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INTRODUCTION

Under the auspices and sponsorship of the International Society of
Electrochemistry (ISE) the “ISE Satellite Student Regional Symposium
on Electrochemistry — 1st ISE Regional Student Meeting in Ukraine" was
held in May, 2016 in Kyiv.

Such an important to Ukraine scientific event has initiated the
preparation of this collective monograph, which considers the modern
problems and promising ways for their solving in the following directions
of Technical Electrochemistry: Electrochemical power sources (part 1),
Electroplating (part 2), Corrosion protection (part 3), Electrochemical
sensors (part 4), Modern electrochemical and related technologies
(part 5).

The state of art in the above mentioned directions of Technical
Electrochemistry determines substantially the progress in general
development of science and technologies of the XX/ century and just
now promotes creation of essentially new types of equipment and
technologies.

As examples, including those described in this monograph, it is
possible to note the following developments: materials for effective
lithium-ion accumulators and hybrid supercapacitors for electrical
vehicles; non-platinum catalysts for fuel cells, which could be useful for
eco-friendly “hydrogen power engineering”; electrochemical sensors for
spike monitoring toxic substances; effective coatings which can protect
metals against corrosion as well as people and electronic equipment
against unfavorable effects of electromagnetic radiation; electrochemical
technologies for synthesis of nanowires and nanorods; electrochromic
materials for “smart windows”, which could regulate the amount of light
and heat inside premises, etc.

At the next page there is the list of all 129 authors of this collective
monograph in alphabetical order. The papers written by these authors
are shown in parentheses according the Content.

The monograph could be useful for a wide range of lecturers,
scientists, post-graduates, holders of a master's degree and students of
Universities, engineers and technicians of various electrochemical
enterprises.

Prof.Dr. V. Barsukov
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BCTYnN

B mpasHi 2016 poKy ni0 ez2idoro ma rpu CrioHCOPChLKIU nMidmpumuy,
MixHapoOHo20 EnekmpoximiyHo2o Toeapucmea (MET) e Kueesi 6ys
nposedeHul PecioHanbHul camenimH{ul cmy90eHmMCcbKUl CUMMo3iym
MET 3 enekmpoximii — [lepwuti PeeioHanbHUt cmydeHmcbKul
cumnodiym MET & YkpaiHi.

Lia eaxrnuea 0ns YKpaiHu Haykoea rnodis iHiuitogana rid2omosKy
OaHoI KorleKmueHoI MoHozpadii, 8 SKil po32rsHymi cydacHi rnpobnemu i
rnepcriekKmMueHi WIsixu iX BUPIWEHHSI 8 makux HarpsiMKax po38UumKy
MEeXHIYHOI  erlekmpoximii, SK XiMi4Hi Oxepena cmpymy (po3oin 1),
eaflb8aHomexHika (po3din 2), 3axucm memarnie 8i0 Kopoaii (po3din 3),
esleKmpoxiMidyHi ceHcopu (po30in 4), cydacHi eneKmpoxiMidyHi ma
criopiOHeHIi mexHoJsiozii (po3din 5).

CmaH Haykosux OOCriOXeHb Yy 6Ka3aHUX HarpsiMKax MmexHiYHOl
erniekmpoximii 8 3Hay4HIil Mipi 0bymMoesne rpozspec 8 3azallbHOMy
pO38UMKY HayKu i mexHosozaii XXI cmopiyys i yxe 3apa3s cripusie rosei
MPUHUUNOB80-HOBUX 8UOI8 MEXHIKU i mexHosoail.

B skocmi npuknadie, siki 3Haluwiiu 8i0obpaxxeHHs1 8 momy 4ucsi i
uili  MoHoepadii, MoXHa Haeecmu po3pobKy Mamepianie Ons
eeKkmueHUX 1imil-ioHHUX aKyMyrnsamopoe ma cyrnepKoHOeHcamopig
er1eKmpoMobiribHO20 MpU3HaYeHHs; HernnamuHo8UX Kamariizamopie Orisi
nasiugHUX erfieMeHmie, WO Crpusitomb PO3BUMKY €eKOJI02i4YHO-4ucmoi
«800HEBOI» eHep2emuKu; efleKmpoxiMIiYHHUX CeHcopie Orisi MOHIMOPUH2Y
8UKUOY MOKCUYHUX pPeyqyo8UH, eeKmueHUX [oKpummis, 30amHux
3axucmumu Memanu e8i0 Koposii, a JsduUHy ma efIeKmMpPOHHe
obnaOHaHHS - 8i0  WKIONUBo20  8nfiuesy  efIeKMpPoMazHimHo20
8UIPOMIHIOB8AHHSI, PO3POBKY ereKmpoXiMiYHUX MexHOs102itl ompuMaHHS
HaHOBOJIOKOH ma HaHOCMEPXXKHI8; eslIeKmpPOXPOMHUX Mamepiarie Ors
«PO3YMHUX» BIKOH, WO 30amHi peayrneamu KiflbKicmb ceimnia ma
merisia 8 nMpUMIWeHHI; ma IH.

Ha HacmynHit cmopiHui HaeedeHul crucok ecix 129 asmopis uiei
KorekmueHoi MoHozpadgbii y eidrnogioHocmi 00 aHasilcbKo20 arighasimy.
B Oyxkax eka3aHi nidzcomossieHi HumMu cmammi (1nidpo3dinu) moHozpagii
32I0HO 3 wugbpamu, sKi kalzaHi 8 3micmi.

MoHozpaghis Moxe O6ymu KOpUCHOK Ons WUPOKO20 Kona
euKnadayie, HayKkoeuie, acripaHmis, Mazicmpie ma cmyoOeHmie
npoinbHUX BUWUX Has4yarbHUX 3aknadie, IHXeHEePHO-MeXHIYHUX
rpauieHUKI8 pi3HOMaHIMHUX er1eKmpoxiMidHUX supobHUUMS.

L-p xim. Hayk, npogh. bapcykoe B.3.
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UDC 544.636+544.653

THE INFLUENCE OF GRAPHITE MATERIALS ON POWER
PERFORMANCE OF LITHIUM-ION CAPACITORS

V. KHOMENKO, V. BARSUKOV, I. MAKYEYEVA, O. CHERNYSH
Kiev National University of Technologies & Design
v.khomenko@i.ua

A well-designed lithium-ion capacitor (LIC) can reach higher energy
and power density than traditional supercapacitors [1]. The research in
the field of lithium-ion capacitors is focused on the development of
systems with higher power and energy density and longer cycle life. For
this purpose, in the last years, an intensive effort has been made to test
many electrode materials for LIC. The anode materials have been
transferred from the technologies of lithium-ion battery. Synthetic
graphites, such as mesocarbon-microbead (MCMB) have been used
commercially by many battery companies as anode materials in lithium-
ion batteries because they have shown a reversible electrochemical
behavior and a low, flat potential curve for the lithium
intercalation/deintercalation process [2]. However, the lower-cost natural
graphite materials are of more interest. In the current work, the natural
graphite materials with different physicochemical characteristics were
considered for implementation in a lab cell.

Electrochemical performance of an LIC can be improved in several
ways. A common approach is to try to find new materials with superior
electrochemical properties. Minimizing the amount of inactive material
(less weight impact) is another way to increase the specific energy and
power in an LIC. The development of new smart designs and concepts
that can add other values to the LIC is also a viable approach.

This work is to present the results of screening tests that were
performed on a large number of low-cost materials. These materials
were screened for their potential to have a positive impact on the high-
power application. As part of this effort, we developed and employed a
set of standard test protocols to evaluate all of the materials. Also, this
work is dedicated to optimization of graphite electrodes in order to fulfill
the requirements for use in an asymmetric supercapacitor such as LIC.

Experimental

Versatile electro-chemical testing of different anode materials was
conducted in order to estimate their possible application for lithium-ion
capacitors. Electrodes were composed of 89-91% of relevant-type
graphite , 8% of the binder — polyvinyliden fluoride (PVDF) and 1-3% of
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carbon percolators. Slurries for electrode casting were prepared from a
mixture of the graphite and PVdF dissolved in 1-methyl-2-pyrrolidinone
(NMP). They were spread onto a Cu foil with different thickness and
dried under vacuum at 120°C for 12 h. After drying, the electrodes were
compressed by roll press. The thickness of active mass after rolling was
varied within a wide range from 40 to 100 um. The density of graphite
layer was about 1.0-1.6 g/cm®. The 2025 type of half-elements with
lithium electrode were assembled using the electrodes with an operating
area of 1,77 cm?. All these elements were assembled in the argon box
(M Braun, USA) with a water content of < 1 ppm. Electrochemical
investigations were performed using the multi-channel
potentiostat/galvanostat VMP3 from Princeton Applied Research (UK).
The electrochemical performance of materials was examined using a
range of measurement techniques. Electrochemical cycling was used to
establish capacity and power characteristics.

Results and Discussion

In this work, many kinds of carbonaceous materials were
investigated in order to find the best materials. The common list of tested
carbonaceous materials is presented in Table 1.

Table 1. Commercial types of carbonaceous materials

Type of materials | Commercial grade | Country Company
Natural graphite SLC1512P, USA Superior Graphite Co.
SLC1520P,
SLC1520T,
SLA1518,
ABG1005
LGN1212 USA American Energy
Technologies Company
Synthetics MCMB (TB-17), USA MTI
graphitic materials MT-1
KS6, SLP30, Switzerland | Lonza (TIMICAL Group)
SLP50
LGS1228, LM1226, USA American Energy
LGS1211 Technologies Company
Hard carbon Carbotron-P Japan Kureha Chemical Industry
Co.

All samples could be defined as spherical (for example, SLP30) or
exfoliated (ABG 1005, KS6) types of graphite materials. The materials
manufactured by Superior Graphite Co., USA (SLC1512P, SLC1520P,
SLC1520T, SLA1518) were prepared from natural crystalline flake
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graphite obtained via flotation of graphite concentrate and purified by
subjecting it to the uniform zone of heat treatment at temperatures
above 2.500 °C. The purified flake, in the subsequent stages of
processing, was reduced in size by miling and classification
technologies. As example, Fig. 1 shows SEM micrographs of graphite
with prismatic and potato-shaped particles. The particles show only a
small variation in shape. The sphericity of the potato- shaped particles is
not such regular as that of mesocarbon micro- beads (MCMB) because
the original natural graphite has a prismatic (flake-like) structure .

Figure 1. SEM micrographs of different- type graphite materials:
a) SLC1520P graphite; b) TB17 MCMB c) ABG 1005 graphite
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Figure 2. Charge and discharge profile of the half - element based on the reference
SLC1520P graphite at the current density C/10

The electrochemical investigation of all anode materials was
started with the first lithiation performed against metallic lithium. Fig. 2
shows initial charge/discharge curves for the SLK1520P graphite
sample from Superior Graphite Co in the 2025 type half-elements. In the
investigation, the coin cells were used for optimization of anode
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materials. The reversible capacity of SLC1520P graphite at the first cycle
was of Q ~ 358 mA-h/g; this is quite close to the theoretical capacity.
Irreversible loss of capacity at the first cycle came to 18 mA-h/g. The
same test was done for different commercial types of carbonaceous
materials. Some physical-chemical characteristics of selected samples
are included in Table 2. Also, the values of reversible and irreversible
capacity of all samples are presented in table 2. It is necessary to note
that the lowest irreversible capacitance suggests the choice of Superior
Graphite Co. Irreversible capacity is correlated to the surface area of a
material, thus the more promising materials are the ones with a
relatively low surface area and spherical or potato- shaped particles. For
example, the SLC1512P has a lower specific surface area, thus a
minimal irreversible capacity.

Table 2. Characteristics of anodes based on different types of graphite

Reversible | Irreversible | Particle sul?’rfa-l;e
Carbon Type of graphite capacity, capacity, size, D
Ah/g mAh/g 50, 1 "’“?a'
m m-/g
SLC1512P Surface coated 359 19 12,01 1,52
spheroidal natural
flake
ABG1005 Expanded natural 327 106 6,5 16,5
flake
KS6L Synthetic graphite 363 114 6 22
TB17 Artificial synthetic 309 25 26 0,86
MCMB materials
SLP30 Highly crystalline 358 50 32 7
structure artificial
graphite
SLC1520P Surface coated 358 18 17,99 0,96
spheroidal natural
flake graphite

It is well known that the reversible specific capacity decreases with
increasing the current rate. In this work, selected graphite materials
have been studied at various current densities in the cells using a Li
metal counter electrode. Figure 3 shows discharge capability of graphite
materials obtained as a function of discharge rate. Different graphite
anodes were tested using the CR2025 coin half-cells. Discharge
capability was determined at different C-rates with a charge of C/5 in
the voltage range: 0.001-1.50 V vs. Li.
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Figure 3. Discharge capability graphite materials SLP-30 at different C-rates with a
charge of C/5 in the voltage range 0.001-1.50 V vs. Li

Such graphite materials as KS-6 and SLP-30 show more than 90%
of capacity retention at 3C rate. However, high-rate capacity for the
SLC1520P and MCMB (TB-17) graphite decreased. The other graphite
materials presented in table 2 showed lower discharge capability than
that of SLC1520 or MCMB. Therefore, such graphite materials as KS-6
and SLP-30 were selected for application in the LIC.

Conclusions

In this work different grades of carbonaceous materials were tested.
Electrochemical high-rate and pulse measurements were applied to
various types of graphite active materials for power-oriented lithium-ion
capacitors. The results indicate the impact of graphite materials at high-
power drain in real designed power devises. Surface coated spheroidal
natural flake such as SLK1520P shows better electrochemical
performance at low current density than other grades of graphite due to
lower specific surface area. Nevertheless, these materials show some
drawbacks regarding power performance. It was found that graphite
KS-6 and SLP-30 from Timical shows the superior gravimetric capacity,
density when high-current rates are used.
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Electrochemical double-layer capacitors (EDLC), otherwise known
as supercapacitors or ultracapacitors, have become an integral part of
various energy storage technologies, wherein EDLC low internal
resistance is one of the key advantages, which predetermines the
effectiveness of EDLC application in combined power supply units.

In this study the influence of different types of conductive additives
in composite electrodes on supercapacitors performance has been
investigated. Nano-porous activated carbon YP-80F (Kuraray, Japan)
was selected as the active electrode material with appropriate pore size
distribution between 1 and 5 nm. Two types of conductive additives were
used: low surface area carbon black (less than 100 m%g, Super P-Li,
Timcal, Switzerland) and high surface area carbon black (SC2, Cabot,
USA) with a specific surface area of about 1500 m?/g. The electrodes
were typically prepared by mixing the nanoporous activated carbon
powder with conductive additive and PTFE suspension in water (Sigma-
Aldrich). Galvanostatic charge-discharge cycling in the voltage range
from 2.7V to 1.35V and current from 0.5A to 3A was used to measure the
electrical parameters of EDLC prototypes. As a result, the use of 2% of
Super P-Li leads to 7% decrease of internal resistance. Compared to
Super P-Li, the SC2 conductive additive in amount of 20 mass% allows
more than 20% increase in gravimetric capacitance at the same level of
the internal resistance.

Electrical double-layer capacitors (EDLCs, also known as
supercapacitors or ultracapacitors) are energy storage and power
delivery devices with high power capability, high efficiency and long
lifetime durability [1]. EDLCs are currently widely used in various energy
storage technologies, wherein their low internal resistance and long cycle
life are at an advantage (electric vehicles, energy recuperation modules,
systems for uninterrupted power supply, fast recharging energy modules
for high-power applications, wind energy, etc.) [2]. EDLC devices, which
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do not involve any mass or charge transfer through the electrode-
electrolyte interface, demonstrate much faster charge/discharge
operations and longer cycle life as compared with conventional batteries.
Therefore, EDLC devices can ensure a number of efficient power
solutions that are mainly related to various backup systems to
compensate short-term voltage surges or drops or with load leveling the
batteries in various combined power sources.

The electrochemical performance of EDLCs depends on the pore
structure, and high energy and power values can be achieved for high
surface area materials, such as nano-porous carbon, which is an
excellent active electrode material for EDLC due to its tremendous
specific surface area, usually exceeding 1500 m?/g [3]. However, nano-
porous carbon materials (typically powders) are not converted into final
EDLC electrodes easily, and various types of binders are used to
fabricate an electrode. Besides, low internal resistance can be one of key
advantages of EDLC over all other types of energy storage devices since
the efficiency and power capability are inversely proportional to internal
resistance [4]. To increase the intrinsically low electrical conductivity of
some nano-porous carbons, various types of conductive additives can
also be added [5]. A high-performance composite electrode thus formed
must demonstrate [6]:

* low ohmic resistance,;

» good electrolyte accessibility and wettability;

* low contact resistance, stable interface with the current collector;

« high volumetric capacitance (F/cm®);

» chemical stability;

* low level of electrochemically active impurities;

* mechanical stability;

* the required “form factor”, i. e. thickness, flexibility.

So, the particles of both activated carbon and conductive additive
must be held together in a compact manner to ensure a high-density
electrode with low ohmic resistance. This necessitates the use of a
polymeric binder, which can maintain particle-to-particle contact, give the
electrode mechanical integrity and provide stable, low-resistance
bonding to a current collector. The binder must be inert toward the
electrolyte, be stable at both negative and positive electrochemical
potentials of the electrodes, be effective at low concentrations, and must
not block more than a small fraction of the nano-porous carbon surface.
A list of binders that meet these requirements and demonstrate good
chemical and electrochemical stability include polytetrafluoroethylene
(PTFE), polyvinylidenedifluoride (PVdF), polyvinyl alcohol (PVA), sodium
carboxymethyl cellulose (CMC) and styrene-butadiene rubber (SBR) [7].
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Compared to other listed binders, PTFE forms a network of fibrils instead
of a polymer film. This results in a structure with good particle-to-particle
contact and low internal resistance. Besides, the surface of carbon
remains accessible for electrolyte ions, and the electrode does not
become liophobic.

Experimental

Commercially available coconut shell derived activated carbon YP-
80F (Kuraray, Japan) was used as an electrode active material. Different
types of conductive additives were used: low surface area (less than
100 m?/g) carbon black (Super P-Li, Timcal, Switzerland) and high
surface area carbon black (SC2, Cabot, USA) with a specific surface
area of about 1500 m*/g. The Super P-Li conductive additive was added
to the active material in an amount of 2 mass% and 4 mass%. In the
case of SC2 carbon black, the mass fractions were as follows: 5%, 10%
and 20% (‘100%’ with respect to the total carbon mass with binder).

The electrodes were typically prepared by mixing the nano-porous
activated carbon powder with conductive additive and PTFE suspension
in water (Sigma-Aldrich) until a homogeneous mixture was obtained. The
mixture was rolled to form sheets of 100 micron thick followed by cutting
off the separate carbon electrodes. The active carbon electrodes thus
obtained had their geometric surface area of 15 cm? each and contained
7% of PTFE binder, (93-x)% of activated nano-porous carbon and x% of
conductive additive, where x=0;2;4;5;10;20 in compliance with
conductive additive type. They were then applied onto electric-spark
treated aluminum foil [8] used as a current collector of 20 micron thick
and dried at 220 °C under vacuum for 8 hours. A couple of electrodes
were then interleaved with a porous insulating sheet (separator) and
placed into laminated aluminum shell. The prototypes thus fabricated
were filled with 1.3 M EtsMeNBF, (TEMA) in acetonitrile and sealed. All
the assembly operations were carried out in a dry box filled with argon.

Galvanostatic charge-discharge cycling in the voltage range from
2.7V to 1.35V and current from 0.5A to 3A with the help of Arbin SCT 5-
25 testing unit was used to measure the electrochemical parameters of
EDLC prototypes.

Results and Discussion

The porous structure of selected activated carbon YP-80F has been
studied from nitrogen adsorption/desorption isotherms at 77 K using a
Nova 2200e Surface Area & Pore Size Analyser (Quantachrome
Instruments), and the results are illustrated in Figure 1.
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Figure 1. Pore size distribution obtained from nitrogen adsorption/desorption
isotherms with the use of DFT calculations

This nano-porous carbon has its pore size in the range between 1 and 5
nm with a large portion concentrated between 1 and 3 nm.

Testing results of EDLC prototypes with their electrodes fabricated
either with the use of Super P-Li conductive additive or, for comparison
purposes, with ,pure” activated carbon electrodes (without any
conductive additive), are listed in Table 1 below.

Table 1. Electrochemical parameters of EDLC with different content of
Super P-Li conductive additive

Super Electrode’s Specific Volumetric Specific RC-
P-Li, density, capacitance, | capacitanc | resistance, | constant,

mass% glcm® Flg e, Flcm?® Ohm-cm? st

0 0,47 32,4 14,2 0,85 0,24

2 0,5 30,5 14 0,79 0,22

4 0,51 30,5 13,9 0,8 0,22

As can be seen from this Table, addition of Super P-Li conductive
additive in amount of 2 mass% allows to achieve 7% reduction of internal
resistance. Further increase in the Super P-Li content does not reduce
the resistance significantly. At the same time, an increase in Super P-Li
content results in some decrease in volumetric capacitance due to lower
specific surface area of the conductive additive.

Testing results of EDLC prototypes, whose electrodes were
fabricated with SC2 conductive additive in comparison with ,pure”
activated carbon electrodes (without any conductive additive), are listed
in Table 2 below.
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Table 2. Electrochemical parameters of EDLC with different content of
conductive additive SC2

SC2, Electrode’s Specific Volumetric Specific RC-
mass density, capacitance, | capacitance, | resistance, | constant
% glcm® Flg Flcm? Ohm-cm? st
0 0,47 32,4 14,2 0,85 0,24
5 0,49 32,4 14,0 0,82 0,23
10 0,51 33,8 14,3 0,78 0,22
20 0,52 39,7 15,1 0,78 0,23

Gradual increase in SC2 content allows reaching the minimum of
internal resistance at 10 mass% of SC2. Further increase in the content
of SC2 does not provide lower resistance, but significantly affects the
gravimetric capacitance, which can be seen in Figure 2.
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Figure 2. Dependence of EDLC specific parameters on SC2 content

In accordance with testing results, the use of SC2 conductive
additive in amount of 20 mass% allows more than 20% increase in
gravimetric capacitance of such composite electrodes.

CONCLUSIONS

The optimized ratio of various ingredients (nano-porous carbon,
polymer binder and conductive additive) in composite EDLC electrodes
enables one to improve the electrode’s mechanical strength and EDLC
performance significantly.

The use of conductive additive SC2 in amount of 20 mass% besides
reducing the internal resistance also increases gravimetric capacitance
by 20%.
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Surface modified samples of LiMn,O, coated with LiNigsMn;sO4
have been synthesized by a citric acid aided method and tested as a
cathode material in sample lithium ion batteries. It has been been found
that the surface layer of LiNigsMn, 50, is easily permeable for Li* ions.
The surface modified samples are able to endure current loads of 20C
(2940 mAh/g) without degradation and after heavy-duty tests deliver the
same specific capacity as before current loading.

The growing need in renewable energy storage is enhancing the
research on new materials and the ways of their improvement.
Nowadays, substituted lithium manganese spinels are used as cathode
materials for rechargeable lithium ion batteries due to their low cost and
high potential vs. Li/Li*. These are promising for numerous applications,
in spite of capacity fading upon cycling, which hinders their
commercialization. In view of this fact, numerous methods of enhancing
their properties have been suggested. One of them is based on the
surface modification of the electrode material [1]. In this case, the
composition of a solid layer formed on the surface of the mother material
is changing, and less degradation of the electrode and electrolyte
solution occurs.

In our recent papers, two types of lithium manganese spinels,
LiMn,O, and LiNipsMn; 50,4, have been studied in one and the same
electrolyte, viz. a 1 mol/L solution of LiPF¢ in a mixture of ethylene
carbonate/dimethyl carbonate with a mass ratio of 1:1 [2-4]. It has been
found that in spite of a considerably higher working potential range of the
latter material, it is extremely stable on cycling even at high current
loads.

Therefore, the aim of this work was to obtain the lithium manganese
spinel coated with LiNigsMn;s50,. It might be helpful in achieving more
efficient cycling of the electrode material due to the presence of a
protective “shell” on the surface of the stoichiometric lithium manganese
spinel.
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Research Methodology

Materials under investigation were synthesized by the citric acid
aided procedure described in Refs. [5,6] using solutions of lithium nitrate,
nickel (II) nitrate, manganese (Il) nitrate, and citric acid (all of analytical
grade) mixed in proper molar ratios. In order to modify their surfaces, a
pyrolysed precursor of LiMn,O, was soaked with the solution containing
lithium, nickel, manganese nitrate, and citric acid, so as to obtain a layer
of LiNipsMn; 50,4 on its surface after pyrolysis. The mass ratio of LiMn,O,
and LiNipsMn; 50, was adjusted to 1:0.1. The temperatures of pyrolysis
and further annealing of pyrolysed samples were 400 °C and 700 °C,
respectively. For more details of the procedure see our Refs. [2-4].

Electrochemical measurements were performed in model CR2016
coin cells on a home-made automated electrochemical workstation using
cyclic voltammetry (CV) and galvanostatic charge/discharge cycling
methods. Cells with a lithium metal anode serving as a counter and
reference electrode, a cathode made of the material in question, a
Celgard 2500 separator membrane, and a 1 mol/L solution of LiPFg in a
mixture of ethylene carbonate/dimethyl carbonate with the mass ratio of
1:1 were assembled in a dry glove box. The working electrodes were
made of 82% of the material under consideration, 10% of a conducting
additive and 8% of a poly(vinylidene difluoride) binder.

Results and Discussion

In Fig. 1, CV curves for neat LiMn,O4 LiMN,O, modified with
LiNipsMn; 504, and neat LiNigsMn; 50, are compared. The data for neat
spinels well correspond to those published [2,3]. The surface modified
material perfectly reproduces the features of the neat LiMn,O,. The
presence of LiNipsMn;50, on the surface of the lithium manganese
spinel is recognizable as reversible waves at potentials around 4.4-4.9 V.

Galvanostatic charge/discharge cycling data within the 3.5-4.5 V
voltage range reveal that the surface modified samples behave like the
samples of the neat LiMn,O,. This means that the surface layer of
LiNiosMn150, is easily permeable for Li* ions. Clearly, much work should
be done in order to determine the role of the modifier and changes in the
resistance of LiMn,O, after covering with LiNipsMn; 04 However, the
dependence of capacity retention on the current load presented in Fig. 2
reveals that the surface modified samples are able to endure the current
loads of 20C (2940 mAh/g) without degradation and after heavy-duty
tests deliver the same specific capacity as before current loading.

34



Promising Materials and Processes in Technical Electrochemistry. Part 1

LiMn204

R

a

o
I

-300 [ | I T (N T [ SR SR TR NN S N S
200 i LiMn,O,/LiNi, .Mn, O,

[, mAh/g

LI NiO.SMnl.504

w
3

L | L | L | L | L | L | L | 1
36 38 40 42 44 46 48
UV

Figure 1. Cycling voltammograms for LiMn,Og4, LiNigsMn1 504, and surface modified
Sample LiMn204/LiNio_5Mn1_5O4.
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Figure 2. Dependence of discharge capacity on cycle number for the surface
modified LiMn,O,4/LiNipsMn; 504 sample. Numbers in the figure mean current loads in
C units (1C=147 mAh/qg)
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Conclusions

The surface modified samples of LiMn,O,4 coated with LiNigsMn; 504
have been synthesized by a citric acid aided method. Electrochemical
tests reveal that the surface layer of LiNipsMn; 50, is easily permeable
for Li* ions. The surface modified samples are able to endure the current
loads of 20C (2940 mAh/g) without degradation and after heavy-duty
tests deliver the same specific capacity as before current loading.
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In this paper, regularities of overstoichiometric lithiation of LiMn,O,
spinel samples of different origin have been established using the
methods of galvanostatic (CCCV) and voltammetric cycling. Unlike
individual LiMn,O,, the aluminum doped spinel reveals high stability after
repeated overdischarge. In particular, individual LiMn,O, does not
tolerate even a few individual overdischarge cycles of the cathode below
3.0 V, whereas several overdischarge cycles are not critical for the
aluminum doped spinel.

The lithium manganese spinel LiMn,O, has been known since 1983
as a cathode material for lithium-ion batteries [1] and is the subject of
numerous researches to this day [2,3]. The electrochemical intercalation/
deintercalation of lithium ions into/from the lattice of LiMn,O, occurs at
about 4 V according to eq. (1),

LiMn204<—>Li1_xMn204+XLi++Xe_. (1)

The theoretical capacity of the spinel is 148 mAh-g™. In the
composition ranges of 0=x<0.5 and 0.5<x<1.0, the reaction takes place in
two stages, but the spinel keeps its cubic structure with the lattice
parameter a=8.248 A. These stages can be well observed on
galvanostatic curves, which consist of two separated flat regions, and on
cyclic voltammetry curves having two typical peaks corresponding with
the intercalation/ deintercalation of lithium ions. At the same time, when
lithium ions are in excess, x>1 (overlithiation), the intercalation potential
of lithium ions becomes ~2.9 V to Li/Li", and the spinel structure
experiences a tetragonal disorder with a small increase in the unit cell
volume (a=8.007 A, ¢=9.274 A) according to reaction (2):

Li+LiMn,04<2LIMNO, (2)

Furthermore, the Jahn-Teller effect contributes to this distortion. It
can be observed during the accumulation of more than 50% of Mn®*" ions
according to reaction (2) and results in the symmetry lowering of the
structure [4]. Low cycling ability of lithium-ion batteries with LiMn,O,4
cathodes, typical for reaction (2), is mainly due to the destruction of the
cathode material because of its asymmetrical expansion/contraction
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upon charging/discharging [5]. One of the ways to improve
electrochemical characteristics of the lithium-manganese spinel is the
substitution of manganese ions and obtaining compounds of a LiMe;.
Me, O, formula [6].

Reaction (2) can partly occur upon malfunctions in a battery
operation, first of all, upon overdischarge. The effect of overdischarge
(overlithiation) on the stoichiometric spinel LiMn,O, prepared by different
methods is well described [5]. In order to avoid overdischarge and the
occurrence of reaction (2), charge-discharge cycling of doped spinels is
conducted at discharge potentials above 3.0 V [7]. As lowering the
charge/discharge voltage inevitably leads to overdischarge and
overlithiation effects, the determination of the overlithiation mechanism
and its role in various modifications of the lithium-manganese spinel is an
important issue. Therefore the objectives of this research have been to
establish the general pattern of overstoichiometric lithiation of LiMn,O,
and to study the effect of excess lithium intercalation on the following
electrochemical behavior of manganese spinel in high voltage regions.
From a practical point of view a long-term cycling of cathodes based on
spinel materials in different potential ranges will allow to draw a
conclusion about their stability to the overdischarge phenomena during
exploitation of lithium-ion batteries.

Materials and methods

In this study, commercial samples of lithium-manganese spinel, viz.,
stoichiometric LiMn,0O,4 EQ-Lib-LMO by MTI (USA) and modified LiMn,0O,4
HPM-9051C by Toda Kogyo Corp. (Japan), containing 1.52% aluminum
were used (Table 1).

Electrochemical studies were performed in sample button-type 2016
cells with lithium metal as a counter and reference electrode. A slurry
was prepared by mixing the active material, Super P and SFG6 (Timcal)
conductive additives, and a PVdF binder (Kureha #1100) in
N-methylpyrrolidone (Sigma-Aldrich) with the “dry” component ratio of
80:7:5:8 in a high-speed mixer (IKA RW 20). The working electrode was
made by coating the aluminum current collector with the slurry. The
mass loading of the electrode was 4-5 mg/cm?; it was pressed to the
thickness of 17-20 um. A 1M solution of LiPFg in a mixture of EC and
DMC (1:1 by weight) was used as an electrolyte. The cells for cycling
were assembled in an argon-filled glove box. Electrochemical
experiments were conducted on a home-made automated
electrochemical workstation using cycling voltammetry (CV) at the scan
rate of 0.1 mV/s and galvanostatic cycling in CC and CCCV modes. The
146.7 mA/g current numerically equal to the theoretical discharge
capacity of the stoichiometric LiMn,O,4 was taken as 1.0C.
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Table 1. Physical and chemical characteristic of LiMn,0,4

LiMn,0y4 LiMn,0,
MTI EQ-Lib-LMO (USA) Toda HPM-9051C(Japan)
Working range 34-45V 34-43V
Nominal capacity 115 mA-h/g 96 mA-h/g
Particle size 12 mkm 10 mkm
Specific surface 0,4~1,0 m%/g 0,51 m?/g

Before the main experiment, all samples underwent four formation
cycles of galvanostatic charge/discharge cycling with a 0.1C current and
three testing CV cycles with the scan rate of 0.1 mV/s. Testing CV cycles
in the typical range of potentials were conducted between series with
different final discharge potentials.

Results and Discussion

In preliminary CV tests (Fig. 1 A, B), characteristics of both electrode
materials with the final intercalation potential of 1.5 V were obtained.
First, electrode cycling in the standard range of potentials was conducted
and typical CV characteristics (cycle 6) extensively described in literature
[1-8] were acquired. The specific capacities of the stoichiometric spinel
(MTI) and the aluminum-modified sample (Toda) are 115 mA-h/g and 91
mA-h/g, respectively.

Then cycling in the lower potential range (2.4-3.5 V) was performed.
There were obtained a peak in the cathode region and a reverse peak in
the anode region at around 2.9 V (cycle 9), corresponding to the
Mn**—Mn*" red-ox reaction and to the transformation of the cubic phase
to the tetragonal one [9]. Cycling in the 2.4-3.5 V range showed reverse
capacity of about 80 and 46 mA-h/g for the MTI and Toda samples,
respectively. After this, the electrodes were cycled in the typical potential
range (cycle 12). A small decrease in peak current (and, respectively,
capacity) in the regular spinel and a nearly complete reproducing of the
curve in the modified LiMn,O,4, compared to cycle 3, were observed.

250 4

| r
—Cycle &6

200 - i
— =Cycle ®

150 4 h

g] 1004 | — - =-Cycle 15 fl

50
z d

A
jﬁ;\h&

P et - -

0 - =
-50 1 ‘\'.'

