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It was demonstrated that o-Co with hexagonal structure possesses a lower overvoltage in the discharg-
ing of hy drogen ions and the ionization of cobalt and lower corrosion resistance in acid solutions in
comparison with B ~Co with cubic structure. It was also shown that a-Co produced by electrolysis
from a solution of the chloride possesses a higher overvoltage of the indicated reaction and greater
corrosion resistance than «-Co precipitated from cobalt sulfate.

In a number of studies the relationship of the electrochemical properties of metals to their crystallographic
structure is discussed. In [1] it was shown that the rate of the electrochemical reactions, for example, of discharg-
ing of hydrogen ions on individual facets of a single crystal of Cu, Co, and others possesses varied values. In [2-3]
it was shown that the rate of dissolution of the facet (321) of iron in acid solution is twice as high as that of the
facet (100). This difference is associated with the density of packing of the metal ions on the surface of individual
crystal facets. It has been established in a number of studies that the electrochemical properties and rate of corro-
sion of a polycrystalline metal produced by electrolysis, for example, chromium (4], manganese [5], or cobalt (6],
depends substantially upon their structure and modification. Of the two existing modifications of cobalt, the hex-
agonal @-modification, stable at low temperatures, differs from the cubic 8-Co [7] in a lower value of the hydrogen
overvoltage and a greater rate of self-dissolution (in 1 N H,S0, for o -Co, i, = 3.3 - 103, while for B-Co, i, = 7.3

- 10-5 A/ cm? [6)).

The structure and modification of Co, produced by electrolysis, depend upon the pH and temperature [9]. At
PH < 2, B-Co of the surface modification, fine-crystalline and dense, is obtained. At pH > 4, o -Co with hexag-
onal structure is obtained in the form of larger crystals with well-expressed facets [10, 11}, The addition of KI to
the electrolytic bath leads to a change in the orientation of the cobalt crystals deposited and to more dispersed de-

posits, possessing a substantially higher hydrogen overvoltage [8-10].

In this work, a-Co of the hexagonal modification was produced according to the method described in [9-10],
however, without the addition of KCl, from a bath with composition: 500 g/liter CoSO, * TH,0 +45 g/liter HgBOy,
pH~ 5 (NH,OH is added), iy = 0.015 A/cm?, t = 60°C, with mixing for five hours on a copper plate. The cubic mod-
ification of B-Co was produced from the same solution, but twice as dilute (H,80 is added 1o pH = 1.3-1.9), '
t = 20°C, i} = 0.1 A/cm®. X-ray diffraction study, conducted by L. M. Kovba (at the x-ray laboratory of ‘the Ch.eml-
cal Faculty of Moscow State University) indicated that the lines of 8-Co are not contained in the x-ray diffraction
pattém of e -Co. The x-ray diffraction pattern of B-Co indicates a small content of a-Co. ‘

Figure 1 presents the curves of cathodic and anodic polarization of a- and B8 -Co that we recorded in a solu-

tion of 1 N H,50,. The electrodes were polis
were calcined in an atmosphere of hydrogen at 600°C.

hed before the experiment with fine glass powder, and in certain cases - . T



TABLE 1
@k P by l bg | Pe l —lgig
a-Co —280 —215 120 45 l —242 2,32
B-Co —462 —105 150 30 —160 3,96

Table 1 presents the values of the cathodic (¢g) and
anodic (¢,) potentials at i = 102 A/ cm?, the values of con-
stants by and b,, as well as the stationary potential (¢.) in
mV and the logarithms of the rate of self-dissolution for both
modifications of cobalt in 1 N H,80, solution.

From the data of Fig. 1 and Table 1,it follows that the
hydrogen overvoltage on a-Co is 180 mV lower and the rate
of self-dissolution is 44 times higher than for 8-Co. This re-
sult agrees with the data of [6].

¢ ! lg {A om? It is interesting that the same modification, for example,
a-Co, possesses different properties depending upon the condi-
tions of its production. We investigated the properties of co-
balt [12] produced from cobaltous chloride, provided us by the
Gipronikel’ Institute. X-ray diffraction study revealed its hex-
agonal structure and a-modification. The polarization curves
for this cobalt are cited in Fig. 2 (curve 4). Comparison with
the data for a-Co, which we obtained from a sulfate bath, in-
dicate their substantial difference (see curves 1 and 4, Fig. 2,
and the data of Tables 1 and 2). This difference is evidently
due to the fact that in the deposition of cobalt from the chlo-
ride, chloride ions were inserted into the deposit, as occurred
in [9-10] with iodide ions in the case of the deposition of Co
from a sulfate bath to which the salt KI was added. To verify
this hypothesis, we deposited Co from a sulfate bath to which
50 g/liter KCI was added. In this case we actually obtained
=2 7 =7 a~-Co possessing properties approaching the properties of the
lgi,A/cm? metal produced from a chloride bath, which is evident from
curves 3 and 4 of Fig. 2 and the data of Table 2.

