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ABSTRACT

Nenastina T.ACobalt and Refractory Meté#dasedElectrolytic Alloys and

Composites for Ecand Energy Technologies Manuscript.

Dissertation for the Degree of the Doctor of Engineering Sciencései
Specialist of 05.17.03 7 Technical Electrochemistry(16 i Chemical and
Bioengineering) 7 National Te& hni c al Uni versity A K
|l nstitut e@l, Kharkiv, 20

The object of researchs chemical reactions in the electrolyte and
electrochemical processes that occur at the phase interface durinedig@osdion
of cobalt in combination wittungsten, molybdenum and zirconium to the alloy or

composite coatings.

The subject of researdb the mechanisms and technological parameters of
the cathode deposition of coliddased coatings with refractory metals from

complex polyligand electrolytes atioe functional properties of obtained coatings.

The thesis is devoted to the development of the scientific basics for the
electrochemical coating technology using cobalsed alloys and composites with
refractory metals as the materials intended foragb@ and energy technologies.
The bedrock of the thesis is the hypothesis that nanocomposite multicomponen
coatings with the strengthening phase that is formesituin the electrode process
can be deposited from electrolyte solutions and due tdabighis strengthening
phase is uniformly distributed in the increasing layer of the coating.

The composition and instability constants of the citrgigrophosphate and
citratepyrophosphate complexes of allfgrming metals andua &-WJ />
([ &%) , W[ [ &)-P.OAT 28w/ .2( [ &F)-Cit®' systems were
defined and these allowed us to specify the concentration ratios of -cobalt
zirconium, oxometallite and ligand cations. The obtained data served as a basis fo
the development of ecological electrolytes used for the deposition of the afidys

composites based on the combination of cobalt with refractory metals.
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The set of kinetic criteria was defined. Based on these criteria, we
substantiated the eameposition mechanism of the metals dasMo-W/ uNo-
WOy, & of Zr/ wfotsZrO,, -Wer/ +\W-ZrO, coatings as an aggregate of
consecutive and coupled reactions with the participation of raadobiligand
complexes and hydrogen -atbms and we suggested the generalized scheme for
the formation of composite electrolytic coatings (CEC) depositech fcitratei
pyrophosphate electrolytes. The generalized scheme for itheposition of cobalt
with tungsten and /or molybdenum and zirconium to the alloys and composites wa:
suggested and it takes into account the ionic reactions of hydrolysis andidarmat
of complexes and polyanions that proceed in the solution with the participation of
cobalt zirconium citrate pyrophosphate and Ma® (WO,? ) oxoanions.It was
established that the reduction of oxometallites has a staged behavior and it occu
through the formation of tungsten (molybdenum) oxides of a variable valence with
the possibility for their subsequent electrochemical and chemical reduction by
hydrogen adatoms. Zirconium oxides are included to the coating composition
through the oxosalt formation and hydrolysis.

Based on the data obtained for processed electrolyte compositions and th
studies of the parameters of electrodeposition modes, we slibatezbbakbased
g of tsZr0O,, -WerO, coatings deposited using the direct current include up to
0.7wt.% of zirconium andd BEMo-WOy coatings include up to 24wt.% of
refractory components. It was proved that the use of pulsed current provides the
enrichmat of the coatings with molybdenum, tungsten and zirconium with a
decrease in the oxygen contentwHs establishedhatin contrastto & ef ZrO,
the reductionof refractory metal to get 4 eW-ZrO, and & &Mo-WOy coatings
occurson competitive basis. Optimal current density interval$ic8  dn? and
the pulse repetition rate at a level of 88 to 90Hzf@W-ZrO, 4 of tsZrO, and
¢ EMo-WO coatings have been defined

It was shown that zirconium accounts for an increased surface coarseness (
the coatings(Ra and it is related to the inclusion of appropriate oxides to

composite coatings and tungsten contributes to a decreBseamd to the surface
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relief smoothing though the embedding of it into the cavities of the surface layer.
It was proved that the coating microhardness is increased in comparison to thi
values of individual components and moreover, ¢heMo-WOx systemhas the
highest valugup to1100kg/mn?), and fora of tsZrO, andd eW-ZrO, systems

the microhardness is equal to 550kgt¥. An increase in the temperature results

in an increased microhardness of the coatings in comparison to that at roon
temperature due to the increased content of refractory components.

