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Abstract: The electrochemical oxidation of cobalt and the cobalt electrode open circuit potential have been
studied n the complexing aqueous cobalt chloride solutions, when the pH of the selution, the CoCl,
concentration and the temperature were changed on a large scale. The open circuit potential of an immobile
cobalt disk electrode did not obey NERNST’s law. It was 0.17 to 0.2 V more positive than the Co/Co(1I)
equilibrium potential and close to the hydrogen electrode equilibrium potential; it increased linearly with
log[CoCL /M and decreased with pH. The hydrogen evolution kinetics was rather slow and controlled by
convective diffusion when the potential was set at a more negative potential than —1 V/SCE. CoCl, additions
did not affect this kinetics significantly for pH = 3, whereas they slowed it down for pH<3. The kinetics of the
cobalt dissolution was controlled by the slow transfer of the Co(Il) sp. to the solution. It was accelerated by
CoCl, or NaCl additions to the electrolyte, which increased the free C1 sp. concentration. The dissolution of
cobalt in complex aqueous chleride selutions was assumed to result either in the formation of Co(H,0),* or of
CoCl" sp. at the electrode surface, according to either of the two mechanisms: Co + 6 H,0 => Co(H,0)," + 2

&

s

Co + Cl'=> CoCl" + 2 e. The effects of either high CoCl, and NaCl concentrations or of the most anodic

overpotentials were linked to the evolution of conductivity and viscosity of the electrolyte.
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INTRODUCTION

Cobalt is a strategic metal, only used on a small scale,
nevertheless the 2005 world preduction of refined cobalt
was about 55 000 tons!".

Nowadays, cobalt is mainly employed to make quick
stammless steel and super alloys and recently mn the
lithium-ion batteries used in cellular phones. Moreover it
15 always employed on a rather large scale for the
production of permanent magnets and of cobalt powders
used as catalysts, or as binder agents in the preparation
of sintered refractory carbides and diamond tools.

Cobalt can be electro-won, either from chloride or
sulphate aqueous ! the cobalt

solutions? ™,
electrochemistry and electrocrystallization have been
6-22]

whereas

studied also in other aqueous solutions'

From literature data™ the cobalt electrade o. c.
potential in aqueous non complexing solutions 18 a mixed
potential, due to the
hydrogen evolution and cobalt oxidation. Scoyer et al.™™?
showed that the o. c. potential of a cobalt electrode in

simultaneous occurrence of

CoCl; aqueous solution is governed by the H,/H™ couple,
whereas Popov et all'? observed that the o. ¢. potential
of a cobalt electrode, dipped in a deaerated aqueous
NaOH selution, mitially free of cobalt ions, corresponds
to the Co/HCoO,-couple.

According to Heusler'™, the Co/Co(ll) electronic
exchange in a non complexing Co(ClO,), aqueous solution
(HCIQ, being the supporting electrolyte) involves the

following two-step mechanism:

Co(IL,O), "+ L0 <==> CoOH" +H' +6ILO (1)
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CoOH' + 2e + (5) <==> Co(s)+ OH @
where (3) are adsorption sites on the cobalt surface and
Co(H,0);” the main Co(II) stable sp. in the solution. He
assumed that the active sites are formed in two steps
involving the fast adsorption of OH ions on the anodic
side and the adsorption of CoOH” ions on the cathodic
side. The following equation was suggested for the
stationary polarisation curves of the cobalt electrode:

1= k. acmexp(2olERT)-ka, 008000
exp(-2(1- ¢)FE/RT) 3
where a,, and a,, are the surface activities of the
adsorption sites on the cobalt electrode surface m the
stationary state.

Popov et al'™ proposed a dissolution-precipitation
mechanism for the anodic oxidation of cobalt in NaOH
aqueous solution, involving CoOH,,, and Co(OH), ,, as
mtermediate adsorbed sp..

This study deals with the study of the cobalt o. ¢.
potential and of the anodic oxidation of the cobalt
electrode in complexing aqueous chloride solutions.

The chemical equilibrium between the two soluble

stable aquo and chloro Co(IT) sp. and the solubility of the
corresponding compounds, have been discussed.
The o. ¢. potential of an immobile, or rotating, cobalt disk
electrode was measured. The effects of pH, temperature,
CoCl, concentration and of the rotation speed of the
cobalt electrode have been analysed in detail.

Hydrogen evolution kinetics onto a cobalt rotating
disk electrode has then been characterised m NaCl or
NaCl+ CoCl, aqueous solutions.