Fig 1. Curves of the cathodic and anodic polariza-
tion of cobalt in 1 N H,SOg¢ 1,1') a-Co, 2,2') 8-Co.
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Fig. 2. Polarization curves: 1,1') for a-Co (ob~
tained from a sulfate bath), taken in 1 N H,S0; In recording the polarization curves for “sulfate” a-Co
2,2') for the same a-Co in 1 N H,SO, + 0.1 N KCl,  in 1 N H,SO, solution, to which 0.1 N KCl was added, an in-

3,3') taken in 1 N H,SO, for a-Co produced from a . creased overvoltage of the electrochemical reaction is also ob- .

sulfate bath with an addition of 50 g/liter KCl; ~ served (see curve 2 of Fig. 2); however, it is lower than for
4,4') for a-Co("Gipronikel'"), produced by elec- cobaltous chloride when the curves are recorded in a pure solu-
trolysis from CoCl, solution. tion of acid. Thus, the chloride ions, inserted into the electro-

v ~ lytic deposit, exert a greater influence upon the electrochemi-
cal properties of cobalt than when they are absorbed from solution. They are firmly retained in it: calcination at

650°C in an atmosphere of hydrogen for 10 h did not lead to their complete removal from the surface layer of metal,

since the hydrogen overvoltage after calcination was lowered by only 20-30 mvV, and the overvoltage of the anodic
process by 15-20 mv, L L S TR S .

Figure 3 presents polarization curves illustrating the effect of an addition of KI to a solution of 1 N H-2504 in
the case of "sulfate” and "chloride” a-Co. From the curves it is evident that the adsorption of I~ ions leads to an
additional increase in the overvoltage of the cathodic and anodic reactions, which is substantially greater in the .
case of "sulfate” cobalt. However, in the case of "chloride® cobalt it still remains higher (¢, = ~0.517 V at |
{ = 10"2 A/cm?) than in the case of "sulfate” cobalt (¢g == 0.450 V). e k] o L
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chloride baths.

balt is greater (A ¢y
ond case remains higher (490 mvV) than in the first case (385 mV at i=
of self-dissolution is lower (log i, =—4.25 instead of log i¢

TABLE 2
Solution for 1=10-tA/cm?
Nature of bath polarization —~1gi,
K Pa
Sulfate 1 N H,SO —280 —21
Choride LN H,SO04 s e A
ulfate +
3t dieer k1 H,S0, —450 —120 3,68
1 N H,S0 —385 —_
Sulfate +0,4 NKCI | (2.9%)
p,V
-5+
-Qé n
-aa R
-q2} )
-q!
0 L
1 1 1 1 4

~J
log i,A/cmz

Fig. 3. Polarization curves in 1 N H,SOy: 1,1") for a-Co, produced

from a sulfate bath; 2,2') the same, but with an addition of 0.001 N KI;
3,3') for @-Co, produced from a chloride bath; 4,4'") the same, but with
an addition of 0.001 N KI.

Neutral molecules of hexy! alcohol a

It might have been assumed that the lower overvo
rosion resistance of "sulfate® cobalt in comparison with
_ or their reduction products, for example, HS~ ions,
| trolyte in its production from sulfate baths. However, it
: HS" in the case of cobalt is substantially weaker than in the case of iron. In add
solution from which cobalt is deposited leads to even higher values of the overvoltage and in the case of the addi- -
tion of KCl, as well as the fact that the calcination of
crease in the overvoltage, is evidence that the high values of the overvoltage in
rence of the indicated electrochemical reactions upon it are due to adsorption a
. posit. These ions passivate the cobalt with respect to these reactions, just as int
v a solution of acid upon its surface [12].

— 2.98).

gen overvoltage in the case of sulfate co- .

0.01 A/cm?), and correspondingly, the rate

re very weakly associated and give a small effect both in the case of sul-
fate cobalt and in the case of chloride cobalt (A¢y is equal to 30 and 20 mV, respectively).

ltage of the cathodic and anodic reactions and the lower cor-

wchloride® cobalt are associated with "insertion® of s0;? fons

which activate these reactions, as is probably, the case for iron elec~
has been shown [12] that the stimulating effect of adsorbed

ition, the fact that KI added to the

»chloride” cobalt in an atmosphere of hydrogen leads to a de-

Thus, it may be considered proven that the great corrosion resista
represents the hexagonal-modification, is associated with the insertiono

nce of electrolytic "Gipronikel"cobalt, which
fC1- ions during its electrolytic refinement'in -

nchloride” cobalt during the occur=

nd insertion of C1- ions into its de-

he adsorption of halide anions from

o

The effects from the addition of tetrabutylammonium (TBA) cations are also diétinguished. From the polariza- ST
tion curves of Fig. 4,it is evident that the effect of an increase in the hydro -
= 105 mV) than for chloride cobalt (Agk = 15 mV). However, the cathode potential in the sec-
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Fig. 4. Polarization curves for a-Coin 1 N H,SOg
1,1') for cobalt produced from a sulfate bath; 2,2') the
same, but with an addition of 0.001 N TBA; 3,3") for
a-Co produced from a chloride bath; 4,4') the same,
but with an addition of 0.001 N TBA.

The question of the mechanism of the inhibiting effect of halide ions on the electrochemical reactions (dis-
charging of hydrogen ions and ionization of the metal), as well as their influence on the adsorption of cations of
organic bases in the case of iron and other metals has been repeatedly considered [13-15]). The stronger the bond
of the chemisorbed halide ions to the metal atoms, which depends upon the nature of the metal and the nature of
the anion, the more strongly they decelerate the indicated reactions. Cobalt evidently is first in this respect [12].

In the case of the cathodic deposition of cobalt from baths containing halide anions (C1°, Br~, 1), the latter
are adsorbed on the most active freshly formed portions of the crystals, and in contrast to their surface adsorption,
penetrate the entire thickness of the metal. Therefore,their action is more pronounced, especially in the case of
anodic reaction of ionization of the metal, in comparison with the adsorption of the same anions on its surface.
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