-100 - K}
-150 4 1]
-200

v
_Lil\-'h"nz()‘1 (MTI EQ-Lib-LMO}
-250

N\ f

v

W

1,5 2,0 2,5 3,0
u,

3.5 4.0 4.5

250
200
150 4

g,100—
= 504

04
-504
-100 4
-150 4
-200 4

Cycle 6 3 B

= =Cycle 9

-250

Al doped LiMn,O, (TODA HPM-8051C)

15 20 25 30 35 40 45

u.B

Figure 1. CV curves of LiMn,O4 by MTI (A) and Toda (B) upon cycling to 2.4
and 1.5V
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Further, electrodes were cycled in the potential range of 1.5 - 3.5V
imitating a deep overdischarge. The treatment of the MTI material to 1.5
V (Fig. 1A, cycle 15) showed a practically full absence of processes in
the 1.5 — 2.4 V potential range. At the same time, CV characteristics in
the standard potential range demonstrated a considerable decrease in
peak current values (cycle 18) with a decrease in specific capacity to 94
mA-h/g.

A deeper intercalation to 1.5 V (Fig.1 B, cycle 13) showed a capacity
up to 110-115 mA-h/g, with a wave at about 2.0 V, which disappears on
the following cycles (curve 15). Interestingly, returning to the cycling
potential range of 2.4 V — 3.5 V gave a twofold increase in capacity, from
46 to 94 mA-h/g. Test CV curves obtained in the higher-voltage region
before and after the low-voltage treatment (curves 12 and 18), showed a
minor decrease in specific capacity without the change of the curve
shapes. This capacity drop can be explained, most likely, by the increase
in the electrode resistance because of the growth of passive films during
multiple cycles in the low-voltage range. The effect of increasing peak
currents and specific capacity in the intercalation/deintercalation process
in the potential region around 3.0 V after treatment until 1.5 V is
presumably related to the structure features of the lithium-manganese
spinel doped with aluminum, and requires additional physical, chemical
and electrochemical investigations.
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Figure 2. Dependence of specific capacity in the lithium intercalation-deintercalation
processes in LiMn,O4 by MTI (A) and Toda (B) during long-term cycling in different
ranges of potentials. Numbered arrows refer to the number of the cycle in test CV

measurements

As a next step, a long-term resource cycling of MTI and Toda
samples at standard working ranges (see Table 1) and with
overdischarge to 2.4 V (Fig.2) was made. Cycling was held in the CCCV
regime: charging with a 1.0C current, surcharging to 0.1C, and
discharging at 1.0C. Between these regimes, CV measurements were
carried out at a scan rate of 0.1 mV/s (Fig. 3 A, B).
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As can be observed from Fig. 2, cycling of LiMn,O4 (MTI) to 3.4 V
exhibits a decrease in specific capacity values, which equal to 105
mA-h/g after 75 cycles, whereas LiMn,O, (Toda) holds a higher stability
of electrochemical characteristics. The value of specific capacity while
cycling in the standard range of potentials (4.3-3.0 V) during 75 cycles
remains constant and is of about 90 mA-h/qg.

As shown in Fig.2, decreasing the cycling voltage to 2.4 V (cycles
80-109) shows an increase in the specific capacity of LiMn,O4 (MTI) to
155 mA-h/g with the following rapid decline to 135 mA-h/g. For LiMn,O4
(Toda), widening the working potential range leads to smaller changes in
specific capacity.

Returning to the 4.5-3.4 V cycling window (cycles 115-147) for
LiMn,O, (MTI) reveals a decrease in capacity compared to the starting
cycling from 105 to 95 mA-h/g and to a further capacity decline with the
speed of 0.17 mA-h/g per cycle. On the contrary, LiMn,O,4 (Toda) in the
standard cycling window restores its initial characteristics. Further cycling
to lowest possible potentials (cycles 153-189) and within recommended
potentials (cycles 193-240) supports the trend obtained.

CV measurements in the standard potential range conducted after
each series of the resource cycling are shown in Fig. 3 A, B. It is evident
that after cycling LiMn,O,4 (MTI) to the final potential of 2.4 V a fast
decrease in the peak current and current slope is observed. Fig. 4
reveals that the specific capacity values and the Coulomb efficiency of
lithium intercalation/deintercalation are also decreasing.
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Figure 3. CVs of LiMn,O4 by MTI (A) and Toda (B) on long-term cycling to different
potentials according to conditions denoted in Fig.2.

CV characteristics of LiMn,O4 (Toda) (Fig. 3 B) confirm conclusions
regarding the dependence of capacity on cycle number. During more
than 240 cycles, the shape of the CV curves remains constant. A
decrease in the peak current and the current slope are observed since
190 cycles. At the same time, a decrease in the specific capacity and
Coulomb efficiency is noticed.
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Conclusions

Simulation of deep overdischarge during 240 cycles shows a high
stability of the aluminum doped lithium-manganese spinel compared with
the stoichiometric sample. From a practical point of view it can be stated
that commercial LiMn,O, (MTI) as a cathode material in lithium-ion
batteries does not tolerate even a few overdischarge cycles at 3.0 V. On
the contrary, the application of lowered discharge potentials to the
aluminum doped LiMn,O, (Toda) is not critical for its successful
operation.
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The method of preparation and properties of the carbon materials
modified by polynuclear complex compound 2Co-Ni with aminoalcohols
have been used. As the graphite substrate used natural and synthetic
origin. Were formed lithium ion electrochemical current sources with
electrolytes based on lithium perchlorate and LiPFs. The combination of
electrolyte and graphite certain origins helps to reduce cost in the
manufacture of lithium ion elements along with improving their specific
electrochemical characteristics.

Presently, synthetic or artificial graphites are the main materials for
the negative electrodes of commercial Li-ion batteries. In order to
improve the electrochemical properties of these materials (capacity,
cycleability), various methods of their modification are currently under
development. Among them, grafting of the heterometal trinuclear
complexes of 2Me(+3)-Me(+2), in particular, 2Co(+3)-Ni(+2), with
aminoalcohols, followed by pyrolysis in an inert atmosphere, proved to
be very efficient [1,2].

The aim of this work was to find out how the composition of the
aprotic organic electrolyte affects the properties of modified graphites of
different origin (either synthetic or natural).

Research Methodology

Chemical purity grade cobalt Co(NO3),*6H,O and nickel
Ni(NO3),*6H,0 nitrates, potassium hydroxide KOH, monoaminoethanol
(HEtm), diaminoethanol (H,Detm) and triaminoethanol (HszTetm) and
isopropanol were used for the synthesis of 2Co-Ni complexes. The
syntheses were performed in two steps.

First, the inner complex Co(+3) compounds with each aminoalcohol
were obtained. For this, the solutions of cobalt nitrate and potassium
hydroxide in isopropanol were prepared. Further on, an
overstoichiometric excess of the aminoalcohol was added to the cobalt
nitrate solution (molar ratios Co(NOs),/HEtm, Co(NOj),/H,Detm and
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Co(NOs),/H;Tetm were equal to 1/4, 1/4 and 1/2.2 accordingly), and after
that, the potassium hydroxide solution was added. The mixture stayed at
room temperature for 30 min, and formed potassium nitrate crystals were
filtered out. The filtrate solution was aerated for 2-3 hours by means of a
compressor. After that, the solution was aged for 3 days.

The chemical reactions (1), (3) and (5) correspond to the formation
of the inner complex compounds with HEtm, H,Detm and HsTetm
accordingly.

The second step was the synthesis of trinuclear complex. It was
performed as follows. The nickel nitrate was dissolved in isopropanol at
50-60°C, cooled down to the room temperature and added to the
previously prepared solution of the inner complex compound at constant
stirring. Thus obtained, the mixture was aged for 3 days.

The chemical reactions (2), (4) and (6) correspond to the formation
of trinuclear complexes with HEtm, H,Detm and HzTetm accordingly.

12 H;N——CH, ——CH,OH + 4 Co(NO3) * 6 H,0 + O, + 8 KOH =——=3=

O——CH,—CH,;——NH,

———= B8KNO;+4 COT—0——CH,——CH,—NH, [ *3H0 % +14H,0 ;
O——CH,——CH,—NH, (1)

Ni(NO3), * 6 H,0 + 2 {[Co(Etm)] * 3 HyO}—>  Ni [Co(Etm)s], (NO3), +12 H,0 .

/CHZ—CHZOH (2)
8NH\ +4 Co(NO3), *6H,0+0,+8KOH —=—=
CH,—CH,0H
/O—CHZ—CHZ—NH
Co—0——CH,—CH
—_— 8 KN03 +33 Hzo +4 0\ 2 2 * HZO ;

0— CH,—CH,—NH (3)
HO——CH,——CHj

Ni(NO3), * 6 Hy0 + 2 [Co(Detm * Hdetm)] * H,0——» {Ni[Co(Detm * Hdetm)]z} (NOy), + 8 H,0 .

CH,——CH,—OH
8 NS—CH,——CH,—OH + 4 Co(NOj3), * 6 H,0 + 8 KOH + O,

cH,— cH,—oH (4)
HO——CH, CH;
_© CH,—CH,—N
4 Co o CH,——CH; *6 H,0 | +8 KNO3+ 10 H,O ;
~o CH,——CH, z ° o (5)
HO——CH, CH; /N
HO——CH,, CH7

Ni(NO3), * 6 H,0 + 2 { [Co (Hytetm * Htetm)] * 6 H,O} ——— =

—» {Ni [Co (Hytetm * Htetm)],} (NO3), + 18 H,O . (6)
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Two types of graphite materials were chosen for the investigation —
synthetic LBG-73 (Superior Graphite Company, USA), and natural GP-1
(Ukraine). Their modification was performed by adsorption from
isopropanol solution (0.05 mol of the complex per 1 g of graphite) with
subsequent pyrolysis in high purity argon atmosphere. Adsorption time
was 2 days. After that the material was filtered and dried at room
temperature. The pyrolysis was carried out at 500°C, 550°C and 650°C
for mono- di- and triaminoethanol complexes accordingly during 1 hour.

Investigation of the electrochemical properties of the modified
graphite materials was performed in button 2016 size mock-up cells with
Li counter-electrode. Two types of the electrolytes were tested — with
lithium perchlorate LiClIO, and lithium fluorophosphate LiPFs. The salts
were dissolved in equimolar mixture of ethylencarbonate (EC) and
dimethylcarbonate (DMC). The assembled cells were tested in
galvanostatic conditions using the 8-channel computer governed
equipment.

Results and Discussions
The electrochemical behavior of natural and synthetic graphites in
the perchlorate electrolyte is shown in Figl and Fig2.
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Figure 1. Specific discharge capacities vs. cycle number for natural graphite in
perchlorate electrolyte:
1 — original, 2 — modified by monoaminoethanol, 3 — modified by diaminoethanol
and 4 — modified by triaminoethanol pyrolysis products. Current load 10 mA/g
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Figure 2. Specific discharge capacities vs. cycle number for synthetic graphite
LBG-73 in perchlorate electrolyte:
1 — original, 2 — modified by monoaminoethanol, 3 — modified by diaminoethanol and
4 — modified by triaminoethanol pyrolysis products. Current load 10 mA/g

As follows from Figl, no catalytic effect is observed for the modified
samples of natural graphite in the perchlorate electrolyte. Meanwhile, the
modification effect is quite pronounced for the artificial graphite.

The results of the modification is much better in case of
hexafluorophosphate electrolyte, Fig3 and Fig4.

cycle number

Figure 3. Specific discharge capacities vs. cycle number for natural graphite in
hexafluorophosphate electrolyte: 1 — original, 2 — modified by monoaminoethanol, 3 —
modified by diaminoethanol and 4 — modified by triaminoethanol pyrolysis products.
Current load 10 mA/g
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Figure 4. Specific discharge capacities vs. cycle number for synthetic graphite

LBG-73 in hexafluorophosphate electrolyte: 1 — original, 2 — modified by

monoaminoethanol, 3 — modified by diaminoethanol and 4 — modified by
triaminoethanol pyrolysis products. Current load 10 mA/g

One can see that the electrochemical behavior of both natural and
synthetic graphite can be significantly improved by means of the
modification by monoaminoethanol pyrolysis products.

Conclusions

The effect of modification depends not only on the type of ligand and
pyrolysis temperature, but on the type of the graphite and electrolyte as
well. It was found that the catalytic effect is absent for the natural
graphite in perchlorate electrolyte. Practically, modified natural graphite
(which is cheaper) can be used in combination with hexafluorophosphate
electrolyte. On the other hand, the cheaper and more environmentally
friendly perchlorate electrolyte can be successfully used for the cells with
the synthetic graphite.
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Solutions based on dimethyl sulfoxide (DMSO) and
tetraalkylammonium salts were studied as electrolytes for
supercapacitors. The specific conductivity and potential range of
electrochemical stability for DMSO solutions were obtained, and
galvanostatic studies of supercapacitors with these electrolytes were
carried out.

Supercapacitors (or electrochemical double-layer capacitors,
EDLCs) belong to the category of energy storage systems with high
specific power and are widely used in industry (e.g. in hybrid electric
vehicles, customer electronics, etc.) [1]. The operation principle of p
supercapacitors is based on charging—discharging the electric double-
layer by adsorption/desorption of electrolyte components on the surface
and inside a porous electrode [2]. As electrolytes for EDLCs, aqueous,
non-aqueous solutions and ionic liquids are used [3], and solutions of
tetraalkylammonium (R,N") salts in organic solvents are widely employed
[1-5]. Their main benefit is a wide potential range at relatively high
current densities providing hundreds thousands of charge/discharge
cycles. A significant disadvantage of EDLCs is their low specific
capacitance compared to the ‘classical’ energy storage devices, i.e.
batteries.

Important factors defining the characteristics of a supercapacitor are
the composition and properties of electrolyte solutions, namely their
electrochemical window, thermal stability and conductivity. The widest
class of electrolytes for EDLCs is presented by solutions based on
acetonitrile, propylene carbonate, as well as other aprotic solvents and
their mixtures [1-3]. Organic solvents employed in supercapacitors,
methyl cyanide (s acetonitrile) on the first place, are far from being safe
and pose environmental and health problems. This circumstance calls for
the replacement of these solvents by environmentally friendly, non-toxic
analogues, and dimethyl sulfoxide (DMSO) is a prospective candidate to
satisfy such demands.
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Electrolytes based on DMSO are not widely used in lithium batteries
and supercapacitors. This is due to the structure features of DMSQO, first
of all, to the presence of S=0O bond affecting interactions between the
solvent and electrode materials. As a result of such interaction, the
potential range of electrochemical stability is significantly reduced, and
this is an issue for a number of composite electrode materials. The
impact of adding DMSO on physico-chemical properties of electrolytes is
described in Ref. [6]. It should be noted that characteristics of EDLCs
with electrolytes based on DMSO and R4N" salts are not presented in the
literature. However, these electrolytes have a relatively low cost and
allow for operating with a high concentration of the salt in their
composition. Therefore, we aimed at filling this gap in the current work
via a detailed study of DMSO-based solutions with various R,N" salts as
electrolytes for supercapacitors.

Experimental

In this study, tetraethylammonium tetrafluoroborate (Et;NBF,;) and
bis(oxalato)borate (Et;,NBOB), tetramethylammonium bis(oxalato)borate
(Me4,NBOB), and bis(salicylato)borate (Me;,NBSB) were used. Me;NBOB
and EtNBOB were obtained by means of microwave synthesis
according to Ref. [7].

Electrochemical measurements of carbon-based EDLCs with
electrolytes were carried out in coin cells of 2016 type. All operations
with electrolytes and cell assembling were performed in a glove box. The
specific conductivity of solutions was determined from electrode
impedance curves obtained by means of a Z-2000 impedancemeter
(Elins, Russia) at the frequency range of 1-100 kHz. Measurements
were carried out in the temperature range of -10—+70 °C in thermoplastic
glass cells with flat parallel electrodes. A P-30 potentiostat (Elins,
Russia) was used to determine the potential range of the electrochemical
stability of electrolytes and to record cyclic voltammetric curves for
EDLCs. Galvanostatic cycling for supercapacitor cells was performed by
a TIONIT testing equipment (Ukraine).

Results and Discussion

Polytherms of the specific conductivity (In k — 1/T) for electrolytes
with a concentration of 0.7 mol/kg of salts are presented in Fig. la.
These dependences are almost the same for the Me,;NBOB, E{;NBOB
and EtNBF,;, whereas the Me,NBSB-based solution has significantly
lower specific conductivity than other ones due to big differences in the
size of bis(salicylato)borate, bis(oxalato)borate and tetrafluoroborate. A
sharp decrease in the specific conductivity in the temperature range of
5...7 °C is caused by the freezing of solution, which can be observed
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visually. The freezing point of the solution is ca. 10 °C lower than for pure
DMSO (19 °C).

The polytherms of specific conductivity for the Me;NBOB solutions
with various salt concentrations (0.2 - 2.0 mol/kg) are linear in Arrhenius
coordinates (Fig. 1b). The temperature of the liquid—solid transition
decreases with increasing the salt concentration. For instance, such
temperature for the solution of 0.2 mol/kg concentration is about 14 °C,
that is 5 °C lower than for pure DMSO, while for the solution of 1.4
mol/kg concentration the temperature gecrease is 18.5 °C.
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_2 —= 2.0m.f.
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1000/ 7; %k 1000/ 7, °K™*

Figure 1. Polytherms of specific conductivity: (a) solutions containing 0.7 mol/kg of
salts; (b) solutions of Me;NBOB containing different salt concentrations

Fig. 2a shows cyclic voltammograms of MesN*-containing solutions
in various aprotic solvents recorded on a platinum electrode. According
to the data obtained the potential range of electrochemical stability is
about 2.8-3.0 V for all electrolytes. Thus, it can be assumed that the
voltage of the adsorption—desorption process will be of similar value. It is
noteworthy that this potential range for acetonitrile and propylene
carbonate solutions is nonsymmetrical and moves to the anodic region
by nearly 500 mV unlike DMSO-based solutions, which have almost the
same values of oxidation/reduction potentials.

300 a —MeNBOB-DMSO gy b
— MeaNBOB-AN
Me4NBOB-PC 40001
N 150 — MesNBSB-DMSO NE
8 p 20001 49 mol/kg
04 ~ 0-
~ I'r/
-2000-
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'4000 T T T T 1
- 10 : ‘ ‘ -2000  -1000 0 1000 2000
2000 1000Evs. P?/Pt, mV1000 2000 Evs, Pt/Pt, mV

Figure 2. Cyclic voltammograms of (a) Me4sN*-containing solutions in various aprotic
solvents of 0.7 mol/kg salt concentration and (b) Cyclic voltagramms of the
Me;sNBOB-DMSO solutions of various salt concentrations. Pt electrode, 5 mV/s scan
rate
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As all DMSO-based electrolytes regardless of their cationic and
anionic composition demonstrate a similar electrochemical behavior it
may be suggested that this feature is determined by the properties of
DMSO, namely its electrochemical stability in the anodic region. The
increase of the salt concentration up to 1.8 mol/kg has a little effect on
the width of the electrochemical window (Fig. 2b).

Galvanostatic charge—discharge curves registered at different
voltages (from 0.9 V to 1.9 V) for EDLCs based on Me,NBOB-DMSO
and Et,NBF,—DMSO electrolytes with 0.7 mol/lkg and 1 mol/kg salt
concentration, respectively, are presented in Fig. 3. As in the case of
voltammograms, increasing voltage above 1.5 V leads to the change of
an almost ideal triangular view of the galvanostatic curves, while at
higher voltages these curves are distorted due to faradaic processes.
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Figure 3. Galvanostatic charging—discharging curves for EDLCs at different cycling
voltages: (a) 0.7 mol/kg Me;,NBOB-DMSO electrolyte; (b) 1.0 mol/kg Et;NBF4—
DMSO electrolyte. 1 mA/cm? current density

A decrease in specific capacitance with the cycle number during
galvanostatic charge—discharge to 1.9 V for EDLCs with Me,;BOB-
DMSO and Et,NBF;—DMSO electrolytes is shown in Fig. 4. Increasing
the cycling current leads to stabilization of the capacitance value.
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Conclusions

The specific conductivity and potential range of electrochemical
stability for DMSO of tetraalkylammonium salts solutions were obtained,
and galvanostatic studies of supercapacitors with these electrolytes were
carried out. Based on these data it could be concluded that DMSO based
electrolytes might serve as an environmentally benign alternative to
common acetonitryle solutions employed in commercial supercapacitors.
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BINARY ELECTROLYTES FOR IMPROVING PYRITE CATHODE
PERFORMANCE

SIROSH V.A.
Joint Department of Electrochemical Energy Systems NAS of Ukraine
SiroshVitalik@ukr.net

The aim of this study was improvement of the cycle life of
Li/FeS, cells through modification of solid electrolyte interface (SEI)
by using electrolytes based on binary mixtures of lithium salts, one of
which is lithium bis(oxalato)borate (LIBOB). Analysis of the results of
the research in the 1,3-2,6 V operating voltage range showed a
significant effect of the concentration ratio of lithium salts on the
specific capacity of FeS, cathode and its stability upon galvanostatic
cycling at room temperature. It was found that the highest cyclic
stability of FeS, electrode could be achieved by using electrolytes
based on lithium triflate with 2-5 wt.% of LIBOB and lithium
perchlorate with 10 wt.% of LiBOB.

BIHAPHI EJNIEKTPONITU AnNA NiABUWEHHA NMPOAYKTUBHOCTI
NMIPUTOBOIO KATOAY

CIPOLW B.A.
Mixxgidomue 8i00ineHHs1 ennekmpoxiMmiyHoi eHepeemuku HAH
YkpaiHu; SiroshVitalik@ukr.net

MeTolo pobOTM € noKpaweHHS eneKTPOXIMIYHMX XapaKTepUCTUK
Li/FeS, cuctemmn LWNISXOM BUKOPUCTAHHS €MEeKTPOSiTiB Ha OCHOBI
BGiHapHMX cyMmiwen conen niTito, ogHiel 3 dkux € bic(okcanaTto)dopaT
nitito (LIBOB). AHania pesynbTaTiB AOCMIOKEHHA Yy Aiana3oHi Hanpyru
1,3-2,6 B nokasaB CyTTEBMI BMMB CMIBBIAHOLIEHHA NITIEBUX COMen Ha
NMMTOMY €MHICTb FeS, kaToay Ta Ii cTabinbHICTb B NpoLECi LMKNYyBaHHSA
npu KiMHaTHIN TeMmnepaTypi. BcTtaHoBneHo, Wo nigBuweHa cTtabinbHICTb
npu uuknyeaHHi FeS, enektpogy Moxe OyTu oTpuMaHa npwu
3aCTOCYyBaHHi enekTponiTiB Ha ocHoBi 1M po3umHy Tpudnarty niTio i3
Bmictom LIBOB 2-5 %mac. Ta 1M po3ynHy nepxnopaty niTito npu
KoHUeHTpauii LiBOB 10 %mac.

CTBOpPEHHSA BUCOKOMOTYXXHUX [IKEepen CcTpymy AOns 3a40BOSIEHHS
noTpeb pi3HUX ranysen NPOMUCIIOBOCTI CTUMYIIOE MOLWYK Ta PO3pobKy
HOBMX  €eNneKTPoOHUX mMaTtepianis 3  NiABUWEHHUMU  MUTOMUMMU
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xapaktepuctnkamm. B GKOCTI NepcnekTUBHUX KaTOOHUX MaTepianis
3HayHy yBary npueepTalTb Cynbdian meTtanis, 3okpema, TiS,, CuS, NiS
i FeS, yepes ix HM3bKy BapTiCTb Ta BUCOKI MUTOMI Xapaktepuctuku [1].
[Momix BKasaHMX cnonyk, aucynbdig 3anisa abo niput (FeS;,) mae oaHi 3
HaMBULLUNX TEOPETUYHMX 3HayeHb nuTtomol emHocTi (0,89 A-rog/r) Ta
nuTomoi eHeprii (1304 BT/kr a6o 2500 Bt/am®). Kpim Toro, mipuT € AocuTb
PO3MOBCIOKEHUM, [LELIEBUM Ta e€eKomnoridHo ©Oe3neyHum maTepianom
[1,2]. TpoTe, He3BaXkawuM Ha KoMepuianidauito MNepBUHHUX TITinN-
niputoBux opxepen ctpymy (Energizer) [2], BukopuctaHHa FeS, B AKOCTI
NO3UTMBHOIO eneKkTpoay BTOPUHHMX BaTapen ycKnagHeHo Yyepes HU3bKY
34aTHICTb NipUTY 40 nepe3apamXeHHA 3a KIMHaTHUX TemnepaTyp.

3a pobotamu [3,4], npouec €enekTPoxXiMiYHOro BiAHOBMNEHHS
NPUPOLHOro NipUTYy NPOTIKAE 3rigHO peakLUin:

FeS, + 2Li" — Li,FeS, (1)
Li,FeS, + 2Li* — Fe + 2Li,S (2)
[Mpouec 3apsaay € CTagiiHuM i MOro cxema Moxe B6yTn nogaHa sik:
Fe + Li,S — FeS + 2Li" (3)
les - %Sg + 2L|+ (4)

3a aHanorieto 3 Li/S 6aTapesaMmn 3 HEBOAHUM PiOKUM €NeKTPOSIITOM,
enekTpoximiyHe okucHeHHsi Li,S [4] npoxoauTb 4epe3  cepito
nonicynedigis nitito (Li,S,, 2<nN<8) 9K NPOMDKHUX NPOAYKTIB, 34aTHUX
PO3YMHATUCA B HEBOOHOMY eNieKTposniTi Npu n24, wWo npus3BOoguTb A0
NPOTIKaHHA NapasuTHUX NOBIYHUX peakKuin 3 NiTiEBUM aHOAOM Ta 3MIHOK
cknagy katogy. Omxe, Li/FeS, 6atapei matTb npobnemu, nogibHi oo
TUX, WO BiabysatTbCs B Li/S komipkax [4].

B uin poboTi Hamu 3pobneHo cnpoby YCyHyTM ui npobnemu i
NiABUMTM NPOAYKTUBHICTL Li/FeS,-cuctemMmn LWINSAXOM BUMKOPUCTAHHS
GiHapHOI cymiwi conen, ogHa 3 sAkux € Oic(okcanato)bopaTtomM niTito
(LIBOB). OctaHHin 3a paxyHOK po3knagy B obnacti KaTogHuX
noTeHuianis 3gaTteH 3MiHIOBATU NpUMpoLYy TBepAOoeneKTPOoniTHOI NiiBKu
(TEM), wo moxe npu3BOoaMTW, 3a NEBHUX KOHUeHTpauin LiIBOB, go
36inbweHHa edekTMBHOCTI pobotn FeS,-katogy. B poboTi BM3HaA4YeHO
KoHueHTpauinHnn Bnnme LIBOB Ha nutomi xapaktepuctukm FeS, B
npoLeci ranbBaHOCTATUYHOIO LIMKITyBaHHS.

MeToponoria pocnigxeHb

[Ons npurotyBaHHA PO34YMHIB €NEeKTPONITIB B AKOCTIi OCHOBHOI COni
BUKOpUCTOBYBanu TpudtopmeTaHcynbgoHat niTito, LIiTf («Aldrichy,
96%) Ta nepxnopart niTito, LiCIO, («CuHbia3», >98%), siki nonepeaHbO
CyLIMnu y Bakyymi npotsrom 6 roguH 3a temnepatypu 130 °C ta 160 °C,
BignosigHo. bic(okcanaTto)bopat nitito (LIBOB) oTtpumyBanu 3rigHo
pobotun [5]. Enektponitn (KOHUeHTpauis 1 Mosib/n) rotyBanu LWIISIXOM
PO3YMHEHHSA HaBaXXKN OKpeMOIl cosli abo KinbKox coneun B BiHapHIN CymiLui
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nponineHkapboHaty (PC, «Sigma-Aldrichy, 99,7%) i pgurnimy (DG,
«Sigma-Aldrich», 299,5%) 3 06’eMHUM cniBBiAHOWEHHAM 1:4.

KaTtogHy macy rotyBanu i3 cymiwi npupogHoro niputy (FeS,,
dpakuia <40 MKm), enekTponpoBigHOI AOMILWKM (kapboHizoBaHa caxa) Ta
crnonyyHuka (TednoH mapkmn ®©42J1), B3ATUX Y MacoBOMY CMiBBiAHOLUEHHI
50:35:15. Maca aktuHoro matepiany (FeS,) B cknagi katogy crtaHoBuna
6nmsbko 2,0+2,5 mr/cm?,

Ona  enekTpoxiMiYHMX  OOCHiAKeHb BUKOPUCTOBYBANIM  MaKeTHI
3pasknm enemMeHTiB OUCKOBOI KOHCTPYKUil B rabaputax 2016 3 nitieBUMm
npotnsoenektpogom ToBwwMHOO 0,8 mmMm. LWap i3 mikponopucTol
noninponineHoBoi nniekn NMOPI-A («Y®IM», Pocis) ToBwuHoo 30 MKM
BUKOPUCTAHUN sIK cenapaTtop. [Tomi xapaktepuctukm Li/FeS,-KomMipok
BU3Ha4anu METOAOM ranibBaHOCTATUYHOIO LIMKIYBaHHSA 3
BUKOPUCTAHHAM  3apsd-po3psaHux  npuctpois tuny  Y3P  0,03-10
(«BycTep», Pocis) 3a TemnepaTypu 25+1 °C.

Pe3ynbTatu Ta ix 06roBopeHHs

Ak y BunagKy niTin-cipdaHMx KOMIpOK [6], BBeOEHHS 00 cknagy
erneKkTPoniTy He3HaudHol KinbkocTi bGic(okcanaTo)bopaty nitito (LIBOB)
MOXe MO3UTUBHO BMNNMBaTM | Ha poboTty Li/FeS, enekTpoxiMidHOI
cucteMn. Ak Big3HayveHo B poboTi [6], B npucyTHOCTI LIBOB 3a paxyHOK
yTBOpeHHs TEIl Ha noBepxHi cipyaHOro enekTpoay BOAETLCA 3HAYHO
CKOpOTUTM Mirpauito nonicynedigie nitito. Lle cyrteBo nigBuLlye
KYJTOHIBCbKY €0eKTMBHICTb Ta cTabinbHICTb NpU LUMKNyBaHHI Li/S napw.

LinknyBaHHsa Li/FeS,-koMipok npoBoaunu B Aianas3oHi noTeHuianis
1,3-2,6 B 3a ryctvHu ctpymy 0,2 MA/cMm®. BUKOpUCTaHHS CTpymy
BiIHOCHO BWCOKOI TYCTWUHM | KiHUEBOI Hanpyrin po3pagpkeHHsa 1,3 B
YMOXNMBNIOE Binbll edeKkTUBHE BIOCTEXEHHS 3areXHOCTi MNUTOMOI
eMHOCTI FeS,-enekTpoa Big cknagy enekTponiTy.

PesynbTatn, HaBegeHi Ha puc. 1(a,0), ceigyaTb, WO NMTOMAa EMHICTb
FeS,-katoga B pocnigkyBaHOMY Aianas3oHi  MoTeHuianiB y BCiX
enekTponiTax HMWk4ya 3a TeopeTU4Hy Ta ICTOTHO 3anexuTb Big npupoan
aHioHa coni niTtito. 3a ymoB Hanpyru B KiHUi po3psay 1,3 B koediuieHT
BUKopucTtaHHa FeS, cknagae He Ginbwe 40%.

Ha puc. 1a npenctaBneHi 3anexHoCTi 3MiHW MUTOMOI €MHOCTI
Li/FeS, komipoKk Big HOMepy UMKy B enekTponitax Ha ocHosi LiTf 3
pisHMm BmicToMm LIiBOB. AHania oTpuMmMaHuxX KpuBUX MOKa3ye CyTTEBY
BIAMIHHICTb Yy 3HA4YE€HHAX MUTOMOI EMHOCTI nNpu BUKopucTaHHi LiBOB-
BMICHUX €neKTPOniTIB Ha NepLlunx po3psaHuX Uuknax, Wwo Moxe 6bytm
nos’sizaHo 3 ocobnmeocTsaMu dpopmyBaHHA TEIN Ha noBepxHi FeS,. Cnig
TakoX BIiAMITUTM, WO npu KoHueHTpauil LIBOB y mexax Big 2 go 10
Mac.% 3anexHiCTb NMTOMOI EMHOCTI Big HOMepa UMKy Y OOCHiAKYBaHNX
eneKTposliTax Ma€ CXOXUMA XapakTep i MpoxoauTb 4epe3 MeBHUN
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MakcumMyM. Taka 3anexHiCTb MOXe CBigYnTM Npo  3MEHLUEHHS
3aranbHOro Oropy enekTpoxiMiYyHOT CUCTEMWU B XOAi UMKNYBaHHA, LUO
npu3BoAUTL A0 MIABULLIEHHS Hanpyru po3psiay i, Sk pesynbtaT — A0
30iNbWEHHA nUTOMOIT €MHOCTI. Hanmbinbw edektnsHum ana  LiTf-
enektponitis BusBnsietbca BMIicT LIBOB 2+5 %mac. lNutoma €eMHicTb
Li/FeS,-cuctemn npu UbOMYy B 3aneXHOCTi Big cniBBigHoweHHA LiTf-
LiBOB ctaHoBuTb Big 408 po 344 mA-roa/r Ha 1-my umkni i go 10-ro
LMKy ctabinisyetbca Ha piBHI 364 i 359 MA-roa/r, BignoBsigHO.
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Puc. 1. Brinus emicmy LiBOB (%mac.) 8 eriekmposnimax Ha 3aexHicmb
numomoi emHocmi Li/FeS, komipok 6id Homepa Yukrly ma rnpupodu aHioHa ¢hpOHOBOI
coni: a) LiTf; 6) LiClQ,.

3anexHoCTi MUTOMOI EMHOCTI Big HOMepa UuKIy, OTpUMaHi npu
ranbBaHocTaTU4YHOMY uMknyBaHHi Li/FeS,-komipok B LiCIO,4-LiBOB
enekTposniTax HaBegeHi Ha puc. 16. 3rigHO HaBeaeHUX KPUBUX, NpuU
BUKOPUCTaHHI  pO34MHIB nepxrnopaTy niTito BnpogoBx 10 uyuknis
cnocTepiraeTbCa NigBULLEHHS MMTOMOI EMHOCTI Mamxe Ansl BCiX 3paskiB,
aHanoriyHo Ao po3ymHis LiTf-LIBOB 3 HW3bKMM BMICTOM OCTaHHbLOrO.
TakoXX cnig BIOMITUTM HadABHICTb Ha HaBegeHuUxX Kpueux 6GinbLl
BUPAXEHOro MakCMMyMy MUTOMOI €MHOCTI, Ha BIgMIHY Bif PO34YMHIB
Tpudpnaty nitito. Hamsuwii nutomi XxapakTepuCTUkM Ta edPeKTUBHICTb
LUUKITyBaHHA Oynn oTpuMaHi B enekTponiTi, wo mictue LIBOB B KinbKOCTI
10 %wmac. BennumHa nuTOMOI €EMHOCTI Mpyv  UbOMY CKrnagana
353 MA-roa/r Ha 1-my umkni i 358 MA-roa/r Ha 10-my Uukni, BignoBsigHo.

