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Abstract

There were proposed an electrochemical method of obtaining a cobalt coating using a bipolar electrolyzer. The
potential distribution at the bipolar electrode is more uniform than at the monopolar for others conditions that are the
same. The combination of the uniformity with the optimal limit current gives us a try to get compact metal precipitates
with microhardness, that is high enough, small crystalline and well-clutched with the base. The obtained results
indicate the possibility of using a bipolar electrolyzer in practice for the application of cobalt on wire, and also using it

as a protective is decorative.

Keywords: cobalt coating; bipolar electrolyzer; potential distribution; electrolyte of the cobalting; microhardness of

precipitate
1. Introduction

Physics-mechanical, corrosion and special properties
of galvanic coatings depend on the method of their
getting and area of definition of their using. The
speed of the electrochemical process of metal
application is determined by the current density,
which is a function of such properties as:
composition of the electrolyte, temperature,
circulation speed, electrode movement, and the other
[1,2]. High-quality galvanic coatings should have
small crystalline structures, be without pores and
coat the products uniformly. The most effective and
controllable method of coating is electrochemical
sedimentation from electrolyte solutions [3].

2. Formulation of a problem

One of the main problems with the electrochemical
processing of the wire, ribbon, netting is
impossibility of getting the current densities
uniformly over the length of the electrode, and as a
consequence the impossibility of getting uniform
coatings, so it is observing the decreasing of
potential in it and low-quality coating [4].

The bipolar electrode has many advantages,
because of its using achieves high current density
[5]. At the same moment productivity increases and

the quality of processing is improving. The structure
of the metal emission, its uniformity depends on the
potential distribution. So, it's interesting to consider
the potential distribution along the wire.

The comparison of the potential distribution
along the length of the wire with conventional
current supply and the method of bipolar electrode
with electrochemical cobalt deposition was studied.
Such coatings are used as a layered application, as
independent protective and decorative [6].

3. Materials and investigation methods

There was proposed an electrolyte of the cobalting
for studying the effect on process of the metal
sedimentation. The electrolyte composition: CoSO4
7H,0O 110-150 g/1, HF - 0,15 - 0,25 g/, Bipolar and
monopolar material is a steel wire.

4. Discussion and results

There was carried out a comparative study of the
potential distribution, the influence of current
density, and other components of the
electrochemical process for monopolar (with current
removal) and bipolar (without current removal)
electrodes . On the Fig. 1 is presented the potential
distribution along the length of the electrode —
monopolar. You can clearly see that there is
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anuniformly distribution of the potential while
removing from the contact place, which is associated
with increasing the resistance of the electrode - a
wire. At direct current removal to a wire, you can
see its heating and metal overgrowing of the contact

place.
-£,B,

16

15
L4 /‘\ .
13 4
1.2
11 3
1
09 2
08
0,7
06 >
1 3 5 7 Lem

Fig. 1. The dependence of potential distribution on the
length of the wire - monopolar, at current density, A/dm?:
1-50,2-60,3-70,4-80,5-90

So, a bipolar electrolyzer is exploring (Fig. 2).
The using of such electrilyzer allows to avoid these
unwanted effects, and to bring in a cobalt coating on
the rolling wire.

The electrolyzer (7) is made of dielectric, the
current is supplied to the alternative cathodes (2) and
the anodes (3), they looked like plates which area is
much more than the area of the bipolar electrode
(wire) (1). The wire moves from the cathode
chamber (5) to the anode (6), where the electro
sedimentation of cobalt on the wire happens.
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Fig. 2. Scheme of the bipolar electrolyzer
1 — bipolar wire; 2 — alternative cathode; 3 —
alternative anode; 4 — anode chamber; 5 — cathode
chamber; 6 — diaphragm; 7 — electrolyzer

The potential measurements were performed with
the normal calomel electrode over the entire length
of the wire, through the uniform intervals. For this
goal, there was used a special current pickup, which
called the probe (Fig. 3).
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Fig. 3. Probe
1 — spring for contact with the electrode; 2 — tube, 3 —
frame; 4 — power line; 5 — head that controls the spring;
6 — Luggin's capillary

The probe is arranged as follows: with the
head (5), a spring (1) is pulling out, which grips and
presses tightly the electrode, which provides reliable
electrical contact. To the tube (2) attached
fluoroplast Luggin's capillary (6) which is connected
with an electric wrench to the reference electrode.

The potential registration was carried out by the
B7-20 voltmeter. The reproducibility of the
measurements was (£10-15mV). In the bipolar
electrolyzer, the lower potential values respond to
the minimum distance from the diaphragm (Fig. 4).
With the same potential values, the current density
in the bipolar cell is several times higher than the
current density at the direct power line. Overvoltage
of the process is much lower, with the process of
electro sedimentation happens with a lower cost of
electricity, which makes the process economically
available.