Using the linear voltammetry, spectroscopy, the electrode impedance anc
gravimetry we established that th@o-Mo-WOy system shows the highest
corrosion stability in the acid environment, whil®-Mo-ZrO, and Co-W-ZrO,
coatings are more stable in alkaline and neutral environméotslo-WOy, Co
Mo-ZrO,, and Co-W-ZrO, alloy caatings show high chemical and corrosion
resistance in alkaline environments. As for the value of the corrosion depth index.
these can be attributed to very stable systems according to #peatenscale.

The mechanisms of the cathode release of hydrogencomposite
electrolytic 4 eMo-WOy, CoMo-ZrO, and Co-W-ZrO, coatings have been
established. The kinetic parameters of the reaction of hydrogen release on specifie
thin-film materials, in particular the angle coefficients of Tafel dependences,
transfer oefficients and exchange currents were defined. Based on the analysi:
data obtained for kinetic behaviors we suggested the hydrogen release mechanisn

The kinetics of the anode oxidation of methanol on the electrodes with
compositeCo-Mo-W{ =, Co-Mo-Z r ,fand Co-W-Z r ,Jcoatings has been studied
and it was revealed that intermediate metal oxides participate in the oxygen
transfer. Cyclic voltamperograms show th&o-Mo-Z r ;[ coatings are
characterized by a maximum stability during the anode polarization altleet
inclusion of molybdenum and zirconium oxides to their composition.

The studies of the anode behavior of the electrodes with com@us/io-

W/ CoMo-Z r oJand Co-W-Z r ,[coatings testify of the participation of the
intermediate oxides of CEC compants in the oxidation reaction of ethanol in the

alkaline environment. Based on the peak value of the anode current density, w
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established that tungst@ontaining compositeCo-Mo-W/ - coatings show the
highest electrocatalytic activity in the ethanoldation reaction in comparison to
other studied composites. These catalytic properties can be explained by thi
availability of the refractory metal oxides that are characterized by variable
oxidation states and the oxygen donor strength and accepting.abilit

It was shown that the contact masses of compoS§ite] WO,

Cof tsZrO, and Co-W-ZrO, coatings possess high photocatalytic activity in the
destruction reaction of methyl orange when exposed to the action of ultraviolet
irradiation and moreover, Go sWO: coatings have a higher catalytic activity in
comparison to composite gotsZrO, and Co-W-ZrQ? coatings and can be
compared to the conversion titanium oxlokessed coatings.

A variable process flowchart was developed for the electrodeposition of
cobaltbased alloys and composites with refractory metals; these avg-2x®,,

Cof tsZr0O, Cof tsW{ - systems that enable the deposition both of-tiim
materials for the designated purpose and synergetic materials with the comple:
realization of improed physical&-mechanical and physic&l-chemical
properties in surface layers.

The full-scale investigative test data obtained for experimental specimens
with developed composite coatings and electrolyte compositions with the
assistance of such companes JSC AKharkov Tractor
LTD (Science and Industry Firm Resea&kFDesign Bureau for Refrigerating
Machines) proved the efficiency of the developed technologies and a high level of
the functional properties of obtained materials. Tbbtained data were
implemented into the educational process conducted by the Department fol
Physical Chemistry of NTU AKhPI O and
Materials and Chemistry of the Kharkov National Automobile and Highway
University.

Keywords: cobalt, electrochemical synthesis, alloys, refractory metals,
composite electrolytic coatings, catalytic materials, polyligand complexes,

corrosion resistance, microhardness.
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