In a third part, the kinetics of the anodic oxidation of
cobalt has been studied in a complexing aqueous chloride
solution. The effects of pH, temperature, NaCl and CoCl,
concentrations have been analysed and a mechanism has
been postulated for the cobalt oxidation process.

Experimental and procedure: A
temperature-controlled and a three-electrode
arrangement was used. The working electrode was a
cobalt (“TOHNSON MATTHEY products™, 99.99% purity)
rotating disk embedded in a Teflon tube. A platinum rod
was used as the counter electrode; the reference electrode
was a saturated calomel electrode. The electrolyte was a
0.0001 M to 1.1 M cobalt dichloride aqueous solution,
with sodium chloride as the supporting electrolyte. The
pH value was varied from 1 to 6 and the experiments were
carried out at temperatures ranging from 15 to 60°C.

The cobalt disk electrodes were polished with
abrasive papers (grade 600 and 1200), then with 6 and 1

arrangement
cell

192

micrometer diamond pastes. Finally, the electrodes were
washed for 10 mm with acetone under an ultrasonic field,
rinsed with deionised water, then washed for 5 min with
ethanol under an ultrasonic field and finally rinsed with
deionised water just before the experiment. The electrolyte
was deoxygenated with a fast stream of argon. Argon was
passed over the electrolyte during experiments. The
electrochemical studies were carried out using either a
potentiostat-galvanostat (“EEG PAR  273") or a
potentiostat (“TACUSSEL PRT 20-107) coupled with a
signal generator (“TACUSSEL PIL 017).

The o. ¢. potential of the cobalt disk electrode was
measured, either when the disk electrode was rotated or
not, by using a high impedance voltmeter. The hydrogen
evolution and the cobalt dissolution were studied via
steady or quasi steady state polarisation curves obtained
on the cobalt rotating disk electrode. For the study of the
anodic cobalt oxidation, the linear sweep voltammetry
method was preferred to steady state measurements, in
order to mimimise the electrode polarisation time and
consequently the corrosion of the electrode surface. The
selected sweep rate of 50 mV/s was assumed to allow a
quasi steady state since the forward and direct scans
could be considered as identical.

Equilibrium concentrations of the Co(H,0),” and CoCI'
sp., solubility of the Co(OIl), and CoCl, compounds in
complexing aqueous chloride solutions: According to
literature data™*, the CoCl" and Co(H,0),” sp. are the
only stable Co(IT) sp. in complexing aqueous chloride
solutions. They balance each other according the Eq.

Co(H,03™ + Cl' = CoCl"+ 6 H,0 “h

The variation of the stability constant of the CoClI”
sp. k., according to the ionic strength T of the media, was
computed at 25 °C from the experimental data reported in
literature!* %

k,=-0.17091+ 1.0634

&)

with a correlation coefficient of 0.99.

This relation was then used to calculate k, and the
bulk cencentration of the Co(1H,0),”, CoCl™ and CI sp..
The results for the solutions involved in the cobalt anodic
oxidation study are summarized below:
¢« in 0.7 M NaCl solutions at pH=3, when the CoCl,
concentration was varied between 0.1 Mand 1.1 M ,
the free Cl'sp. concentration mncreased from 0.86 M to
2.38 M, whereas each of the Co(H1,0),”" and CoCl" sp.
concentrations increased and the ratio of the CoCl”
sp. concentration to the Co(H,O),” one remained
close to unity ( it was only varied from 0.75 to 0.90);
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n 0.1 M CoCl, solutions at pH=3, when the NaCl sp.
concentration was changed from 0.2 M to 2.7 M, the
CoCl" to Co(HL,0);* sp. concentration ratio increased
from 0.37 to 1.56, the total Co[lI] sp. concentration
remaining 0.1 M, whereas the free CI' sp.
concentration increased from 0.37 M to 2.84 M,

m 0.7 M NaCl - 0.76 M CoCl, solutions, with pH
values varying from & to 1, the Cl* Co(H,0);" and
CoCl" sp. concentration did not vary significantly.

According to the acidity of the solution and to the
concentration of the Co(Il) and Cl sp., the precipitation of
CoCl, and Co(OH), compounds occur. From literature
data™, the apparent solubility preduct of Co(OH), is
k. coore = 5.9 107 at 25° C, whereas the apparent solubility
of CoCl, 15 0.3599 g per g of solution (which corresponds
to Koo = 325).

