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The  ac t ion  o f  coba l t  u p o n  the character is t ics  o f  the nickel  h y d ro x id e  e lectrode has  been invest igated 
by  cons tan t  cur rent ,  l inear  po ten t ia l  sweep and  E D A X  methods .  I t  was found  tha t  coba l t  raises 
the oxygen  overpo ten t i a l  and  p r o m o t e s  grea ter  ut i l izat ion o f  the active mater ia l ,  a l t hough  ma jo r  
addi t ions  o f  coba l t  were observed  to lower  the work ing  po ten t ia l  o f  the electrode.  It  was also found  
that  coba l t  p reven ted  any  significant loss o f  e lec t rode  capac i ty  w h en  the system was po i soned  
with iron.  

1. Introduction 

Since Edison [1] patented the addition of cobalt 
hydroxide to the positive plate material of  nickel- 
cadmium as well as Ni-Fe  cells in 1914, there have 
been numerous studies concerning the role of  cobalt in 
such batteries [2, 3, 4]. This research has produced 
some conflicting results, probably due to the various 
types of electrodes and cells used in the studies. As 
commercial nickel hydroxide is of higher purity than 
formerly ( < 0 . 5 %  Co at the present time), many 
battery manufacturers are now having to buy and add 
increased quantities of cobalt separately to their elec- 
trodes. It is ~hus desirable for economic reasons to 
know the optimum amount of cobalt necessary to 
maximize the performance of the electrode. There has 
been a general increasing interest in cobalt, par- 
ticularly in Japan and several patents have been 
obtained recently upon nickel-cadmium positive 
plates [5, 6, 7]. 

It is known that, after initial oxidation, cobalt 
remains in the (III) state within a nickel hydroxide 
lattice [8] and that, as a result, it does not contribute 
through the Co(II)/Co(III) couple to the capacity of 
the electrode. The additive allows the nickel to reach 
a higher oxidation state upon charging, which is 
similar to the effect of  using a lithiated electrolyte in 
the cell, where nickel(IV) species can be formed as 
indicated by Tuomi [9]. Barnard and Randelt [10], 
among others, also refer to the existence of Ni(IV) 
species in the y phase active material, although there 
is still some controversy about the possible oxidation 
state range. In this paper we have examined thin film 
electrodes and have found evidence for the formation 
of  substantial amounts of  Ni(IV) in the oxidized active 
material. We have also looked at the effectiveness of  
cobalt as an antidote to iron poisoning [11]. 

2. Experimental details 

Electrodes were prepared from 2 x 2 cm square, thin 
sheets of nickel, to which a nickel wire was spot welded 

to provide electrical contact. A nickel hydroxide or 
homogeneous nickel and cobalt hydroxide film was 
electrodeposited onto this substrate by cathodic 
polarization at I mAcm -2 for t0min from a 0.05M 
nickel nitrate solution or a 0.05 M nickel and cobalt 
nitrate solution respectively. This produces a thin film 
deposit of hydrated green alpha phase material, The 
electrodes were then given a single constant current 
charge and discharge in 5M K O H  to oxidize any 
cobalt present to the Co(Ill) state. To convert this, 
now black, hydrate to the beta phase, usually found 
in normal working cells, the electrodes were placed 
in a PTFE container containing 5M K O H  or 5M 
K O H  saturated with cobalt and stored for 120 h at a 
temperature of 40 ~ C. 

For  the experimental measurements a three- 
compartment glass cell was used. Two platinum 
counter electrodes were placed in the side chambers 
and the working electrode was positioned in the 
centre. Hg/HgO reference electrodes were used for all 
the measurements, made up in the same 5 M alkali 
solution as that used in the working electrode cell. 

For the constant current tests a cycle current of 
0.2 mA cm -2 was used and electrodes were cycled until 
they reached a stable condition (usually in six cycles). 

