lead in batteries. © 1997 Elsevier Science S.A. 
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1. Introduction 

Cobalt, manganese and zinc are usually used as beneficial 
dopants in nickel battery electrodes [ 1-10]. By contrast, iron 
and lead are usually harmful to battery capacity [ 3 ], and their 
contents are therefore strictly conu'olled during battery pro- 
duction [3-11 ]. A main reason tbr limiting the working effi- 
ciency of water electrolysis is the higher overpotential of the 
oxygen evolution reaction (OER), which leads to a higher 
voltage of the electrolysis cell and excessive assumption of 
electric energy [9-14]. Nickel is an appropriate positive- 
electrode material for water electrolysis in alkaline aqueous 
solution. The reason lies in the fact that a thin film of metal 
hydroxide is formed on the surface of nickel electrode. In 
addition, nickel electrodes are often used in batteries and 
electrosynthesis cells. In order to improve the performance 
of the electrode, it is necessary to adopt new electrode mate- 
rials, for example, by doping with transition metal atoms 
[ 15]. Since the existence of metal dopants and impurities has 
a vital effect on the electrochemical performance of the elec- 
trode, it is necessary to gain an understanding of the effect of 
these metal dopants and impurities on the Ni (OH) 2 electrode. 

There have been some detailed studies of cyclic voltam- 
merry response of Ni(Ott)2 and N i ( O H ) 2 + M ( O t l ) ,  
obtained by chemical coprecipitation in alkaline solutions of 
various concentration, and the mechanisms have been eluci- 
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dated to some extent [ 16,17 ]. Corrigan [ 181 studied the OER 
at electrodes made frcw nick~.? and other mixed.-metal 
hydroxides obtained by electl,chemic~t coprecipitation in ! 
M KOH aqueous solution. Nevertheless, since 5-8 M KOH 
solution is widely used in nickel batteries, it is more appro- 
priate to study the cyclic voitammetry response of Ni(OH)2 
electrode in KOH electrolyte of higher concentration. 

2. Experimental 

2.1. Preparation of the substrate 

Nickel foil ( l cm × l cm) was used as a substrate. A metal 
hydroxide thin film that was electrochemically coprecipitated 
on nickel foil was used as a working electrode. 

Prior to use, the foils were degreased by cleaning with 
detergent and acetone, and then rinsing with water. The foils 
were next cleaned electrochemically in 5 M KOH solution 
by passing 5 mA of anodic and cathodic current, each for 30 
s. Finally, the foils were stripped in 1 M HCI with an anodic 
current of 5 mA for 30 s. The cleaned foils were used for 
deposition after rinsing in distilled water. 

2.2. Deposition of thin fiims 

The cleaned nickel foil substrate was placed opposite a 
platinum foil counter electrode in a rectangular acrylic vessel. 
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Both sides of the nickel foil were used for electrochemical 
deposition. 

The electrolyte solution was made up of 0.05 M Ni (NO~) 2, 
or a mixture of Ni(NO3)2 and one or two of Co(NO3),, 
Mn(NO~) 2, Zn(NO3) 2, Fe(NO3) 2 and Pd(NO3) 2. 

Nickel hydroxide films were prepared by cathodic depo- 
sition from 0.05 M Ni(NO3)2 solution. Composite hydrox- 
ides were prepared by cathodic deposition from mixed-metal 
nitrate solutions. 0.05 M nitrate solutions were made up of 
Ni(NO.02 and one or two of Co(NOn)2, Mn(NO~),, 
Zn(NO3) 2, Fe ( NO3)., and Pd(NO~).,. The total concentra- 
tion of metal ions in the mixed solutions was 0.05 M. 

After I min in the electrolyte solution, to reduce convec- 
tion, the metal hydroxide films were deposited by applying a 
cathodic current of ! mA for 10 rain. 