RESULTS AND DISCUSSION

The o. c. potential of a cobalt electrode
Case of an immobile cobalt electrode: Figure 1 (curve 1)
presents a series of experimental cobalt electrode o c.
potentials in NaCl-CoCl, aqueous solutions at pH = 2.75
when the CoCl, concentration was changed within the
0.0001-0.1 M range. The experimental curve fitted with the
BEq

FEicysed V = - 0.359 + 0.018 log[CoCl,]/M ©

The theoretical curve corresponding to NERNST s
law for the Co/Co(l,0);” couple is also reported on
Fig. 1 (curve 2). One can see that the slopes of the two
curves are different and that the experimental o. c.
potential 1s 0.17 to 0.2 V more positive than the NERNST
Co/Co(1I) equilibrium potential

The cobalt o.c. potential variation with the CoCl,
concentration will not be related to the evolution of the
ratio of the two Co[Il] sp. since, from data of §3, it could
be considered as close to cne. So, it can be assumed to be
amixed potential, in keeping with POURBAIX s diagram
of cobalt™, due to the simultaneous hydrogen evolution
and cobalt oxidation.

The variation of the o. ¢. potential with pH 1s shown
on Fig. 2.

Two preliminary remarks can be made:

Firstly, when pH = 6 in the bulk, the pH near the
electrode surface is increased due to hydrogen
evolution and the formation pH of Co(OH), may be
locally reached.

193

0.3
0.5+
1
o 0.4+ ./r/‘/-
Q
A 045
>
g\ 0.5
o
1l 0.5 2
= 0.6 /
-0.65
0.7 T T T T T T T T T 1
-5 -4 3 2 -1 0
Log ([CaCl,)yM
Fig. 1: Evolution of the o.c. potential of a stationary

cobalt electrode with the CoCl, concentration,
Temperature: 17 °C; pH = 2.75; (NaCl) : 0.97 M. 1:
experimental curve; 2: theoretical NERNST’s law
correspending to the Co/Co(H,0),™ couple

0-
B -0.24
W
g
2 0.4
(=]
]
M 064 .
s
0.8 T T T T Y T 1
0 1 2 3 4 5 6 7
pH

Fig. 2: Evolution of the o.c. potential of a stationary
cobalt electrode with pH. Temperature: 25 °C;
(CoCl,) =0.01 M; (NaCl): 0.97 M

Secondly, one can see from Fig. 2, that when pH
increases up to 6, the cobalt 0. ¢. potential reaches
that of Co/Co(II) NERNST potential and can become
more negative if the Co(H,0)” sp. concentration
calculated from the data from § 3 1s considered.

Finally, if only the data corresponding to pH = 5 are
considered, the experimental curve can be described by
the equation:

B V=-0.233-0.071pH @
which is very similar to that of the hydrogen electrode.
These results are consistent with those obtained

previously in aqueous non complexing media by
Scoyer et al. "7,
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Case of a rotating disk cobalt electrode: The variations of
the o. c. potential of a cobalt RDE with the angular
rotation speed were measured at 25°Cin a 0.97 M
NaCl-0.01 M Co(l, aqueous solution with pH values of 2,
4 and 6. It was observed that the cobalt o. ¢. potential
mcreased with  and decreased with pH.

These observations confirm that the cobalt electrode
0. ¢. potential is a mixed potential, due to the simultaneous
hydrogen evolution and cobalt oxidation.

Study of hydrogen evolution on a cobalt rotating disc
electrode: A series of experimental stationary polarisation
curves obtained at pH = 1.9 are reported on Fig. 3. The
proton reduction wave starts from E =-0.6 V/SCE, whereas
the NERNST H,/H" equilibrium potential is equal to — 0.36
V/SCE. The proton reduction 1s slow and limited by
diffusion only at very negative potentials and can be
considered as a quasi-reversible reaction.