BucHoBKMu

[MpoBeoeHO OOCAIMKEHHSA enekTpoxiMiyHOl nosediHkn Li/lFeS,
CUCTEMMU B PEXUMI ranbBaHOCTATUYHOIO LMKINYBAHHA 3 efleKTposiiTaMm
Pi3HOro cknagy npu KiMHaTHIN TemnepaTypi. [lpoaHanisoBaHO 3MiHY
NMMTOMKUX XapaKTepUCTUK MipUTOBOro enektpoay nig 4Yac nepwmx 10-tn
LUMKNIB 3apamKeHHA/PO3PSOAKEHHST B 3aneXHOCTi Big cniBBigHOLIEHHSA
conen LiTf-LIBOB Ta LiClIO4-LiIBOB B cknagi enektponity. AHanis
pes3ynbTaTiB 3acBiguuB, WO Mpupoda aHioHy OCHOBHOI niTieBOl coni
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BNNIMBAE Ha BENUYMHY NUTOMOI eMHOCTI FeS,-katoay. Lle moxe 6ytn
obymoBneHo yTtBopeHHsaM TEI, dopmyBaHHA Kol BigOyBaeTbca 3a
y4acTio BCiX KOMMOHEHTIB €NeKkTponiTy, B TOMYy YuCIi, NpY 3HA4HiM poni
LIBOB y ubomy npoueci. [lNpupoga TEI Hapsgy 3 onopom B
MiKenekTpogHoOMy npocTopi Ta B o6’eMmi cenapatopy Bu3Hayae onip
€eNeKTpoaHOI cuctemu, Wo B pes3ynbTaTi BiAOMBAETLCA Ha BESIMYUHI
PO3PSiAHOI Hanpyrn i, TakKMM YMHOM, BU3HA4YaE BENUYUHY MUTOMOI
EMHOCTI, OAepXXyBaHOl Yy Mpoueci UMKINyBaHHA B 3afdaHoMy iHTepBsani
Hanpyru. lNokasaHo, WO BenMyMHa NUToMol eMHOCTI Li/FeS,-cuctemu y
npoueci ranbBaHOCTATUYHOIO LUMKIYBaHHA Moxe OyTtn 306inblieHa
BBEeOEHHAM 0o cknagy eneKkTponiTy He3Ha4Hol KiNTbKOCTI
bic(okcanarto)bopaty niTtito. BctaHoBneHo, WO HanBuLly CTabifnbHICTb
nNpu UMKNyBaHHI FeS,-enekTpoay BAAETLCA OCATHYTUM NPU BUKOPUCTAHHI
ereKkTponiTiB Ha OCHOBI coni TpudnaTy NiTito 3 KinbkicTio LIBOB B Mexax
2+5 %mac., Toai 9K Ons po34vMHIB 3 MepxsiopaTtoM MiTiio HanKpalimm
pesynbTaTt cnoctepiraetbcsa npu BmicTi LIBOB 10 %mac.

Moasikn

ABTOp BOSAYHMM K.T.H. H.l. Tnob6i 3a pgonomory B NpoOBeOEHHI
AocnigkeHb i 06roBopeHHs pesynbTaTiB, a Takox A.X.H. C.O. Knpunnosy
3a 3ayBaXKeHHs.
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THE EFFECT OF TEMPERATURE ON CHARACTERISTICS OF
Mo,S;-ELECTRODE / ELECTROLYTE OF LiI-ACCUMULATOR

KIRSANOVA I.V., APOSTOLOVA R.D., BASKEVICH A.S.
SHEI «Ukrainian State University of Chemical Technology»
shembel@onil.dp.ua

In this work, changes in impedance spectra of Mo0,S;
electrochemically deposed on aluminum and discharged in Li
accumulator, with temperature have been analyzed. The character of
changes with temperature (273-332K) have been determined for the
parameters (R — ohmic resistance, W — diffusion impedance, and CPE —
constant phase element) which determine electrode processes related to
overcoming the energy of charge- and mass- transfer as well as
impedance behavior. It was shown that effective transformation of M0,S;
in a lithium accumulator could be provided only in the 298-307K
temperature range.

XAPAKTEPUCTUKU Mo,S; ENIEKTPOL / ENEKTPOJIT
Li-AKYMYJNATOPA B 3ANIEXXHOCTI Bi TEMIMNEPATYPU

KIPCAHOBA |.B., ATTOCTOJIOBA P.[., BACKEBW/Y O.C.
LBH3 « YkpaiHcbKul 0epxasHul XiMIKO-mexHos102i4HUU
yHieepcumemsy; shembel@onil.dp.ua

[MpoaHanizoBaHa eBOMOUISA iMNegaHCHMX CMeKTpiB i3 3MiHOM
Temnepartypu eniekTpoxiMidyHO oepXaHoro Ha antoMiHil cynbdigy Mo,S;,
PO3PSAMKEHOro B NITIEBOMY aKymynatopi. BwusHadeHoO 3miHy 3a
TemnepaTypoto (273-332K) cknagoBux napamMeTpiB  eKBiBaneHTHOI
eneKkTpUYHoI cxemu rogorpadis imMnegaHcy AocnigXysaHol cuctemu: R
(omiyHoro onopy), W (andysinHoro imnegaHcy) ta CPE (enemeHTa
NOCTiMHOI pasun), sKi BigobpaxatoTb napameTpu enekTpoaHuX NpoLecis,
NnoB'si3aHMX 3 MNOAONaHHAM €eHeprii NepeHeceHHs1 3apsaaiB Ta macu, a
TaKkoOX 3 iMnedaHCHOK noBefiHKow. Bu3HaveHo, wo 3abe3nedyeHHs
e(PeKTUBHOIro nepeTBOpeHHs cynbdigy Mo,S; B niTieBOMY akymynaTopi
MOXe ByTn rapaHToBaHO nuwe npu Temnepatypax 298-307K.

EnekTpoxiMiyHO  cuHTe30BaHi  MonibaeH-cynbdigHi  Ccnonyku
HaHOMETPOBOI LUKaNM MOXYTb 3HAUTWU LUMPOKE 3aCTOCYyBaHHSA B JTIEBUX
akymynatopax [1]. BOHM nokasyloTb Kpalli po3psaHi XapakTepucTUuKw,
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HDXK T1X HaHOMEeTpOoBi aHamnoru, OoTpuMaHi 3a IHWUMK MeToLaMMu.
BusHavyanbHMM napameTtpoMm po3psgHol  emHocTi  Mo-cynbdigie  y
niTieBOMy akymynaTtopi € Temnepartypa. [1py oxonogkKeHHi Ta HarpiBaHHi
po3psaHa eMHicTb M0,S3; B pefokc-peakuil 3 niTiEM 3HWKYETbCA B
NOPiBHAHHI 3 Takow npu (298-303K). B paHin poboTi BU3HAYEHO
TemnepatypHy obnactb €dEKTUBHOIO MNEPETBOPEHHST E€NEKTPOXiMIYHO
CuHTe3oBaHoro Mo,S; B pegokc-peakuil 3 NiTiem.

MeTtoponorisa pocnigaXeHb

Mo-cynbdign CUHTE30BaHO BIAHOBMEHHAM po34ymHiB Na,MoO,
(0,08+0,14 monb-n™), Na,S,05 (0,010+0,012 mMonb-n™") Ha anoMiHieBIN
ciTui y BUrnsai ToHkux wapis macoto 10+13 mr-cm™ [1].

IMnegaHc cuctemn Mo,S; enektpog (1) / 1 monb-nmt LiClO,, MK,
OME / Mo,S; enektpoa (2) BumiptoBanu 3a OOMOMOroOW aHasniTU4HOro
pagiomeTpa VoltaLab PJZ 301 npu HaknageHHi enekTpuyHoro curHany
amnnitygoto 10 mB y yvactotHomy iHTepsani 100 kluy+6,3 mly. Ong
aHanisy cnekrtpis Bukopuctoysanu nporpamy ZView (Version 2.1b).

Pe3ynbTaTt Ta iXx 0GroBopeHHsA

3a JaHuMKM peHTreHodas3oBOro aHanisy y cknagi TOHKOLLapOBOro
enekTpoay Hanivyetbca M0,S; MOHOKMIHHOT CiHIOHIT (NpocTopoBa rpyna
P2:/m [81-2031]) 3a HaaBHICTIO JOMiILOK cynb®igiB Co4S3, Co3S,.

IMnenaHCcHI  xapakTepucTUKM B 3arexHOCTI Big TemnepaTypu
BWU3HAYEeHO 3 efiekTpogamMu, po3psAamaKeHUMIN B JITIEBOMY aKyMyndaTopi 40
1,1 B. [loteHuian enektpogy 6e3 ctpymy (Eo) crtabinisyetbca Ha
3HadeHHi 1,32 B, akum Bignosigae XximiyHin dopmyni Li,M0,Ss. Ona
aHanizy rogorpacdis iMnegaHcy gocnigKyBaHol cuctemu nigibpaHo
eKBIBaNEeHTHi efieKTpPUYHi CXeMn Ta YyCTaHOBJIEHO 3HAYEHHS NapamMeTpiB
erneMeHTIiB cxemu npu Temnepartypax 273, 298, 307, 319, 332K.

Ha pwuc. 1 nokasaHo ropgorpad iMnegaHcy cuctemmn Mo,S; /
1 monb-nt LiClO,, MK, OME / Mo,S; npu T=307K Ta ekBiBaneHTHa
eneKkTpu4Ha cxema rogorpadyy imnegaHcy CUCTEMM.

IMnegaHc cuctemMu 3pocTae 3 MOHWMXKEHHAM TemnepaTypu §K B
BMCOKOYACTOTHIKW, TaK i B NiHINHIN ainsgHkax rogorpady (puc.2).

[MpoBeneHO aHani3 3aneXHOoCTi CKagoBuX napamMeTpiB iMnegaHcy
Bin Temnepatypu: (R) — omiyHoro onopy, (CPE) — enemeHTy 3aBUry
noctivHol  asn, (W) — audysinHoro imMnegaHcy, BuXoasun 3
TEeOpeTMYHMX OCHOB iMMeaaHCHOI cnekTpockonil [2].

EnemeHt CPE wMoxe BigobpaxaTu eKCNOHEHUIMHMA po3noain
napameTpiB  eneKkTpoxiMiyHOI peakuii, noB'd3aHOl 3 MNOAONAHHAM
eHepreTuyHoro 6Gap'epy nMpuv nepeHeceHHi 3apsaaiB Ta Macu, a Takox
iMNedaHCcHy MoBefiHKY, BUKINUKaHY dpakTanbHICTIO MNOBEpPXHEBOI

CTPYKTYpW.
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Puc. 2. [0docpacpu imrnedaHcy OocidxysaHoi cucmemu 8 3anexHocmi eid T K: a) 1
— 298, 2 -307, 3- 319, 4 — 332; ecmaseka — 3b6inbweHul macwmab; 6) 5 — 273.

ImnegaHc CPE BusHavaeTbea napameTtpamm CPEp Ta CPET (1):
Zepe =CPE; - (y- (D)_CPEP - (1)

MapameTp CPEp=n — KoemdiuieHT dpakTanbHOCTi MOBEPXHi, AKWN
BCTAHOBSIOE TWUM YacTOTHOro posnoginy napametpis C, W, R. BiH
MOZentoe igeanbHn abo gedopmoBaHUN AUAGYIIMHUK iMNedaHc npwu
n=0,5x¢; Yynctuin abo cnoTBOpeHUn pesnctop npu N=0xE; NCEBLOEMHICTb
npun n=0,5+1,0. NMapameTp CPET — NnceBOOEMHICTb.

EnemeHT iMmnegaHcy Bapbypra BusHavaeTbcs K (2):

(cth-vy- oa-)\\;vvp | 2)
(y-Wr o) °

ae y=+—-1, w — KpyroBa 4actoTta; Wr — OMi4HUI Onip; W+=I°/D;,
| — ondbysinHa poBxuHa, Dy — koedoiuieHT andoysil ioHiB NiTito;
W,=n — KoediLieHT dpakTanbHOCTi MOBEPXHI.

ZW :WR

[Mpn aHanisi BUSBMEHO, WO 3MiHA BU3Ha4YeHUX 9 napameTpis
rogorpadpis iMnegaHcy npu nigBuleHHi Temnepatypu Big 298 oo 323K
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BiabyBaeTbCA BIiAMIHHO Bi4 3aKOHOMIPHOCTI, $Ka BUsIBIEHa B
TemnepatypHomy nepebiry Big 298 go 273K (Puc. 3).

[MpocTexyeTbCa 3akOHOMIpHiCTb: napametpn CPE.;;, CPE,r, Wi,
CPEi,, CPEy, W, mano 3MmiHIOIOTbCA 3a Temnepatypold B Mexax
298-307K. EkctpemanbHi 3MiHM napameTpiB CcrocTepiralTbCsa npu
OXONnomXeHHi (273K) Ta npu HarpiBaHHi, NoYMHaKuM 3 TemnepaTypu
319K (puc.3,6; puc.3,B).
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Puc.3. lNapamempu modesibHoi cxemu 8 ¢byHKUii memnepamypu (T K).

Y 3HauyeHHsX napamMeTpiB  OMi4Horo onopy (puc. 3, a)
crnocTepiraetbcsa piskmn nepebir npyn oxonoakeHHi Big 298 go 273K.
3anexHicte Ry Big TemnepaTypu KOpesne 3 TemnepaTypHOIo
3anexHicTio onopy enektponity 1 monb-nmt LiClO,, MK, OME B
cBobogHoMy npoctopi p (Puc. 3, a — BcTaBka). ApeHiyciBcbka
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3anexHictb nposigHocTi Ry crnocTtepiraetbcsd B Mexax 298-332K i
nopywyetbca npu 273K. Lle cBigumTb Npo 3MiHY MexaHi3MiB npouecy
nogonaHHa onopy Ry B 03Ha4YeHUX TemnepaTypHUX iHTepeanax.

EnemeHT R, / CPE; npeacrasnseTbCs AK onip nepeHeceHHs 3apsais
R; (enektponit / noBepxHeBa nniBka / Mo,S;3), 3awyHTOBaAHWUN
enemMeHToM nocTinHol pasm CPE;, AkuM BpaxoBye HEOLHOPIOHICTb
EMHOCTI, obymoBrieHy dapafeiBCbkMM MNpoLecoOM Ta reoMeTPUYHOD
nosepxHet. B makpocuctemi onip R; — edektuBHa BenvynHa, sika €
doyHKUieo  Mirpauil/gudysil  3apsagis/macu B enekTponiTi  nopyBaToro
npoctopy Mo0,S;, npoBigHOCTI MO0,S3 Ta KOHTAKTHOrO OMI4YHOIO Ornopy
MiX YyacTuHKamn Mo,Ss;.

B nigTpumky TemnepartypHoro edpekty npoBigHocTi Mo0,S; Ha
3HadeHHa R; cBig4YaTb [faHi, 3rigHO 3 HAKMMW eneKTPOnpPOBIOHICTb
cynbdiny Mo,S; 3HuxyeTbest Big 10° go 10° C-cM™ npu oxonomKeHHi
Big 373 go 273K [3].

3rigHo 3 kpuBMMK 3anexHocTi CPEp Ta CPE,r Big Temnepatypu
(Puc. 3, ©) TMn KOHTPOM E€nekTPoaHOro npouecy B Mexax 273-332K
3MiHIOETBCA HeoagHopasoBo. CTabinbHICTL NapamMeTpiB CNoCTepIraeTbCs
nnwe npun 298, 307K. Po3BiXHICTb B TUNAX KOHTPOSIKO MOXHA NMOACHUTU
CTabiNbHICTIO eneKkTPoAHOro npolecy B TemnepatypHomMy nepebiry (298-
307K) Ta nowwKomKeHHAM NOro 3a Mexamu umx Temnepartyp. Npu HarpiBi
NOCUSTIOETLCA aKTUBHICTb M0,S3 B OKMCHEHHI enekTponiTy. BigoMo Takox
npo MiABULLEHHS  XIMIYHOI  HecTiMkocTi  Mo0,S; 3  nigBULLEHHAM
Temnepartypu.

O3HayeHa HecTabinbHICTb eneKTpoaHOro npoLecy
CYNpOBOAKYETbCA  nepebyaoBod  noBepxHeBOl  Mopdhonorii Ta
MOXITMBUMU 3MiHaMW B CTPYKTYpi M0,S;3 i noBepxHeBol nnisku. Npo ue
CBiguMTb 3pocTaHHsa ncesaoeMHocTti CPE4r Mamke Ha nopsaok Ta BinbL
3HayHe 3pocTaHHa CPE,r npu nepebiry Temnepatypu Big 307 oo 332K
(pyc. 3, B). BusHadyeHe 3pOCTaHHA MOXHa MOB'A3aTU 3i 3HMXKEHHAM
rOMOreHHOCTIi MOPQOnoril MOBEPXHi 3@ PaxyHOK PO3YMHEHHS MNIBKMK,
3HWKEHHAM TOBLUMHW MOBEPXHEBOI MNiBKM Ha M0,S3, B MIATPUMKY 4HOro
cBigyatb AaHi 3anexHocTi W+ Big Temnepatypu (Puc. 3, B).

Mpwn 3HWXeHHI TemnepaTtypu Big 298 o 273K Bu3Ha4YanbHUMMK
napamMeTpamMuy NepeTBOPEHHS B LOCNiAKyBaHIM CUCTEMI CTa€ OMIYHUMN
onip — onip NepeHeceHHs 3apsaiB Yepe3 MexXy enekTponiT / enekrpoa,
NoB'sS3aHMU 3 OMOPOM MNepPeEHeCeHHA 3apsaaiB Yepes MikgasHi NoBEPXHI
enekTponit / noBepxHeBa nNniBka Ta noBepxHeBa nnieka / Mo0,Ss /
CTPYMOBUIM KOJIEKTOP, 3 OMNOpPOM Mirpauii 3apsgiB B - €nekTponiTi
nopyBaTtoro npoCcTOpy Cynb@igHOI MaTpuui, OMNOpOM MNepeHEeCEHHS
3apsgiB B TBEpAOTINbHIM - MaTpuui, 3 KOHTAKTHUM OMOPOM  MiX
YaCTMHKaMW TBEPAOTINbHOI MaTpuL,.

62



| Promising Materials and Processes in Technical Electrochemistry. Part 1

BucHoBKuM

[MpoBeneHo aHani3 BU3HayeHnx 9 napameTpiB eKBiBaSIEHTHOI CXeMu
rogorpadpis imMnegaHcy Mo0,S; B KOHTaKTi 3 eniekTponitom 1 Monb it
LiClIO4, TK, OME B TemnepatypHomy iHTepBani 273-332K, ki
BigoGpaxkaloTb XapakTEPUCTUKN OKPEMUX CTadin enekTpoaHoro npouecy
B3aemMofil 3 nitiemM, MOB'A3aHUX 3 MOOOMAaHHAM eHeprii NepeHeceHHsA
3apsaiB Ta Macu, a TakoX 3 iMnedaHCHOK MOBeAIHKOK, BUKITMKAHOK
dopakTanbHICTIO NOBEPXHEBOI CTPYKTYpU. HusbkoTeEMnepaTypHUn edekT
iMneaaHcy enektpoay Mo,S; B KOHTaKTI 3 eNeKTPOosliToOM BU3HAYaeTLCS B
HanBINbLWIN Mipi NiABULLEHHAM onopy nepeHeceHHs 3apsaais (R;). MNeBHy
pornb Npu 3HWKeHHI TemnepaTtypn po 273K BigirpaloTb 3HUXKEHHSA
NPOBIOHOCTI eNeKTPoniTy B nopyBatoMy npocTtopi Mo,S; Ta npoBigHOCTH
aKTUBHOI peyvoBuHU. [lpu Temnepatypi 319K Ta Buwe nopyLyeTbCA
CTIMKICTb enekTponity 1 monb-n* LiClO,, MK, JOME B KOHTaKTi 3 M0,Ss.
Ha nigcrtasi oTpumaHux pesynbTaTiB MOXHa po3paxoByBaTu Ha
epeKkTuBHE nepeTBOpeHHA Mo0,S; B JTIEBOMY akymynstopi 3
enekrTposnitom 1 monb-n™* LiClO,, MK, OME nvwe B iHTepBani
Temnepartyp 298-307K. [ns niaBULLEHHS KyNOHIBCbKOI edeKTUBHOCTI
NnepeTBOPEHHS MiKpOaKymynsaTopy Mo,S5/Li B LLINPOKOMY
TemnepaTtypHoMy iHTepBani HeobxigHO oNTUMI3yBaTW CKNag enekTponity
LUNISIXOM JOo4aBaHHSA OOMILLOK B enekTposniT abo nigibpaHHA npuaaTHUX
arnpoTOHHUX PO34YNHHUKIB Ta MITIEBOI COIi.

Mepenik nocunaHb:
[1] LUWembene E.M., Anoctonosa P.[., TeicauyHbin B.l1., KupcaHoBa
N.B. // Snektpoxumums. — 2005. — T. 41. — Ne 12. — C. 1465-1475.
[2] OnekTtpoxumunyecknn wmnmnegaHc. CrtonHoB 3.6., pados B.M.,
CasoBa-CtonHoBa b., EnkvH B.B., Hayka, M., 1991. - 331 c.
[3] [Mepos 3.l., MoweHckaa H.B. // N3B. AnTanck. roc. yHuBepc. —
2002. — Ne25 (3). — C. 33-36.
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THE EFFECT OF TiO, OXIDE ON THE DISCHARGE CAPACITY
OF FeS IN Li-ACCUMULATORS

GLADUN V.A., APOSTOLOVA R.D., MARKEVICN A.V., SHEMBEL E.M.
SHEI “Ukrainian State University of Chemical Technology
shembel@onil.dp.ua

Thin-layer FeS electrodes and the same electrodes based on
compositions of FeS with TiO, were synthesized onto the cathode in
agueous electrolytes. Aglomerates of micrometer-size TiO, consisting
of smaller particles were visible on the surface of the composite
deposits in optic microscope. The discharge capacity of the thin-layer
(FeS, TiO,) compositions in a lithium accumulator prototype in the 2.8-
1.1 V voltage range exceeds that for the FeS analog by 50-53%.

BNMUAHME TiO, HA NOBbILWEHWE PA3PAOHON EMKOCTU FeS B
JINTUEBOM AKKYMYJIATOPE

MAOYH B.A., ATTOCTOJIOBA P.4., MAPKEBWY A. B., LLEMBEJIb E.M.
'BY3 “YkpauHckul eocydapcmeeHHbIU XUMUKO-
mexHosioau4veckul yHugepcumem,; shembel@onil.dp.ua

TOHKOCNOMHbLIE FeS-anekTpoabl M TakMe e 3nekTpodbl Ha
ocHoBe komno3numn FeS c okcnagom TiO, BbINNM CUHTE3MPOBaHbLI Ha
KaToe W3 BOAHbLIX 3NeKTponuToB. B n3obpaxeHnsax noBepXHOCTU
OCaflkoB B ONTMYECKOM MUKpOCKone Obinn BuAHbI arnomeparsbl
BKMtOYEeHHOro TiO, MUKPOMETPOBOro YpPOBHS, cocTosime ns bonee
MEenkux 4actuy. PaspsgHas emkocTb komnosuumin (FeS,TiO,) B
MakKeTHOM JIMTUEBOM akKymynaTtope B pagy Hanpshkenus 2,8-1,1 B
npeBblaeT TakoBy FeS-aHarnora Ha 53 %.

B cBs3M C MHTEHCMBHbIM TEXHMYECKUM Mporpeccom B obnactu
3MIEKTPOHHLIX MUHUATIOPHbIX YCTPONCTB MOBbIWATCA TpeboBaHUs K
XapaKkTepuctTmkam HeobxoaAnMbIX ans HUX NNTUEBbIX
MUKPOAKKYyMYNATOPOB no 9HEepProeMKocTH, CTOUMOCTMH,
aKonormyeckon ©HesonacHOCTU. TOHKOCMOVHbIE FeS-anekTponbl,
MNONYyYEeHHbIE  3NEKTPOXMMUYECKM U3 BOAHbIX  PacTBOpPOB,
COOTBETCTBYIOT MHOIUM npeabsBnsgeMbim MOBbILLEHHbIM
TpeboBaHuaMm, obecneumBas paspsgHY0 €EMKOCTb B JIMTUEBOM
akkymynatope 400-500 MA 4 r' 1 B oTpuuaTenbHbIX 3MekTpodax
NATWIA-MOHHON cucTemMbl — 400-550 MA 4 r' [1]. Ynyywenuio
ANEeKTPUYECKUX  Xapaktepuctuk FeS B gaHHom  paboTe
cnocobCcTBOBano coocaxgeHne ¢ HaHoMmeTpoBbiM TiO,.
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MeTopgonorusa nccnegoBaHum

FeS cuHTesMpoBanu 3MeKTPOXMMUYECKM W3 pacTBopa, r-m:
FeSO,-7H,0O - 13; Na,S,05-5H,0 — 5. pH 4,5-5,0; ixatoa=1,5-3,0 MA'CM-Z.
OcaxgeHne BenNu ¢ NpuMHyanTenbHbIM NepeMeLllMBaHNEM 3MIEKTpoOnUTa.
Kak pobGaBky mcnonb3oBann TutaH-guokcua A-HR ¢ TeTparoHanbHom
CUHIOHMEN aHaTa3 ¢ pa3MmepomMm 3epHa 50 HM npousBoacTBa Huntsman
Corporation. Ocagks nonyy4ann Ha HepXaBewllen cTtanu, Ha
NOBEPXHOCTU KOTOPOW CHWXaETCs aare3ns akTUBHOro maTtepuana npu
NnoBbILWEeHUN TeMnepaTypbl. [103TOMY Ocagku CyLumnu npu Temneparype
60°C, koTopass He ABMsEeTCA ONTUMAaribHOW AN MOflyYeHNa camMomn
BbICOKOW YyOenbHOM paspagHon emkoctmh FeS. Tem He MeHee,
BblbpaHHasa TemnepaTtypa No3BOSISET NPOBECTU CPABHUTESIbHYIO OLIEHKY
appekra gobasku TiO, Ha paspsiaHble XapakTepucTuku Fes.

CTpyKTypy MOSlydEHHbIX OCagKoB ONpedensnu C  MNOMOLLbHO
peHTreHodasoBoro aHanumsa Ha YyctaHoBke [OPOH-2.0 B Cu-Kg-
N3ny4eHnn ¢ ncrnonb3oBaHnemMm MoHokpuctanna LiF B nHtepsane 20 = 5
+ 85 rpagycos.

Mopdonormio  NOBEPXHOCTU  CUHTE3MPOBAHHONO  MaTepuana
onpenenanu B ontudeckom mukpockone MbC-2.

CuHTesnpoBaHHble 0bpasubl TECTMPOBaNM B JIMNTUEBOM AUCKOBOM
NUCTOYHMKE TOoKa B rabaputax 2016 ¢ anekTponnToMm: OMMETOKCUITaH
(OM3), anokconan (OON), 1 monb-n™* LiBF,.

[1n9 n3rotoBneHMsa KOMNO3UTHbBIX HaMa3HbIX 3NIEKTPOAOB Ha OCHOBE
kommepueckoro TiO, wmcnonb3oBaHa Macca coctaa,%: TiO, — 70;
auetumneHosaa caxa -— 20; ceasywwee d4-I1 - 10. Maccy
3anpeccosblBanu Ha ceTky na ctanm 18H12X9T.

[[anbBaHOCTATM4YEeCKME  pa3psigHO-3apsigHble  XapaKTepUCTUKK
NoslydeHbl Ha UCMbITaTeNlbHOM CTEHAE C NporpaMMHbIM obecrnedeHnemMm.

Pe3ynbTatbl U nx obcyxaeHune

B cootBeTCTBMM C [AaHHbIMWU PEHTreHOdas3oBOro aHanusa B
ocajkax, MonyyeHHbIX U3 anektTponuta 6e3 gobaskn TiO,, obpasyetca
FeS c rekcaroHanbHown cnHroHmnen [80-1029].

Ha paspsgHon kpuBom FeS nepBoro uukna wuMerTcs aOBe
nrowagkn HanpskeHmsa co cpegHum 3HadeHnem 1,7 n 1,4 B. EMKocTb
nepeoro uukna (515 MA 4 ') npubnwkaetca K 3HAYEHWIO
TeopeTunyeckon emkoctn FeS (560 MA y r'l). B cnegyiowem unkne
noteps paspsigHon emkoctu coctasnsetr 49,5%. C noBbllEHMEM
NSIOTHOCTM pa3psiAHOro Toka paspsagHasi EMKOCTb CHMKaeTcs (puc.1a).
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Puc.1. Pa3psidHo-3apsiOHble Kpusble Li-akkymyrsimopa Ha OCHoge:
a) FeS, 6) komnosuyuu FeS,TiOy. ipasp, MA cm?: 0,05 (1,2 yuksbi); 0,17(8 yukr)

B ocagkax, cnMHTe3uMpoBaHHbIX M3 cycreH3un TiO, B anekTponute
ocaxpgeHuna FeS, Hapagy ¢ FeS ungeHtudpuuymnposaH TiO, —aHaTa3s (78-
2486) — puc. 2. Ha gudpaktorpamme ocagka, kpome pedonekcos FeS,
TiO,, HabnogatoTca pednekcbl ANPPaAKUMOHHOIO OTPaXeHUS OCHOBHI
(Fe).

1, wpan o1

200 4

Puc.2.PeHmzeHoscKasi
oughpakmozpamma ocadka,
ros1Iy4eHHO20 U3 CyCcreH3uu
TiO, 8 aiekmposniume
ocaxdeHus FeS

4 1Fes
3A5FeE TIO2
237 Tiog
208 Fe Fel
14Fa
1,56 Tio2
1457102
1,27 Fe

T3Fes

85
28, rpanyc

m
]
m
B
m
o
o

e

Ha mukpodoTorpadmax noBEPXHOCTM OCaAAKOB BUAHbI CBETIblE
BKIlOMEeHMd, npeactasndawowme arnomepatbl TiO, MUKPOMETPOBOro
YPOBHS1 Ha TeMHOM hoHe FeS (puc. 3).

Puc.3. 1306paxeHue nosepxHocmu
OCHO8bI-HepXasetowelti cmasu (a) u
ocadka komrio3duma FeS,TiO, (6) 8
mukpockone MEC-2 npu yeenudyeHuu
87,5

3 XOpOoLIO U3BECTHbIX CTPYKTYPHbIX MOAUdMKALUN TUTaAH-OMOKCKMAa
(aHaTas, pyTtun, OpykuT) B JIMTUEBBLIX WCTOYHMKaAX ToKa Haubonee
nccrnegoBaH M nNpuMeHsieTca aHartas. B nonoXuTenbHbIX anekTpoaax
NNTUEBOrO akKyMynsaTopa ero paspsgHoe HanpsbkeHue Bbiwe, yem TiO,-
pyTuna npunonmnantenesHo Ha 0,4 B.

HaHomeTpoBbin TiO, npefcraBndeTcs NepcrnekTMBHLIM MaTepuanom
Ansa nonoxutenbHblX [3], @ Takke oTpuuaTernbHbIX 3fIEKTPOLOB NUTUN-
MOHHbLIX GaTape B Nape C  MOMOXUTENbHbIM  3NIEKTPOAOM
(LiNig sMny 504), paspsgHoe HanpsXXeHne KOTOporo HaxoauTcd okosio 5 B
[4]. PaspsigHoe HanpsibkeHune Takoro JIMA — okono 3 B u Tem cambim
pelwaeTcsa npobriema 6e3onacHOCTU NMUTUN-MOHHOW BaTapeun, cBs3aHHas
C KOPOTKMM 3aMblKaHVWEM NUTUEBbIMU AeHApuTamu. B kommepueckmnx
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JINA  wucnonb3dyetca rpaput B OTpUUATESNIbHbLIX  3rekTpodax,
paboTtatowmx B JINA B ocHoBHOM npu noteHumane 0,1 B oTHocUTenbHO
Li/Li*-anekTpoga, 6Gnuskom K noTeHuuany ocaxaeHus nutusa. [Mpu
HEKOHTPONMMPYEMbIX  YCIOBUAX BO3MOXHO OCaXOeHue nuTus Ha
rpacpute, He NCKNYaroLLee KOPoTKoro 3ambikaHuns B JIVA.

PaspsagHo-3apsigHble  XapakTepucTtukn  HaHomeTpoBoro  TiO,,
MCNoSib3yeMOro B laHHOW paboTe, npuBeaeHbl Ha puc. 4.

Ha paspsigHOM KpMBOW Npu MeHbLUEeN NNOTHOCTU Toka (puc. 4 a)
MMEKTCA ABe ropn3oHTanbHble nrowankm HanpskeHna (E, B), koTopble
Ha OCHOBaHUM NUTepaTypHbIX AaHHbIX MOXHO OTHecTu K TiO, (aHaTas) c
Ecpenn= 1,75 B 1 k TiO, (pytun) ¢ Egpenv=1,35 B. Cyaa no paspagHbim
XapakTepucTmkam, B coctaBe nopouika TiO, (aHaTa3) umeeTca NnpuMechb
TiO, (pytuna). PaspagHas eMKoCcTb anektpoga npubnukaetca k 150
MA 4 ! IpU MeHbLLEN NMOTHOCTU TOKa U CHUKAETCA NpY ee NOBbILLIEHNN
0o 55 MA 4 r* (puc. 4 6).

PaspsagHble xapaktepuctukn komnosuta FeS,TiO, (puc.1 a) B
NNTUEBOM aKKyMynATOpe YrydlleHbl MO CPaBHEHUIO C TakoBbiMU FeS
(puc. 1 6). PaspsagHasa emkocTb komno3uta FeS,TiO, Ha 53% Bblwwe, Yyem
TakoBass FeS Ha 8-oM UuMKne npu UUKIMPOBaHUM B WHTepBarne
HanpsxeHus 2,8-1,1 B.