For the obtained cobalt coatings, was determined
the microhardness, which varies from 280 to 420
kg/mm?, depending on the concentration of metal
ions (CoSO4 7H,O 110-150 g/l) in the electrolyte
and the method of power line. The characteristic for
monopolar samples (with less micro hardness) are: a
wide size distribution of 2 to 20 microns, the
precipitate is not dense, the coatings have defects.
Sediments which are obtained on bipolar wire with
micro hardness up to 420 kg/mm’ are small
crystalline with narrow size distribution - from 2 to 6
microns.
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Fig. 4. Dependence of potential distribution on the length
of the wire - monopolar, at current density, A/dm? 1 -5,
2-10,3-15,4-20,5-25

When deformation of the coated wire prior to
bending of the peeling of the coating from the base
(bipolar wire) did not occur, this indicates a high
adhesion strength of the cobalt coating with the wire.
With the coating thickness of 3 mkm or more, it has
no pores.

Due to the physicochemical and mechanical
properties of the cobalt coating, it can be
summarized that the deposition of this metal by
electrochemical way in a bipolar electrolyzer can be
promising and appropriate.

5. Conclusions

- The potential distribution at the bipolar electrode
is more uniform than at the monopolar for others
conditions that are the same.

- The combination of uniformity of potential
distribution with the optimal limit current, and
getting compact metal precipitates are characteristic
features of the explored process.

- Precipitates which were got on bipolar wire with
high microhardness up to 420 kg/mm? - small
crystalline with a narrow size distribution - from 2 to
6 microns.

- The coating has a very high wear resistance.

- The obtained results indicate the possibility of
using a bipolar electrolyzer in practice for the
application of cobalt on wire, and also using it as a
protective is decorative.
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3aHp0HOHOBaHO eJ'IeKTpOXiMi‘IHI/Iﬁ METOJA OTpUMAHHA K00AaIETOBOIO TMOKPUTTA 3a JOTIOMOI'OKO 6iHOHﬂpHOF0

enekTpoiizepa. Po3momin moTreHIiany Ha OIMOISIPHOMY €JIEKTpOdi € OIIbIl pPiBHOMIPHUM YHM Ha

MOHOIIOJIIPHOMY 3a IHIIUX OJHAaKOBMX YMOB. I[loeaHaHHS pPIBHOMIPHOCTI 3 ONTUMAILHHUM TPaHUYHUM

CTPYMOM, AAKOTh 3MOT'Y OTPUMATHU KOMITAKTHUX METaIIYHUX OC&,I[iB, 3 JOCTAaTHBbO BHCOKOIO MiKpOTBCpI[iCT}O,
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IOpiOHOKpHCTaNiuHi, TapHO 34eIuieHi 3 ocHoBor. OTpuMaHi pe3yabTaTH CBiIYaTh NP0 IOUITIBHICTH
3aCTOCYBaHHS Ha MPAKTHI OIMOJSAPHOTO eJeKTpoJi3epa I HAaHECEHHS KOoOalbTy Ha JApIT, a TaKOX
BUKOPHUCTaHI HOTO y SKOCTi 3aXHCHO — AEKOPATHBHOTO MOKPUTTS.

KurouoBi cioBa: KoOQJIBTOBE IMOKPUTTS, OIMOJAPHHUEN EIEKTPOi3ep, PO3IMOAUT MOTEHITIATY, €ICKTPOJIT
KOOaJbTyBaHHS, MIKPOTBEPIICTh OCaliB

1.0. 3aen!, U.C. Kyszepanosa?, U.B. Kosanenko®, H.E. Biacenko*, A.O. 3yabpurapos®, A.E. llInax®
Hanecenne K00aJIbTOBOT0 MOKPBLITHS METO0M GHIIOJISIPHOIO 3JIEKTPoaA

HanmonanbHblil TeXHUYECKUM YHHUBEpPCUTET YKpauHbl «KuEeBCKUN MOMUTEXHUYECKUM HHCTUTYT HMEHU
Urops Cuxopckoroy, nip.Ilo6ensl, 37, r. Kues, Ykpauna, 03056

E-mails:'danya2001802@gmail.com, *kuzevanova2009@ukr.net, *dana_ecology@ukr.net,
*vlasenko05@yahoo.com, sars2007@ukr.net, *shpak ae@ukr.net

[IpenoxeHo AIeKTPOXUMHUYECKHN METO]I MOydYeHUsI KOOAIBTOBOTO MOKPHITHS C MOMOIIBI0 OUIOISPHOTO
anekTponu3epa. PacrpeneneHue moTeHnuana Ha OWIOISIPHOM DBIIEKTpojJie Oojiee paBHOMEpHOE, YeM Ha
MOHOIIOJIIPHOM TMPHU MPOYUX pPaBHBIX yciaoBusax. CodeTaHWe PaBHOMEPHOCTH C ONTHMAIbHBIMU
IDIOTHOCTSIMU TOKa JAlOT BO3MOXKHOCTh TOJYYHTHh KOMITAKTHBIE METAITMYECKHAE OCaIKH, 3 IOCTATOYHO
BHCOKOW MHUKPOTBEPIOCTHI0, MENKOKPUCTAJUINYECKHE, XOpPOIIO CIEeIUIeHble C OCHOBOI. [lomydensie
Pe3yIbTATHl CBHIECTEIBCTBYIOT O IIEJIECOO0PA3HOCTH MCIIOIL30BAHUS HA TIPAKTHKE OHITONISIPHOTO €NIEKTPOAa
JUTT HaHECeHMsI KoOanbTa Ha MPOBOJKY, a TAKXKE HCIIONB30BaHUS €ro B KaueCTBE 3alUTHO-ICKOPATHBHOTO
TTOKPBITHSL.
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