2.3. btstrumentation 

A Princeton Applied Research (PAR) Model 363 poten- 
tiostat/galvanostat was used to apply current tbr the deposi- 
tion procedure, as well as to control the potential during cyclic 
voltammetry. A 8116A programmable pulse/function gen- 
erator (HP 8116A) was used to provide the potential wave 
form tbr the cyclic voitammetry experiments. Cyclic voltam- 
merry transients were recorded with a YEW 3086 x-y 
recorder. 

2.4. Vollammet~. 

Cyclic voltammetry experiments of the precipitated films 
were conducted in 5 M KOH electrolyte. 

After deposition, the thin film electrodes were immediately 
rinsed with distilled water and transferred to a cell that com- 
prised a rectangular vessel constructed from acrylic plastic. 
The counter electrodes were two platinum foils positioned 
opposite the working electrode. The working electrode and 
counter electrodes were immersed in 30 ml of solution. A 
Hg/HgO reference ( 5 M KOH) was contacted through a side 
probe located 2,5 mm from the working electrode. 

in cyclic voltammetry experiments, the initial potential was 
at 0 mV versus Hg/HgO. The potential was first scanned 
anodically at ! 0 mV s - * past nickel hydroxide oxidation peak 
into the oxygen evok, ion region. The potential was then 
scanned past the nickel hydroxide reduction peak. The next 
cycle was then commenced, The potential scan covered a 
potential range between 0 and 0.7 V. Five thin film electrodes 
of each type were characterized by cyclic voltammetry, 

2,5, Estbmation of ox3\qen overlu~tentials 

To compare the catalytic effects of the coprecipitated films 
on the OER, the ovetpotential at 10 mA was estimated from 
the voltammograms. For this, it was assumed that the return 
sweep provided the best approximation of the steady-state 
condition since there would be less interference from the 
nickel hydroxide redox reaction. Thus, the overpotential was 

taken as the potential on the return sweep required to produce 
i0 mA of anodic current minus the reversible oxygen poten- 
tial (taken as 303 mV versus Hg/HgO) [ 191. 

3.  R e s u l t s  a n d  d i s c u s s i o n  

3. !. Precipitated films of single metal hydroxide 

3. I. !. Ni(OH)2 electrode 
The electrochemical behaviour of the S/Ni(OH)2 elec- 

trode (S = Pt, C, Au, Ni) has been thoroughly investigated 
[ 20,21 ]. A voltammogram for Ni (OH) 2 on a nickel substrate 
in 5 M KOH solution is shown in Fig. I. The two current 
peaks, at 487 and 395 mV, correspond to the anodic and 
cathodic peaks of Ni(OH)2, respectively. The overall elec- 
trode reaction can be described as 

Ni(OH) 2 + OH - ~ NiOOH + H.,O + e - ( ! ) 

The current peak at 616 mV in Fig. I is due to oxygen 
evolution. The corresponding reaction is the discharge proc- 
ess of OH- 

4OH - - 4e - ~ O2 + 2H20 (2) 

3.1.2. MntOH): electrode 
The cyclic voltammetry response of the Mn(OH)2 elec- 

trode is more complex than that of other electrodes due to a 
considerable loss of charge during potential cycling, as shown 
in Fig. 2. 

According to the thermodynamic results obtained by Cor- 
doba et al. [ 221 three cathodic peaks and three anodic peaks 
can be seen in the cyclic voltammogram for a Pt/Mn( OH)_, 
electrode. The peaks correspond to the transition 

Mn20:~(MnOOH) ~ M n ( O H )  2 \ /  
MnO 2 

The corresponding reaction equations are: 

Mn.,O3 + 3H20 + 2e- ~. 2Mn(OH)2 + 2OH - (4a) 

i I i 0 I 
- - '0  0.!  0.'2 0.3 0.4 .6 016 

voRage(V) 

Fig. I. Vo!tammogram for electrochemically precipitated Ni(OH)2. 
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Fig. 2. Voltammogram for electrochemically precipitated Mn (OH) 2. 

o r  

MnOOH + H20 + e - ~ Mn (OH) 2 + OH-  

MnO.~ + 2H.~O + 2e- ~ Mn(OH).~ + 2OH- 

2MnO2 + H20 4- 2e- ~ Mn~.O3 + 2OH- 

MnO2 4- H20 4- e-  ~ MnOOH + OH- 

(4b) 

(5) 

( 6 a )  

(6b) 
The same cyclic voltammetry response can be obtained for 

a Ni/Mn(OH)2 electrode, except for the different peak 
potentials because different substrates and different precipi- 
tated conditions lead to different S/Mn (OH) 2 interfaces. 