E.B

3.0

L Puc.4. Pa3psiOHble xapakmepucmuku
a \ TiO, (macca 19,9 wme cm?),
o R " \-\,\h_ ° ucrionb3yemoeo Onsi cuHmesa (FeS,
- . e TiOy). ipasp, MA cm?:a) 0,5; 6). 4,0.
10] R "~ Jnekmponum: rnponuneHkapboHam,
0 = o0 w1 @ @@ dumemokcusmaH, 1 Mokt LiClO,

C!,MAur’1 Q,ms g

BbiBOAbI

[MonyyYeHHble 3NEKTPOXUMNYECKN B TOHKMX CAOAX KOMMNO3nLmn FeS
¢ TiO, maccoit 1,5-1,7 MIr cM? B NIUTMEBOM MaKETHOM aKKyMynsiTope
nokasanu ynydlweHHble pa3psigHble XapakTepUCTUKM MO CPaBHEHMUIO C
aHanorom FeS. PaspsigHas eMKOCTb KOMMO3Wuuu yBernuyunacb o
CpaBHEHUIO C TakoBoW aHarnora Ha 50-53 %. Heobxoanma ontummsaums
coctaBa komno3vuum FeS, TiO, B ganbHenwem Ang NoBbILLEHUS
pa3psgHON eMKOCTMU.

INnTtepaTypa
[1] Apostolova R.D., Kolomoyets 0O.V., Shembel’ E.M. // Surface
Engin. Appl. Electrochem. — 2011. — V. 47. — Ne5. — P. 465-470.
[2] HuY.S., Kienle L., Guo Y.G., Maier J. // Advanc. Mater. — 2006. —
V. 18. — P. 1421-1426.
[3] Armstrong G., Armstrong A., Bruce P., Reale P., Scrosati B. //
Advanc. Mater. — 2006. — V. 18. — P. 2597-2600.
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YOK 544.643-621.357

IMPROVEMENT OF FeS CHARACTERISTICS IN Li-ACCUMULATORS
BY ELECTROCHEMICAL CODEPOSITION WITH SiO,

MACIYEVSKYI N.A., APOSTOLOVA R.D., SAVCHENKO M.O.,
PIESKOV R.P., POLISCHUK Yu.V.
SHEI “Ukrainian State University of Chemical Technology”
shembel@onil.dp.ua

Comparison of discharge characteristics of electrochemically
synthesized FeS and its compositions with SiO, in lithium accumulator
was carried out. The inclusion of SiO, in FeS deposit was confirmed by
X-ray data and galvanostatic discharge-charge cycling. The discharge
capacity of thin-layer (FeS, SiO,) compositions showed an increase of
50-55% in comparison with that of thin-layer FeS in a model lithium
accumulator in the 2.8-1.1 V voltage range. On determining the
possibility of using the thin-layer compositions in the negative electrodes
of lithium-ion systems an increase of discharge capacity was established
in 2.80-0.01 V potential range vs. Li/Li".

YNYHLWEHUE XAPAKTEPUCTUK FeS B Li-AKKYMYJIATOPE
ANEKTPOXUMUYECKUM COOCAXAOEHUEM C SiO,

MALIMEBCKWIM H.A., AMOCTONOBA P.[. , CABYEHKO M.O.,
MECKOB P.IM., NOJIMLWYK HO.B.
'BY3 “YkpauHckult eocydapcmeeHHbIU XUMUKO-mMeXxHo102u4eckuu
yHusepcumem”; shembel@onil.dp.ua

[MpoBeoeHO cpaBHEHWE pa3psiAHbIX XapakTEPUCTUK B MaKETHOM
NNTUEBOM aKKyMYIIATOPE 3NEKTPOXUMUYECKN CUHTE3UPOBAHHOIO FeS u
ero komnoamuyum ¢ SiO,. BkrntoveHune SiO, B ocagok FeS noarsepxgeHo
AaHHLIMW  peHTreHoda3oBOro aHanmmMsa W ranbBaHOCTATUYEeCKOro
pas3psaHo-3apaaHoOro LMKNMPOBaHMUA. Pas3psigHas €MKOCTb
TOHKOCNOWHbLIX komnosnumn (FeS,Si0,) Bblpocna Ha 50-55% no
CPaBHEHUIO C TaKOBOW TOHKOCIIOMHOro cynbuga FeS B MakeTHOM
NMNTUEBOM akKyMyndaTope B uHTepBarne Hanpskenus 2,8-1,1 B, a Takke
npu 2,80-0,05 B oTHocutenbHo Li/Li*-anekTpooa Ans ycTaHOBREHWs
BO3MOXHOCTM €€ WCMNOMb30BaHNA B OTpuUaTenbHbIX 3nekTpoaax
Li-nOHHOW CUCTEMBI.

TOHKOCIIONHbIE 3NEKTPOXUMUYECKM CWUHTE3NpPOBaHHbIE
M-cynbduaHble anektpoabl (M — Fe, Co, Ni, V, Mo) Ha antoMNHNEBOM
68
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OCHOBE XOpOLIO 3apekoMeHgoBann cebs B MakeTHOM Li-akkymynsaTtope
npu paspsage go 1,1 B [1l], HO wunx Henb3s wucnonb3oBaTb B
oTpuUaTeNibHbIX 3NeKTpogax NUTUN-UOHHBIX GaTapen, paboTarwmx B
obnactn noTeHUManoB 3NEKTPOXUMUYECKON aKTUBHOCTU aniOMUHUSA B
peakuun ¢ nutunem. OcaxgeHne M-cynbduaoB ONA 3TUX 3MEKTPOOOoB
OCyllecTBNAT Ha cetke w3 cranm  (18H12X9T). [loBbicuTb
apdekTnBHOCTL NpeobpasoBaHnss M-cynbdunaoB Ha CTanbHOW CETKE B
NNTUEBOM  Li-akKyMyndaTope MOXHO, BKIOYasa  3NEeKTPOXUMUYECKU
yactuubl rpadgputa B ocagok M-cynbdumpos [2]. [lpy  ocaxageHwuu
M-cynbdumaoB Ha nnactuHe n3 ctann 18H12X9T He yoaeTcs OOCTUMHYTb
MNPOYHOrO0 CUENnneHns ocagka C MOANOXKOW, obecnevnBaroLlero
CTabunbHy0 paspsgHyto EMKOCTb akKyMynsaTopa.

Heobxoanmbl HoBble cnocobbl MOBbIWEHUS 3¢ EKTUBHOCTH
npeobpasoBaHns M-cynbpuaoB B pefoKC-peakuun ¢ nutuem, OauH u3
KOTOpPbIX MpensiokeH B JaHHoM paboTe. [lonydyeH nNonoXuTenbHbIN
9(peKkT B MakeTHOM Li-akkyMmynsitope C KOMMO3WUTHbIM 3MeKTPOaOM
FeS,SiO,, CMHTE3NPOBAHHBLIM 3NTIEKTPOXUMUYECKN.

MeToaonorusa uccnegoBaHuu
FeS cuHTesmpoBaH Ha kaToge W3 BOOHOrMO pacTBopa,
cogepailero, r-nt: FeSO,-7H,O — 13; Na,S,05:5H,0 — 5: pH 4,5-5,0
npu npuHygutenoHom nepemewmsaHumn (180 o6/muH). HaHomeTpoBbIN
SiO, pobasnsann B pacTtBop B Konndectese 2 rnt, Ikatog=1,5-3,0 MA-cM?,
tonexrp=(17-19)°C.

SiO, amopdHoM Mogucpmkaumm NosiydeH No MeTody OocaXAeHus
cepHon kKucnotonm (c pasmepamm 3epHa 10-16 HM, yaenbHoOWM
NOBEPXHOCTbIO No a3oTy 202 M-r'!, maccoBoii goneit Bnarn 6,2%).

OMNEKTPOXMMUYECKME XapaKTEPUCTUKN CyNbMUOHbIX MaTepuanos
onpegenanu B mogenbHoM Li-akkymynsitope B rabaputax XUT 2016 ¢
anekTponutamm avokconad (OOJT1), aumetokcmatad (OM3), 1 monb-n™
LiBF, unn aumetunkap6onHat (OMK), atunenkapboHat (3K), 1 monb-n™
LiClO,4 B ranbBaHM4YeCKOM paspsaHO-3apsaHOM LMKIMPOBaHUN.

Pe3ynbTatbl n nx obcyxxaeHume
Mo gaHHbIM peHTreHoda30BoOro aHanua3a B ocaake, Nosly4eHHOM U3
anektponuta 6e3 SiO,, wuaeHTUdUUMpoBaH FeS ¢ rekcaroHanbHOm
cuHronmen (80-1029), m3 cycneHsum SiO, B 9NeKTpoNuTe ocaxneHus
Hapsay ¢ FeS obHapyxeH SiO, ¢ rekcaroHanbHOW CUHroHuen (82-0511).
Yactuubl SiO, BKMw4YalTCA B 0CagoK B Buae arfomeparoB
MUKPOMETPOBOrO pa3mMepa, COCTOSALMX N3 CYOMUKPOHHbIX YacTuL,.
O6paTtumas emkocTtb FeS B Li-akkymynatope coctasndet 160-170
MA-4-rt Ha 8-m umkne npu nnoTHoctu Toka 0,17 MA-cm? (puc.1 a),
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komnoauTa (FeS,SiO,) — 290-300 MA-u-r* (puc.1 6), 4yto Ha 50-55 %
BblLLe pa3psgHon emkocTu FeS.

Pa3psigHas emkocTb (FeS,SiO,) ¢ Toit xe maccon 1,65 Mr-cM™-npm
umknuposaHun B pagy 2,80-0,01 B, yctaHoBneHHada aons onpeneneHvs
BO3MOXHOCTM UCMONb30BaHNA B OTpuUaTenbHbIX anekTpoaax Li-noHHOom
cucTeMbl, cTabunuanpyeTtcst Ha yposHe 500 MA-y-r' mocne 15 uuknos
(pnc.2).

E.B
3.0

Puc. 2. Pa3psioHo-
: : : ; 3apsoHbIe Kpusble

(FeS,SiOy) e Li-
akkymynsmope (11-
. : : : : 15 UUKTIbI).
1.0 4..... . 3neKmponum,ﬂO/7,
' : : : : K, 1M LiBF,.

I B ipa3p:O,3O MA 'CM_2
1

0 | ?rn Alﬂn s00 Q, MAqr'

B MakeTe Ha ocHoBe FeS,SiO, ¢ maccoit 7,00 mr-cm™ 3apsigHoe
HanpsbkeHMe npu  UUMKIMPOBaHUW BbIXOOUT Ha ypoBeHb 1,7-1,8 B
oTHocuTenbHoO nntna (puc.3) U He nogHumaetca o 2,8 B, kak Ha
(pnc.2).

Mpn pnuTenbHOM 3apsbkeHun obpaTvmas paspsgHas €eMKOCTb
(kpuBble 2, 3) paBHas 500 MA-y-r'* cocrtaBnser 45% oOT 3apsgHON
eMKocTu. [lpodomnb paspsagHbiX KpuBbIX 2,3 aHanorudeH npodunio,
xapaktepHoMy ans FeS. [Mpu3HakoB Hanuvuus NNowazkv HanpsbkeHus
SiO, B6nu3un 0,2 B Ha paspsagHbIx KpuBbix 2,3 He Habntogaetcsa. OgHako
nocne KpaTtkoBpeMeHHOro 3sapsbkeHus (puc.3, kpuvBada 4; puc.4) FeS
npakTUyeckn He obpasyeTcsa npu JMTUPOBaAHUW, HO BblABNSETCA
nrowagka HanpskeHns sonuaun 0,2 B, npucywasn SiO,. B nocneaytowem
5-0M UMKIIe NPOUCXOOAT UBMEHEHNSA B pas3pagHON KPMBOW, Kak MNoKasaHo
Ha puc.5.

Puc. 3. Pa3psoHo-
3apsiOHble Kpusble
(FeS,SiOy) e Li-
akkymyrnsmope (2-4
UUKIIb1). Qnekmponum
9K, AMK, 1M LiClO,.
;,=0,03 MA-cm?,
ipasp=0,30 MA-cm™

u] 400 EC

Q,MA 4 rt
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o A0 100 150 200 250 300
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Puc. 4. Pa3psidHo-3apsiOHasi Kpusasi komrosuma (FeS,Si0;) 8 iumuesom
akkymyrnsmope, npedcmassieHHasi Ha Puc. 3 (kpueas 4)

2.0

Puc. 5. Pa3psiOHble Kpusbie
obpasuya (FeS,SiO,) e
JIUMUEBOM akKyMyrnsimope 8
: 3asucumocmu om
_____‘_q_i . OnumenbHoCcMuU 3apsikeHus (T)
P ' oo a0 npu HanpsikeHuu E=1,7 B.

o1, ms, ur !

SiO, uccnenytT B oTpuuatenbHbix anektpogax JIMA. MHeHnsa o
BO3MOXHOCTM UCMOSb30BaHUSA €ro B Ka4eCTBe aKTMBHOIO 3I1eKTPOAHOro
Martepuana pasgenaiTca Ha SBHO NMPOTMBOMOSIOXHbLIE — OT MHEPTHOCTHU
B peakuum C nutMeM W TepMoOAMHaAMWYECKON HEeCOCTOATENbHOCTU
peakunn SiO, ¢ nutnem [3] 0O 3KCNEepPUMEHTalbHbIX JOKa3aTeNbCTB ero
BOCCTAHOBMNEHUS NMTMEM C 0Opa3oBaHMEM MOHOMNPOBOLSALLErNO cunukaTa
Li,SiO, v Li,O [4], a Takke peanv3aumumn paspsaHon eMkocTn 400 MA-y-r
kommepyeckum SiO, [5]. MNokasaHo, 4To opTocunukat nmutna LiySiO, npu
B3aMMOAENCTBMN C anpoOTOHHbLIM NUTUK-COAEPXaLLUNM SNEKTPONUTOM
JINMA nepexogut B nfioxo nposogsawmm Li,SiOs.

[MpencraBneHHble pe3ynbTaTbl CBUAOETENLCTBYIOT O BKMAOYEHUU
SiO, B npouecce aNekTPOXMMNYECKOro cuHTe3a FeS B ero TOHKU Crnowu,
SNEKTPOXNMUMYECKON akTMBHOCTU SiO, B peakuuM c nutnem (Hanuvyve
paspsaHON KPpUBOW C rOPU3OHTarNbHOM NIOWAAKOMW HanpsKeHust B6nnaun
0,2 B) n o 6naroTBOpHOM BIUSHMM Ha pa3psiaHble XapakTepuctukn FeS
B JIUTUEBOM aKKyMynaTope.

[MpencrtaBneHHble N3MeHeHNa paspsaHbiX Kpmebix 4, 5 (puc. 3-5)
MOryT 6bITb CBSi3aHbl C Bbille yKa3aHHbIMW NPeBPaLLEHNAMU CUSTUKATOB.
Hapagy ¢ atvMm, nposBndeTtca adekT  3neKTpOXMMUYECKOro
npeobpasoBaHna FeS Ha peakuumio nutupoBaHust Bonuam 0,2 B. [Onsa
BbIABNEHNA yKkasaHHbIX adpdoektoB npu 0,2 B, a Takke npu 1,7-1,8 B B
npouecce AenMTMpoBaHns HeobXoanMbI AarnbHenLWne nccnegoBaHus.
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CnepyeTt ckasaTb npu 3TOM, 4YTO B AaHHOM paboTe Temnepartypa
cywkn FeS Obina BblbpaHa kak komrnpomucHas. OHa orpaHuyeHa
BennumHon 60°C n3-3a CHMXEeHUs aares3nm FeS K HepXKaBetoLen cTanu ¢
NoBbILUEHMEM TeMnepaTypbl, MNPUBOOSLLEN K CHWKEHUIO pas3pagHoOmn
emkoctn B JIMA, Toroa Kkak nMOBbIWEHWe Temnepartypbl MOBbILAET
paspsagHyto emkoctb FeS. B uccnegyemom SiO;, BbICyLULEHHOM nNpU
60°C, He ypansieTca BCA Bnara. OTO OTpuUaTENbHO OTpa)kaeTcsd Ha
paspsaHbiX  Xapaktepuctmkax SiO, B HeBogHowm cpege. Hanuuue
nrowagkn Hanpskenuma npu 1,7-1,8 B npu genutmpoBaHnunM KOMMnosuTa
(FeS,Si0,) ¢ wmaccoit 7,00 mMr-cM? U OTCyTCTBMEM e€e Mpu
aenutnposaHum obpasuoB ¢ maccon 1,65 Mr-CM? MOXHO OGBSICHUTb
BNusiHMemM Bnarn. B cnyyae obpasua ¢ Manon maccon npuMBHocMMasi C
HUM Briara B MakeTHbI akKyMynaTop AONyCcTMMa U He BNUSIET Ha €ero
3apsagHyl0 XapakTepUCTUKY, HO C MOBbILEHWEM MacCCbl KOMMoO3uTa W
KonMyectBa Bnarm B HEM [OOCTUraeTcsl KpuTuyeckasi BEenuuuHa,
okasblBawowWwasi oTpuuaTenbHOe BO3OENCTBME Ha npeobpasoBaHue
nccnegyemMon CUCTEMBI.

BbiBOAbI

[Mpn ocaxpgeHuM Ha kaTtoge TOHKocnonHoro FeS B npucyTtcTBum
SiO,, CUHTE3MPOBAHHOIO OCaXOEHMEM CEepPHOW KUCIIOTOW, MoslyvyeHa
komnosunuma (FeS,Si0;), paspsagHad eMKOCTb KOTOPOW Bbllle TaKOBOW
FeS-aHanora Ha 50-55 %. Mony4yeHsbl CBMOETEeNbCTBA
3ANEKTPOXMMUYECKON aKTUBHOCTU SiO, B peaoKc-peakumnmn ¢ IMTUEM.
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HIGH-RATE LiMn,0, CATHODE MATERIAL FOR Li-ION BATTERIES
SYNTHESIZED BY MICROWAVE-ASSISTED CITRATE METHOD

SHMATOK YU.V., POTAPENKO A.V.
Joint Department of Electrochemical Energy Systems,
38a Vernadsky Blvd., Kiev 03680, Ukraine, yu.shmatok@gmail.com

Spinel LiMn,O, cathode materials of high-rate electrochemical
performance were successfully synthesized using a microwave-assisted
citrate technique. The influence of synthesis conditions on structural and
morphological characteristics of the materials obtained were investigated
by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The
synthesized spinels deliver specific capacity up to 97 mAh/g at the 0.5 C
rate and demonstrate excellent cyclability and high-rate capability up to
40 C.

In the technology of materials for lithium ion batteries (LIBS),
considerable attention is paid to transition from micro- to nanosized
electrode materials, which is associated with necessity to obtain higher
specific characteristics during long cycling and high-rate operation [1, 2].
It is of special importance in terms of the energy required by powerful
consumers such as electric vehicles.

Spinel LiMn,O4 is a promising cathode material for using in such
LIBs [1, 2]. The choice of the optimal LiMn,O, synthesis conditions is a
significant factor for achieving high electrochemical characteristics of
synthesized materials.

Using microwave (MW) irradiation for the synthesis of electrode
materials becomes more and more popular [3]. On the first place, this is
related to high speed and energy efficiency of such a process. The
minimization of the duration of heating allows for obtaining nanosized
materials.

In this work, MW heating coupled with the citrate synthesis method
was employed for the synthesis of LiMn,O4. The influence of the duration
of MW stage on structural and morphological characteristics of the
materials obtained was investigated. The suitability of this method for the
synthesis of LiMn,O, for the high-rate LIBs was shown.

Research Methodology

Solutions of lithium nitrate, manganese nitrate and citric acid of 0.5-
2M concentrations mixed in the molar ratio of 1:2:6 according to the
procedure described in Refs. [4-6], were used to prepare LiMn,0,.
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For MW synthesis, consumer Saturn ST-MW7154 and LG MS-
1949W microwave ovens were used operating at 2.45 GHz frequency
with maximum output power of 700 W. The mixture of solutions in a
guantity of 20-30 ml was placed in MW oven and irradiated at a power of
120-600 W for 30-35 min. The precursor obtained was ground and then
subjected to heating in the MW oven for 15-20 min at maximal operating
power. After that the power was reduced to 420 W and the process was
continued. The temperature was measured with an infrared contactless
UT303A pyrometer after switching the oven off. Then LiMn,O,4 samples
were annealed at 700 °C for 24 h with constant heating and cooling rates
equal to 5 and 2 °C/min, respectively.

The particle size and morphology were characterized by means of
scanning electron microscopy (JSM 6700F, JEOL, Japan). The phase
composition and structural parameters were studied using X-ray
diffraction on a DRON UM1 diffractometer with CoKa radiation.

Electrochemical investigations were performed in CR2016 coin cells
with Li anode on a home-made automated workstation. The cathode
slurry consisting of 80.6 % of the working material (LiMn,O,), 11.4% of a
conducting additive and 8 % of a poly(vinylidene difluoride) binder was
coated on an aluminum foil with a doctor blade. Celgard 2500 was
employed as a separator. The 1 M solution of LiPFs in a mixture of
ethylene carbonate and dimethyl carbonate taken in the 1:1 mass ratio
was used as an electrolyte. Galvanostatic investigations were performed
in the 3.4-4.5 V potential range at different current densities expressed in
C values (1C = 148 mA/q).

Results and Discussion

The X-ray diffraction patterns of LiMn,O, samples obtained at
various duration of MW pyrolysis are shown in Fig.1. All samples are
well-formed crystalline LiMn,O,4 phases (JCPDS 35-0782) regardless of
MW exposure duration as indicated by respective peaks. Any impurities
in synthesized samples have not been detected. The morphology of the
synthesized LiMn,O4, samples is shown in Fig. 2.

Shortening of the thermal treatment by the use of MW pyrolysis
allows at this stage for getting weakly agglomerated particles with the
average size of less than 50 nm (Fig. 2a). Further annealing during 24 h
at 700 °C leads to expected enlargement of particles; their average sizes
increase to 50-60 nm (Fig. 2b). There is a marked growth in the particle
size of spinel to 60-80 nm with increasing of exposure of MW pyrolysis to
2 (Fig. 2c) and 4 (Fig. 2d) min, which is associated with a higher rate of
crystal growth, that occurs during MW heating. Nevertheless, all
synthesized LiMn,O, samples remain weakly agglomerated, which is
important in terms of obtaining high electrochemical performances.
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Figure 1. XRD patterns of samples obtained at various duration of MW pyrolysis.
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Figure 2. SEM images of LiMn,O4 samples (a) MW treated for 15-20 min at 700 W,
(b) same as (a) + annealing for 24 h; (c) same as (a) + MW treatment for 2 min at
420 W + annealing for 24 h; (d) same as (a) + MW treatment for 4 min at 420 W +

annealing for 24 h.
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Figure 3. Galvanostatic curves of the Li||LiMn,O, cells on the third charge-discharge
cycles at 0.5 C rate (a) and (b-d) dependences of the discharge capacity on cycle
number at various current rates (charge rate of 1 C with a trickle charge at 0.1C).

Numeric values mean discharge current densities in C units

Fig. 3a shows the galvanostatic curves of the Li||LiMn,O4 cells on
the third charge-discharge cycle at the minimal current load of 0.5 C. The
specific discharge capacities obtained are quite low and their values are
85, 97 and 90 mAh/g for LiMn,O, samples with MW duration of 0O, 2, 4
min, respectively. However, the synthesized spinels demonstrate quite
good high-rate capabilities, and the best among them is the sample with
MW duration of 4 min (Fig. 3d). Its specific capacity at the 25 C rate is
more than 50 % of its initial value, and upon the maximum discharge
current of 40 C, the capacity equals to 22 %.

In addition, during control cycling at the 1 C current rate, this spinel
demonstrate 100 % of initial specific capacity. This indicates on absence
of degradation of the electrode materal and shows prospects for its
application in high-power LIBs.
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Conclusions

In the present paper, LiMn,O, has been synthesized by using a
microwave-assisted citrate method. It is shown that variation of the MW
heating duration allows for obtaining LiMn,O, of controllable dispersion
with average particle size from 50 nm. Investigations of electrochemical
characteristics show that in spite of quite low specific capacities not
exceeding 97 mAh/g, the materials in question are able to sustain high
current loads (up to 40 C) without degradation, which makes them
promising for possible use in LIBs of new generation.
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Lithium iron phosphate (LFP) samples have been synthesized by a
solid-state method from Li,CO3;, (NH4),HPO,4, and FeC,04:2H,0 in the
presence of citric acid monohydrate as a source of carbon. It has been
shown that LFP samples have initial capacity of 130 mAh-g™ at a current
rate of 0.6C.

There is an increasing claim for applications of electrochemical
energy systems in energy storage, transportation and portable
electronics, and a lot of electrode materials for lithium ion batteries have
been created during last thirty years. Lithium ion phosphate (LFP) has
been recommended as a cathode material in 1997 [1]. Since then,
different methods of obtaining LFP have been used. This material has
specific advantages and disadvantages. High theoretical capacity (170
mAh-g?), thermal stability (up to 80 °C), high potential of
charge/discharge (3.4V vs Li*/Li) and a number of charge/discharge
cycles (2000-8000) have been considered as advantages. Low electronic
conductivity at the room temperature (10° S-cm™) and coefficient of
diffusion (1.8-10** cm?.c!) can be estimated as disadvantages [2]. The
properties of LFP obtained by different methods are summarized in
Table 1. The highest discharge rates and capacities have been achieved
for samples obtained by means of a rheological method. Spray pyrolysis
and microwave synthesis give good results, particularly 59 mAh-g™ at the
scanning rate of 20C.

In this paper, LFP has been synthesized by the traditional solid-
state method in the presence of citric acid monohydrate as a source of
carbon, so as to ensure a conductive coverage of the LFP particles. The
data on morphology and electrochemical properties of the sample
obtained are presented and discussed.
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Table 1. Physical-chemical and electrochemical characteristics of
electrode materials obtained by different methods.

Method of Precursors, Temperature, Discharge
synthesis carbon source atmosphere, capacity Ref.
regime of cycling ~ mAh-g*
Rheological H3POy,, 600°C (inert 157-72 [3]
FeSO,4-7H,0, atmosphere),
LiOH-H,0, H,0,, 2.0-4.4V,
starch 0.2-30C
Rheological H3POy, 600°C (inert 160-93 [4]
FeSO,-7H,0, atmosphere),
LiOH-H,0, H20, 2.0-4.4V,
stearic acid 0.5-30C
Spray pyrolysis Li,COg, 700°C (inert 159-60 [5]
Fe(NO3)3-9H,0, atmosphere),
NH4H2PO4 2.0-4.2V,
citric acid 0.1-20C
Combined spray Li(HCOO)-H,0, 500 °C 160-15 [6]
pyrolysis + “wet” FeCl,-4H,0, 600 °C 150-75
treatment in a ball H3PO4 700 °C 145-35
mill 800 °C 130-25
(N2 +3%H2), 2.5—
4.5V,
0.1-20C
Microwave heating CH3;COOLi-2H,0, 400 Br, 152-59 [7]
FeSO4, H3POy,, 2.7-4.2V,
citric acid, 0.2-20C
polyethylene
glycol

Research Methodology

Li,CO3, (NH4),HPO,4, FeC,0,4:2H,0O and citric acid monohydrate in
respective amounts were mixed in a ball mill for 15-20 min. Pyrolysis and
thermal treatment of the mixture were performed at 400 °C and 700 °C
respectively. Working electrodes were made of 85% of the material
under consideration, 7% of a conducting additive (carbon black) and 8%
of a poly(vinylidene difluoride) binder. The slurry was homogenized by an
ultrasonic disperser. It was needed for grinding the particles of the
material and carbon black. After the removal of the solvent under an IR
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radiator the quantity of LFP in a dried remainder was of 8-10 mg-cm™
The electrodes were rolled so as to decrease the thickness of the layer
from 110-90 to 20-30 pm.

Electrochemical measurements were performed in model CR2016
coin cells on a home-made automated electrochemical workstation using
cyclic voltammetry (CV) and galvanostatic charge/discharge cycling
methods.

Results and Discussion

Cyclic voltammetry demonstrates intercalation/deintercalation peaks
at 2.5-4.2 V. Galvanostatic tests reveal that the material obtained has
discharge capacity of 130 mAh-g™* and 90 mAh-g™ at the current rates of
0.6C and 2C, respectively (Fig. 1). Such a low value of discharge
capacity may be due to the fact that the decomposition process is not
finished at the temperature chosen for annealing. As follows from
micrographs (Fig. 2), the remnants of citric acid are not burnt completely.

3,5-
0.6C
3,0-
>
>
2,5-
2C
2,0-

0O 20 40 60 80 100 120
mAh-g™

Figure 1. Discharge capacities of LFP samples at different current rates

-5 se‘\:' xw;a Thim

Figure 2. A micrograph of LFP samples
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Conclusions

Lithium iron phosphate (LFP) samples synthesized by a solid-state
method demonstrate initial capacity of 130 mAh-g* at a current rate of
0.6C and discharge capacity of 90 mAh-g™ at a current rate of 2C.
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Quantum-chemical modeling of the oxygen reduction reaction
(ORR) has been fulfilled for the following groups of non-platinum
catalysts: conducting polymers (CPs), transition metal oxides (TMOSs)
and transition metal spinels (TMSs). In accordance with rotating disc
electrode experiments the “effective” number of electrons for ORR
counts ca 2.0 for CPs, 2.8 - 3.4 for TMOs and 3.6 - 3.7 for
TMSs.Theoretical interpretation of these experimental results has been
done due to the ORR modeling for these catalysts. It was shown that the
nature of catalysts and specifically the adsorption energy of catalysts for
hydrogen peroxide plays a decisive role in the mechanism of ORR.

KBAHTOBO-XIMIYHE MOOENIOBAHHA MEXAHI3MIB PEAKLIN
BIAHOBJIEHHA KUCHIO HA HEMNTATUHOBUX KATAJIIBATOPAX

CEHUK 1.B., XOMEHKO B.I"., KATALULMHCBKNW A.C., BAPCYKOB B.3.
Kuiscbkul HayioHanbHUU yHigepcumem mexHoso2it ma du3alHy,
v-barsukov@i.ua

BWKOHaHO KBaHTOBO-XiMiYHE MOAENOBAHHA peakuin BiOHOBMEHHS
kncHio (PBK) Ha HacTynHux rpynax HennaTMHOBUX KaTanisaTopis:
ctpymonposigHi nonimepwn (CI1), okenan nepexigHmx metanis (OlNM) Ta
wniHeni nepexigHmnx metanis (LUMM). Y signosigHoCTi oo pesynbTaTtiB
eKCrepuyMeHTIB  Ha  [OUCKOBOMY  enekTpodi, Wo obepraeTbes,
«eeKkTnBHa» KinbKiCTb eneKTpoHiB HapaxoBye npudnuaHo 2,0 gna CrIl,
2,8-3,4 pna OlNM Ta 3,6-3,7 anga WWIMNM. [Jana TeopeTnyHa iHTepnpeTauis
eKcrnepuMeHTanbHUM pesyrnbTataMm 3aBasku mogentoBaHHO PBK Ha
Takux Katanisatopax. [lokasaHo, Lo BupilansHy pornb B MexaHiami PBK
rpae npupoga kartanisaTtopa i, 30Kkpema, eHeprist agcopbuii katanizaTopa
00 NepoKcuay BOAHIO.

Peakuisa  BigHoBneHHs  kucHio  (PBK) Ha  HennaTuHOBMX
KaTanizatopax Mae BenMyesHe 3Ha4YeHHSA NS CTBOPEHHA HeAopornx Ta
eeKTUBHNX MeTan-noBiTpsiHUX 6aTapen, NannMBHUX eNEMEHTIB, ra3oBuX
CeHcopiB.
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B nitepatypi [1] onucaHi «KracuyHi» yABNEHHA MPO MOXMUBOCTI
BiAHOBIIEHHSA KUCHIO Ha OKCUMAOHWX KaTanizatopax no 2-x abo 4-x
eneKTPoOHHOMY MexaHi3amam

8 Kucriomy cepedosulli:

02 +2H" + 2e = H,0O,; Eo=0,67B
H,O, + 2H" +2e =2 H,0; Eo=1,77B

8 I1YXKHOMY cepelo8uL:
0, +H,0+2e =HO?* + OH: E,=-0,065B
HO? + H,O + 2e =3 OH; E,=+0,867B

[ocnigpKkeHHs Hawol HaykoBOI rpynyv OO3BOMUAN BUABUTU MEBHY
KaTaniTuyHy akTtuBHicTb o PBK B HacTynHux rpynax kaTtanisaTopis:
cTpymonposigHi nonimepu (CIM) [2], okenam nepexigHux metanis (OINMM)
Ta wniHeni nepexigHux meTtanis (LUMM) [3]. EkcnepyMeHTH, BUKOHaHI Ha
ANCKOBOMY €eneKkTpoai, Wo obepTaeTbCcs, A03BONUAN  BU3HAYNUTH
«edekTMBHY» KiNbKiCTb enekTpoHiB “n” B PBK, ska cknana n=2,0 ansa CI1
(noniaHiniH, noninippon), n=2,8-3,4 ana OlNM (CoOx, NiOx) Ta n=3,6-3,7
ans WM (MnCo,04, NiCo,0,) [3].

BuHukae HeobxigHicTb nosicHuTn mexaHiam PBK B Takmx cucrtemax
(0cobnIMBO NpU «MPOMDPKHUX» 3HAYEHHSAX 2 < N < 4).

MeTtoponorisa gpocniaXeHb

BukoHaHi ab initio KBaHTOBOXIMIYHI pPO3pPaxyHKN eneKTPOHHOI
CTPYKTYPU MONEKYNSAPHUX KnacTepiB Ta aacopOuiiHMX KOMMMEKCIB, SiKi
MOZESNIOTh (i3NYHY Ta XiMiYHY aacopOuito MONEKYNsSPHOro KUCHKO Ha
NMOBEPXHI CKMagHUX okcuais (wniHenen) Hiken-kobanbTy Ta 3anisa-
kobanbTy. KBaHTOBOXiMiYHIi pO3paxyHKM BWKOHAHO 3 BUKOPUCTAHHAM
dopmaniamy camoysrogpxkeHoro nons MO JIKAO Xaptpi-®oka-PyTtaHa B
6-31 6a3unci yHkuin Mayca.