Linear potential sweep experiments were made 
using a potentiostat and waveform generator con- 
trolled by an Apple II microcomputer. A sweep rate of 
t mV s- ~ was used and electrodes were cycled until the 
shape of the voltammogram became constant. 

EDAX measurements were carried out using a 
JEOL JSM35 scanning electron microscope. 

Solutions were prepared using Analar reagents and 
the iron saturated solution was prepared by boiling 
fresh ferric hydroxide with alkali and filtering the 
resulting solution to remove any solids. The con- 
centration of iron in this freshly prepared solution was 
estimated to be approximately 5 x 10- 5 M [12]. 

3. Results 

Fig. t shows the percentage cobalt established to be in 
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Fig. 1. Percentage cobalt found in cathodically deposited thin films, 
as determined by EDAX, over half the composition range. 

the thin film by EDAX plotted against the percentage 
cobalt in the deposition solution. It can be seen that 
cobalt is preferentially deposited onto the substrate 
across the cobalt range and that at low percentages the 
cobalt level in the film is roughly double that in the 
solution. Using this information, a series of electrodes 
containing cobalt at various levels from 0 to 100% 
were prepared for testing. 

Fig. 2 shows typical constant current charge and 
discharge curves for 0 and 12% cobalt electrodes. The 
12% cobalt electrode exhibits a higher oxygen over-. 
potential, a greater capacity, a slightly increased 
gradient across the charge and discharge potential 
plateau region and a general depression of the plateau 
potential. These trends were observed up to approxi- 
mately 45 % Co where the capacity begins to drop, as 
would be expected if the cobalt does not contribute to 
discharge. 

The increase in the top of charge potential is shown 
clearly in Fig. 3 where data from several electrodes 
have been averaged for each cobalt level studied. It can 

be seen that there is a complex relationship between 
cobalt content and the oxygen evolution potential but 
that the general trend is to increase the potential and 
hence increase the oxidation level of the nickel. This 
series of results does not agree with the limited work 
of Sood [13] who examined a 12% cobalt electrode. 

The corresponding electrode capacity results are 
shown in Fig. 4 along with the theoretical capacities 
for a one- or two-electron exchange reaction in the 
nickel component of the material, the latter being 
represented by solid lines. The figure shows that the 
maximum possible oxidation change occurs in elec- 
trodes with more than 40% cobalt present, for which 
the observed capacities require a conversion from 
Ni(IV) to Ni(II). 

Beyond 40% Co the plot indicates that the nickel 
species are reaching a deeper average level of dis- 
charge than usually observed [14], possibly due to the 
conductivity of the cobalt(III) material. During dis- 
charge, nickel(II) species accumulate at the hydroxide/ 
electrolyte interface. These species are insulating and 
consequently prevent discharge of the crystallite core; 
however, the presence of Co(III) may maintain the 
current path allowing more complete discharge of the 
core material. The capacity data is in reasonable 
agreement with the work of Januszkiewicz [l 5] who 
found a 50% capacity improvement in batteries 
containing between 20 and 40% cobalt. 

Fig. 5 shows typical linear potential sweep curves 
for electrodes exposed to iron-saturated electrolyte. It 
can be seen that cobalt-containing electrodes maintain 
a larger capacity and it has also been observed that 
they reach a maximum in capacity within a lower 
number of cycles than pure nickel hydroxide elec- 
trodes under the same conditions. EDAX studies of 
the cycled electrodes indicate that iron is incorporated 
into the active material whether cobalt is present or 
not, which is similar to the behaviour of tithiated 
systems [16]. 

From constant current experiments it was found 
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Fig. 2. Typical constant current charge/discharge curves for thin film, beta phase, electrodes cycled at 0.2 mA cm -~. 
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Fig. 3. Variation of top of charge potential with cobalt content from constant current cycles at 0.2mAcrn -2 of thin film, beta phase, 
electrodes. 

that the presence of iron depressed the oxygen over- 
potential by some 50 mV, but that electrodes contain- 
ing cobalt suffered a smaller drop in overpotential of 
approximately 30 mV. The capacity data were in good 
agreement with the linear sweep results observed. 