3.1.3. Co(OH)2 electrode 
Gosmez Meier et al. [23 ] have made a thorough investi- 

gation of the electrochemical behaviour in S/colloidal 
Co(OH)2. Additionally, there have been many studies on 
oxide films grown on cobalt metal in alkaline solution. Cor- 
doba et al. [22] examined the potential/dynamic response 
on the Pt/Co(OH)2 electrode surface, and observed two 
anodic peaks during the initial sweep. Both peaks shifted 
towards a negative potential and the peak current decreased 
markedly from the second cycle. Moreover, a third peak 
appeared near the oxygen evolution potential. The three peaks 
correspond to the following reactions [ 18]: 

3CoOOH + e -  ~ Co304 + OH- + H20 (7) 

3COO2 + 2H20 + 4e-  ~ C0304 4- 4OH - (8a) 

C002 + H20 4- e-  t:~ CoOOH + OH - (8b) 

2COO2 + H20 4- 2e-  ~ Co203 4- 2OH - (8c) 

Co203 4- H2 O 4- 2e- ~ 2Co304 4- 2OI-1- (9) 

The excess of anodic charge during the initial positive- 
going sweep is probably due to the formation of a species 
that is difficult to reduce. The potential range overlaps in the 
experiments reported here. Therefore, the peaks correspond- 
ing to rite gain/loss of electrons cannot be distinguished 
clearly from each other (Fig. 3). 

3.2. Cyclic voltammetry of binary coprecipitated films 

The mixed nitrate deposition solutions have 0.05 M total 
metal concentration which consists of three parts of 

, I I I , t a , .  a , , .  

0 0.1 0.3 0.! 0.4 0.5 0.6 0.7 

voltage(V) 
Fig, 3, Voltammogram for electrochemicaaly precipitated Co(01-02. 

i 

re 

Ni(NO3)2 solution and one part of one of C0(NO3)2, 
Mn(NO3)2, Zn(NO3)2, Fe(NO3)3 or Pb(NO3)2 solution 
( volume ratio). 

Cyclic voltammograms for these coprecipitated films are 
shown in Fig. 4. The data show that the coprecipitation of 
these metal ions into Ni(OH)2 thin films exerts some effects 
on the redox peaks of Ni(OH)2 and the OER. These effects 
include change of peak position, catalysis or poisoning of 
oxygen evolution. 

• | i | i . . . . .  t L _  , I  a 

I) O.l 0.3 G.I D.I D,S 0.1 0,7 

Fig. 4. Voltammogram for composite hydroxides with coprecipitated zinc, 
cobalt, manganese, iron and lead in 5 M KOH electrolyte. 
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Table I 
Overpotentials tbr the OER on various coprecipitated thin films 

Coprecipitated metal OER overpotential (mV) 

Ni ~ 313 
Co 316 
Mn 333 
Zn 317 
Fe 305 
Pb 311 

Ni(OH)., precipitated thin films. 

3.2. I. Effect of coprecipitated hydroxides thin films on the 
overpotential fi~r OER 

The OER overpotentials of coprecipitated hydroxides thin 
films of various metals are shown in Table I. The presence 
of cobalt, manganese or zinc increases the overpotential for 
OER. Manganese, in particular, exhibits a marked effect by 
increasing the OER overpotential by 20 inV. By contrast, the 
existence of lead or iron decreases the OER overpotential. 
The order of the effect of the various metals is: Mn > 
Z n > C o > N i > P b >  Fe. 