Pe3ynbTaTt Ta iXx 0GroBopeHHsA

KBaHTOBO-XiMiYHi pO3paxyHKM [03BOMAKOTL BUKOHATU OMNTUMI3aLito
reoMeTpuyHMX napameTpiB  aacopOUiMHMX  KOMMIEKCIB  «KUCEHb-
noninippon» Ta «KUCEeHb-MosiaHiniHy 3a KpUTEPIEM MiHIMYMYy eHeprii Ta
BCTAHOBUTM, O Hambinbll BIpOrigHUMM MOXYTb OYTU CTPYKTYpM,
HaBefeHi Ha puc. 1. B npuCyTHOCTI NPOTOHIB enekTponiTy, SKi LWBUAKO
NPUESHYIOTECA OO0 aTOMIB KUCHIO 3 YTBOPEHHSIM MEPOKCUOY BOAHIO,
BKasaHi komnnekcu nerko pyuHytTtbcsa, H,O, aecopbyetbcs 3aBOsiku
BiAHOCHO Manol eHepril 38’sa3ky 3 CI1 i noganblumin Npouec BiAHOBMEHHS
KMCHIO NPUMNHAETLCA.
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Puc. 1. Hatbinbw gipoz2ioHi cmpykmypu komrnekcie Cl1 3 KucHem 0r5isi
noninipporna (a) ma noniaHiniHa (6)

Taknm YnHoMm, B afcopOUINHMX KOMMNSIEKCaX «KUCEHb-MONINIppo» Ta
«KUCEeHb-MNOMiaHiNiH» KNCEeHb  BIOHOBMETLCA 3a  KMacU4HUM  2-
eNeKTPOHHNM MeXaHi3MOM (0 NepoKcuay BOAHIO).

B okcupax Ta wniHenax nepexigHux metanis PBK npoTikae 3a GinbLw
CKNMnagHUM MexaHi3MOM.

B kpucTtanax wniHenen Hikeno-kobanbTy, MaHraHy-kobanbTy Ta
3aniza-kobanbTy KaTiOHW HIKento, MaHraHy Ta 3anisa 3anoBHIOTb
TeTpaedpuyHi, a kobanbTy - oKTaeapwu4Hi noauuii (puc. 2). EnemeHTapHi
KOMIpKM Takux LuniHenem ckrnagarTbca 3 32 aHIOHIB KUCHIO, 16 KaTioHIB
kobanbTy i 8-Mu KaTioHIB Hikento (abo BiANOBIAHO MaHraHy, 3anisa) [4].
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Puc. 2. CripoweHa modersib MOJEeKyspHO20 Krnacmepa, de
M* - amomu memanie Ni, Mn abo Fe

PospaxyHkn nokasyiTb, WO B npoueci agcopbuil no AOHOPHO—
akLuenTopHOMY MexaHiamy agcopboBaHi MONekynu BXOAATb B nepLuy
KoopanHaUivHy cdepy ueHTpa agcopbuil, Wo BUKIMKAE 36inblLUEHHSA
KoopanHauiHoro yucna. 36inblieHHs KoopAMHAUIMHOro Yncna ueHTpa
afgcopOuil  MOXe BUMKNIMKaTM Adedopmadito  KoopAuHauinHOT  cdhepu
LueHTpa agcopbuii Ta 3MilLLleHHs1 aTOMIB.

EHepria  agcobuioHHoro  3B'a3ky AEagc obuucnoBanaca sk
pi3HMLA  MNOBHOI  eHeprii agcopbuinHoro komnnekca Eak i cymu
eHeprin knactepa Ekn iagcopbata Eag:

AEapgc = Eak — (Ekn + Eap).
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3 HaBedeHHOro cnigye, Wo MOJSieKyna nepokcuay BOOHIO MOXe
YTBOPUTUCA Ha MOBEPXHiI  KaTanizatopa B peaynbTaTi  NoeTanHoro
npuegHaHHA 00 XeMocopboBaHOI MONEKYNM KUCHKO 2- X MPOTOHIB i 2-X
enekTpoHis (Puc. 3a).

[Mpn Manux  3Ha4YeHHsX eHeprii  3B'd3Ky MK  MOBEPXHEID
KaTanizatopa | YTBOPEHOW MOJIEKYII0H0 nepokcmay OCTaHHA
necopbyeTbcs |1 npouec BIOHOBMEHHS KUCHIO 3akiHyyeTbcsa. [lpu

BiAICYTHOCTI gecopbuii (TobTo y BuNagKy BESIMKMX 3HA4YEeHb €Heprin
3B'A3Ky) agcopboBaHun nepokcug BigHOBMNOETbLCA A0 Boau (Puc. 36)
BHACMIQOK MOeTanHoro npuegHaHHsa OO0 MOMEKynvM  nepokeuay 2- X
NMPOTOHIB | 2-X €NeKTPOoHIB.

(6)
Puc. 3. Cxema ymeopeHHsI MOsieKyr1 nepokcudy 800HI0 (a) ma 8odu (6) Ha nogepxHi
MOeKynsApHUX Krnacmepie

KBaHTOBO-XiMiYHI pO3paxyHKU AatoTb AeTarnbHYy KifIbKICHY KapTUHY
BCIX YTBOPEHUX B TaKNX peakLuidx CTPYKTYP.

BucHoBKM

1. YcTaHOBMEHO, WO Ha MOBEpXHi  LMiHeNen MOXyTb
yTBOptoBaTUCS CTabinbHi agcopObUinHi KOMMNEKCH aTOMIB KUCHIO Ta NOro
CMOnyK, B sIKMX, Nig BNAMBOM agcopbartis, BioOyBaeTbCs nepeposnoin
€MNeKTPOHHOI N'YCTUHM MiDK CUINOBUMW LLeHTpaMn Ta gedopmalLlisi MOBEPXHI
KaTanisaTtopa.

2. [lokasaHo, L0 OCHOBHO NMPUYMHOK aKTMBaLil XeMocopboBaHOI
MONEKYNN KUCHIO € 3MILLEHHA Ha MOSEKYSY KUCHIKO €NEKTPOHHOI MNYCTUHMN
3 MoBepxHi KaTanizaTtopa. AacopboBaHa Monekyrna KUCHIO Yy CTaHi
disnyHOoI agcopbuii NnposBnse AOHOPHI BNACTMBOCTI NO BigHOLUEHHIO OO
WwniHeni, wWo € npuyuHoto 1 ctabinisauil. Mpu disnyHin agcopbuil B
NPUNOBEPXHEBOMY MNPOCTOPi  30INbLYETECA KOHLUEHTpaUid MOosiekyn
aTMOC(EpPHOro KWUCHIO, B pe3yribTaTti 4oro 3pocTae 4acToTa 3iTKHEHb
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MONEKYN KUCHIO 3 aKTUBHMMW LIEHTPaMWU MOBEPXHi Ta MPUCKOPKETLCSA
npouec xemocopbuii. BHacnigok B3aemoaili Mix agcopbatamun ©
WNiHENM  3MIHIOKTLCA  aacopbuinHi  Ta KaTaniTUYHi  BNacTUBOCTI
NoBepXHi KaTarsisaTtopa.

3. BenununHa eHepril agcopbuii nepokcuay BoaHo 6esnocepegHbo
BNSIMBAE Ha MexaHi3M BiAHOBMNEHHS KUCHIO: NPU Manux 3Ha4YeHHSX uiel
eHepril KUCEeHb BIAHOBMIOETLCA MO 2-X €NEeKTPOHHOMY MeXxaHi3My, nicris
4Oro HOBOYTBOpPEHa Monekyna gecopbyetbcd. [Npn BENMKUX 3HAYEHHSX
eHeprii agcopOuii neprigponto BiOHOBMEHHS KUCHIO BiabyBaeTbca no 4-x
eneKTpoHHOMY MexaHiamy no Bogu. OTXe, B cepedHbOMY LEe MOXe
BignoBigaTM edEeKTMBHOMY 3Ha4YeHH N~3,7 Ha MOBEpXHi wWniHenen i3
BinbwuM 3MiweHHAM B BiK 4-X enekTPOHHOro npouecy, Lo Bignosigae
eKCcnepuMeHTanbHOMY 3HAYEHHIO.

NMoasika
ABTOpu BOAYHI MiHicTepcTBY OCBITU Ta Haykum 3a NIATPUMKY LUX
OOCNIOKEHb B MeXax OepKOQKETHOI TEMATUKN.

Mepenik nocunaHb
[1] TapaceBuy M.P. OJOnekTtpokaTanu3 peakumnm BOCCTaHOBMEHMUS
KMcrnopoga Ha OKUCHbIX KaTanusatopax / M.P. Tapacesud, E.N.
XpyweBa, H.A. Wymunosa // ATornm Haykn n texHukn. — M., 1978. — T.
13. — C. 47-88.
[2] Khomenko V., Barsukov V., Katashinskii A.. The catalytic activity of
conducting polymers toward oxygen reduction // Electrochim. Acta, —
2005. — v. 50, — pp. 1675-1683.
[3] Khomenko V.G., Lykhnytskyi K.V., Barsukov V.Z. Oxygen reduction
at the surface of polymer/carbon and polymer/carbon/spinel catalysts in
aqueous solutions // Electrochimica Acta, — 2013. — v. 104, — pp.
391-399.
[4] KaTawwuHcbkun A.C., NluxHuubknin K. B., XomeHko B.[., bapcykos
B.3. KBaHTOBO-XiMiYHE MOoAentoBaHHA agcopbuil MOMEKYnNspHOro KNCHIO
Ta NOro cCrnosnyk Ha NMoBepXxHi KpuctanidyHoro okcuay kobanbTa // BicHUK
KHYTL. — 2014. —Ne 3. — C. 125-135.
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YOK 541.136+621.355

ELECTROCHEMICALLY NH,"-DOPED MANGANESE DIOXIDE
WITH a-MnO, PHASE COMPONENT AS A PROMISING OXYGEN
ELECTROREDUCTION ELECTRODE

ZUDINAL.V.?, SOKOLSKY G.V.?, BOLDYREV E.I.”
®National University of Food Technologies, Kyiv, Ukraine
®\/.1. Vernadsky Institute of General and Inorganic Chemistry of

NASU, Kyiv, Ukraine; gvsokol@rambler.ru

a-MnO, with hollandite structure type is considered to be the most
effective oxygen electrocatalyst. It has been demonstrated that
manganese dioxide samples doped with ammonium cations possess
promising properties for different types of lithium-air batteries. The
measured earlier high catalytic activity of H,O, decomposition on NH,"-
doped manganese dioxide [1] caused our interest to further in-depth
research. Thin films were electrodeposited using the following electrolyte
composition: 1M MnSQOy; 0,1 HF; 0,75M (NH,4),SO,4 with current density3-
4 mA/cm? and temperature was 15-20°C or 90-95°C. The current
density100 mA/cm’® was applied to obtain powders. NH,"-Doping or
(NH4),SO, additive to a fluorine containing electrolyte of manganese
dioxide in electrocrystallisation acts as a template of hollandite-structure
channels in samples. There is a template effect of other indifferent ions
(alkali, alkaline earth metals) on the structure ordering in the
electrocrystallisation process, which was demonstrated in our earlier
publications. An increase in the content of a-MnO, phase component and
the crystallite size of this phase is shown in this work as a result of
increasing the temperature of electrodeposition up to 90-95°C. To prove
this hypothesis, the simulations of XRD patterns by the Rietveld
refinement method using PowderCell v. 2.3 package were realized. XRD
patterns were registered on MoKoa-irradiation to improve signal/noise
ratio. Diffuse peaks of XRD patterns were successfully interpreted by the
Rietveld refinement as a set of phase components detected in samples
with sizes of crystallites lower than XRD detection limit (about 5 nm).
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ENEKTPOXIMIYHO NH,"-AOMNOBAHWUA MAHIAH (IV) OKCuA 3
a-MnO, ®A30BOI0 KOMIMOHEHTOIO AIK NEPCNEKTUBHUA
ENEKTPOA ENEKTPOBIAHOBJNIEHHA KUCHIO

3Y[IHA 1.B., COKONbCLKMI I.B.%, BONANPEB €.1.”
®HauioHanbHull yHigepcumem xap4o8ux mexHornoeit, Kuie, YkpaiHa
®lHemumym 3azanbHoi ma HeopaaHidHoT ximii HAHY, Kuie, YkpaiHa
gvsokol@rambler.ru

OkcngHa cuctema wmaHrady (IV) BigpisHSAETLCA  PIBHOMAHITTAM
NONMIMOPPHUX  TYHENbHUX BUOO3MIH 3  YHIKANbHUMW  MONEKYIAPHO-
CUTOBUMW Ta efiekTpokaTaniTM4yHMMM  BRacTMBOCTAMM [2] Ta €
IHTEHCMBHO [OOCNIZXyBaHOK Yy Mowyui enekrtpokaranisatopis  Li-
noBiTpsHMX akymynatopis (JIMA). Monimopd a-MnO, (CTPYKTYPHUX TuUN
ronaHguTy) BBaXXaeTbCA HaUBINbLL akTUBHMM Ta MICTUTb (2x2) Ta (1x1)
TYHeni noedHaHuX ChiNbHUMW rpaHsaMu nadutorie noaginHnx MnOg
oktaegpis [3]. JIMNA € nepcrnekTMBHMMMU LLOOAO BBEOAEHHS Y NPaKTUKY
CUCTEMOIO 3 rycTuHO eHeprii (5200 BT r kr't) B 5-10 pasis 6inbLuoio 3a
cyvacHi nitin-ionHi akymynatopu (J11A) [4]. OgHak He BUPILWWEHO HU3KY
npobnem npaktuyHoro 3actocyBaHHs JIMA: Hu3bka cTabinbHICTb
enekTponiTy Ta 06epHEHICTb LUUKIIIB, NOBINIbHA KIHETUKA KUCHIO.

BukopucrtoBytoun a-MnO,HaHogpIiT B SKOCTI KatanisaTtopa,P. Bruce
Ta cniBaBTopn [3] Bhepwe ogepXxanu 3pasknm 3 EMHICTIO KaTtoaa
3000 MA-r-rt npotsarom 10 uwukniB. lNokasaHo, wo MnO, HaHoaOpoTH
AEMOHCTPYIOTb BULLY KaTaniTUYHY akTUBHICTb, HiXK 06’eMHi cTaHn MnO, B
a- Ta B-dpopmax. S. Suib 3i cniBaBTopamun [4] nopiBHOBaNn KaTaniTU4Hy
aKTMBHICTb a-MnO, y BOOHUX Ta OpraHiyHMX enekTposniTax. IHwa
cTpateria 3 NiaABULWEHHSA enekTpoKaTaniTMMHOI akTUBHOCTI — KaTioOHHe
AonyBaHHS HaHOYaCTUHOK MNnOy

Hamun po3po0beHo METOA0MOri0 eneKkTpokpucTanisauii
doyHKUiOHanNbHNX MaTepianiB  okcugHoi cuctemn  madrany(lV), pge
IHCTPYMEHTOM  (OyHKLiOHani3auii € BBefeHHA [O00aBOK KaTiOHIB B
eneKkTPosiT aHOOHOro oOcCagXeHHA 3  (ryOpBMICHUX eneKkTposiTiB
(enekTponiTuyHe  KaTiOHHe  AgonyBaHHSA). PaHiwe Hamu  6Gyno
BCTAQHOBSIEHO BWCOKY aKTUBHICTb [JOMOBAHOro KaTiOHAMW aMOHIto
maHraH(lV) okcugy Yy peakuil posknagy nNPOMDKHOrO  MpPOOYKTY
eNeKTPOBIOHOBMEHHST KNCHIO — rigporeH nepokcuay [1]. OTxe, MeTowo
OAHOro  OOCNIMKEHHA € pPO3rfgHYyTU MNepcrnekTuBM  3acTOCYBaHHS
enekTPoniTUYHO AOMOBaHMUX KaTiOHOM aMoOHito okcmais MaHrany(lV) gk
ernekTpokaTanisaTtopis kncHeBoro enekrpoay JMA.
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MeToponoria pocnigxeHb

[MniBkn maHran (IV) okcmgy oTpumyBanu 3  (PIYOPOBMICHUX
enekTponiTie [5] WNAXOM aHOOHOro OCaXeHHS Ha NIaTUHOBUWA OUCK B
ranbBaHOCTATUYHUX YMOBax 3 enekTtponity Takoro cknagy: 1M MnSOy;
0,1 HF; 0,75M (NH,),SO, npu rycTuHi ctpymy 3-4 mA/cm? Ta Temnepatypi
15-20°C Ta 90-95°C. NopoLuKoBi 3paskn ogepxysasnu 3a TX caMmx yMOB
3a BUKIHOYEHHSM TYCTUHU CTpyMy, Lo cknagana 100 MA/cM?. AHoZOM
6yna nnatmHoBa nnactuHa 3 10 pasiB 6inbLLOK NAOLEH HiX KaTom.

3aranbHUU BMICT MaHraHy Yy 3paskax BW3HadanuM aToOMHO-
abcopbuinHoto  cnekTpockonieto.  [ocCnigXeHHs 3  PEeHTreHiBCbKOI
andpakuil  BUKOHyBanu Ha npunagax cepii  JPOH i3 MoK,-
BUNPOMIHIOBAHHAM Ta KOMM'OTEPHUM iHTepdencom. NoBHoNpodinbHUN
aHani3 peHTreHorpaMm CUHTE30BaHMX MOPOLUKOBMX 3pasKiB BMKOHYyBammu
MeTogoMm PitBenbga 3a  AOMOMOroK  KOMMKOTEPHUX  Mporpam
PowderCellfor Windows v 2.3 [6].

Pe3ynbTaTt Ta iXx 0GroBopeHHsA

EnektpokpucTanizoBaHi 3paskm 3 enekTponiTis 3 pobaBkamu
KaTiOHIB BUCyllyBanuM A0 nocTinHoi Barm npu 120 °C Ta nposoaunu
XiMiYHMN  aHani3 3a 3a3Ha4vYeHuMKn BuWwe MeToaukamu. [1oTim
peecTpyBanu peHTreHorpamm 3paskiB  Ta 3gincHoBann  ix
NOBHOMPOMIiNbHUA aHanis i3 BUKOPUCTaAHHAM nporpamHoro
3abesneyeHHs Powder Cell.

Hamn BCTaHOBNEHO 3HAYHUN BMICT PEHTrEHOaMOP(HOI KOMMNOHEHTH
B 3paskax, ofepxaHuxX MEeTOAOM eneKkTpoKpucTanisauii. Ak BusBUIOCS,
He OyXe BOanum 3 TOYKU 30pYy BENNYUHU CriBBIAHOLWIEHHS CUrHan/lWym €
BUBIp MigHOro aHogy Ans peectpauil peHTreHorpam. BopgHouac
AndopakuinHi gaHi B LUMPOKOMY Aiana3oHi KyTiB pO3CitoBaHHSA (~2 HM™? i
BULLE) MOXHaA OTpMMaTM 3a OOMNOMOroK PEHTIEHIBCbKMX MPOMEHIB 3
Manow AOOBXWUHOK XBWIi, TOOTO ©OinblW BUCOKUX €eHeprin. Taki
PEHTreHIBCbKi MNPOMEHI MOXYTb OYyTM OTpUMaHi Ha PEeHTreHiBCbKUX
Tpybkax 3 Mo (eHepria ~ 17 «keB) aHogom. EHepria CuK,
BUMNPOMIHIOBaHHS cknagae Bcboro 6nmsbko 8 keB [7]. PeHTreHorpamu,
ofepkaHi Ha Moni6aeHOBOMY BUNPOMIHIOBAHHI, BiAPI3HANUCL Kpawium
CMiBBIQHOWEHHAM curHan/wym, a TakoxX O6inbl 4YiTKO BUPaXeHoH
ANGY3HOK KOMMOHEHTOK. Hamu ©Oyno BCTaHOBNEHO, WO AudysHa
KOMMOHEHTa HaMKpalle OMUCYETLCA AK HaHOKpuCTasriyHa cKrnagosa Bif
OCHOBHUX a3, BUKOPUCTAHUX Y PEHTIEHIBCbKUX OOCMIOKEHHAX 3
po3mipom Kpuctanitis 1—3 HMm (Puc.).

[MopiBHANBHUM aHani3 pesysibTaTiB MOAENOBaHHA pPEeHTreHorpam
nokasye nigsuweHnn Bmict pamcaenitHoi ¢gasmn go 40% (06.) 3a ymoB
CUHTE3y npu KiMHaTHIn Temnepatypi (25°C) Ta HalWmeHWWiA Po3Mip
KpucTanitis uiei da3n nopiBHAHO i3 3paskom, ogepxaHum npu 90 °C.
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36inblUeHHs BHECKY KPYMHOKPUCTaniYHOI  KOMMOHEHTU rofaHauTy
po3mipoMm 6,78 HM i nepeBaxHo opieHTauieto kpuctanitis (310), a
TakOXX HaHOroNaHAWUTHOI CKMagoBOl € XapaKTepHUM Mpu  HarpiBaHHI
enektponity (Tabn.).

3a Hawumn gaHnmu [8], BHECOK rofaHaUTHOI KOMMNOHEHTU 3pocTae
3a BULLOI TemMrnepaTypu BHACIQOK TeMNNaTHOI il KaTioHiB aMOHito. [laHa
iHTepnpeTauist NosACHE OBinblly akKTUBHICTb Y KaTaniTMMHOMY poO3Kragi
H,O, 3paska, ogepxaHoro npu 90 °C (KOHCTaHTa LIBWAOKOCTI 2,2.10™
npotn 1,7-10* ¢* ansa 25 °C 3paska [4]) 32 paxyHOK 36inbLUEHHS BMICTY
a-MnO, [2-3]. Cnig BiOMITUTM aHanoriyHy akTUBHICTb LWMX 3paskKi.,
BunpobysaHux y maketax X[OC uuHk-nositTpa [9].

BucHoBKM

Cepeq iHWKnx maTtepianie a-MnO, BBaXXaeTbC O0AHUM 3 HaWBINbLU
aKTUBHUX eneKkTpoKaTasi3aTtopiB KMCHIO. HaMmu nokasaHo, Lo [OMnoBaHi
KaTioHaMW  aMOHIl0  eneKkTPOKpucTanisoBaHii 3  priyopBMICHUX
enekTponitis 3pasku Madrad(lV) okcmgy wmictate a-MnO, da3soBy
KOMMOHEHTY Ta € NepCcnekTUMBHUMM KaTOOAHUMW MaTepianamm niTin-
NoBITPAHMX 6aTapen Ppi3HUX TUMIB Ha nigcTaBi MOBHO NPOQINLHOIO
aHanisy peHTreHorpamMm Ta OaHUMW KaTaniTU4HOI aKTMBHOCTI po3knagy
rigporeH nepokcuay. [lMoganbwi BunpoboByBaHHA 6yayTb 34INCHEHI
HaNBNMKYNM YaCOM.

I/To,
BiaH. o].

20 (MoK ), rpaa.
Puc. ®a3o08i KOMrnoHeHmMu peHmeaeHozpamu 0o0rno8aHO20 e/1eKmMpPOosTiMmuUYHO
1,5 M NHg4"-ioHamu nipu 25°C nopowkoeozo 3paska maHraH(lV) okcudy (MoK,
8UIMNPOMIHIO8aHHS, 3awmpuxoeaHi obriacmi gidrnogidaroms HarieamMopgHUM
KOMMOHeHmMam HaHOPO3MIpHUX ¢ha3 2ornaHOumy ma pamcoesiimy):

1 — ekcnepumMeHmarsbHa peHmaeHoepama; 2 — cymapHa meopemuyHa
peHmaeHoepama; 3 — 2o0n1aHoum, 4 — 2o0n1aHouUmM 3 riepesakHoK opieHMauyieto
Kpucmarsimie 3a Mapy-Lonnac (121); 5 — HanieamopgbHa HaHOPO3MipHa
KomroHeHma pamcoenimy 3 (110) 3a Mapu-Lonnac; 6 — HanieamopghHa
HaHopo3MipHa KoMrioHeHma 2onaHoumy 3 (310) 3a Mapy-Lonnac
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Tabn. ®aszosut cknad (% (06.)) ma posmipu (d, Hm),
enekmpoocadxeHux rnpu 25 ma 90°C y npucymHocmi 1,56M (NH,),SO,
3paskie maHraH(lV) okcudy 3a pe3yrnibmamamu MOOesIto8aHHs
peHmeaeHoepam Kpucmarsnimie npoepamoro PowderCell v.2.3.

®asoBui cknag, % (06.), poamipu Temnepatypa enekrponity, °C
KpucTanitiB (HM) 25 90
. % (06.) 46,7 59,3
MonananTa-MnO, (310) d. HM 6,7 6,8
. % (06.) 10,3 -
Monanamt a-MnO; (121) d. im 5.5
. | % (06.) 4,7 16,9
Hanoronanamt a-MnO,, (200) d. HM 25 1,9
_ % (06.) - 19,5
pamcaenit, y-MnO, d. HM - 4,5
_ ] % (06.) 38,3 4,39
Hanopamcaenit(110) d. HM 1,1 1,2
Ry 22,7 27,09
Rexo 9,64 10,61

*nepesaxkHa opieHmau,isi Kpucmaisnimie 3a Mapuy-Lonnac, (hkl)

lMepenik nocunaHb
[1] N. D. Ivanova, E. I. Boldyrev, S. V. Ivanov, G. V. Sokol'skii, and I.
S. Makeeva // Russian Journal of Applied Chemistry. — 2002. — 75, No.
6. — P. 935-938.
[2] R.Cao, J.-S.Lee, M. Liu, and J.Cho // Adv.Energy Mater. — 2012
.—2.— P. 816-829.
[3] A. Debart, A. J. Paterson, J. Bao, P. G. Bruce //Angew. Chem. Int.
Ed.— 2008. — 47. — P. 4521-4524.
[4] E. M. Benbow, S. P. Kelly, L. Zhao, J. W. Reutenauer, S. L. Suib //
J.Phys. Chem. C. — 2011. — 115. P. 22009-22017.
[5] Ivanova N. D. etal. Making manganese dioxide from fluorine-
bearing electrolytes //Zhurn. Prikl. Khimii. —1998. - V. 71,No 7. — P. 121-
123.
[6] http://www.iucr.ac.uk, programmed by Werner Kraus & Gert Nolze
(BAM Berlin), Federal Institute for Materials Researchand Testing, Lab.
BAM-1.33: X-Ray Structure and Phase Analysis.
[7] V. Petkov. /[ Mat. Today. — 2008. — 11, N11. — P. 29-38.
[8] G. V. Sokolsky, S. V. lvanov, E. |. Boldyrev, N. D. Ivanova, T. F.
Lobunets //Solid State Phenomena. —2015. — 230. — P. 85-92.
[9] WBeaHosa H.[., bongpbipes E.N., Cokonbckun ".B. // Ykp. xum. xypHan. —
1997. — 1. 63, Ne 12. — C. 55-57.

91


http://www.iucr.ac.uk/

| Promising Materials and Processes in Technical Electrochemistry. Part 1
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ELECTROCHEMICAL IMPEDANCE OF AN ALKALI Mn-Zn BATTERY
AT VARIOUS TEMPERATURES

BOYCHUK A.V.}, POTAPENKO ALV.?
'Kyiv National University of Technologies and Design, Kiev
2Joint Department of Electrochemical Energy Systems, Kiev
hiking@ukr.net

Electrochemical behavior of a Mn — Zn battery upon varying
temperature was studied by electrochemical impedance spectroscopy.
An equivalent circuit was proposed enabling one to numerically estimate
the irreversible degradation of the battery. Analysis shows that on rising
the temperature above 50 °C the corrosion rate of the anode material
increases resulting in an increase in the inner resistance and decrease in
the capacity of the battery.

ANEKTPOXUMUYECKUU UMNEQAHC LLENOYHOIO Mn-Zn
ANEMEHTA NPU PA3JINYHbIX TEMIMEPATYPAX

BONYYK A.B.}, MOTAMNEHKO An.B.2
Kuesckull HayuoHarbHbIl yHUgepcumem mexHonoaull u dusaliHa®
Mixsidomue 8iddineHHs1 enekmpoximiyHoi eHepeemuku HAH Ykpaiu *
hiking@ukr.net

MapraHueBO-UMHKOBbLIA  rafibBaHUYECKU  3NIEMEHT  SABMseTCA
NepBUYHLIM XMMUYECKMM WCTOYHMKOM TOKa, B KOTOPOM B KadecTBe
KaToda ncrnonb3yeTcs ANOKCUA MapraHua, aHoga — NopoLLUOoK LMHKa, a B
KayeCcTBe 3NeKTponuTa — pacTBOp LUENOoYN, 0BbIYHO rmapokcmnaa Kanus
[1]. Ona onpefeneHns TEeXHUYECKOro COCTOAHUSA TakuX CUCTEM
HeobXoOMMO U3Yy4UTb pAL NapamMeTpoB AaHHbLIX 3SNEMEHTOB, TakMX Kak
HanpsbkeHne arnemMeHTa noL Harpy3kom, BHYTPEHHee COMnpoTUBIIEHME,
oTAaBaemasi €MKOCTb M U3MEHEHWEe Ha3BaHHbIX XapaKTepUCTUK B
3aBMCMMOCTU OT YCNOBUW XpaHEHWUs, B 4acCTHOCTU OT TemnepaTypsbl.
CoBpeMeHHble  MeTodbl  KOHTponsi  obecnevmBaloT  MONyyYeHue
HEeoBXoOMMbIX MNapaMeTpoB TOMbKO MPWM  MOMAHOWM WNKU  YaCTUYHOW
aerpagaumm MCTOYHUKOB TOKa, YTO SBMNAETCHA HedOonyCTUMbIM B Cryyae
MCMNOJSIb30BaHNA NEPBUYHBLIX CUCTEM [2].
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[MpyMeHeHe MeTOAOB HepaspyLlalowero KOHTpoNs And OueHKU
COCTOSIHMSI  MEPBUYHBIX  3fIEMEHTOB U copMynuMpoBano  uenb
HacToswen paboTbl — UccnegoBaTb BRMSIHAE TemnepaTypbl U CTEeneHu
paspsga Ha  ONEeKTPOXMMWUYECKME  XapaKTEePUCTUKM  LLENOYHOro
MapraHeu-LUHKOBOIO ranibBaHN4eCKOoro afieMeHTa MeToo0M
CMEeKTPOCKONUKN aneKkTpoxmmmudeckoro nvnegaHca (CoW).

MeTononorusa nccnegoBaHumn

B kauectBe uccrnegyemblx — ranbBaHUMYECKUX  3fIEMEHTOB
NPUMEHSANNCE KOMMEPYECKNEe WCTOYHUKM nuTaHusa dupmbel Duracell
(CWWA) B rabaputax LRO3 c HoOMuHanbHbIM HanpshkeHvem 1,5 B.
N3mepeHns cnekTpoB 3NEKTPOXMMMUYECKOrO MMnegaHca npoBoaAuSnM B
avanasoHe Temnepatyp 15 4 80°C, KOHTpPONMUpPYembiX MpU MOMOLLM
TepmoctaTta. Owunbka uamepeHuss TemnepaTypbl coctasnana +0,5°C.
[Mepen KaxablM U3MepPEHUEM 3TIEMEHTbI BblAep>KMBaNUCh Npu 3agaHHON
TemnepaTtype He MeHee 40 MuH. CbeMKy CNeKTpoB NpoBOAMMAN Ha
anektpoxmmmyeckom moayne Autolab-30 mopmenu PGSTAT302N
Metrohm Autolab, ocHaweHHoMm moagynem FRA (Frequency Response
Analyzer) B unTepsane uyactor 10° 4 10° 'y. YnpaBneHuue mogynem
OCYLLECTBNANM Npu nomowm nporpammbl Autolab 4.9 no ctanHgapTHOW
npouenype ¢ nocneayrolien obpabotkon B nakete Zview 2.0.

Pe3ynbTatbl U 06CcyxaeHue

B pesynbTate ucnbitaHum metogom COW ycTaHOBMEHO BnnsiHWE
TemnepaTypbl Ha BUO M NapamMeTpbl CNEKTpa WUCMbITYEMbIX 351IEMEHTOB
Npwv COXpaHeHUN ero HOMUHaNbHOro HanpPsYKeHUs1 pasoMKHyTon Lenu 1,5
B (puc. 1). Bo Bcex cnyyasx cnekTpbl MMnegaHca npeacraBnsaioT cobown
B BbICOKO- M CpefHevyacToTHOM obnactm cnekTpa HenpaBubHYHO
NOJSTYOKPY>KHOCTb C LIEHTPOM HMXe Oocu abcumcc, a B HU3KOYACTOTHOM
obnacTu - NIMHENHbIN Yy4aCTOK C pasfNUYHbIMK yrriamMmmn HakrnoHa. Kpome
TOro, B  BbICOKOYACTOTHOM  obnacTtM  NPUCYTCTBYEeT  y4yacToK
«COMpPOTMBMEHNA MHAYKTMBHOCTUY» (L, R,), KOTOpbIM 0O6BLACHAETCH
KOHCTPYKLUMOHHLIMW OCODEHHOCTAMWN UCTOYHMKA MUTAHUS N HE CBS3aH C
NpoTEeKawwWMn B HEM XUMUYecKuMn npoueccamu. [lonyyeHHble
CMEKTPbl yAaeTcs YyOOBMETBOPUTESNIbHO MOAENMpoBaTb C MNOMOLLBIO
9NIEeKTPUYECKON IKBMBASIEHTHOM cxeMbl (O3OC), npencraBrieHHOM Ha
puc. 2. CpegHue 3HayYeHns pacdeTHbIX anemeHToB Q3C 1 owmnbkn npwu
X BbIYUCIIEHUN B XO4€ TEePMMYECKOro BO3OENCTBUS Ha UCTOYHUK TOKa
npeacTtaBneHbl B Tabn. 1.
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Puc.1. [Juacpammbl Halikeucma 0risi wesio4Ho020 Mapa2aHey-UUHKO8020 3rieMeHma
npu pasnuyHbix memnepamypax: 1—15°C; 2—-30°C; 3-40°C; 4-50 °C; 5-60
°C; 6-80°C.

Tabnuua 1. CpedHue 3Ha4YeHus pacdemHbix arniemeHmos 33C rpu
mepmMuYecKkom 8030elicmeuu Ha UCMOYHUK MOKa

AnemeHT 33C 3Ha4vyeHue, Om Ownodka,%
R, 0,82 1,17
L, 3,58:10" 3,83.10”
R, 4,72 3,22
CPE,-T 0,25 2,9
CPE,-P 0,85 2,8
C, 0,0023 4,06
R 0,84 2,69
Fi L1 e 2
VAVa > | |
R B

Puc.2. Snekmpu4yeckas akgusasrieHmMHas cxema WesriovHo20 mapaaHey-UUuHKo8020
2arnbB8aHUYeCcKo20 a/ieMeHma.