A well known procedure™, invelving the study
of the dependence of i on w, makes it possible to
determine kinetics data from the mixed region of the
I(E) curve. Moreover, for cathodic overpotentials m,
< -2.3RT/2(1-¢.)nF, it is not necessary to consider both the
forward and backward reactions and the equation i(w)
simplifies to:

11 = 1V gname + Vg

®)

Thus, taking mto account the expressions of 1, ..

the activation current density related to the H,/H'
couple and I .., the convective diffusion current
density limit of H":
Lys e = Lpexp(-(1-ty JFT/RT) ©
iy = 0.620F[H' Dy, 2 v 012, (10)

Equation 8 becomes:

1/i = Vigexp(-(1 -ty JEYRT) + 1.61vV~/nF(H"),Dyp. V0
(11)

Plots of 1/i versus f(1/v) reported on Fig. 4 were
drawn for several values of the potential selected in the
range-0.85 to-1.01 V/ECS. These plots are linear and
reasonably parallel, in keeping with Eq. 11. They intercept
the 1/i axis at negative values which correspond to the
activation current density. The corresponding (i, 1)
couples of values reported on Table 1 are used to obtain
the TAFEL plot related to the H,/H" exchange.
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Fig. 3: The steady polarisation curves related to the
hydrogen evolution on a rotating cobalt disk
electrode, for various electrode rotation speeds.
Temperature: 17.5 °C; electrolyte: (NaCl): 1 M,
pH=1.9.1: 500 rpm; 2: 1000 rpm; 3: 2000 rpm; 4
3000 rpm; 5: 4000 rpm; 6. 5000 rpm
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Fig. 4 1,'(A'em®vs 0™’ (rad ™" curves related to the
hydrogen evolution on a rotating cobalt disk
electrode, for various cobalt electrode potentials.
1:-1.01 V/SCE, 2: - 948 V/SCE; 3. -9 V/SCE, 4:-.875
V/SCE: 5: - 85V/SCE; 6: - 8V/SCE Data obtained
from Fig. 3

The equilibrium exchange current density obtained 1s
lpgenz = 4.2 10°Acm™; the cathodic transfer coefficient
computed from the slope 13 0.33. The kinetics of the
reduction of the proton on a cobalt electrode can be
described by a classical BUTLER-VOLMER equation,
using these values.

Effect of the addition of CoCl, into the electrolyte on the
proton reduction kinetics: Polarisation curves of a cobalt
RDE 1 aqueous NaCl solution, before and after CoCl,
additions, were recorded at various pH values between
zero and six.

The addition of CoCl,, at a concentration lower than
0.01 M, slowed down the kinetics of hydrogen evolution
for pH = 3, but did not alter the kinetics of hydrogen
evolution when 3<pH<6.
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Table 1: A series of (i, r) values related to the H/H* exchange (data from

Fig. 49
n(v) -0.650 -0.588 -0.540 -0.514 -0.494
i, (Afem?) 0.256 0.098 0.054 0.041 0.032
Table 2: Experimental parameters for the study of the cobalt anodic
oxidation
Fixed parameters Varied parameters Results
Setn°1 pH=3, 0.7TM 22.5°C<T< 62°C See Fig. 5,6
NaCl, 0.76M CoCl,
Setn®2 pH=3, 0. 7™M 0<[CoCly] < 1.1M See Fig. 7.8
NaCl, 22.5°C
Setn®3 pH=3, 0.76M 0.2<[NaCl]<2.7M  See Fig. 9
CoClL, 22.5°C
Setn®4 0. 76 NaCl, 0. 7606 1<pH<6 Without Fig.
CoClL, 22.5°C

But when the CoCl, concentration was higher than
0.01 M, the experiments became unreliable in the whole pH
domain mvestigated, due to the modification of the
surface resulting from cobalt dendrites growth.

Study of the cobalt anodic oxidation: Direct and reverse
anodic transients were obtamned on a cobalt disk
electrode, n a CoCl,-NaCl aqueous solution; each of the
four parameters, temperature, pH, CoCl, and NaCl
concentration were successively varied, whereas the three
others were kept constant.

The values of the experimental parameters and the
results are summarised on Table 2.

Analysis of experimental results: One can see that for all
the experiments, the current density increases versus the
electrode potential but the shape of the I(E) curves is
altered in the more positive potentials range.

Influence of temperature: The cobalt oxidation rate
increases with temperature Fig. 5 within the whole range
of temperature investigated.

Since oxidation of cobalt is the unique reaction when
the electrode potential is more positive than the H,/H"
equilibrium potential, a TAFEL representation can be used
to analyse the cobalt oxidation mechanism.