At more positive anodic potentials, oxygen gas is evolved 
according to 

4OH- ~ O, + 2H,O + 4e- (10) 

The current for the OER on a Ni(OH)., thin film is higher, 
that is, the overpotential for the OER is lower. The presence 
of coprecipitated metal alters the kinetics of the above reac- 
tion and, therefore, alters the overpotentiais for the OER. 
According to the results obtained by Corrigan [ 18], copre- 
cipitated cobalt can decrease the overpotential for OER, this 
is contrary to the results presented here. The difference may 
be related to the various coprecipitated conditions, such as 
current density, time, the content of metal, 

3.2.2. Effect on peak I~temials 
The effect ofcoprecipitated metal on the redox peak poten- 

tials of Ni(OH), are shown in Table 2. The effects on copre- 
cipitated thin films electrodes are relatively weak, and the 
average peak potential is more negative except iron. Since 
the separation of the peak potentials and the average peak 
potential can act as a measure of reaction reversibility, copre- 
cipitatcd metals improve the reversibility of Ni / Ni (OH)., by 
making the change from Ni(ii) to Ni(Ill) more reversible. 

Table 2 
Rodox I~ak potentials of Ni(OH L, at cop~cipitated thin fihns 

Table 3 
Overpotential tbr the OER at triplex coprecipitated thin films 

Composition OER overpotential (mV) 

1 330 
II 349 
111 326 
IV 318 

The coprecipitated metals shift the peak potential to more 
positive values in the order Mn > Fe > Pb > Co > Zn > Ni. 

3.3. Cyclic voltammel~y of triplex coprecipitated thin fihns 

The deposition solution consisted of Ni (NO3) ~ and two of 
the other nitrate solutions; the total metal conentration was 
0.05 M. The composition of the mixed solutions was: 
I. 8Ni + ICe + I Zn 
II. 8Ni+ IMn+ IZn 
Ill. 8Ni +ICo  + I Pb 
IV. 8Ni+ ICe+ IFe 
The overpotentials for the OER are listed in Table 3. Clearly, 
all of the mixed solutions can increase the overpotential of 
the OER. The addition of cobalt inhibits the decline of the 
overpotential of the OER caused by the presence of iron or 
lead. The redox peak potentials are given in Table 4. It can 
be seen that the separation of the redox peak potentials for 
triplex coprecipitated thin films is smaller than that for Ni/ 
Ni(OH), thin films Fig. 5. 

3.4. Ni(OH)2 + Co(OH), electrode 

It can be seen from Tables 5 and 6 that both anodic and 
cathodic peak potentials shift to negative potentials with 
increase in the content of cobalt. This is because nickel and 
cobalt hydroxides tbrm a solid solution and the lattice para- 
meters change continuously with the composition of solid 
solution [ 241. 

The shift of the anodic peak potential in a negative direction 
and the increase of the overpotential for OER are beneficial 
to the charge efficiency of Ni(OH)2 electrode. The former is 
also beneficial in inhibiting the self-discharge of the Ni(OH) 2 

electrode. 
The potential/current response of Ni ( OH)., and Co( OH ) 2 

coprecipitated in a proportion less than 50% has been studied 

C ~ i p i t a t o d  n~tal Anudi¢ peak potential, E,, Cathodic peak potential, E~, Peak potential separation, AE Average peak potential, 
(mV) (mV) (mV) (mY) 

Ni 487 395 92 441 
Zn 482 398 84 440 
Co 472 393 79 432.5 
Mn 446 380 66 413 
Fe 490 398 82 444 
i~o 459 386 73 423 
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Table 4 
Peak potentials of Ni(OH)2 at triplex coprecipitated thin films 

Composition Anodic peak potential, E~ Cathodic peak potential, E, Peak potential separation. AE Average peak potential,/~ 
(mV) (mV) ImV) (mV) 