[Mpn aHann3e nonyyeHHbIX pe3yribTaToB MO CONpPOTUBIIEHNAM Ry U
R; B OQ3C 6bia obHapyxeHa 3aBucumocTb (puc. 3), B KoTopon R;
(conpoTmBreHne anekTponuTa B Mopax cenapatopa W 3NekTpogHOoro
Martepuana) npakTU4eckn He U3MEHSETCS C U3MEHEHMEM TemnepaTypbl.
BenununHa conpotuenenust R; (ConpoTuBreHne nacCMBHOW MNSIEHKN Ha
NOBEPXHOCTU aKTMBHOrNO Martepuarna) Bo3pacTaeT B HECKOSIbKO pa3s C
OAHOBPEMEHHBIM NageHneM €MKOCTWU LYHTUPOBAHHOIO KOHAeHcaTopa
Ha Heckonbko nopsgkoB (¢ 1,4 &/r go 0,005 &/r). 3HaumTenbHoe
n3MeHeHue conpotueneHus R; npu TemnepaTtypax Bbiwe 50 °C mMoxeT
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CBMOETENbCTBOBATL Kak 00 yBENMYEHUN CKOPOCTU KOPPO3UN LIMHKOBOTO
nopowKka, Tak WU O [gerpagauum KaTogHOro Martepuana BcneacTeue
pacTBopeHuss MnQO,, kKOTOpoe BMOCNEeACTBUM NPUBOAUT K 3aMETHOMY
CHMDKEHUIO HaMNPSPKEHUST UCTOYHMKA TOKa U YMEHbLLUEHUKO €ro eMKOCTU
[3-5].

R3, Om R1, Om
301 2 10,4
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Puc.3. IsmeHeHue conpomuserie-HUs ariekmposiuma 6 riopax cenapamopa (1) u
corpomusrieHue naccugHou rieHKU Ha Mog8epxHocCmu akmueHo20 Mamepuarna (2)

BbiBOAbI
MeTtogom C3U nccnenoBaHbl KoMMepyeckme obpasubl NEPBUYHbIX
LLENOYHbIX MapraHLUeBO-LIMHKOBbIX 3NEeMEHTOB. Mpeonoxena

MogenbHaa 33C, no3BonswwWas YMCIEHHO OueHMBaTb HeobpaTumyto
Aerpagauuio afieMeHTa no 3HaAYeHUo CONPOTUBIIEHUS, LUYHTUPYIOLLETO
€MKOCTb OBOMHOro anekTpuyeckoro cnos. lNokasaHo, YTO C NOBbILLEHNEM
TemnepaTypbl YBENMYMBAETCSH CKOPOCTb KOPPO3UN LIMHKOBOIO MOPOLLKA,
KOoTopas pe3ko Bo3pacTaeT npu temnepartypax Boiwe 50 °C n npnBogut
K 3aMETHOMY CHWKEHWMIO HAMNPSPKEHUS UCTOYHMKA TOKa U YMEHbLUEHUIO
€ero eMKOCTH.
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The electrodeposition of iron-titania composite coatings from a
methanesulfonate plating bath is studied in this work. The TiO, content in
deposits is shown to increase with increasing titania concentration in
suspension electrolyte and decreasing cathode current density. The
kinetics of composite Fe/TiO, electrodeposition obeys the model
proposed by Guglielmi. The photo-catalytic activity of synthesized
Fe/TiO, composite electrochemical coatings was estimated in the model
reaction of decomposition of Methyl Orange dye in an alkaline solution.
The use of the Fe/TiO, composite electroplated films as a photo-catalyst
allows accelerating the decomposition of Methyl Orange dye in aqueous
media under the action of UV radiation.

Developing novel catalytic materials for the decontamination of
wastewaters containing various organic pollutants is an important task of
modern chemistry and chemical engineering [1]. In this context, TiO,
may be considered as the most efficient and environmentally friendly
photo-catalyst, and it has been widely used for photo-degradation of
various pollutants [2]. In particular, titania is very effective in photo-
catalytic decomposition of various organic dyes in wastewaters [3]. In
this respect, one of unsolved problems is the development of convenient
supports for the TiO, photo-catalyst, because the use of powdered titania
for wastewater treatment involves evident implementation impediments.
We think that the electrodeposition of composite coatings in which TiO,
particles are uniformly distributed in a metal matrix allows successfully
solving the problem concerned [4].

From our point of view, composite coatings containing TiO, particles
entrapped into electrodeposited iron matrix attract considerable attention,
because Fe and its compounds are particularly cheap, available and low-
toxic. In this study we used methanesulfonate plating baths for iron
matrix electrodeposition [4-6]. Methanesulfonate plating baths based on
methanesulfonic acid CH;SO3;H (MSA) are known to be an attractive
alternative to ordinary electroplating baths because MSA is regarded as
a "green acid" due to its environmental advantages [7].
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Research Methodology

All solutions were prepared using double distilled water and reagent
grade chemicals. Iron (ll) methanesulfonate was synthesized by the
procedure reported in detail elsewhere [7]. The pH value of the plating
bath was controlled through a common potentiometric method and
adjusted to the required value by adding either Na,CO; or MSA
solutions. To obtain composite coatings, a weighed portion of TiO, nano-
powder (Degussa P 25, Evonik; the average particle size 25 nm) was
introduced into the electroplating bath. Before electrodeposition, the
plating bath was stirred for 1 h by mechanical agitator and then
ultrasonically treated with a UZDN-A ultrasonic disperser to reach
uniform  distribution of colloidal particles in the bath. The
electrodeposition of Fe/TiO, composite coatings was performed under
the conditions of a continuous bath agitation with a magnetic stirrer (ca.
60 rev min™).

Electrodeposition was performed at a steady current density in a
usual thermostated glass cell (298 K) for 20 min. Iron-titania films were
deposited on the mild steel plates fixed in a plastic holder. Prior to each
experiment, the sample surface was treated with magnesium oxide,
etched for several minutes in 1:1 (vol.) HCI solution and then thoroughly
rinsed with double distilled water. The electrolysis was carried out with
anodes made from mild steel.

The photo-catalytic properties of the Fe/TiO, composites were
evaluated by studying the kinetics of decomposition of Methyl Orange
(MO) dye under the action of UV radiation in an aqueous alkali solution
(0.1 M NaOH). A UV lamp with the effective spectral range of 180 to 275
nm was used. The lamp was arranged over the MO solution at a
distance of 10 cm from its surface. In the course of photo-catalytic
decomposition, the MO solution was continuously stirred with a magnetic
stirrer. The MO concentration was determined photo-metrically. Steel
plates with the electrodeposited Fe/TiO, coating were fixed at a depth of
2 mm in the solution parallel to its surface (at an angle of 90° to the UV
beam).

Results and Discussion

Fig. 1 shows that the amount of the TiO, particles in the coatings
increases with an increase in titania concentrations in the electrolyte and
with a decrease in the current density.

According to this concept, the particles inclusion in the metallic
matrix occurs in two consecutive steps of adsorption. The model involves
Langmuir adsorption of particles. In the first step, called a "loose
adsorption”, the ion-coated particles are reversibly adsorbed on the
cathode surface and yield a high degree of coverage. The second step is
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a "strong adsorption" of particles. The reduction of metal ions adsorbed
on the particles creates the circumstances of an irreversible strong
adsorption. Further, the particles are engulfed by the overgrowing of a
metallic matrix.

8 -

7 F

A 0 O
Aw N =~

TiO, content in the coating / wt.%

o 2 4 e 8 10 12
Content of TiO, in the bath / g dm™

Figure 1. Effect of titania concentration in the bath on TiO, in coatings at
various current densities, A dm™: (1) 5, (2) 10, (3) 15, (4) 20

SEM images of Fe/TiO,
coating deposited from
methanesulfonate baths
show that the surface
contains flakelike particles
of agglomerated TiO, with
an average size of about
several micrometers (Fig.
2). The EDS analysis
revealed that the surface
areas corresponding to

(4 '- flakelike particles in SEM
WD=12.0mm 25.00kV  x5.00k

Figure 2. SEM image of Fe/TiO, (5% wt.) PhOt.OS consist essentlal.ly of
coating electrodeposited from methanesulfonate ~ titanium and oxygen in a
bath at 10 A dm™ ratio practically equal to the

stoichiometric composition
of TiO,. This means that the aggregation of TiO, nano-powder occurs in
methanesulfonate solutions. These findings are fully conformed by the
results of sedimentometric analysis. The coarsening of the particles
results in their enhanced sedimentation and subsequent phase
separation. This is why the electrochemical synthesis of the Fe/TiO,
composites was carried out under the conditions of a continuous bath
agitation with a magnetic stirrer.
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Figure 3. Time dependences of MO concentration (1)
in the dark, (2) under UV irradiation without catalyst,
and (3) under UV irradiation in the presence of Fe/TiO,
catalyst (10% wt. TiOy)

dye in alkaline
solution [9].

Without the
action of uv
irradiation, Methyl

Orange dye does not
undergo spontaneous
decomposition  (Fig.
3). The photo-
catalytic  decompo-
sition of the dye under

the action of UV radiation is appreciably accelerated in the presence of a
catalyst, Fe/TiO, catalyst. It was stated that the kinetic curves plotted in
the coordinates "logarithm of MO concentration versus time" are straight
lines, this suggests the pseudo-first reaction order. The formal rate
constants were shown to be 0.0054 and 0.0135 min™" for the photo-
catalytic decomposition without catalyst and in the presence of the

iron/titania catalyst, respectively.

According to the modern notion of the mechanism of the photo-
catalytic action of titania in the dye decomposition [9], the following
processes occur on the TiO, surface under the action of UV radiation in a

medium containing dissolved atmospheric oxygen:

Fe —TiO, 5 Fe-Tio, e +h"),

h*+OH_, >OH_,,
h*+H,O0, >OH_,+H",
e +0, >0,

where h* are positively charged holes generated on the catalyst surface.

The MO molecules decompose under the action of the generated
hydroxyl radicals forming CO, and H,O as final decomposition products

[9].
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Conclusions

1. Fe/TiO, composite coatings can be synthesized by
electrodeposition method from an  environmentally friendly
methanesulfonate iron plating bath containing titania nano-powder. The
content of TiO, particles in the coatings is shown to increase with
increasing titania concentrations in the electrolyte and decreasing the
cathodic current density.

2. The use of the Fe/TiO, composite electroplated coating as the
catalyst allows accelerating the decomposition of Methyl Orange in
agueous solution under the action of UV radiation. Thus, these photo-
catalysts seem to be promising in waste-water treatment processes.

References
[1] Brillas E., Martinez-Huitleb C.A., Decontamination of wastewaters
containing synthetic organic dyes by electrochemical methods. An
updated review, Appl. Catal. B: Environ., 166-167, 603-643, (2015).
[2] Chen X., Mao S.S., Titanium dioxide nanomaterials: synthesis,
properties, modifications, and applications, Chem. Rev., 107, 2891-2959,
(2007).
[3] Lachheb H., Puzenat E., Houas A., Ksibi M., Elaloui E., Guillard C.,
Herrmann J.-M., Photocatalytic degradation of various types of dyes
(Alizarin S, Crocein Orange G, Methyl Red, Congo Red, Methylene Blue)
in water by UV-irradiated titania, Appl. Catal. B: Environ., 39, 75-90,
(2002).
[4] Protsenko V.S., Vasileva E.A., Smenova 1V., Danilov F.l.
Electrodeposition  of  ironftitania  composite  coatings  from
methanesulfonate electrolyte, Russ. J. Appl. Chem., 87, 283-288, (2014).
[5] Protsenko V.S., Vasileva E.A., Smenova |.V., Baskevich A.S.,
Danilenko I.A., Konstantinova T.E., Danilov F.l., Electrodeposition of Fe
and composite Fe/ZrO, coatings from a methanesulfonate bath, Surf.
Eng. Appl. Electrochem., 51, 65-75, (2015).
[6] Danilov F.l., Tsurkan A.V., Vasileva E.A., Protsenko V.S,
Electrocatalytic activity of composite Fe/TiO, electrodeposits for
hydrogen evolution reaction in alkaline solutions, Int. J. Hydrogen
Energy, in press, doi: 10.1016/}.ijjhydene.2016.02.112.
[7] Gernon M.D., Wu M., Buszta T., Janney P., Environmental benefits
of methanesulfonic acid: comparative properties and advantages, Green
Chem., 1, 127-140, (1999).
[8] Guglielmi N., Kinetics of the deposition of inert particles from
electrolytic baths, J. Electrochem. Soc., 119, 1009-1012, (1972).
[9] Sonawane R.S., Kale B.B., Dongare M.K., Preparation and photo-
catalytic activity of Fe—TiO, thin films prepared by sol-gel dip coatings,
Mater. Chem. Phys., 85, 52-57, (2004).

101



Promising Materials and Processes in Technical Electrochemistry. Part 2

UDC 544.654.2

HARD AND DECORATIVE Ni-P COATINGS ELECTRODEPOSITED
FROM THE METHANESULFONATE ELECTROLYTE

ZHIGALOVA A.A., SKNAR Y.E., SKNAR 1.V.
Ukrainian State University of Chemical Technology, Dnepropetrovsk,
Ukraine; zhigaloval028@gmail.com

The regularities of electrodeposition Ni-P coatings from the
methanesulfonate and sulfate electrolytes were investigated. As a
phosphorus-containing component we used sodium hypophosphite. It
has been shown that increasing concentration of sodium hypophosphite
in electrolytes leads to an increase in phosphorus content in the
coatings. Increasing the electrodeposition current density of current
density leads to reduction of phosphorus content in the coatings.

Cathodic voltamperograms were taken for the methanesulfonate and
sulfate electrolytes. Addition of sodium hypophosphite to the electrolyte
leads to a shift of the total voltamperogram in the region of positive
potential. It was established that boric acid in the methanesulfonate
electrolyte reduces the difference in nickel and nickel-phosphorus
discharge overvoltage.

Hard and decorative Ni-P coatings are characterized by high internal
stresses. The internal stresses increase with increasing concentration of
sodium hypophosphite in electrolytes. Nickel-phosphorus coatings are
characterized by high values of microhardness. The highest values of the
microhardness of coatings are observed at a concentration of sodium
hypophosphite 0,12 mol/l. The microhardness of the coatings obtained
from the methanesulfonate electrolyte is higher than that of the coatings
obtained from the sulfate electrolyte. The extent of nickel-phosphorus
coatings brightness deposited from the methanesulfonate electrolyte
reaches 20% and slightly lower in the case of the sulfate electrolyte.
Results suggest that the physical-chemical properties of the coatings
obtained from the methanesulfonate electrolyte higher in comparison
with coatings obtained from the sulfate electrolyte.

Nickel-based coatings have a very valuable physical-chemical,
mechanical and magnetic properties. For this reason, researchers are
paying particular attention to the study of the electrochemical coatings
based on Ni [1]. Considering this one of the most promising material is a
nickel-phosphorus alloy. Ni-P coatings are characterized by high values
of microhardness, wear resistance, increased protective and magnetic
properties [2, 3]. To obtain high-quality coatings Ni-P alloy is necessary

102



Promising Materials and Processes in Technical Electrochemistry. Part 2

to establish patterns between the various factors electrodeposition
coating process, their structure and properties.

Experimental procedure

In this work, we added to the electrolytes sodium hypophosphite in
an amount of 0; 0.03; 0.05; 0.07; 0.12 mol/l. Electrodeposition of Ni-P
alloys was performed at pH3, T=333K and at current densities 2, 3, 5, 7
Aldm? for each concentration of sodium hypophosphite. Phosphorus
content in Ni-P coatings deposited from the methanesulfonate and
sulfate electrolytes was determined by a photocolorimetric method. In the
study of the kinetics of the Ni-P coatings electrodeposition was used
polarization curves analysis method. Internal stresses are defined by a
flexible cathode method [4]. The brightness degree of Ni-P coatings
measured relatively silver mirror using a photoelectric gloss meter.
Microhardness determined using PMH-3 device.

Results and Discussion

Increasing the concentration of sodium hypophosphite in electrolytes
increases the phosphorus content in the coatings. It is found that the
phosphorus content does not differ in the coatings deposited from the
methanesulfonate and sulfate electrolytes (figure 1). At a current density
2A/dm? at a concentration of 0,03 mol/l sodium hypophosphite in the
electrolyte can be observed incorporation of phosphorus in an amount of
4.7% by weight in the coatings obtained from the methanesulfonate
electrolyte and 4.5% by weight in the coatings deposited from the sulfate
electrolyte. Further increase concentration NaH,PO, to 0,12 mol/l
phosphorus content increases in deposits less. On the content of
phosphorus in the coatings affected by current density of
electrodeposition. Increasing the current density leads to a reduction of
phosphorus content in the coatings.

Figure 1. The phosphorus content in the Ni-P coatings deposited from the
methanesulfonate (a) and sulfate (b) electrolytes
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We have found that the overvoltage of nickel electrodeposition from
methanesulfonate electrolyte is 100 mV lower than in the case of the
sulfate electrolyte. (figure 2).
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Figure 2. The cathodic voltamperograms obtained in the methanesulfonate (a) and
sulfate (b) electrolytes at the presence of sodium hypophosphite, mol/l: 1 - 0; 2 —
0,03; 3-0,05;4-0,07;5-0,12.

Introduction of the sodium hypophosphite in the electrolyte leads to
a shift depending on the voltamperogram towards positive potentials.
Increasing the concentration of sodium hypophosphite in the electrolyte
is more than 0,05 mol/l had little effect on the course of the polarization
dependencies. It was found that boric acid reduces the difference in
discharge overvoltage for nickel and nickel-phosphorus alloys obtained
from the methanesulfonate electrolyte (figure 3).

The nickel-phosphorus alloys deposited from the methanesulfonate
electrolyte characterized by high values of internal stresses. Internal
stresses increase with increasing concentration of sodium hypophosphite
in the electrolyte. Obviously, this is due to structural changes in the
crystal lattice of coatings. A similar effect was observed when using the
sulfate electrolyte.
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Figure 3. The cathodic voltamperograms obtained in the methanesulfonate (a) and
sulfate (b) electrolytes at the presence of 0,7 mol/l boric acid and sodium
hypophosphite, mol/l: 1 - 0; 2 - 0,03; 3-0,05; 4 -0,07; 5-0,12.
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The brightness degree of Ni-P coatings deposited from the
methanesulfonate electrolyte reaches 20% and slightly lower in the case
of the sulfate electrolyte (figure 4). The highest values of the brightness
degree correspond low current density. It may be due to the decrease of
phosphorus content in Ni-P coatings at higher current density.
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Figure 4. The brightness degree in the Ni-P coatings deposited from the
methanesulfonate (a) and sulfate (b) electrolytes

Nickel-phosphorus coatings have high microhardness (figure 5).
Microhardness increase with increasing concentration of sodium
hypophosphite in the electrolytes. Microhardness of coatings deposited
from methanesulfonate electrolyte exceeds the microhardness of
coatings deposited from the sulfate electrolyte.
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Figure 5. Microhardness of the Ni-P coatings deposited from
the methanesulfonate (a) and sulfate (b) electrolytes
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Conclusions

It is established that the nickel-phosphorus alloys deposited from the
methanesulfonate and sulfate electrolytes under identical conditions
similar in composition. According to the kinetics research rate of
electroreduction of the nickel ions(ll) at the presence of sodium
hypophosphite in the electrolyte increases. Similar dependences are
obtained for the sulfate electrolyte. The addition of boric acid to the
methanesulfonate electrolyte reduces the differences in the kinetics of
the Ni-P and nickel electrodeposition. In the sulfate electrolyte such
effect is not observed. Ni-P coatings deposited from the
methanesulfonate electrolyte have higher physical-chemical properties
than coatings deposited from the sulfate electrolyte.
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ELECTRODEPOSITION AND PROPERTIES
OF NICKEL COATINGS AND FOIL REINFORCED
WITH ALUMINA

OVCHARENKO O. A., SAKHNENKO N. D., VED’ M. V.
National Technical University “Kharkiv Polytechnic Institute”
olgaovcharenko@kpi.kharkov.ua

The results of the electrochemical formation of composite coatings
and foil based on nickel reinforced with nanoscale alumina are reported.
Nickel based foil reinforced with the variable dispersion alumina phase
content and adhesive composite coatings were deposited from nickel
sulphamate electrolytes on polished steel substrates. The chemical top-
down principle method is used for commercial Al,O3; dispergation.The
hydrosole of alumina was received by dispersion of the high-temperature
y-Al,O3 in water solution at pH > 13 with the following elutriation of unreal
solution. The influence of the alumina concentration in the electrolyte on
the physic-mechanical properties of reinforced foil is established.
Inclusion of reinforcing phase particles into the Ni matrix leads to a
decrease in the grain size. The topography of the surface and cross-
sectional profile of composites are studied by scanning probe AFM
microscope and their influence on the properties of materials is
established. The surface of synthesized Ni—Al,O; composites is well
developed, but the composite electrolytic coatings are more roughness,
crystalline, characterized by a wide range of grain sizes within the same
scan compared with a foil. The content of alumina 1,5 at.% (in terms of
metal) in foil and composite coatings enhances microhardness, tensile
strength and yield point of the material twice compared to monometallic
systems.

In recent years, new technology development and their facility
creation require materials with unique functional characteristics. One of
the most advanced research vectors is the synthesis of composite
coatings and foils based on metal matrix with the second phase
inclusions [1]. As second phase dopants there are used oxides, carbides,
silicides, borides, nitrides and other. The achieved composites combine
both the properties of the metal and the dispersed phase. They have
higher corrosion resistance, micro-hardness, improved durability and
heat resistance. In practical terms the important properties of the
composite coatings and foils are defined with the nature of the dispersed
phase. As long as the improvement of the composite materials
performance index is tighten with the combination of two different-nature
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materials, it is necessary to use those materials which have the enough
strong interaction with the metal matrix [2]. That is why it is an increasing
interest in using the metal oxides (Aluminum, Zirconium etc.) as second
phase materials [3]. The choice of alumina is based on its essential
physico-mechanical properties, as follows, the improved hardness,
crushing stress and high resistance to corrosion and cupping. More than
that — the alumina is a low-cost material, which does not lead to critical
rise of the self-cost [4].

Improved physico-mechanical properties without changing the
metal crystal lattice are possible when adding less amount of
strengthening phase. The new class of composite materials, meeting the
same requirements, came up recently, and it is based on usage of
sintered alumina, zircon dioxide and others, which size is about 1-100
nm [5]. The wide application of the nickel coatings is based on valuable
properties, such as atmosphere corrosion resistance in alkali media and
some of the acids. That's why they are used for improvement of steel
chemical resistance in operating conditions, including under pressure
and aggressive media influence. At the same time the specified coating
are strained and fragile enough making it difficult to obtain a nickel foil
and restricts electroforming [6]. These points are the base for major
interest in composite electrolytic coatings (CEC) and foils development
basing on nickel reinforced with nano-sized alumina.

Research Methodology

Nickel based foil reinforced with the variable dispersion alumina
phase content was deposited on polished stainless steel AISI 304
substrates. Adhesive composite coatings with the same composition
were settled on steel 20 [7]. Both types of deposits were deposited from
nickel sulphamate electrolytes [8] of the following composition, g-dm™:
nickel sulphamate 80-320; nickel chloride 7—20; boron hydroxide 25-40
with variable concentration of dispersion phase. The content of the
second phase was within 1 go 2.5 g-dm™2 in electrolyte solution.

Electrolytes were prepared of the certified reactive «pure grade»
mark on the distilled water. The regulated power supply B5-47 was used
for electrolysis, performed with current density 2-3 A-dm™ at the
temperature of 20—-25°C during 30—40 min. The thickness of the received
composites was 30-50 pum.

Physic-mechanical tests of the Ni—Al,O; foils — mirco-thickness,
yield point o, tensile strength o,,, were held at room-temperature using
mechanical testing machine TIRAtest-2300 with the scanning speed of
0.36 mm-min™.

The chemical composition of the coatings was analyzed by X-ray
photoelectron spectroscopy with an INCA Energy 350 energy-dispersive
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spectrometer; the X-rays were excited by exposure of the samples to a
beam of 15 keV electrons. The surface morphology of the coatings was
studied with a Zeiss EVO 40XVP scanning electron microscope (SEM).
The surface roughness was evaluated by the contact method on
10x10x2 mm samples with an NT-206 scanning probe AFM
microscope (lateral and vertical resolutions 2 and 0.2 nm, respectively;
1024 x 1024 scanning matrix, CSC cantilever B as probe, probe tip
radius 10 nm).

Results and Discussion

The hydrosole of alumina was received by dispersion of the high-
temperature y-Al,O3; in water solution at pH>13 during 10-30 min with
the following elutriation of unreal solution. Dispersion of the alumina
particles achieves by partially dissolving amphoteric Al,O; forming
[AI(OH)4] . The last are adsorbed on Al,O3; surface defining the charge of
colloid patrticle:

{m(Al,O3)-n[AI(OH,)] - (n-x)Na"-yH,O }*.

The stability of colloids is based on the presence of complexes
[AI(OH),] , which are more effective charge determine ions with the
stability constant K¢=3,2:10%. The dispersion particles move to the
cathode due to adsorption of Ni?* on their surface. The particles holding
on cathode initiate the nucleation in the points of contact with its surface
stimulating the covering of these patrticles with the metal [9-11].

Analysis of the synthesized composite foils strength characteristic
showed that while increasing the amount of alumina in electrolyte 0.25—
1.5 g-dm™ the microhardness increases in the range 1800-2900 MPa,
yield point o; rises up to 150 — 980 MPa, tensile strength reaches 550—
1200 MPa with the minor flexibility decrease. The reason of that is the
incorporation into the Ni matrix adding into the main matrix the of Al,O;
nano-particles which are reliable restraint to dislocation moving. That is
common to explain mechanism of reinforcement by Orovan (rounding of
the second phase particles by dislocations) [12].

The surface of synthesized Ni—Al,O; composites is well developed,
but the CEC (Fig. 1 a) are more roughness, crystalline, characterized by
a wide range of grain sizes within the same scan compared with a foil
(Fig. 1 b). It should also be noted that Al,O; nano-particles tend to
coalescence and formation of conglomerates. Profile intersection of
crystallites between markers 1 and 2 shows that the grain size of CEC is
50-300 nm, while the foil — 180—-200 nm. The difference between peaks
and valleys of CEC relief distributes irregularly over the cross section
and varies within 10-300 nm unlike evenly distributed difference of 100
nm to foil.
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Figure 1. 3D and 2D surface maps and cross section profile between markers 1-2
for Ni-Al,O3; CEC (a) and foil (b) with Al,O3 content 1,5 at.% (in terms of metal).
Scanning area 2,5x2,5 um

The incorporation of the aluminum oxide nano-sized particles to the
metal matrix leads to the metal crystallites size decreasing, which affects
its mechanical properties. Decrease in crystallite size promotes grain
boundaries increasing following by improving the mechanical
characteristics of the material such as hardness [13, 14].

Conclusions

1. The compact fine-grained pore-free composite coatings, based
on nickel matrix reinforced with the nano-sized alumina are electro
deposited from sulphamate nickel bath containing chemically dispersed
high-temperate oxide y—Al,Os.

2. The incorporation of nanoscale reinforcing phase particles Al,O;
in Ni matrix reduces grain size and improving the mechanical properties
of composites. The content of alumina 1,5 at.% (in terms of metal) in foil
and CEC enhances microhardness, tensile strength and yield point of the
material twice compared to monometallic systems.
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IONIZATION OF NICKEL IN NICKEL TARTRATE ELECTROLYTES

ANTSIKHOVICH I.V., CHERNIK A.A.
Belarusian State Technological University
antihovich.irina@gmail.com

The effect of various factors (current density, the concentration of
electrolyte components) on the current efficiency, nickel oxidation and
basic electrokinetic parameters has been studied. It has been revealed
that nickel ionization process must be conducted at a temperature of 50
°C and current densities of up to 0,4 A/lcm®. Lowering the temperature to
20 °C leads to decreasing the anodic current efficiency by 20-30%. The
depth of nickel oxidation in tartrate electrolyte ranges from 3,7 - 10™ to
5-107° cm. The composition of electrolyte solution and the temperature
have a significant impact on the value of oxidation depth. The limiting
stage of dissolving nickel is electrochemical one.

MOHU3ALNA HUKEJIA B TAPTPATHbBIX 3JIEKTPOJIUTAX
HUKEJTIMPOBAHUA

AHTUXOBWY N.B., HEPHUK A A.
benopycckut eocydapcmeeHHbIlU mexHosio2u4yecKul yHugepcumem
antihovich.irina@gmail.com

N3ydyeHne BANAHWA pasnnyHbix ¢akTopoB (MAOTHOCTUM  TOKa,
KOHUEHTpaunum KOMOHEHTOB 3f1eKTPOSiIMTa) Ha BbIXO4 MO TOKY, riybuHy
OKUCNEHUS HUKENS W OCHOBHblE 3SIEKTPOKMHETUYECKME MapamMeTpbl
NO3BONUMO YCTAHOBUTb, YTO MPOLECC MOHMU3ALMM HUKENS HeobxoOuMmo
OCyLLeCTBNATL Npu Temnepatype 50 °C v nnoTHocTax Toka fo 0,4 Alcm?.
[MoHmxeHne TemnepaTypbl Ao 20 °C npnBOAMT K YMEHbLLUEHUIO aHOOHOrO
BbIxoga no Toky Ha 20—30 %. mybnHa okucneHus HUKens B TapTpaTHbIX
anekTponutax konebnetca B Auana3oHe OT 3,710% go 5-10° cm.
CoctaB pactBopa W TemnepaTtypa 9fekTponuta  OKasblBatoT
3HauYUTENbHOE  BNWAHWE  HA  BENUWYUHY  MNYOMHbI  OKUCIEHUS.
JInmuTupytowasa ctagus pacTBOPEHUS HUKENST — ANEKTPOXUMMYEcKas.
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OCHOBHbIMU HanpaBneHnsIMn pasBuTnA TEXHOormm
3NEKTPOXNMMUYECKOTO OCaXOEeHUS HAKENEBOIrO NOKPbITUS SBMASETCA NOUCK
9KONOMMYHbIX COCTaBOB, 0bnagarwLmnx BbICOKON BydepHON eMKOCTbIO U
YyNyYLlWeHHbIMU  3KcnnyaTaunoHHbIMn  ceorcTBamu [1]. CtabunbHOCTb
9NEeKTpoNUTa HUKENMPOBaHUA 3aBUCUT OT OCOBEHHOCTEN KaTogHOro
OCaXOEHNA M PacTBOPEHUS HUKENEeBbIX aHOOOB, KOTOPblE CKITOHHbI K
naccueauuu, BCNeaCcTBME YEro WX pacTBOPEHWE MpoTekaeT npwu
3HauyMTeNbHOM aHoaHoOW nondpu3auun. accuBaumst aHO4OB SABNSieTCA
KpanHe HexenaTemnbHbIM  MpoOUeccoM, TaK Kak B npouecce
9NEeKTPOOCaXAEHNA  npoucxoaut  obedHeHue  anekTponuta Mo
Hukento [2, 3].

Llenb paboTbl — M3yuYnTb KMHETUYECKME OCOBEHHOCTU MOHM3aALUK
HUKeNs B TapTPaTHOM 3NEKTPOSIUTE HUKENUPOBaHUS.

KoHueHTpaums Ni** B anekTponute BapbupoBanacb B AuManasoHe
0,25-1,35 monb/am°®, TapTpaT Na-K (tart*") 0,05—0,9 monb/am®, 3HaueHue
pH nogaepxmBanocb pH-meTpom pH-150 Ha ypoBHe 2-3. Heobxoanmoe
3HayeHMe pH anekTponNuToB YycTaHaBnMBanNM KOHUEHTPUPOBaAHHOM
H,SO, nnn NaOH.

Memodonozausi uccrnedoeaHul

ONEKTPOXNMUYECKNE NCCNeSOBaHNSA OCYLLECTBNANM C MOMOLLbIO
noteHumoctata IPC-Pro-M B cTaHOapTHOWM TPEXANEKTPOAHON S4veunke
AC3-2. OnekTpoa CpaBHEHUSI — HaACLIWEHHbIN XopuacepedpsiHbIn.
3HayeHna NOoTeHUuManoB MepecynTbiBanM B LWKany CcTaH4apTHOro
BOOOPOAHOro anekTpoga. Temnepartypa noggepXuBanacb C NOMOLbO
xngkoctHoro Tepmoctata 50K-20/0.05-03 ¢ TOYHOCTbKO noaaepxaHug
TemnepaTtypbl £ 0,5 °C. AHOgamMu cryxkuna HUKenesas fneHTa TOSWLMHON
1,5 MM n3 metannyprudeckoro Hukensa mapkun HO. BenuuuHy Bbixoga no
TOKYy onpegensnu rpaBUMeTpU4eCKUM MeTOLOM.

[Ana ycTaHOBMEHUST BIIUSIHUS  KOHLEHTpauuu anekTponuta  u
TemnepaTypbl Ha NMPOLLECC OKUCNEHUS HUKensa (M3MeHeHWe noTeHumnana
MW BbIXoga MO TOKYy) Wcnonb3oBanacb aMnMpuyeckad MoAesb.
MaTtematnyeckoe onmMcaHuMe nMpOLIECCOB OCYLWECTBNANOCL B Buae
YPaBHEHNSA perpeccumn:

Yy = bo + b1X1+0b2Xo+bsXs, (1)

roe Xi;, X, Xz — MNEepeMeHHble, COOTBETCTBEHHO KOHLIEHTpauus
Komnnekcoobpasywowen n 6ydepHon [obaBknm (CErHETOBOW COMN),
MOMb/AM®; KOHLEHTpPaLMs HUKENs B nepecyeTe Ha meTann (cmecw
cynbdarta 1 xnopuaa H1kens), Mons/am’; Temneparypa, °C; bg, by, b, bs
— KO3 PULMEHTbI MOOENMN, KOTOpble ONPeaensiT Ha OCHOBaHMM
pe3ynbTaToB 3KCNEepPUMEHTA.
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Pe3ynbmambi u ux obcyxdeHue

BnunsHue KOHUEHTpaumMmM TapTpaT-MoOHaA WM HUKENs Ha aHogHble
NONsipU3auNoHHbIE KPMBbLIE HA HUKENEBOM 3NeKTpoae Npu Temneparype
20 °C npeacTtaBneHo Ha puc. 1.