4. Discussion 

The results clearly illustrate the main action of  cobalt 
in the nickel hydroxide electrode. The most beneficial 
aspects are (i) the raising of the oxygen overpotential; 
(ii) the apparent increase in the depth of  discharge and 
(iii) the nullification of the effect of iron poisoning 
which is closely related to the oxygen overpotential. 
Several possible mechanisms for oxygen evolution at 
the electrode surface have been proposed but most 
begin with the step 

OH~ ~ OHaa~ + e-  

possibly followed by 

OH~d~ + OH2q ~ O ~  + H20 

O d d  s ~ O a d  s "1- e ~- 

2Oad s ' O2~ 

as suggested by Bronoel and Reby [17]. In this process 
either the adsorption of hydroxide ions or the oxidation 
of  O ~  can be the rate determining step, depending 
upon the potential. 

The action of  cobalt here is likely to be a surface 
effect where the additive alters the enthalpy of chemi- 
sorption. It is known that such reactions involving an 
adsorbed intermediate exhibit 'volcano-type' charac- 
teristics when reaction current is plotted against AG~ 
[18]. The change in thermodynamics thus alters the 
kinetics of the process. Whether cobalt increases or 
decreases the enthalpy of adsorption is not known; 
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Fig. 4. Comparison of theoretical and 
actual capacity results obtained by con- 
stant current cycling of thin film~ beta 
phase, electrodes at 0.2 mAcm -2. 
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Fig. 5. Typical linear potential sweep curves 
for thin film, beta phase, electrodes after 
150 cycles at 1 mV sec t in iron poisoned 5 M 
KOH. 

however, it is apparent  that  i ron(III)  exhibits the 
opposite influence. 

This benefit, when coupled with the decrease in the 
oxidat ion potential  of  the active material in the 
presence o f  cobalt,  produces a considerable over- 
potential,  as shown in Table 1. The depression o f  the 
charge and discharge potentials is generally con- 
sidered detrimental  as the cell operat ing voltage is 
lowered. However ,  for high temperature  applications, 
where the oxygen evolution potential  normal ly  begins 
to merge with the oxidat ion potential,  it may  be 
beneficial in maintaining the charging efficiency. 

For  compar i son  with the data  in Table 1, it may  be 
noted that  the top o f  charge potential is increased by 
approximately  20 mV when a 1 M LiOH/4  M K O H  
electrolyte is used, in the absence o f  cobalt.  

The act ion o f  cobalt  in this system is clearly com- 
plex; however,  this s tudy indicates improvements  in 
electrode performance  up to 40% cobalt.  Because o f  
the relatively large cost  o f  this additive it is envisaged 
that it will only be used at such levels in special 

application batteries. 

5. Conclusions 

(1) Cobal t  increases the oxygen overpotential ,  thus 
allowing further oxidat ion of  the nickel species. 

(2) The utilization o f  the nickel species increases 

Table 1. Changes in overpotential from constant current experiments 
in 5 M KOH electrolyte 

% cobalt Top of  Half  Overpotential 
in the charge charge in mV 
film E, mV (Hg/HgO) E, mV (Hg/HgO) 

0 540 474 66 
2 548 472 76 
4 552 455 97 
6 554 452 102 

12 555 428 127 

up to 40% cobalt  current,  where a Ni(II)  to Ni(IV) 
reaction occurs which is a much larger oxidation state 
range than usually achieved in the electrode. 

(3) Cobal t  decreases the effect o f  iron poisoning 
of  the system to a level similar to that  observed in 
lithiated electrolyte. 

(4) These effects can be detected even with quite 
small additions o f  cobalt  where it is economically 
feasible for commercial  use. 
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