I 461 
1. ~ 381 
11I 43 I 
IV 487 

390 
329 
360 
403 

71 
52 
71 
84 

425.5 
355 
395 
445 

Table 5 
Peak potentials of N i( OH)., + Co ( OH ).~ electrodes 

Content of cobalt Anodic peak potential, E,, Cathodic peak potential, E,. Peak potential separation, AE Average peak potential, L 7 
(wt.%) (mV) (mV) (mY) (mV) 

0 487 395 92 441 
25 472 393 79 432.5 
5ll 424 338 86 381 
75 436 318 118 377 

f 

W 

 -4J 
I ~ L . I  I I I I 

0 0.1 0,~ 0.3 0,4 0.6 0,6 0,7 
voltage(V) 

Fig. 5. Voltammogram for triplex cop,ecipitated metal hydroxides in 5 M 

KOH electrolyte. 

by Folquer et al. [ 17]. It was concluded that the catalytic 
effects of the Co(II)/Co(llI) reaction increases the reversi- 
bility of Ni (11) /Ni (11I) reaction. 

Cordoba et al. [ 22] found that, in the cyclic voitammetry 
of chemical coprecipitated Ni (OH) 2 and Co(OH) 2 thin films 
in a 1:1 ratio, the anodic peak displays a noticeable splitting 
into a minor and a major component during the first cycle, 
but from the second potential sweep onwards, the anodic 
peaks develop into a broad single peak. 

Table 6 
Overpotential for the OER on Ni(OH): +Co(OH)2 electrodes 

Content of cobalt ( wt.% ) OER overpotential ( mV ) 

0 313 
25 316 
50 316 
75 317 

100 318 

Armstrong i 2] has investigated electrochemically copre- 
cipitated Ni(OH).~ and Co(OH): thin films and found ,hat 
when the content of cobalt is in the range of 25-75 wt.%, the 
anodic and cathodic peaks split into two peaks at rather slow 
sweep speeds, the separation of anodic/cathodic peak poten- 
tials increases with increase in the content of cobalt, and the 
overpotential for OER increase. Furthermore, the measure- 
ment of capacity shows that a two-electron process occurs in 
the redox reaction of Ni (OH) 2 [ 21. 

3.5. Ni(OH)2 + Mn(OH)2 electrode 

Cordoba et al. [22] consider that the Ni(OH):+ 
Mn(OH)2 mixed phase is the most promising electrode for 
the OER in alkaline solution. Nevertheless, the nature of the 
interaction between the two phases and their subsequent 
effects are not clear. Accordingly, a study using cyclic vol- 
tammetry has been conducted in this work. 

The coprecipitated manganese can affect the redox peak 
potentials and the overpotential f,)r OER at the Ni(OH)2 
electrode. The effects are shown in Tables7 and 8, 
respectively. 

The existence of manganese causes the redox peak poten- 
tials of the Ni(OH) 2 electrode to shift in a negative direction. 



52 D. Yunchang et ai. /Journal of Power Sources 69 (1997) 47-54 

Table 7 
Peak potentials at Ni(OH)a + Mn(OH)2 eleo~des 

Content of maganese Anodic peak potential, E~ Cathodic peak potential, E~ Peak potential separation, A E Average peak potential,/~ 
(wt,%) (mV) (mV) (mV) (mV) 

0 487 395 92 441 
25 446 380 66 413 
50 '406 356 50 381 
75 381 325 56 353 

lO0 436 337 99 386.5 

Table 8 
Overpotential for the OER on Ni( OH)., + Mn( OH ): electrodes 

Content of maganes¢ (wt.%) OER overpotential (mV) 

0 313 
25 333 
50 351 
73 352 

I{X) 354 

When the content of manganese is 25-75 wt.%, the peak 
potentials become more negative with increase in the man- 
ganese content. This is in agreement with that at chemically 
coprecipitated thin films [221. In the meantime, within the 
whole composition range, (i.e. 100 wt.%), the overpotential 
for OER increases with increase in the manganese content, 
and is higher than in the absenct, of manganese. 