0,1 - i Alom? B /" /,’,
/\// \\ . ::' ’
/s ~ /i
./. // \,\. \\\ / ‘::/’/
rS N V[ i c(tart?”)-c(Niz*)
/ /;:—-f'\\\ \ 7 — 0,25-0,1
0105 N / \\‘L‘ \ ’/’( / ,I _0,25'0,2
,({7// ‘\“ \ }} / /I:: - 017-0’1
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7 VA A ---1,35-0,1
VRS ----1,35-0,2
ﬂ,@g_f(’./ , N ::":“.,.". E. |B
0,2 0,3 0,8 1,3

Puc. 1. BnusiHue KkoHUeHmpauyuu mapmpam-uoHa (0,1; 0,2 Monb/OM3) U HuUKerss
(0,25; 0,7; 1,35 Monb/OM®) Ha aHOOHbIE MONAPU3AUUOHHBIE KDUBLIE Ha HUKEIe80M
anekmpooOe rpu memnepamype 20 °C

YCTaHOBNEHO, YTO  YBENMYEHWE  KOHUEHTpauuu  TapTpaT-
NOHa (PUCYHOK 1) yMeHblLuaeT nuK okucnenus Ha 0,005 A/cm® npu
KOHUEeHTpaumn Hukens 0,25 monb/am® u  Ha 0,03 A/ceM®  npwu
KOHUeHTpaumax Hukena 0,7 un 1,35 mMonb/am®, 4To cnocobcTByeT
yBENUYEHNIO aHOAHOMo BbIXo4a no Toky (Tabn. 1).

Mpn yBenuyeHnn Temnepatypbl B 9INEKTPONUTE C  HU3KUM
coaepxaHuem Hukens 0,25 Monb/am® Ha aHOZHOM KpuBon Habniogaetcs
HebomnblOW MUK OKUcrneHnsa B obnactu noteHumanos ~0,1B
(Tabnuua 2), 4To BEpOATHO cBA3aHO ¢ obpasoBaHMeM NiO, npu aTom
aHogHas nonsgpu3auma  ymeHbliaetcd Ha 0,5B npu yBenuyeHun
TemnepaTypbl Ha 40 °C (¢ 30 go 70 °C) npu nnotHocTu Toka 0,05 A/cm?.
Mpn Temnepatype 60-70 °C nuk okucneHust oTcytcTeByeT. B OGonee
KOHLEHTPUPOBAHHbIX COCTaBax MWK OKUCNEHUA nexmT B obnactu
0,08-0,15 B u go nnotHoctv Toka 0,05 A/cm?, uTo BEPOATHO CBSI3aHO C
obpasoBaHnem okcuaa Hukens 6onee Bolcokon BaneHTHOCTN — NisOy.

KonnyecTtBo anekTpuyecTBa, MOrMMOWEHHOE 3rIeKTPOoaOM  Mpu
nonsipusaumm OO COCTOSIHUSA MOSTHOW naccmBaumm U riyduvHa OKUCIEHUS
HUKenNs, NpeacTaBneHbl B Tabnuue 2.
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Tabnuya 1. Bbixod rno moKy aHoOHbIU (1,5 %) e 3agucumocmu om
MI0MHOCMU MoKa U cocmaea cyrbghamHo-Xs10puUOHO-mapmpamHo20
anekmposnuma rpu memrepamypax 20 u 50 °C

MnoT- Ni?*, monb/gm®
T, | Hocts 0,25 | 0,7 | 1
°C TOKa, tart’", monb/gm°
Alem”™ [(01 To,2 01 Jo2 [o,3 01 Jo02 [o,3
0,04 63,6 78,4 71,9 79,1 78,4 78,4 69,4 78,4
20 0,08 68,2 71,6 73,1 83,2 80,1 75,0 75,6 76,7
0,28 - 59,9 - 81,3 74,0 76,0 36,1 74,5
0,4 - 40,2 - 80,7 494 - 64,2 54,9
0,04 79,1 100,0 |52,1 90,0 100,0 92,0 76,9 100,0
50 0,08 80,5 100,0 | 75,6 84,5 88,6 100,0 78,0 100,0
0,28 - 100,0 | - 81,8 100,0 100,0 99,6 100,0
0,4 - 100,0 | - 95,1 99,8 100,0 100,0 100,0
Tabnuya 2. Toku u nomeHyuarsibl MUKO8 aHOOHbIX
MonsiPU3aUUOHHbIX KpUBbIX U 2/1ybuHa OKUCNEHUST HUKers
tart? Ni°* 0,25 monb/om® Ni* 0,7 monb/om®
- T,° Epeak, ipeak, Q, 6'105, Epeak, ipeak, Q| 6'105,
C B Alcm® | MA-Y cM B Alem? | MA-Y cM

20 0,245 0,010 0,163 2,01 0,471 0,057 1,467 18,13
30 0,129 0,009 0,210 2,60 0,202 0,027 0,399 4,93

0.2 40 0,143 0,005 0,059 0,73 0,351 0,053 1,351 16,69
50 0,162 0,013 0,124 1,53 0,137 0,010 0,122 1,51
Ni* 1 monb/om® Ni* 1,35 monb/om®
20 0,55 0008 3,019 37,31 0,674 0,091 1,644 20,31
01 30 0,331 0,065 1,347 16,64 0,518 0,064 1,218 15,06

40 0,139 0,019 0,257 3,18 0,231 0,058 1,192 14,73
50 0,148 0,038 0,465 5,75 0,283 0,00 1,627 20,11

55 0,169 0,042 0,317 3,81 0,154 0,018 0,162 2,01

20 (0,165 0,03 0,368 20,53 0,461 0,061 1,596 19,73
30 (0,13 0,037 0,355 4,39 - - - -
0,2 (40 |0,078 0,024 0,216 2,67 0,082 0,023 0,204 2,52
50 [0,09 0,03 0,380 4,70 0,015 0,007 0,037 0,46
55 [0,064 0,038 0,325 4,01 0,006 0,008 0,055 0,68

Moyt 100 % aHoaHbIM BbIXO4 MO TOKY Habnwgaetcs B
AMeKTponiMTax C  BbICOKMM  cofepxaHuem TapTtpaT-uoHa (0,2—
0,3 Monb/AM®) 1 NoBbILEHHBIX TeMnepaTypax (40-50 °C). MoaTomy Ans
nogdepXaHusi aHoga B paboyem COCTOSIHMM, NpPU  UCMOSb30BaHUN
TapTpaTHbIX 3NIEKTPONINTOB, HEOOXOOMMO COXPaHATb COOTHOLLEHUE
nrowiagen katoga K aHogy He meHee 1:1,5.
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MybuHa OKMCREHUS1 HUKeNa B TapTpaTHbIX  3nekTponuTax
konebnetcst B AvanasoHe ot 3,710 go 5:10° cm. CoctaB pacteopa u
Temnepatypa O9nekTponuTa oKasblBaloT 3HaYUTENbHOE BIUSHME Ha
BENMMUYMHY rnAyOunHbl okucrneHusa. losbliweHne Temnepatypbl Ha 30 °C
YMEHbLUAET rNyOuHY OKUCNEHNA Ha NOPSAOK NPU KOHUEHTpauun HUKENS
1-1,35 monb/am®  n  TapTpaT-voHa 0,1 monb/AM®, a Tawkke npu
KOHUeHTpauumn Hukens 0,7 Monb/am® 1 TapTpaTt-noHa 0,2 mMonb/am® ¥ Ha
2 nopsigka MpW KOHUEeHTpauuu Hukens 1,35 monb/am® u TapTpaT-uoHa
0,2 monb/am®.

[Mony4yeHHble B Tabnuue 2 faHHble Oblnn o6paboTaHbl NocpeacTBOM
NMNHENHOrO YypaBHEHUSI perpeccun. YCTaHOBIEHO, YTO YyBeNU4YeHue
KOHUEHTpaumm Hukena Ha 1 Monb/am®, Temnepatypel Ha 10°C n
KOHLUEHTpauun TapTpaT-moHa Ha 0,1 monb/gm®  cnocobeTeyeT
yBENIMYEHMI0 aHOOHOro BbiIxoda NO TOKy Ha 8,7, 6,6 n 4,52 %
COOTBETCTBEHHO. YBenunyeHne nnoTHocTM Toka Ha 0,01 A/cm? Bbi3biBaeT
YMEHbLLEHNE aHOQHOrO BbIXOA4a Mo TOKy Ha 2 %.

OCHOBHblE 3MEKTPOKMHETMYECKME NapameTpbl ANs TapTpaTHbIX
ANeKTponiMToB (TOK oOBbMeHa Hukensa, KoapdpuumeHTel a u b)
onpegenanucb rpapuyeckum MeTtoaoMm U3 nonynorapndMmnyeckmx
NONSApPU3aUMoOHHbIX KPUMBbIX. YCTaHOBMEHO, 4YTO KOo3dh(puuneHT a
nameHsieTcsa HesHadmnTenoHo ot 0,1 go 0,29 B. KoadduumeHT b peakumm
MOHM3aUMN HUKENs B ypaBHeHMM Tadens HaxoguTca B MHTepBane oT
0,10 mo 0,13 B, uyTO cBMAOeTenbCTBYeT O 3aMeaSIeHHOCTU CTaaun
nepeHoca anekTpoHa. Tok obMeHa HMKensi B TapTpaTHbIX pacTBoOpax
coctaensieT 2,9 - 10°-2 - 10 = Alcm?.

BbiBOAbI

N3yyeHne BAnAHWA pasnnyHbiXx ¢akTopoB (MAOTHOCTM  TOKa,
KOHUEHTpaunMm KOMOHEHTOB 3f1eKTPOSiIMTa) Ha BbIXOA MO TOKY, rnybuHy
OKUCNEHUS HUKENS W OCHOBHblE 3SIEKTPOKMHETUYECKME NapaMeTpbl
NO3BONUMO YCTAHOBUTb, YTO MPOLECC MOHMU3ALMKU HUKENS HeobxoauMMmo
OCyLLEeCTBNATL Npu TemnepaTtype 50 °C v nnoTHocTax Toka go 0,4 Alcm?.
JInmuTupytowasa crtagusa pacTBOPEHUSA HUKESS — 3NIEeKTPOXUMMYEcKas.

INnTepaTypa
[1] Fumitaka, S. Nickel electropiating bath using malic acid as a
substitute agent for boric acid / S. Fumitaka, K. Keisuke, N. Yuzuru,
K. Koichi, S. Yuichi // Metal Finish. — V. 105, Ne12. — 2007. — P. 34-38,
59, 60.
[2] Mamaes, B. N. HukenupoBaHue: ydebHoe nocobue. [log pea.
B. H. Kyopsasuesa. — M.: PXTY um. 1. 1. MeHgeneeBa, 2014. — 192 c.
[8] Xendpeu, B. J1.Onekrponus Hukensa / B. J1. Xendpeuy, T. B. 'paHb. —
M.: Metannyprua, 1975. — 333 c.

116



| Promising Materials and Processes in Technical Electrochemistry. Part 2

YOK 621.357

GALVANOCHEMICAL FORMATION OF A MULTICOMPONENT
ALLOY BASED ON COBALT AND REFRACTORY METALS

HAPON YU.K., NENASTINA T.0.*, SAKHNENKO N.D., VED’ M.V.
National Technical University «Kharkov Polytechnic Institute»
* Kharkov National Automobile and Highway University
hapon@kpi.kharkov.ua

Effects of major parameters of electrolysis on the composition and
morphology of the cobalt-molybdenum-tungsten alloy from citrate-
pyrophosphate and citrate-ammonium electrolytes have been analysed.
It has been shown that the content of component metals in the Co-W-Mo
alloy depends on the nature and composition of the electrolyte solution.
The influence of electrolysis conditions and regime on the structure and
morphology of cobalt alloys with refractory metals has been established.
The elemental composition and morphology of the triple cobalt -
molybdenum - tungsten coatings have been determined with a scanning
electron microscope.

rAlIbBAHOXIMIYHE ®OPMYBAHHA BArATOKOMMNOHEHTHOIO
CrNINABY HA OCHOBI KOBAJIbTA TA TYTOIMJIABKUX METAIJIB

AMNMOH 10.K., HEHACTIHA T.0.*, CAXHEHKO M.A., BEAb M.B.
HauioHanbHuUU mexHiyHuUl yHieepcumem ,XapKieCbKuUU rnonimexHidyHuu
IHcmumym”

*Xapkiebkuli HauioHaibHUU asmoMobiribHO-O0POXKHIU yHisepcumem,
hapon@kpi.kharkov.ua

[MpoaHanisoBaHO BMIMB OCHOBHMX MapaMeTpiB €efiekTponidy Ha
cknag Ta  Mopcdhonorito  cnnaBy  kobanbT-monidaeH-sonbpam
OTpUMaHoOro 3 uuTpaTHo-audocaTHOro Ta UMTPaTHO-aMOHIa4YHOro
enekTponiTis. 3a OOMNOMOrOK  CKaHIBHOrO €erlieKTPOHHOro  MIiKpOCKomny
OOCNIIKEHO cknag i Mopdonorito NOTPiMHUX NOKPUTTIB. Byno nokasaHo,
WO BMICT KOMMoOHeHTiB B cnnasi Co-W-Mo 3anexutb Big npupoau
niraHga i cniBBiQHOWEHHA KOHUEHTpaUui CcnnaBoTBIPHUX MeTarniB..
BcTaHoOBNEHO BNAMB NYCTUHM CTPYMY, @ TaKOX 4acy iMnynbcy Ta nayau
Ha CTPYKTYPY i MOPJONOrito NOKPUTTIB.
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B notoyHun yac 3HayHy yBary HaykoBLiB MpuBepTalTb Crnasu
KoBGanbTy, NiaoBULLEHHS dOYHKLiOHANBbHMX BIACTMBOCTEN AKUX OOCAralTb
neryBaHHAM Tyronnaskumn mMeTanamu, 30Kpema, BoONbdpamom i
mMonidgeHoM. 3anexHo BiA CniBBiAHOLLUEHHS KOMMOHEHTIB TaKMX CnnaBsiB
IX BMACTUBOCTI MOXYTb 3HA4YHOIO MIPOI0 3MIHIOBaATUCS: CMaBn 3 BUCOKUM
BMICTOM KOOanbTy MpOsiBASATbL MarHiTHi BacTUBOCTI i MOXYTb OyTu
BUKOPUCTaHi B MPUCTPOsAX 3anucy i 36epiraHHa iHdopMmauii, cnnaesu 3
BMCOKMM BMIiCTOM MonibaeHy i Bonb(pamy MalTb BUCOKY TBEpAICTb,
XIMIYHY Ta KOpO3iMHY CTIMKICTb, 11X MOXHa BWKOPUCTOBYBATU AJIS
NiABULLEHHS 3HOCOCTIMKOCTI geTaner MalluuvH, LWo npauwioTb B
arpecmBHMUX cepefoBuLax i npu BUCOKMX TemnepaTypax [1]. 3HayHuin
BMNIMB Ha CTabINbHICTb €NeKTPOoniTy, SKiCTb MOKPUTTIB, MOPOSIOrito
NOBEPXHi Ta BMXiZ 3a CTpyMOM Mae BMBIip niraHAiB i X CNiBBIAHOLWEHHS B
enektponiti [2]. Ona ocagpkeHHa 6iHapHUX cnnaeiB Bonbpamy i
MonidaeHy 3 KobGanbTOM YacTille BCbOr0 BMKOPUCTOBYHOTb PO3YUHU
UMTPaTHUX, XJIOPUOHO-UUTPATHUX, AudocdaTtHux | gudocdartHo-
UMTPaTHUX KOMMJSIEKCIB, @ BBEAEHHA [0 CKIagy enekTponiTy AnHaTpieBol
coni etunengiamiHteTpaoutoBoi kucnotu (EATA) cnpuse 36inbLUEHHI0
BMICTY B CMnfiaBi TyronsiaBkux KOMMNOHeHTIB [3].

MeTolo paHoi poboTn € OOCNIIKEHHA YMOB €SIeKTPOOCaLKEeHHS
nokpuTTiB cnnaBsoM Co-Mo-W 3 HETOKCUYHMX KOMMITEKCHUX €NEKTPOoiTIB
3i 30epexeHHAM BMCOKOro piBHA (OYHKUiOHANbHUX BRacTUBOCTEN, a
TaKOX BU3HAYEHHSA X efleMeHTHOro ckrnagy i mopdornoril.

MeToponoria aocnigxeHb

EnektpoocaxgeHHsi NOTPIMHOrO cCnraBy Ha OCHOBI kKobanbTy 3
TyronnaBkMMmM MeTanamu npoBoaunu 3 noniniraHaHUX UUTPUTHO-
andocaTtHOro Ta UMTPATHO-aMOHIAYHOro €enekTPosniTiB  NOCTIMHUM
cTpymMoM j=2...8 A/aM® Ta YHINOMSPHMM  iMAYAbCHUM  CTPYMOM
amnnitygoro j=4...20 A/om®* B pianasoni uvactor f=19...910 U,
TpMBanicTb iMNynbCy BapitoBanu B Mexax t; = 2-:10° ... 2.10™ ¢, nayau —
t, =2.107...2-10™" c.

IMOyNbCHI peXxnmMmn enekTpoocagkeHHA 34iIMCHI0OBaNu 3a 4ONOMOrow
noteHuioctaty [11-50-1.1 3 nporpamaTopom [NP-8. Ak po34nHHi aHOaM
BUKOPUCTOBYBanNuM KobanbToBi KOMMNMaHapHi nnactuHuW. Po3unHu gns
ocamxeHHs cnnasis Co-Mo-W roTyBanu 3 aHaniTM4HO YUCTUX PeaKTUBIB,
SIKi PO3YMHANN B HEBENUKIN KiNIbKOCTI ANCTUNBOBAHOI BOAWU, MICMsl YOro
PO3YMHN  3MilWlyBanuM B MEBHIM MOCMIJOBHOCTI, TIPYHTYHOYUCL Ha
pesynbraTtax OOCHiQKEHHA IOHHMX piBHOBar. [lOKpUTTS cnnaBamu
HaHocunu Ha nigknagkm 3 migi (MO) i ctani (CT.3).

EnemeHTHUM cknag i mopdponorito  3paskiB  aHanidyBanu 3a
OOMOMOrOK CKaHIBHOro enekTpoHHoro Mmikpockona ZEISS EVO 40XVP.
306paxeHHA MOBepxHi 3paskiB OTpuMyBanu 3aBOsku peecTpauii
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BTOPUHHUX eNneKTpoHiB (BSE) WsxomM ckaHyBaHHSA eNeKTPOHHOro nyyka
No MNOBEPXHi, WO O03BOSMANO 3 BUCOKOK pPO3M4iNIbHOK 34aTHICTIO Ta
KOHTPACTHICTIO gocnigXyBaTu Tonorpadito (HepiBHOCTI) MOBEPXHI.

Pe3ynbTaTt Ta ix 0GroBopeHHsA

PesynbTatn JoCniopKeHHS BNIMBY PEXUMIB €eKTPOosi3y Ha cknag,
CTPYKTYPY i MOPQONOrito NOBEPXHI eNekTPosiTuYHMX nokputtie Co-Mo-
W, a TakoX BCTaHOBMNEHHS IX B3aEMO3B'A3KYy 3 (Di3UKO-MeXaHIYHUMWN i
di3nKO-XiMIYHUMN BNACTUBOCTAMU CUHTE30BaHUX CrSiaBiB € OCHOBOWO
Ans popmMyBaHHA pekoMeHZauin Wwoao 3aCToCyBaHHA MaTepianis.

[Mpn pocnigpkeHHi npoueciB HaHECEeHHA NoKpuTTiB cnnasomM Co-W-
Mo 3 noniniraHgHUX enekTponitie (Tabnuusa 1) O6yno BusBnNeHO psa
ocobnmeocTen [4]. Tak, KO B poni OAHOro 3 fliraHaiB BUKOPUCTOBYBATU
uuTpaT-ioH, a gpyroro — audocdaTt-ioH abo rigpokcmg amoHito, TO
MOXHa BCTAHOBUTU HACTYIHeE:

1. 3 unTpaTtHO-gudocdaTHOro eneKkTponiTy ocamXKyoTbCs MOKPUTTS
3 BinbLL BUCOKMM BMICTOM MONi6aEHY.

2. [lpn ocagpKeHHI 3 UUTpPATHO-aMOHIaYHUX PO3YMHIB BMICT
TYronnaBKMX KOMMOHEHTIB Yy ChnaBi NPakTUYHO O4HAKOBUI (B Aiana3oHi
10-18%), ane y pasi BUKOPUCTAHHA IMMYNbCHOrO PEXUMy BMICT
BONb(pamMy pi3ko 36inbLIYETLCS.

Tabnuus. Mikpoghomoepadpii ma cknad crinasy Co-Mo-W

Enexktponitu

UnTtpaTtHo-gmudocdaTtHum (1) LinTpaTHo-amoHia4yHWi (2)
MikpodoTorpadpis Cknap, MikpodpoTorpadis Cknag,
(x200) Mac. % (x200) Mac. %
Z Co-64,6 Co-63,3
a Mo- 24,1 Mo- 15,1
W-1,8 W-14,2
Co-53,9 Co-62,2
6 Mo- 30,3 Mo- 12,7
W-4,2 W-17,4
g " Co-52,6 Co-44,1
5 oy s & Mo- 30,1 Mo- 11,2
G W-5,0 W-27,8
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Ha wmikpodpoTorpaciax  YiTKO MOMITHI PIBHOMIPHICTL MOBEPXHI
nokpuTtTiB cnnasom Co—Mo-W 3 enektponity Ne1, a Takox rnobynsipHa
CTPYKTYypa MOKPUBIB, OTPUMAHUX 3 pPoO34dnHy N2 npm BUKOPUCTaHHI
cTauioHapHoro pexumy j = 3 A/ov?® (a).

MigBULLIEHHS BMICTY  TYronsiaBkoro KOMMNOHEHTA  3aBOsKM
36iNblUEHHI0 TYCTMHM CcTpymy j=6 A/am® (6) Ta BMKOPUCTaHHS
iMnynbcHoro pexumy j = 10 A/gm? (B) B cnnaBax Npu3BOaMTb A0 MOSBY
Mepexi TpiwmnH (Ne1, B) abo amopdisauii nokputtiea (Ne2, B), €ka
Bi3yani3yeTbCA 4K MOCTYrNoBe 3MEHLUEHHS pOo3Mipy 3epHa 3 pPOCTOM
BMICTYy Bonb(pamy Ta monibgeHy B cnnasi [5]. Cknag Ta Buxig 3a
CTPYMOM crnasy, OTPUMAHOro 3 LUUTpaTHO-AMEPOCEaTHOro enexkTponity
B iMNYNbCHOMY peXUMi Ha MigHY NOAKNanKy, HaBeEeHO Ha PUCYHKY.

83 24

BC.%
o701 ¢ “TBE )

b 12 6 20 24 28
i» Afom”

PucyHok. 3anexHictb BC i 3aranbHoro Bmicty Bonbdpamy Ta MonidaeHy (Wsar..) Y
cnnasi Co-Mo-W Big ryCTuHu CcTpymy (4ac imnynbcy 2 mc, 4ac naysm 10 mc).

AHani3 enemeHTHOro ckragy MnOKPUTTIB MoKasye, WO 3aranibHUK
BMICT CnnaBOTBipHUX MeTaniB ctaHoBuTb 83-92 mMac.%, a KUCHIO Ta
Byrneut, €Ki BXoOsaTb TakoX OO cknagy cnnaBy — 8-18% JlorivyHo
npUNycTUTK, WO OTPUMaHUK cnnae sBnse coboto TBepaumn po3ynH Co-
Mo-W, aknn moxe BKIOYaTU PisHi iIHTepMeTanesi Cnonykn (Hanpuknag,
CoW, CoMo abo CosW, CosMo), a TakoX iHLWi MOXNuMBI NOEgHAHHSA
3a3HavyeHnx enemeHTiB [6]. TakMMu NOTEHUINHO MOXITMBMMU CMNOSTyKaMm
MOXYTb OyTn kapbign Bonbdpamy, monibaeHy abo okcman kobanbTy,
MoniéaeHy i Bonbdpamy [7]. 3 ornsay Ha BUCOKY TBepAicTb Kapbigis i
okengie Co, Mo i W, MoOxHa npunyctutn, WO IX MPUCYTHICTb B
eneKkTponiTU4HOMY  CchnaBi  CpUATUME  3MILUHEHHI  O4ep)KyBaHWUX
NMOKPUBIB.

BucHoBKkM

[ocnigpkeHo npouecn enekTpoocamkeHHsa 6araToOKOMMOHEHTHUX
cnnaeiB Ha OCHOBi kobamnbTy | BCTaAHOBMEHO, WO 3 nonifniraHgHuUX

120



| Promising Materials and Processes in Technical Electrochemistry. Part 2

ereKkTPoniTiB MOXHa HaHOCUTU HKICHI MOKPUTTA CnfiaBoM KobanbT-
mMonibaeH-sonbpam 3 BMICTOM Tyronnaskux meTtanis go 21-35 mac.%.
[MoKpuTTH, oTpuUMaHi 3 uuTpaTHo-gMdocdaTHOro enekTponity, 6inbL
PIBHOMIPHI, ane BMICT TYronsiaBkMx MeTanis MeHLUWNA, HK Yy MOKPUTTIB 3
UMTpaTHO—aMOHIa4YHOro po3ymHy. 3a pesynbTaTaMmn AoChif4XeHb BMAnBYy
PEXNMIB €SIeKTposiizy Ha Noro ePeKkTUBHICTbL BCTAHOBSIEHO, WO BUXi4 3a
CTPYMOM CrfaBy, OCa[PKEHOro B iMMyfbCHOMY PEXWUMi, € OOCTaTHbO
BMCOKUM i CTaHOBUTb 56-88 %, L0 3 ypaxyBaHHAM 3HA4YHO BULLMX, Y
MOPIBHSAHHI 3 ranbBaHOCTATUYHUM, POBOYMX TFYCTUH CTPYyMy pobUTb
HecTauioHapHUin pexum binblw npmBabnueum. [JoBeaeHo, WO 3aBASKK
KOMMIIEKCY Pi3NKO-XiMIYHUX BNACcTUBOCTEN CMNIIaBOTBIPHUX ErfIEMEHTIB Ta
IX cnosiyk cnpsimoBaHun cuHTe3 cnnaBy Co-Mo-W € nepcrnekTuBHUM
METOAOM 3MIUHEHHS MOBepxHi | nigBuLWEHHA 11 3HOCOCTIMKOCTI Ta
KOPO3iNHOI CTINKOCTI.

Mepenik nocunaHb
[1] Begob M.B., CaxHenko H.[., lanoH HKO.K., HenactnHa T.A,,
ONEeKTPOOCaXaAeHNe TPOMHbBIX ChnaBoB KobanbTa C  TyronnasBKMMU
meTannamu, NanbBaHoTexHMKa U obpaboTka nosepxHocTn, Ne1, C.14 -
21, (2016).
[2] bBanpadHasa T.H., Begb M.B., CaxHeHko H.[. Onekrponutnyeckme
cnnasbl BOMb(pama: nonyyeHne u cBoucTeBa, Saarbrucken: LAP
Lambert Academic Publishing, 2013.
[8] CwuaenbHukosa C.I1., BonoagunHa I.®., Npabko O.3., Oukycap A.U.,
onektpoxmmumyeckoe nonydyeHne Co-Mo MOKpbITUMA U3 LUUTPATHbIX
pacTBOPOB, cogepXaLmx OQOTA: COCTaB, CTPYKTYpa,
MUKpPOMEXaHUYeCKNe CBOWCTBA, JNEKTpPoHHas obpaboTka maTepuanos,
Ne6, C. 4-9, (2007).
[4] Sakhnenko N. D., Ved M. V., Hapon Yu. K., Nenastina T. A,
Functional coatings of ternary alloys of cobalt with refractory metals,
Russian Journal of Applied Chemistry,Vol. 88, Ne. 12, pp. 1941-1945,
(2015).
[5] Ved M. V., Sakhnenko M. D., Bairachna T. M., Tkachenko M. V.,
Structure and properties of electrolytic Cobalt-Tungsten alloy coatings,
Functional Materials, V.15, Ne 4, pp. 613 — 617, (2008).
[6] bBapabaw O.M. Kosanb . H., Kpuctannuyeckaa crpyktypa
mMeTannos u cnnaeos, K. : Hayk. gymka, 1986.
[7] Tpabko [.3., Aukycap A.U., MNetpeHko B.N., Xaps E.E., LUnkumaka
O.A., MukpomexaHu4eckme CBOMCTBA 3NeKTponutudeckmx cnnasos Co-
W, nony4aemblx nMpuM  OCaXOEHUN B  UMNYSMbCHbLIX  YCIOBUSX,
AnekTpoHHas obpaboTka maTtepuanos, Ne 1, C. 16-23, (2007).
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YOK 540.185; 621.793
COMPOSITE NICKEL - CARBON MATERIAL COATINGS

BERVICKAJA O. S., POLISHCHUK YU.V.
SHEI «Ukrainian State University of Chemical Technology»
impus@ukr.net

Electrochemical composite coatings (ECC) with matrices of nickel-
containing particles of the carbon phase were obtained. The average
particle size and bulk density of carbon were measured. was analyzed
An evolution of the current-voltage dependencies of the process of
composite coatings production with temperature was analyzed. Quality
carbon deposits were produced at a current density of 1 A/dm?.

KOMMNO3WUWUOHHbIE NOKPbITUA HUKENb YIMEPOOHBLIU
MATEPWUAI

BEPBULIKAA O.C., NMNOJTNLLYK HO.B.
"'ocydapcmeeHHoe 8bicwiee y4ebHoe 3age0eHue « YKpauHcKul
2ocydapcmeeHHbIl XUMUKO-MeXHOI02u4ecKull yHugepcumemy,
impus@ukr.net

[onyyeHbl KOMMO3ULMOHHbIE ANIEKTPOXNMMYEckme NokpblTus (K3MM)
C MaTtpyuaMmn K3 HUKernsd, coAepxaliMe 4YacTvubl yrnepogHown asbl.
YcTaHoBrneHbl cpedHne pasMepbl 4acTul, M HacbinHasg MNIOTHOCTb
yrnepogja. [NMpoaHanusvpoBaHa aBonouns BONbT-aMNepHbIX
3aBMCUMOCTEN Mpouecca Mnosiy4eHnss KOMMO3ULUMOHHbBIX MOKPbLITUIA MpuU
n3MeHeHUn Temnepartypbl. KayecTBeHHble ocagku yrrepona nonyyeHsl
npy NNOTHOCTM Toka 1 A/am®.

BaxHbiM HanpaBneHnWem B COBPEMEHHOW rasfibBaHOTEXHUKE
SIBNSIETCS CO3[4aHNe KOMMO3ULMOHHBLIX 3SIEKTPOXUMUYECKUX MOKPLITUI
(K3IM). MeTtoab! nonydeHuss KON ocHoBaHblI Ha ocaXgeHUn OUCNEPCHbIX
YacTul, pasnuUyHbIX pasMepoB BMECTe C MeTasnfoM K3 3nekTponuTa-
CyCMNeH3uun, B pesyrnbTaTe Yyero YacTuubl AUCnepcHoOn asbl BKKOYAKTCA
B MeTannuyeckyro matpuyy. Takoe wmoanduuupoBaHue MOKPbITUA
Nno3BondeT 3Ha4YNTENbHO BNATL HA €ro SKCrniyaTaunuoHHble CBOUCTBA, a
WMEHHO TBEpPLOCTb, N3HOCOCTONKOCTb, KOPPO3NOHHYHK YCTONYNBOCTD.

CtpykTypa u cBonctBa KOl 3aBucAT OT npupoAbl HanonHUTenNd
(nopowkoBoro marepuana), pasmMepa 4acTuu, WX KonuyectBa B
NOKPbITUM N B3aUMOLENCTBUS C MeTannmMyeckon matpuuen. B kayectse
MaTpuubl MOryT OblTb MPUMEHEHbI HUKENb, XPOM, MeOb W Apyrue
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MeTannbl. B kayecTBe gucnepcHomn dasbl — okeuabl, kKapbuabl, 6opnabl 1
HUTPUAbl MEeTannoB, YrnepoaHole Martepuarnbl (YNbTpagucnepcHbIn
anwvas, rpacovr, ynnepen).

KOMMO3MUNOHHbIE 3MEKTPOXMMUYECKME MOKPLITUSA C YrNepoaHbIMU
Matepuanamu npeacTaBndAlT CYLECTBEHHbIM WHTEPEC B KayecTBe
HOBbIX KOMMO3ULUMOHHbBIX MaTtepuarnoB ©Gnarogapa NpoOCTOMY COCTaBy
aneKkTponuta U ero ycTom4yMBOCTM BO BpeMeHWu. BknwouveHwe 4acTtuu
AaHHbIX MaTepuarnoB B MeTannuyecke matpuubl K3l nossonser
3HaYUTENbHO YNYYLWUTb UX U3HOCOCTOMKOCTb, KOPPO3NOHHYIO CTOMKOCTb,
CHM3NTb MOPUCTOCTb ocadkoB. PaHee [1] Hamu ObINO nokasaHo
yBenuyeHne MMKpOTBEPOOCTU NOKPLITUA HUKENb-rpadUT Mo CPaBHEHUIO
C OBbIYHBIMU NOKPLITUAMM.

MeTogonorusa nccnenoBaHnmn

OcaxpgeHne  KOI1  npoBogunu B cynb(aTHO-XNOPUAHOM
anekTponuTte YoTTca creyoulero coctaaa:

- NiSO, — 180 r/n;

- NiCl, — 20r/r;

- H3803 — 30 r/n.

B kayecTtBe gucrnepcHon dpasbl UCMOSb30BariM MENKOANCNEPCHLIN
NopoLLOK HaHoyrnepoga mapku BG-34 (Kutawn), KOTOpbi BBOAWUIICA B
anekTponut B kKonudectee 0,5 r/n.

[MoKpbITME OcCaxdanocb Ha MefHyl noasioxkky. Katon nepen
npUMeHeHneM noaseprancs MmexaHmyeckon obpaboTke MenKo3epHUCTomn
Ha)kgavyHom Bymaromn, nocrne 4Yero NoBepXHOCTb kaToaa 0be3xmpuBanu 1
TpaBunu. [ns KOPPEKTHOro COMOCTaBEHUSA pe3ynbTaToB, HamMu Obinu
NnosfiydeHbl Ocagku YUCTOrO HUKeNna B anekTtponutax 6e3 u ¢
nepemewmsaHnemM, a Takke KOI1 npu NOCTOSAHHOM nepemeLlrBaHnK
anekTponurta MarHUTHOM MeELLanKown. Bpewms aneKkTponmsa
COOTBETCTBOBArIO MOMy4YEHU0 0cajka TOSILLNHON 25 MKM.

