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ELECTROCHEMICAL SYNTHESIS OF HYDROGEN IN SULFATE ACID CYCLE
WITH DEPOLARIZATION OF ANODIC PROCESS BY SO,

The membrane electrolysis cell with gas-diffusion anode is developed for realization of the sulfate-acid
technology. The possibility of significant reduction of the specific electric energy consumption in the
electrochemical hydrogen synthesis is showen. The SO, oxidation is carried out in a gas-diffusion anode
with coating of "active carbon" and RuO, composition.

The performance of the laboratory electrolyzer:
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CORROSION PROTECTION OF UNDERGROUND CONSTRUCTIONS

We investigated the theoretical foundations of electrochemical
processes of corrosion protection of underground facilities (gas, oil and

water pipelines) by improving the composition of anode materials __ E:?@
(grounding devices for cathodic protection, protectors and activator : '
solutions).

Applications:

v Advanced anode materials: magnesium protectors and groundings for
cathodic protection stations

v Protection of oil and gas pipelines, water systems

Advantures:

v"More uniform dissolution due to the fine crystalline structure of alloys
v'Increasing of the service life by up to 60%

Publications: N

» Patent of Ukraine Ne 45654, IPC (2009) C23F 13/00. Anodic grounder for cathodic protection
stations / Bairachniy B.l.,, Zabara V.F., Kovalenko Yu.l.; App. Ne u 200903030, 30.03.2009; Publ.

25.11.2009, Bul. Ne. 22. .\O
» Patent of Ukraine Ne 86202, IPC (2006.01) C23F 13/12. Anodic grounders for electrochemical

protection / B.l. Bayrachniy, V.F. Zabara, Yu.l. Kovalenko, O.L. Gofman; App. Ne u 2013 03354,

19.03.2013; Publ. 25.12.2013, Bul. Ne 24.

Boris Bairachniy, Department of Technical Electrochemistry, NTU “KhPI”, Kharkiv, Ukarine. E-mail: bb-i@ukr.net




SENSOR SYSTEM BASED ON THE NANOSTRUCTURED OXIDE MATRIXES

The technology of electrochemical synthesis of porous oxide coatings on Nb, Ti, Al with desired
functional properties was developed. The coatings can be used to create composite electrodes, modified
with Pd, as indicator for hydrogen detecting in amperometric type sensors.

Electrochemical synthesis of oxide coatings Microphotograph of the oxide electrode surface
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The advantages of using porous oxide matrices based on Nb, Ti, Al:
v'Long service life of the matrix;

v Resistance to degradation due to a change of its volume during the
absorption of hydrogen by palladium;

The technical characteristics of the sensor system model is proposed

according to the research. Scheme of the indicator electrode of
. . the sensor system
Publications: for the detection of hydrogen
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ELECTROCHEMICAL SYNTHESIS OF FINE SILVER POWDERS
FOR CREATION OF ELECTRICALLY CONDUCTING PASTE

The unique microstructure of ultra-fine powders, characteristics of their microgeometry, high specific
surface area, energy saturation, allow you to create electrically conductive adhesives and pastes on
the basis of these powders.

Processing of silver powder photomicrographs Using of ultra-fine powders
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When applying the conductive paste the metal powder ' |

particles fill the cavities of the surface roughness. This ) | W
increases the actual area of contact and thus the ‘

effective area for current exchange increases. As a YYYYY Y Y YYYYYTY VY
result, contact resistance is reduced and stay stable in Without With

the operation process. conducting paste conducting paste
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ELECTROCHEMICAL FORMATION OF METALIC NANOLAMINATES

Material (1)

We developed technologies for formation
of nanostructured coatings with the given architecture

Cu/(Ni-Cu) coatings are: ~10..100 nm

« Highly corrosion-resistant (particularly in sea water) _
substrate

* Wear-resistant
* Load-resistant

Due to: Example of application —

» High adhesion :
« Low porosity (porousless at 2 pm thickness) coating on NdFeB magnets

* High microhardness (500-800 HV) ﬁ

Other advantages of technology:
v'Reduction of the number of operations

v'Reduction of water discharge and metal consumption

Publications:

» Electrochemical Formation of the Multilayer Cu/Ni Deposits / L.V. Trubnikova, B.l. Bayrachniy, V.O. Savchenko, A.A. Maizelis // XVIIl Mendeleev
Congress on General and Applied Chemistry, 23-28 Sept. 2007: abstract Book. — Moscow, 2007. - V. 2. — P. 559.
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24-29 Oct. 2010: abstracts. — Moscow, 2010. - C. 172.

» The effect of architecture of the Cu/(Ni-Cu) multilayer coatings on their microhardness / A.A. Majzelis, B.l. Bairachniy, L.V.Trubnikova, B.A. Savitsky
/ Eunctional Materials. — Kharkiv: ISMA STC “Institute of Single Crystals”. — 2012. — Vol. 19. — Ne 2. — P. 238-244,
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COMBINED SCHEMES OF RINSING WATER TREATMENT
IN GALVANICS

We present new approach for metal electrowinning from rinsing waters of galvanic lines.
We propose to produce layers of functional coatings (e.g. nanolaminates, sublayer or
overlayer) in the modified first rinsing bath.

Advantage of the approach:

v'High economic profit of the waste water
treatment

v'Decreasing  of metal anode
consumption by 20-30 % in main galvanic
process,

details

\/Decreasing Of water discharge fOI‘ galvanic bath m_odi_fied rinsing rinsing
) ] ) ] rinsing bath 1 bath 2
rnsing in 2-10 times. bath

Publications:

» Trubnikova L.V. Formation of Additional Metal Layers from the Solutions of Catching Baths in Galvanic Lines as the Factor of Payback on Rinsing
Waters Purification // XVIIl Mendeleev Congress on General and Applied Chemistry, Moscow, September 23-28, 2007. - Abstract Book in 5 volumes.
V.5. - P.441

* The local combined schema of purification of galvanic lines washing waters / L.V. Trubnikova, B.l. Bayrachniy, M. Pushpavanam // Books of
Abstracts of “ISAEST-8” (India, Goa). — 28-30th of Nov., 2006 — P.151.
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ENVIRONMENTALLY SAFE ELECTROCHEMICAL PROCESSES
IN THE RENEWABLE ENERGY /

PROPOSAL

The aim of the research is to develop environmentally safe methods of
electrochemical oxygen-free hydrogen synthesis

We propose to use fundamentally new electrochemical methods of hydrogen
electrosynthesis, which involve application of depolarizating metals and alloys

We project to create small power experimental-industrial devices
(up to 5 kW) for receiving heat from the hydrogen

The novelty of the electrochemical method of hydrogen production consists of
using of Zn and Zn alloys as anodes, that possess the depolarizing effect. This
results in reducing of cell voltage drop by 50% in comparison with existing

methods of hydrogen electrosynthesis.

Impact
The technological process of electrochemical production of hydrogen will be

significantly improved. The energy consumption wil be reduced and the level of
ecological safity will be upgrated due to oxigen-free anodic process on the Zn and
Zn alloys depolarization anodes. The construction of electrolyzer and electrolysis
regimes will be simplified in the electrolyzer without separation elements.
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