On the basis of the above results, the coprecipitated cobalt 
and manganese have the same influence on the redox peak 
potentials in shifting them towards negative potentials, and 
both increase the overpotential for the OER. The effects of 
manganese are more remarkable. Therefore, it seems that 
manganese can take the place of expensive cobalt in order to 
improve the electrode capacity and decrease the self-dis- 
charge in batteries. 

3,6. N#Olt),, + ZJItOH), electrode 

The effects of coprecipitated zinc on the redox peak poten- 
tials of Ni(OH)~ and the overpotential for the OER arc listed 
in Tables 9 and I0, respectively. It can be seen that the pres- 
ence of zinc causes the redox peak potentials to shift towards 

Table 9 
Peak potentials at Nil OH ): + Zn (OH), electrodes 

negative values, but its effects are relatively unremarkable. 
When the content of zinc is 50 wt.%, the oxidation peak 
potential shifts by 15 mV, and the reduction peak potential 
shifts by only 2 mV. The coprecipitated zinc exerts the same 
effects as coprecipitated cobalt and manganese, namely, it 
increases the overpotential for the OER. 

3. Z Ni(OH)2 + FetOH).~ electrode 

The effects of coprecipitated iron on the redox peak poten- 
tials and the overpotential for the OER at Ni(OH)., electrode 
are presented in Tables 11 and 12, respectively. The redox 
peak potentials decrease dramatically and the overpotential 
for the OER decreases drastically with increasing iron 
content. 

The results uf Mlynarek et al. [ 25 ] showed that coprecip- 
itated iron at the Ni(OH)2 electrode results in an abrupt 
decrease of discharge capacity and overpotentia!, that is to 
say, iron exerts poisonous effects on the Ni(OH): electrode. 
This conclusion is consistent with the findings presented here. 

Two interpretations of the mechanism by which iron impu- 
rity modifies the electrochemical behaviour of the nickel 
hydroxide electrode are now explored. One interpretation is 
a multi-step mechanism [26,27]. The other explanation 
points out that the electrical resistance of mckel hydroxide of 
high valency affects the overpotentials for the OER [28,29], 
which is called a 'barrier layer effect', and it has been pos- 
tulated that a highly resistive quadrivalent nickel hydroxide 
may result in high anodic potentials. 

The deleterious effects of iron on nickel hydroxide elec- 
trodes are well known [30,31]. Voltammetric studies show 
that iron has a direct effect on the charge storage reactions. 
The anodic shifts and the increase of reversibility decrease 

Content of zinc Anodi¢ peak potential, E, Cathodic peak potential, E~ Average peak potential./~" Peak potential separation. A E 
(wt,%) (mY) (mY) (mY) (mY) 

0 487 395 441 92 
482 398 440 84 

50 472 393 432.5 79 
75 477 393 435 86 

i00 479 396 437.5 83 
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Table 10 
Overpotentials for the OER on Ni(OH) 2 + Zn(OH) 2 electrodes 

Content of zinc ( wt.% ) OER overpotential ( mV ) 

Table 12 
Overpotentials for the OER on Ni( OH)2 + Fe(OH) ~ electrodes 

Content of iron { wt.% ) OER overpotential { mV ) 

0 313 0 313 
25 317 25 305 
50 324 50 302 
75 321 75 302 

100 318 100 311 

the transformation of a-phase nickel hydroxide to/3-phase 
nickel hydroxide [ 32,331. It is also likely that the conductiv- 
ity of active material is affected. The main effects on the 
charge storage reaction appear to be catalysis of the OER 
which is parasitic to the charge process and thus exerts det- 
rimental effects on the charge storage efficiency. 