As an example, if one considers the polarisation
curve obtained at 22.5°C Fig. 5, curve 1, a TAFEL
representation is possible for potentials up to 0.15 V more
positive than the H,/H" equilibrium potential (dashed line
A for E=-0.425 V/ECS). This result allows us to suppose
that an electromic transfer step controlled the kmetics of
the cobalt anodic oxidation, as was suggested earlier by
Heusler™ and Qui'?. The corresponding curve, reported
on Fig. 6, shows a good linear variation of the potental,
E versus logi, up to-0.15 V/ECS, yielding the value
dE/d(logi) = 0.106 V/decade for the TAFEL slope. The
exchange current density can be obtained through the
extrapolation of the TAFEL curve to the Co/Co(H,0),”
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cobalt disk electrode at various temperatures.
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Fig. 6: Logarithmic analysis of curve 1, Fig. 5. (CoCl,) :
076 M, (NaCl): 0.7 M; pH =3, A(E=E,.i=0),;B
(E=-054V/3CE, 1-1)

NERNST potential. This potential, can be estimated
(Eth,Co/Co(H,0) = -0.54 V/SCE, peint B) by using the
Co(H,0),*" sp. bulk concentration (= 0.38 M) resulting
from the data § 3. The equilibrium exchange current
density determined by this method is 107 A/em®.

From these results, it can be concluded that the
cobalt oxidation is a slow process described by the Eq.

i, = 1y eXpl(2eF(E, - By copric,(RT)) 12
Influence of CoCl, concentration: On Fig. 7, it can be
observed that, as CoCl, is added, cobalt oxidation occurs
at an increasingly positive potential and also that the
imitial metal dissolution kinetics gets faster. A crossing of
the curves and a difference from the Tafel linear
dependence occur as the potential becomes more and
more positive.
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The fact the cobalt oxidation starts at a more and
more positive potential can be attributed to the increase
of the Co/Co[ll] equilibrium potential with CoCl,
concentration and censequently to the increasingly
positive cobalt o.c. potential.

When the electrode potential increases up to +0.2
V/ECS and when CoCl, concentration 1s lower than 0.76 M
Fig. 7, curves 1-4, the anodic current level increases with
CoCl, concentration. This could be linked to the growing
conductivity of the electrolyte in this range of CoCl,
concentration. But, if CoCl, concentrations are lgher
than 0.76 M Fig. 7, curves 5-6, the anodic current starts to
decrease when more CoCl, is added, the viscosity of the
electrolyte increases and affects the mass transport,
which could provide an explanation. The formation of a
CoCl, layer on the cobalt electrode surface could also
have accounted for these results but this has not been
proved.

TAFEL plots, comresponding to curves 1 and 5 on
Fig. 7, are reported on Fig. &, since they better illustrate
the phenomena observed when the cobalt electrode
potential is made to increase from the cobalt o.c. potential.
A linear part can be seen at the foot of the curve Fig. 8,
curve 1 which is assumed to comrespond to the slow
transfer of the Co[IT] ions from the metal to the electrolyte.
The increase of the initial metal dissolution kinetics with
the CoCl, concentration results in the moving of the linear
part of the curve towards a second one in the more
positive potentials region Fig. 8, curve 5. The curves
cross each other as the potential becomes more positive.

A change mn the mechamsm of the cobalt dissolution,
can be assumed to be connected to the increase of the CI
sp. concentration (§ 3). In this hypothesis, the reaction:

Co+ 6 H,0 == Co(H,0),”" + 2 e (13)
takes place at the electrode surface for the lowest C1° sp.
concentration Fig. 8, curve 1, whereas for the highest CI
sp. concentration Fig. 8, curve 5 the cobalt disseolution
occurs through reaction (14):

Co+Cl=>CoCl' +2e (14
Influence of sodium chloride: The general shape of the
cobalt logarithmic anodic polarisation curves does not
change when sodium chloride is added to the electrolyte
Fig. 9. As the sodium chloride added increases, the linear
part of the curves 1s extended to more positive potentials
and a difference from TAFEL linear plots arise for the
highest current densities.

Once again, when the electrode potential increases
up to +0.2 V/ECS, the ancdic current increases as the NaCl
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Fig. 7: Quasi steady state voltammetric anodic
polarisation curves obtamed at a cobalt disk
electrode for different CoCl, concentrations.
Temperature: 22.5 °C; (NaCl): 07 M, pH=3. 1: 0
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Fig. 8 Logarithmic analysis of the quasi steady state
voltammetric anodic polarisation curves obtained
at a cobalt disk electrode for two different CoCl,
concentrations. Temperature: 22.5 °C; (NaCl) : 0.7
M,pH=3,and 1: OM; and and5: =1M
concentration added becomes lhigher, smce the

conductivity of the electrolyte mcreases.

