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PHYSICAL CHEMISTRY

THE DISSOLUTION OF NICKEL IN ACIDS
By J. KOLOTYRKIN and A. FRUMKIN, Member of the Academy

In a preceding paper(') treating the dissolution of lead in sulphuric and
hydrochloric acids we have shown that not only for amalgams(®), but
also for solid metals the mechanism of dissolution in acids can be inter-
preted on the basis of the laws of electrochemical kinetics, without having
recourse to the assumption of local action processes existing on the sur-
face of the dissolving metal. With the aim of extending these conclusions
to other metals we carried out further investigations on nickel, this metal
being particularly interesting because of the specific properties of the
metals of the iron group.

In contradistinction to lead, the rate of the basic anodic processes,
i. e. of the ionization of metallic atoms (F,) and of the reverse reaction
of ion discharge (F,), is low in the case of nickel. For this reason and
also because of the small value of hydrogen overvoltage on nickel, the
rate of discharge of hydrogen ions (F,) cannot be neglected. The poten-
tial established on a nickel electrode immersed in an acid in the absence
of external polarisation will, therefore, be shifted towards more positive
values as compared to the V¢, Ni™ equilibrium potential. This shift must
lead to a further decrease of the rate of discharge of nickel ions, so that
the latter process may be neglected at sufficiently low concentrations of
nickel ions in the solution. '

When a current flows through the system the following relation holds:

i=F,—(F,+F,) (1)

positive values of ¢ corresponding to a cathodic current and F, being
the rate of ionization of hydrogen.

When the potential established during the dissolution is markedly
more negative than the reversible hydrogen potential, F, can be neglected,
and equation (1) transforms into

i=F,—F,. (2

Finally in the absence of an external polarisation there results
H=—F: (3)

The stationary potential established in this case will be determined
by two processes: ionization of the metal and discharge of hydrogen ions.
This non-equilibrium potential depends both on the concentration of hyd-
rogen ions and on the structure of the electrode surface. To determine
the rate of dissolution of nickel it is necessary to know, besides the value
of the hyarogen overvoltage, the value of the stationary potential, which
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The electrode C made of platinized platinum Was used as anode both for the purifi-
cation of the solution and for the polarisation of electrode R. The anode liquid was sepas
rated from the cathode liquid by fwo taps, which excluded the possibility of oxygen and
traces of platinum being carried over from the.anode to the cathode. A platinized platinum
elec{rode placed in D was used as reference electrode. :
We have found that the overvoltage curve obtained, when starting from
high current densities after a prolonged preliminary cathodic polarisation

of the electrode at high current density, is situated higher and has

a steeper slope than the same curve
measured 1n the reverse direction, 4
1. e. from low current densities o @ !
high ones. 1f after the latter treat- ' i
ment the electrode is not subjected 1
again to a prolonged cathodic po-
larisation, the last curve can be
fairly well reproduced in both di- s
rections. The state of high overvol- !
tage observed after the abovemen- 1
tioned cathodic treatment is un- 1
stable. All the results given fur- 1
ther in this paper were obtained be-
ginning with low current densities.
The stationary potential of spon-
taneous dissolution is not establi-
shed immediately after the current
is cut off; the overvoltage 1 falls
at first rapidly and then slowly
sncreases (Fig. 2). The rate at which
a constant value is attained de-
pends on the concentration of the
acid; it 1is higher in more concen-
trated solutions. This phenomenon
remains as yet unexplained. Every
point of the overvoltage curve plot-
ted with reference 10 the rate of
hydrogen evolution is an average o
several concording values. The time
necessary for the establishment of a stationar

did not exceed 30 min. } ) !
The hydrogen overvoltage curves in a half-logarithmic scale obtained

in the usual way by measuring the current density and those obtained
from the rate of hydrogen evolution in a norm H,S0, are given in Fig. 3
7 and 2). The point corresponding o0 the evolution of hydrogen
t the intersection of curves 2 and 4. 1t
can be seen from this figure that in contrast to the current density curve,
the curve obtained from hydrogen volume measurements strictly follows
Tafel’s equation remaining rectilinear down to the potential of spon-
taneous dissolution. The logarithm of the current density corresponding
to the rate of hydrogen evolution in the absence of an external polari-
sation is exactly given by the extrapolation to the stationary potential
of the overvoltage curve obtained from current density measurements.
The law of hydrogen evolution expressed by Tafel’s equation 18 therefore
observed for nickel as well as for lead in the case, when there is DO
external polarisation, 8O that the rate of spontan

eous dissolution O
nickel may be determined® from the value of hydrogen overvoltage and
from the stationary potential.

y rate after changing the potential

(curves
in the absence of current lies a
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The rate of hydrogen evolution was measured also at po'tentials moré‘
positive than the stationary potential, under anodic polarisation of the
electrode, the current density corresponding to a given anodic polarisation

(curve 3) being measured
along with the rate of hyd-

rogen evolution.

It can be seen from cur-
ve 3 that so long as the
100 potential referred to the
! reversible hydrogen poten-
I tial is sufficiently nega-
75#%}— = i tive, the anod_ic polarisa-

tion exerts no influence on
the law of hydrogen evolu-
5 tion which still obeys Ta-
fel’s equation *,

The decrease in the velo-
| city of hydrogen evolution

125 TT

< on a dissolving metal with

) increasing anodic polarisa-

50 100 150 200 Z/‘m'n tion, which in the literature

Fig. 2. Potential change on nickel electrode during on corrosion is known by
cathodic polarisation after the current is cut off. the mname of «differenz-

effeki», is obtained here
as a natural consequence of the applicaticn of the laws of electro-
chemical kinetics.

If the curve relating the hydrpgen evolution to the potential is pro-
longed to potentials near the rever.ible hydrogen potential, it loses its
linear course in the half- )
logarithmic scale and 2001
approaches asymptotical-
ly the axis of abscissae. /
This could be expected
since this curve repre- 0
sents the value F,—F,,
and F, cannot be neglec-
ted as compared to F, in g
the neighbourhood of the ! {
reversible hydrogen po- £ 4
tential. At the reversible sl
hydrogen potential, the
value of F,—F, must
become zero if the pro-
cesses related to the hy.- g =5 =% tgi sl

rogen evolution are inde- 5 4 It . . |

i ig. 3. Overvoltage change as related to the loga-
pend(lanjc Of th? process of rithm of the current density during cathodic and anodic
me}a lonization, as re- polarisation (I and 3), to the logarithm of the rate of
quired by the electro- hydrogen evolution (2), to the logarithm of the rate
chemical theory of metal of dissolution of nickel (4).

dissolution.

* It must be kept in mind that the good conformance of experimental data with the
theoretical surmises reported in this case is a consequence of the high purity of the nickel
used. In other cases the anodic polarisation must lead to changes in the electrode surface,
and consequently to a variation of the overvoltage.
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