The addition of cobalt can inhibit the above deleterious 
effects. Armstrong et al. 1341 and Corrigan ! 18 ! have inves- 
tigated Ni(OH)2-containing cobalt in KOH solution satu- 
rated with iron. The results show that the presence of cobalt 
inhibits the decrease in capacity due to the presence of iron. 
In the experiments reported here, a triplex coprecipitated thin 
film of nickel, cobalt and iron has been investigated and it is 
found that the presence of cobalt inhibits the shift of Ni (OH) 2 
redox peak potentials towards negative values and the 
decrease of the overpotential for the OER (Tables 3 and 4). 
These results demonstrate that cobalt can act as an antidote 
to iron poisoning. 

Nickel electrodes are the most common anodes used for 
alkaline water electrolysi:~. However, the high oxygen over- 
potential at these electrodes lowers the electrical efficiency 
[351. To ameliorate this problem, considerable work has 
been done to develop electrocata!y,.ts for the OER 136 I, and 
it is lbund that a composite of hydroxides of iron and nickel 
is a promising catalysts. 

3.8. Ni(OH)2 + Pb(OH)e electrode 

The effects of coprecipitated lead in Ni(OH).~ on redox 
peak potentials and the overpotential for the OER are listed 
in Tables 13 and 14, respectively. The data show that when 
the content of lead falls in the range 0--75 wt.%, the redox 
peak potentials of Ni (OH) 2 and the overpotential for the OER 
decrease with increase in the content of lead. The presence 

of lead leads to a decrease in the overpotential for the OER 
on the Ni(OH)2 electrode and, therefore, the charge effi- 
ciency decreases, which is considered to be harmful to 
batteries. 

The data in Tables 3 and 4 show that the deleterious effect 
of lead on the Ni(OH)2 electrode might be inhibited by add- 
ing cobalt. The latter not only causes the redox peak potentials 
to shift towards negative values, but also increases markedly 
the overpotential for the OER. Thus, the charge efficiency 
can be improved significantly. 

4. Conclusions 

The effects of cobalt, manganese, zinc, lead and iron on 
the cyclic voltammetry behaviour of electrochemically copre- 
cipitated Ni ( OH ) 2 electrode are examined. Experiments indi- 
cate that the addition of cobalt, manganes'= and zinc increases 
the overpotential for the OER at the Ni (OH) 2 electrodt:, and 
decreases the redox peak potentials of Ni(OH)2. This is ben- 
eficial to nickel electrodes when used in batteries, because 
their charge efficiency can be improved while the addition of 
lead or iron decreases the overpotential of the OER on 
Ni ( OH ) 2 electrodes. The coprecipitated iron causes the redox 
peak potentials to shift towards positive potentials. Therefore, 
iron and lead are usually thought to be deleterious to nickel 
electrodes used in batteries. The addition of iron decreases 
the overpotential for the OER significantly, which is benefi- 
cial to the electrolysis of alkaline aqueous solution, because 
the current efficiency might be increased. The deleterious 
effects of iron and lead can be inhibited by the addition of 
cobalt. 

Table II 
Peak potentials at Ni(OH )2 + Fe(OH).~ electrodes 

Conte,~t of iron Anodic peak potential. E,, Cathodic peak potential. E,. Average peak potential, b~ Peak potential separation. AE 
( wt.% ) ( mV ) { mV ) ( mV ) ( mV ) 

0 487 395 441 92 
25 490 398 444 92 
50 492 400 446 02 
75 495 405 450 90 

10q 487 395 441 92 
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Table 13 
Peak potentials at Ni(OH) 2 + Pb(OH) ~ electrodes 

Content of lead Anodic peak potential, E~ Cathodic peak potential, E,. Average peak potential,/~ Peak potential separation, AE 
( Wt.% ) ( mV ) ( mV ) ( mV ) ( mV ) 

0 487 395 441 92 
459 386 422.5 73 

50 454 386 320 68 
75 446 380 413 66 

100 462 396 429 66 

Table 14 
Overpotentials tbr the OER on Ni( OH ).,. + Pb(OH ) z electtx~des 

Content of lead ( wt,'~,: ) OER overpotential ( mV ) 

0 313 
25 - 311 
50 3 !0 
75 307 

I00 324 
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