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A Study on the Mechanism of Cobalt Deposition using SA.C.
Impedance and Current Step Methods in Sulfate olution

M. 8. Paik T. Kang
Dep’t of Metallurgical Eng., Seoul National Univ.
Seoul, 151 -742, Korea

The reaction mechanism of cobalt electrodeposition is studied using A.C. impedance technique
and current step method. The results of A.C. impedance agree to the proposed mechanism in the solu-
tion of low pH for all overpotentials and in that of high pH for low overpotential. Differential capacity
of the electrode showes that it contains not only the capacity of electrical double layer but also that of
adsorption. Potential responses of current steps coinside to chronopotentiometric curves calculated in

numerical analysis. Thus all the results of this work confirm the proposed reaction mechanism.
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Fig. 2 Typical complex impedance, Z=R— |G, of
the cobalt electrodeposition.
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Fig. 3 Equivalent cirunit of the cobalt electrode-
position. (a)pH 4.0 (b)pH 6.4
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Fig. 4 Complex impedance of the coblat electro

deposition at the potential of —0.75V and pH 4.0
(Frequencies are expressed in Hz)
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Table 2. Kinetic parameters of cobalt electrode-
position calculated in A.C. impedance technique
at pH 64

ks (mole/sec) 35 x 107°
Bk; (mole/sec) 3.7 x 107*
[OH™ )k-s (mole/sec) 9.9 x 1077
8 (mole) 3.8 x 1077
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Fig. 6 complex impedance of the cobalt electrode-
position at the potential of —0.75V and pH 6.4.
(Frequencies are expressed in Hz)
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ed by the potential decay curves with current
density at pH 4.0 and pH 6.4

Table 3. Parameters used in calculation of poten-
tial response of current step.

pH Ca C. bc N i by o

(eF/ot) | (uF/ad) | (V7)) [ (mA/a)d| (V-1
4.0 70 0.7 19.8 2.8 '
6.0 70 3.0 19.8 2.8 | 9.9
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Fig. 8 Potential responses of the step current in
the solution of pH 4.0
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Fig. 9 Potential responses of the step current in
the solution of pH(6.4
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Fig. 10 Long time potential responses of the step
current in the solution of pH 6.4
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C . Electrode capacity

Cuss . Adsorption capacity

Ca : Double layer capacity
F . Faraday constant

. Gas constant

! Absolute temperature

. Electrode potential

* Warburg impedance

N g < 3w

! Total impedance

Zs . Faradaic impedance

-

. current density

i . Electrochemical rate constant of reaction i
;" . Pre-exponential rate constant of reaction i
t : Time

z; : Number of electrons involved in reaction i

ai . Symmetry factor of reaction i

A . Maximum number of (CoOH ).« per suface

unit
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7 . Overpotential
0 :Surface coverage of (CoOH)ads
o . Warburg constant

w: Frequency in A.C. impedance
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