It seems likely that the mechanism of the cobalt
oxidation does not change in the NaCl concentration
range 1investigated, the oxidation process occurs
according to Eq. 13.

Influence of pH: No significant influence of the pH of the
solution on the cobalt anodic oxidation kimnetics was
noticed when the pH was varied within the 6 to 1 range. It
could only be observed that the cobalt anodic
polarisation shifted towards
potentials when the pH was changed from 6 to 1, which
15 siumilar to the corresponding variation of the cobalt

curves more anodic
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Fig. 9. Logarithmic analysis of the quasi steady state
voltammetric diect anodic polarisation curves
obtained at a cobalt disk electrode for different
NaCl concentrations. Temperature : 225 °C;
(CoCl): 0.76 M, pH=3. 1. 0.2M; 2: 0.7M; 3. 1.7M;
4 27M

electrode o. ¢. potential. This result is not very surprising
since the data of § 3 show that none of the Co(IHL,0).”,
CoCl" and Cl sp. concentration varies when the pH
changes from 1 to 6.

Discussion of the cobalt oxidation mechanism: The
kinetics of the cobalt dissolution process was shown to
be controlled by the slow transfer of the Co(IT) sp. from
the electrode to the solution.

The shift of the anodic polarisation curves towards
more positive potentials, with the mcrease of the CoCl,
concentration or with the decrease of the pH, is assumed
to be related to the shift both of the Co/Co(IT) equilibrium
and of the o. c. cobalt electrode potential.

The mcrease of the cobalt anodic oxidation kinetics
with CoCl, or NaCl additions is presumably linked to the
free Cl sp. concentration increase: cobalt is assumed to be
transferred to the solution through the formation of
Co(H,O)™ for the lowest Cl sp. concentration or through
the formation of CoCl" sp. for the highest Cl ~sp.
concentration.

In the more positive potentials explored, the cobalt
oxidation 18 favoured by the mncrease of the conductivity
of the electrolyte with the CoCl, and NaCl concentration
sp., but it slows down when the viscosity increases at
high CoCl, concentration.

CONCLUSION

The Co(H,0),” and CeCl" sp. are the only Co(1I) sp.
stable in the CoCl,, NaCl aqueous complexing solutions.

The relative stability of the two Co(IT) sp. is not very
sengitive to the CoCl, or NaCl sp. concentrations, or to
the pH of the electrolyte. The Cl sp. concentration
increases i keeping with the CoCl, or NaCl sp.
concentration of the electrolyte.

The cobalt electrode o. ¢. potential, was shown to be
a mixed potential in these solutions, in keeping with
POURBAIX’s diagram of cobalt and with the results
obtained by Scoyer andet al™ in non complexing
aqueous solutions. The variation of the o. ¢. potential of
a cobalt rotating disk electrode with the angular rotating
disk rate showed the major role of hydrogen evolution.

The analysis of the stationary polarisation curves
related to hydrogen evolution on a cobalt rotating disk
electrode showed that the proton reduction was under
mixed transfer and diffusion control. The presence of
CoCl, slowed down the hydrogen evolution kinetics in the
more acidic solutions.

The analysis of the cobalt quasi stationary anodic
cobalt polarisation curves obtained at a cobalt disk
electrode showed that the Co/Co(IT) exchange was rather
slow, the exchange current density measured in the CoCl,
0.76 M, NaCl 0.7 M solution, at pH = 3 and temperature =
22.5°C, was equal to 10° Afem’.

The cobalt dissolution occurred through one of the two
mechanisms below, depending on the ClI sp.
concentration:

Co+ 6 H,0 => Co(H,0)" + 2e
Co+Cl => CoCl' + 2e

Cobalt could be assumed to be transferred to the
solution through the formation of Co(H,0) or CoCl' sp.,
according to Cl” sp. concentration. The dissolution of the
cobalt as Co(H,0)," was favoured
thermodynamical pomt of view, whereas the rate of
formation of the CoCl" sp. was kinetically enhanced.

The cobalt anodic oxidation kinetics was found to be
limited by the ionic transport process in the most
concentrated CoCl, or NaCl solutions and for the highest
anodic potentials. The cobalt oxidation was favoured by
the increase of the conductivity of the electrolyte with the
CoCl, and NaCl concentration sp., but it slowed down
when the viscosity high CoCl,
concentrations.

from a

increased  for
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