[MonapusauMoHHble KpuBble Nofiydanu Ha noteHuyuoctate MA-50-
1.1 ¢ nomoLLblo perncTpupytoLero npmbopa.

P paKkUMOHHbIN cocTaB NnopoLLKa MOANOULIMPOBAHHOIO
HaHoyrrnepoaa onpeaensnu MEeTOA0M cegMmeHTauum B
rpaBUTaLMOHHOM nose. bbina nony4vyeHa KpuBas cegMMeHTaumm Kotopas
no3sonuna C MOMOLIbID MeToda KacaTeflbHbIX MNPOBECTU aHanus
OVNCNEPCUOHHON  cucTeMbl.  [ucnepcnmoHHoOM  cpedon, B Xode
9KCnepuMeHTa, BbiCTynana AMCTUNNMpoBaHHas Boaa.

Pe3ynbTatbl M ux obcyxaeHune

N3BecTHO [2], 4emM MeHblle pasmep 4Yactmy n 4Yem 6Oonblie
MCKaXKeHa KpucTannuyeckaa pelleTka 4YacTtuu, Tem Jierye OHu
3axBaTbIBAOTCA HEPOBHOCTAMW MNOBEPXHOCTU MeTanna. [MpunobpeTtas
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NONOXUTESNbHLIN 3apsd, AUCNEpPCHble YacTuubl BbicTpee npoaBuratoTcs
K KatogQy W nerdye BCTpauBalTCAa B TMOKpbiTMe. BeegeHne ux B
SMIEKTPOSIUT MOXET CYLLEeCTBEHHO BJIMATb Ha KUHETUKY OCaKOeHUs
meTanna. Mony4yeHHble Hamu B ananasoHe TemnepaTyp 40-60 °C BonbT-
amMnepHble XapakTepuCcTuUKu npouecca ocaxaeHuna KOl npuBeneHbl Ha
pucyHkax 1 — 3. YBenudeHue Temnepartypbl NPUBOAUT K CMELLEHUIO
noTeHumana B bonee SNEKTPOMNONOXUTENBHYIO CTOPOHY.
CyLLeCcTBEHHOro OTNNYMSA B XO04€e KPUBbIX He OBHapyXeHo.

I Afam?
1
0.9 !
0,8 = 2
0.7 7
0.6 =
0.5 =
0.4
0.3 —
02 -
0.1 -

o.s 0.6 0.7 0.8 0.9 1 -E. B

PucyHok 1. Bornbm-amnepHbie 3agucumMocmu rpouecca ocaxoeHus 4ucmozo
Hukens 6e3 nepemewusaHus: 1-T =333 K;2-T=313K

1, A/nm?
0,9 7] 7
0.8 -
0.7 =
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0.4
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0.1

05 © 06 - 07 © o8 ° 09 ' "1.-EB
PucyHok 2. Boribm-amrepHbie 3agucumMocmu ripoyecca 0Caxx0eHusl Yucmozao
Hukens ¢ nepemewusaHuem: 1 — T =333 K;2-T=313K
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PucyHok 3. Boribm-amrnepHbie 3asucumocmu ripoyecca ocaxoeHusi KOl Ha ocHose
Hukensa: 1-T=333K;2-T=313K

Pe3yanaTb| ceanMeHTaUuMnMoOHHOIo aHarnmnaa npunBegeHbl HWXXe:

Paguyc yactuu, 10" m MpoueHTHOE copepxaHMe YacTul, %
23-25 14
2,5-2,7 24
2,7-3,0 21
3,0-3,8 18
3,8-4,7 13
4,7-6,6 10
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K3I1, nony4eHHble Npu MMOTHOCTM ToKa 2 A/oM? M KOMHaTHOW
TemnepaTtype WMENM  SPKO  BbIPaXEHHY  OeHOPUTOO0OpasHyto
HEpPaBHOMEPHYID CTPYKTYpy TEMHoro ceporo upeta. [loBblweHne
paboyen Temnepatypbl 00 50°C He gano CyweCTBEHHOro Yny4lleHus
Mopdoorniornm noBepxHocTU. CHmxKeHne paboven NMOTHOCTM Toka Ao 1
A/om? no3Bonuno NOSy4YnTb KayeCTBEHHble MOKPbITUA ©e3 OeHOpUTOB,
ceporo uBeta. [loBepxHOCTb BbIMAAUT 6Gonee  NNOTHOM C
He3HaYMUTESTIbHOM LLEPOXOBATOCTLIO.

CopoepxaHue yrnepoga B 9MEKTPONMTE Onpenensanocb ncxogs u3
ynobcTBa COM3BMEPEHUS pPe3ynbTaToB, C MOMYYEHHbIMU ONA OPYrux
rpaduToB W npuBedeHHblX, Hanpumep, B [1]. OgHako Hamu 6bINo
YCTAHOBMIEHO, YTO OCadKW, MNOSflydeHHble Mpu cogep)aHun rpaduta
meHbwe 0,5 r/n asnawTca 6onee O4HOPOAHBLIMU N KavyeCTBEHHbLIMM.
[anbHenwumne ncnblTaHMs HanpasfeHbl Ha onpegeneHne onTUManbHOro
KonmyectBa rpaduta C TOYKM 3peHust MOopdoriorMm MOBEPXHOCTU W
dyHKUMOHanNbHbIX cBonCcTB K3I1.

BbiBOAbI
1. BsepgeHve pgucnepcHon asbl B 9SIEKTPOSIUT HUKESNIMPOBHUS He
NPUBOOUT K CYLLECTBEHHOMY W3MEHEHUIO (POopMblI MONAPUIALMOHHBIX
KpuBbiX. [loBbiweHne TemnepaTypbl oT 30 go 80°C npusBoauT K
CMELLEHUNIO NOoTeHUMana B 6onee anekTponofiokUTENbHY obnacTb.
2. CpegHunin pasmep (paguyc) YacTtuy yrrnepoga B NonvamcrnepcHou
cucTeMe konebnercs B npegenax (2,5 +3,0):10 7 m.
3. B cnyyae moaudumumpoBaHHOro HaHoyrnepoga mapku BG-34, npu
NNOTHOCTM Toka 1 A/AM? MoMyyeHbl KayeCTBEHHble MNMOTHblE OCaAKW.
MoBbILEHNE MNOTHOCTM Toka Ao 2A/am? npu cogepxaHun yrnepoaa 0,5
r/n NpuBOANT K yXyALUEHNIO MOPEOSIorMn NOBEPXHOCTU M 0Bpa3oBaHuUIO
HepaBHOMEPHbIX AeHAPUTOOBpa3HbIX OCaaKOB.

NunTepaTypa

[1] NMonunwyk HO.B., Hedepoos B.I., bytoBa E.A., BacunbeBa E.A.,
Backesny A.C., 3axapos B.[., BaraHos B.E. // Bonpocbl xumun wu
XuMmndeckom TexHonornn. — 2013. - Ne4., - C. 172-174.

[2] WeaHoB B.B., banakan B.WU., lepbakos W.H., ApsymaHoBa A.B.,
CtapyHos A.B., MypseHko K.B. // Ycnexu COBPEMEHHOrO
€eCTeCcTBO3HaHu4. - 2015. - Ne1. - C. 1335-1338.
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UDC 621.35

CORROSION-ELECTROCHEMICAL PROPERTIES OF COBALT-
MOLYBDENUM-ZIRCONIUM DEPOSITS

KOZIAR M. A., SLAVKOVA M. A., SAKHNENKO N. D., VED’ M. V.
National Technical University “Kharkiv Polytechnic Institute”
koziar.maryna@gmail.com

Galvanic alloy coatings of cobalt-molybdenum and cobalt—-molybdenum-—
zirconium were deposited on substrates steel 3 from a poly-ligand
citrate-pyrophosphate bath at a temperature of 25-30°C. The acidity of
the electrolyte was maintained in the range pH 8-9. The coatings were
deposited using a pulsed electrolysis with current amplitude 2-—
20 Axdm™ in the frequency range of 19-910Hz, pulse time
2x1073-2x107* sec, pause durability 2x10%-2x107* sec; duty cycle was
2-20. The electrolysis parameters influence on cobalt—-molybdenum—
zirconium alloy deposition peculiarities, composition and surface
morphology has been revealed. The elevating in current density leads to
a decrease in the zirconium content and cracking of deposits due to the
growth of internal stresses. The effect of cobalt—molybdenum-zirconium
alloys composition and topography on their corrosion resistance in acid,
neutral and chloride-containing media was investigated. It was
established the cobalt—-molybdenum-zirconium functional alloys have a
high chemical resistance in aggressive media due to the both
molybdenum and zirconium trend to passivity especially for local
corrosion,

In our time, the rapid development of new trends in energetics,
microelectronics, creating compact equipments and appliances is
impossible without using of new materials with a wide range of functional
properties. One way their creating is forming of thin layers of electrolytic
coatings with high corrosion resistance, hardness, heat resistance and
catalytic activity on the surface of traditional structural materials [1, 2].

For expansion possibilities use of electrolytic coating alloys with two
or more components are used in addition to pure metal. In recent years
becomes relevant research cobalt alloys with refractory metals
(molybdenum, tungsten) [3-5].This choice is primarily due to their high
acceptor capacity, their ability to passivity and create multivalent oxides
that causes their functional properties. Considering the growing interest
in coatings with high resistance to local types of corrosion, which is
provided by alloying components, special attention was paid to the alloy
Co-Mo-Zr. It's known that zirconium can’t be deposited from aqueous
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solutions because it have negative standard potential —1,21 V. However,
as shown in [6], we obtained electrolytic deposits Co—Mo from poly-
ligand electrolyte, which contain up to 4 wt. % zirconium.

The goal of this study is to investigate the composition, morphology,
and composition of the electrolytic cobalt—-molybdenum-zirconium alloy
coatings and to determine of their corrosion resistance in various
aggressive environments.

Research Methodology

The coatings were deposited on substrates of steel 3, surface
pretreatment of which was performed by standard technique.

Coatings Co—Mo-Zr were deposited from a poly-ligand citrate-
pyrophosphate bath at a temperature of 25-30°C. The acidity of the
electrolyte was maintained in the range pH 8-9. Electrolyte was
prepared of the certified reactive "pure grade” mark on the distilled water.

The coatings were obtained in unipolar pulse current with amplitude
2—20 Axdm™ in the frequency f range of 19-910 Hz, pulse time to,
2x1073-2x107" sec, pause durability to 2x107%-2x10"" sec; duty cycle
was 2-20. As soluble anodes were used coplanar cobalt plates with
anode to cathode area ratio as 5: 1. Electrolysis mode (ton, to, Current
density) set by potentiostat PI-50-1.1 with programmer PR-8 [7].

The chemical composition of the coatings was examined with X-ray
photoelectron spectroscopy using energy dispersive spectrometer INCA
Energy 350 and with X-ray fluorescence method using a portable
spectrometer "SPRUT", the absolute error of components did not exceed
1 wt.%. The surface morphology was evaluated from the images
obtained using a scanning electron microscope (SEM) ZEISS EVO
40XVP registering secondary electrons (BSE) during scanning the
patterns by electron beam. Corrosion tests were carried out in model
medium of different pH: 3 % sodium chloride solution (pH 7) and 1 M
solution of sodium sulfate at pH 3 and 11. The corrosion rate of coatings
was determined by polarization resistance technique analyzing cathodic
and anodic polarization dependences in semilogarithmic coordinates [8].

Results and Discussion

Results of studies showed the possibility of deposition of ternary
Co—Mo—Zr alloy using pulsed electrolysis, which can not be obtained in
the direct current dc mode [6]. The composition and surface topography
of coatings depend on the energy parameters of electrolysis that allowing
to flexibly managing the quality and properties of materials.

Doping cobalt by molybdenum and zirconium promotes the
formation of globular amorphous surface. The elevating in current
density leads to cracking of deposits due to the growth of internal
stresses (Fig. 1).
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Figure 1. Morphology and composition (wt. %) of Co—-Mo—Zr coatings deposited in
pulse mode at current density, A-dm™: 4 (a); 6 (b) and 8 (C); ton/tos = 2 / 10 msec; T =
20-25 °C; pH 8; plated time 30 min.

Composition analysis of ternary coatings revealed that content of
zirconium decreases with an increase in current density. Also they
contain some oxygen. This can be explained by including not completely
recovered molybdenum oxides and partially hydrolyzed oxo- zirconate
ions in the surface layers. It should be noted that with rising current
density grid of cracks on the surface of precipitates becomes denser and
branched due to increased internal stresses in the coating.

The doping of cobalt by molybdenum as it was shown in [8] leads to
increased resistance to local types of corrosion — pitting and inter-
granular. In this study the corrosion resistance of ternary
electrodeposited alloys was compared with corrosion resistance of binary
Co—-Mo systems [8]. The shift of the corrosion potential of coated
samples in NaCl solution up to the negative region as compared to the
same parameter in acidic solution as well as the character of anodic
polarization dependences (Fig. 2, 3) testifies the cathodic control of
corrosion process. The rise in corrosion potential simultaneously with the
appearance of a plateau on the anode branches of voltammograms
(Fig. 3) in alkali solution indicates an anode control of corrosion process,
which can be explained by trend to passivity of the surface due to the
formation of the oxide film [9].
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Figure 2. Corrosion diagrams for coatings Figure 3. Anodic polarization
Co—-Mo (1) and dependences for coatings
Co—Mo—Zr (2) in 1 M NaSO4 pH 3: Co—Mo-Zr (1, 2) and Co—Mo (3, 4) in
cathodic plots (1, 2); solutions: 1 M Na,SO,4 with pH 11(1, 3); 3
anodic plots (1, 2) % NaCl pH 7 (2, 4)

Corrosion resistance of ternary alloys with zirconium content of 3—
4 wt.% and molybdenum up to 25-30 wt. % proceeding from corrosion
depth index in acid (kh =3,110" mmlyear) and neutral chloride-

containing media (kh = 2,2:10™ mml/year) increases practically an order
of magnitude compared with a binary ones (kh =2,3-10°’mmlyear,
kh =2,9-10"° mml/year respectively). Corrosion resistance in an alkaline
medium in increases by three times — kh(Co—Mo—Zr) =3,1-10™* mml/year,
k (Co-Mo) =9,3-107* mm/year.

Binary coatings with a molybdenum content not less than 10 at. %

and ternary zirconium containing galvanic alloys belong to the group
"very resistant" by the depth of corrosion index.

Conclusions

1. The surface Co—Mo—-Zr electrodeposits obtained from polyligand
citrate-pyrophosphate electrolyte is uniform, bright, brilliant, but is
covered by a grid of cracks. It was found that an increase in current
density leads to an increase of internal stresses in the coating. Thus, it is
advisable process to conduct the electrodeposition at lower current
densities (4 — 6 Axdm™).

2. Chemical stability of the electrolytic ternary coatings causes by
increase tendency to passivity and resistance to pitting corrosion in the
presence of molybdenum and zirconium. Ternary coatings by the
corrosion depth index belong to the group "very resistant”, and can be
recommended as safety when working in aggressive media.
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YOK 629.1

CORROSION RESISTANCE COMPARISON OF CONVERSION
COATINGS IN SALT FOG CHAMBER

AKULICH N.E.?, CHERNIK A.A.?, LOS A.L.”»
YBelarusian State Technological University
P)Minsk Traktor Works
akulitch.nadejda@yandex.ru

There are a lot different chemical and electrochemical processes
which allow to protect items from corrosion: phosphate and oxidation of the
surface, application of galvanic and paint coatings. Corrosion resistance of
conversion coatings on carbon steel in the salt fog chamber has been
investigated. Comparison of the basic methods of corrosion treatment of
parts Gardorol 8010 impregnation has been done. It has been found that
phosphating and additional treatment with the Gardorol 8010 protecting
agent 8010 as well as anodization with oiling provide temporary corrosion
protection of carbon steel items during interdepartmental transportation and
short-time storage.

CPABHEHUE KOPPO?I/IOHHOVI CTOUKOCTU KOHBEPCUOHHbIX
NOKPbITUN B KAMEPE COJIEBOI'O TYMAHA

AKYNIAY H.E.®, YEPHIK A.A.®, NOCb A. .°
¥ Benopycckull 20cydapcmeeHHbIl mexHono2u4ecKull yHusepcumem
% MuHckuii mpakmopHbIii 32600
akulitch.nadejda@yandex.ru

CywlecTBYylOT pasfnnyHOro pofda XMMUYECKNE U INEKTPOXMMUYECKUE
npoLecchl, KOTopble MO3BOMSAOT 3aWMUTUTL  AeTanlb  OT  KOPPO3WM:
docchaTmpoBaHMe U OKCUANPOBAHNE NOBEPXHOCTU, HAHECEHWE ranbBaHu-
YEeCKUX N NTaKOKPaCOYHbIX MOKPLITUW. B Kamepe conesoro TymaHa oueHeHa
KOPPO3MOHHAsA CTOMKOCTb KOHBEPCWMOHHbLIX MOKPbITUA Ha YriepogucTou
ctann. [lpuBeaeHo cpaBHeHMe 6a30BbIX METOO0B aHTUKOPPO3NOHHOW
obpaboTtkn petanen ¢ nponutkon Gardorol 8010. YcTaHOBMNEHO, 4TO
docaTupoBaHme n gononHUTENbHas obpaboTka B nponutke Gardorol
8010, a Takke oKcMOMpOBaHWE C MpoMacnuBaHveMm obecrnednBaroT
BPEMEHHYIO 3alUMTy feTanen u3 yrnepoaucTton ctanu oT KOppo3uu npu
MEXLIEXOBOW TPAHCNOPTMPOBKE M KPaTKOBPEMEHHOM XpPaHEHUN.
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OKOHOMMYECKNA U 3KONOrMyeckun yuiepb, HaHOCUMbIN KOppO3nen
MeTannnMyecknx n3genuin, obopyaoBaHMst U KOHCTPYKUMUIA, HEUCHUCTIUM.
B nocnegHue roapbl, Hanpumep, Tonbko B CLUA exerogHble notepu oOT
koppo3sun coctasunu 300 munnuapaos SONapos.

B Poccunckon denepaunm exerogHble noTepyu MeTannoB m3-3a Ux
Koppo3nn coctaBnaT o 12 % obwen maccbl MeTannodoHga, 4to
cooTBeTcTBYyeT yTpaTe 00 30 % exerogHo Npou3BOAMMOro MeTarnna.
Kpome CTONnb OrpOMHbLIX CBSI3@HHbIX C KOPPO3Men MpaAMbIX MNOTepb,
CyLWeCTBYIOT elle Oonbline KOCBeHHble noTepun. K HUM OTHOCATCSA
pacxodbl, O06ycrnoBfeHHble MoTepen MOLLUHOCTU  MeTasnfnyeckoro
obopynoBaHug, ero BblHYXXOEHHbIMM NPOCTOSAMU MU3-3a aBapui, a Takke
pacxodbl Ha nUKBMAAUMIO MNOCNEeACTBMA aBapuii, 4acTO HOCALLMX
XapakTep 3Kosiorndecknx katactpod [1].

CymmapHO B 60MbLUMHCTBE CTPaH NOTEPU OT KOPPO3UK COCTaBNSOT
4-6 % HaumoHarnbHoro goxoaa.

Takum obpasom 3awmrta MeTasnnoB OT KOPPO3UK SBRSIETCS KpanHe
aKkTyanbHOM 3agaden. [na 9TOro MOryT NpUMEHATb pasfnuUyHoOro poga
XUMUYECKME W 3INEKTPOXMMUYECKME Mpouecchl: ocdaTmpoBaHne wu
OoKCMOMpOBaHME  MNOBEPXHOCTW, HAHECeHWe  rafibBaHUYEeCKUX W
NaKoOKPaCOYHbIX MOKPbITUW. Takke BO3MOXHO NPUMEHEHWE pasfnNYHbIX
CpeLCTB, YMEHbLUAKLWMNX NN NpeKkpaLLatowmx Kopposuno meTtanna [2].

B paHHoMm paboTe  oOueHEeHa  KOPPO3MOHHasi  CTOMKOCTb
KOHBEPCUOHHbIX TMOKPbITUM Ha YrinepoaucTton cTtanu MNoJSTyYeHHbIX
pasnu4YHbIMKN cnocobamm.

MeToaonorusa uccnegoBaHun

B MalMHOCTPOEHUN 3alumnTe OT KOPPO3UN NOABEPratoTCs HEe TOSTbKO
KOHeYHble n3genna, Ho n cbopoyHble eguHULbI, NpegHasHavYeHHble AJs
cbopkn u nepepaBaemble U3 uUexa B uUex. B atom cnyyae petanu
nogsepraroT BpeMeHHon 3awmTte. B paHHoM pabote B KadecTBe
00bEeKTOB uCCreaoBaHUs  paccMmaTtpuBanucb Aetanu  CcHopoOYHOM
edNHULbI XOO0BOM 4YacTU aBTOTPAKTOPHOW TEXHUKM — onopHasa wanba
carennuta. [aHHaa geTtanb B rOTOBOM M34ENUM 3SKCNyaTupyeTcs B
mMacne. B kadecTtBe BpeMEHHOM 3awMTbl UCMONb30Bann pasfinyHble
BMAbl 06paboTkm (Tabn. 1).

docatnpoBaHne pgertanen nNpoBoAMSNIM B pacTBOpe, MNpuUro-
TOBNEHHOM 13 coctaBa pocaTupytowero JIOK-1, (nponssoautens PBb)
95-100 r/gm®. O6was KUChMOTHOCTb pacTBopa — 40-60 Touek.
CBobogHast KUCNOTHOCTL pacTBopa — 3—8 Todek. COOTHOLEHME o0LLeNn
KMCNOTHOCTM K cBobogHon — 1:8-1:12. Temnepatypa pactBopa 50—
60°C, Bpems 06pabotkm 30-40 MuH.

OkcungupoBaHne feTtanen npoBOAUSIM B pacTBOpe coaepallem
HaTp egkun TexHudeckun Mapkm TP (NaOH) B konuyectBe 500-
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700 r/am®. Temnepatypa pacTtBopa 135-145°C, Bpemsi o6paboTkm 15—
30 myH. Takke ans cepun getanen ObiNO BbINOSIHEHO NpoMacnvMBaHune
no TexHonormm MT3 TeP21L, — B uHayctpmnansHom macne NA20-A npwu
Temnepartype macna 60—-100°C B Te4eHne 1-3 MUH.

TepmoobpaboTka — HUTpoUEMEHTaUus, NPOBOAUAN B neyax Ans
npugaHus TBEpaoctn 75-80 HRA npun Ttemnepatype 800-850°C.
[nntenbHOCTb Npouecca oT 1 oo 6 Yacos.

Gardorol 8010 sBnsieTca TOpProBoM MapKoOW CpPeacTB 3aluuTbl OT
kopposnn pupmbl Chemetall (FT'epmaHuns). 3ta nponutka MoOXeT ObiTb
npuMeHeHa Kk ocdaTnpoBaHHbIM U He obpaboTaHHbIM aeTanam. Oa-
HaKo aTa TexHonorus obecneymBaeT NuLb BPEMEHHYIO 3aLlMTy OT KOp-
po3nn. Bpems obpabotkm B nponutke Gardorol 8010 coctaBnano
10 MUH.

[ns npocToTbl BOCMPUATUS YCIIOBUSA MOSNYYEHUSI KOHBEPCUOHHbIX
NOKPbLITUI CBeAEHbI B Tabnuuy 1.

Tabnuya 1. Ycnosus nony4eHuUsi KOH8ePCUOHHbIX MOKPbIMUU Ha
yanepooucmou cmarsu

Ne o6pa3ua YcnoBus nonyyeHM KOHBEPCUOHHOIO NOKPbLITUA
1 docdaTtuposaHue
2 docaTtuposaHue, nponutka Gardorol 8010.

Cyuwka atmocepHas
docaTtuposaHune, nponutka Gardorol 8010.
Cyuwka nocne nponutkn T=80-100°C, Bpema 10 MuH
docdatuposaHune, obpaboTtka B macne N[O20-A.
Cyuwka aTmocepHas

5 OkcugumpoBaHue
OkcuaunpoBanue, nponutka Gardorol 8010.

3

6
Cyuwka aTmocepHas
> Okcuanposanwne, nponutka Gardorol 8010.
Cyuwka nocne nponutkn T=80-100°C, Bpems 10 MuH
8 OkcuanpoBaHmne ¢ npoMmacnueaHmem no TexHonornm MT3
TeP21L}
9 TepmoobpaboTka
10 TepmoobpaboTtka, obpaboTka B macne NO20-A.
Cyuwka 90-100°C
11 MponutaHHasa B macne N20-A.

Cyuwka nocne nponutkn T=80-100°C, Bpema 10 MuH

PecypcHble MCNbITaHMsS1 KOHBEPCUOHHBIX MOKPLITU C onpeaeneHnem
NroLWwaan MNopaXeHUs KpacHOM KOppO3ven cTanu NpoBOAWNN B Kamepe
conesoro TymaHa ASCOTT S120iS ¢ wucnonb3oBaHnem 5 % pacTtBopa
NacCl. NMnowagb nopaxeHna obpasyoB oLeHUBanu Bn3yarbsHo.
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Pe3ynbTatbl U ux obcyxxaeHume

BHewHin BuO MOKPbITUA HE 3aBUCUT OT YCNOBUK MONy4YeHUs
KOHBEPCMOHHOIO MOKPbITUA Unu gpyron obpaboTknm u npeactaBrieH Ha
pucyHke 1. [lo wucTteyeHMn 6 4YacoB B Kamepe COJSieBOro TymaHa
Habnogannch sIBHblE cneabl KpacHoOM Koppo3nn Ha obpasuax 1, 4, 5, 7,
10, 11. Ha obpasuax 2 n 3 HeT mM3aMmeHeHun. B nopsigke yBenvyeHus
nnowaan nopa-XeHust MOBEPXHOCTU obpasuyoB No UCTeYeHun 6 4acos
obpasupbl pacno-naratotcsa B cneg paay: 2, 3, 8, 6, 1 (6 n 1 HapaBHe), 5,
11, 4,9, 10, 7.

Cnycta 10 4yacoB B kamepe conieBoro TymaHa obpasubl 4—7, 9-10
NpaKTUYECKN NOSTHOCTBLIO NOKPbIThI MPOoAYKTaMn Koppoaum ctanu (puc. 1).

a) 6) 8)
Puc. 1 BHewHul 8ud nokpbimut 00 pecypcHbIX ucrbimaHud (a) u nocne 10
yacoe ucribimaHul: 6 — 5 obpaseu, e— 4 obpaseu.

[Mnowanb nopaXeHus, BbIPpaXXEeHHYI B MNPOLEHTax MO UCTEYEHUU
onpeneneHHoro BpEMEHU HaxOXOEHUS B KaMepe COMeBOro TymaHa oT
ycrnoBun ob6paboTkn NOBEPXHOCTU AeTann npuBedeHsl B Tabnvue 2.

Tabnuua 2. 3asucumocms riiowadu riopaxxeHusi om ycriogul obpabomku
rnosepxHocmu demariu U 8peMeHU KOPPO3UOHHO20 8030elicmausi

Ne Mnowaab nopaxeHusi, % NO UCTEYEHUU BPEMEHMU T, Y
obpa3sua 6 16 19,5 24,5 28,8 35,4 41,2

1 5-7 5-7 7-10 25-30 30 35-38 40-45

2 0 3-5 15 35-40 40-45 60 60-65

3 0 2-3 5-7 30-35 35-40 43-45 45-50

4 70 80 - - - - -

5 60 80 - - - - -

6 5-7 35-40 - - - - —

7 70-75 85-90 - - - - -

8 1-5 5-7 30 45-50 50-53 55-60 70

9 70-75 80-85 - - - - -

10 70-75 95 - - - - —

11 65 80-85 - - - - -
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a) 6)
Puc. 3 BHewHut sud nokpeimut rocrne 10 4acoe ucrbimaHuu:
a— 2 obpaseu,; 6 — 8 obpaseu.

Kak BngHO M3 aKkcnepuMeHTanbHbIX uccnegosaHun yepesd 41 vac
HaxOXOEeHUsT B KamMepe COMeBOro TyMaHa nnowaib nopaxeHud
Koppo3snen 8 obpasua coctasmna 70%; 2 obpasuya — 60-65%. Obpasubl
1 n 3 nmetoT nnowaab nopaxeHus 4o 50%.

BbiBOAbI

CpaBHEHME KOPPO3NOHHOW CTOMKOCTWU MOSTYYEHHbBIX KOHBEPCUOHHbIX
NMOKPbITUA B Kamepe CONeBoro TymaHa nokasano, 4to ¢ocdaTtmpoBaHue
aBnseTca Havbonee uenecoobpasHbiIM MEeTO4OM  aHTUKOPPO3MOHHOM
obpaboTkn getanen ons obecnevyeHns BpeMeHHOM 3aLmnTbl OT KOPPO3UMN.

Hdetann wn3 yrnepoauncton crtann K270BS docaTtupoBaHHble 1
gononHuTenbHo obpaboTaHHble B nponutke Gardorol 8010 cnycta
41 yac HaxoXgeHws B KamMepe COoneBoro TymaHa WMelT nrowaaun
nopaxeHust 40% n 60% cooTBeTCTBEHHO. [lokaszaHO, YTO NPUMEHEHME
cywkn nocne nponutkn Gardorol 8010 npu T=80-100°C cHwxaeT
nnowanb nopaxeHna kopposnen Ha 15%, 4Yem umcnonb3oBaHue
aTMOCEPHON CYLLIKWN.

YcTaHoBIEHO, ytTo  gertanu n3 yrnepogucTomn cranu
dochaTpoBaHHble W OOMOMHUTENBHO 0O0paboTaHHble B MPOMNUTKe
Gardorol 8010, a Takke OKCMOMPOBAHHbLIE C MpoMacliMBaHMEM O
TexHonormm MT3 TeP21L, obecneuymBaloT BpPEMEHHYK 3alnTy OT
KOoppo3un.

INntepatypa
[1] CemeHoBa U.B., ®nopuarHosud .M., Xopowmnos A.B., Kopposus n
3awmTta ot kopposuun, M.: DUSMATIINT, 2002.
[2] Kapckun WN.M., UeaHosa H.l., Kyuc O.B., Kopposusa u sawura
MeTannnMyYecknx KOHCTPYKUnin n obopyaosaHnd, MuHck : Bolw. wk., 2012.
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YK 620.193.26+544.636

CORROSION PROTECTION OF AMC ALLOY IN ALKALINE
MEDIUMS BY SODIUM ORTHOVANADATE

KHARITONOQV D.S., KURILO I.I., ZHARSKY I.M.
Belarusian State Technological University, Minsk, Belarus
kharitonov@belstu.by

Corrosion behavior of the AMC (AA3003) alloy in 0,05 M NacCl
solutions (pH 10) with 0,003 M sodium orthovanadate addition has been
studied by electrochemical impedance spectroscopy (EIS). It has been
found that corrosion of the AMC alloy exposed in 0,05 M NaCl solutions
for 1 and 24 hours is controlled by the charge transfer stage and for 8
hours exposure is controlled by oxygen diffusion process. In alkaline
solutions, containing NazVO,, the corrosion process is kinetically limited.
Increasing the sample’s exposure time in vanadium-containing solutions
from 1 to 24 hours leads to formation of protective films on their surface
and increases total surface resistance by a factor of 4,3.

AHTUKOPPO3UOHHAA 3ALLUUTA CIJIABA AML
B LUEJNTIOYHbIX CPEOAX OPTOBAHAOATOM HATPUA

XAPUTOHOB [.C., KYPUNO N.N., )KAPCKI .M.
bernopycckut eocydapcmeeHHbIlU mexHosio2u4yeckul yHugepcumem,
MuHck, Benapycs,; kharitonov@belstu.by

MeToooM SNeKTPOXMMNYECKON UMMEOAaHCHOM CMEKTPOCKONUN N3Yy4EHO
Koppo3noHHoe nosegeHne cnnasa AML, B 0,05 M pactBope xnopuaa
HaTtpus (pH 10), cogepxawwem 0,003 monb/am® opTOBaHagarta HaTpus.
[MokasaHo, 4To npoLuecc Kopposun odbpasuos cnnasa AMLU, BblaepxaHHbIX B
0,05 M NaCl numntupyeTca ctagmen rnepeHoca 3apsiga, a B LUENOYHbIX
pacTBopax, COoAepXalumx OopToBaHagaT HaTpusa Kopposus crniasa AML
npoTekaeT B KMHETMYECKOM 00nacTtn. YCTaHOBMEHO, 4YTO YyBenunyeHue
NPOAOIMKUTENBHOCTN  BbIOEPXKKM  00pas3uoB B BaHagumcoaepkalumx
pacTBopax xsiopuaa HaTpua ot 1 0o 24 4 npuBOAUT K POPMUPOBAHUIO HA UX
MOBEPXHOCTM 3aALUUTHBIX MSEHOK U YBEMNUYEHUIO OBLLEr0 COMPOTMBIIEHUS
NnoBepXxHOCTU crnasa B 4,3 pasa.

CnnaBbl aniOMUHUA LUMPOKO MNPUMEHSIOTCS B MNPOMBbILLIEHHOCTHU
Gnarogaps MX  OTHOCUTEMBHO BbICOKUM aKcnnyataumMOHHbIM
XapakTepuctmkaMm W KOPPO3MOHHOW  YCTOMYMBOCTW,  Tenno- WU
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9EKTPONPOBOAHOCTM, MarioMy yaernbHOMY BeCy, MpuBriekaTeNbHOMY
BHELLWHEMY BMOY U BO3MOXHOCTN BTOPUYHOM NepepaboTKu.

'eTeporeHHas MUKPOCTPYKTYpa cnsiaBoB antoMuHUS
obycnosnueaeT MX MNOABEPXKEHHOCTb flOKanbHbIM BuOaM KOPpPO3uw,
OCHOBHOM NPUYNHOM KOTOpOu ABNAETCH dopmupoBaHue
MUKporasibBaHM4YeCKMX MNap Ha rpaHuue pasgena das anioMmuHueBas
MaTpuua — uHTepmMeTannuyeckaa yactuua [1].

[onroe Bpemsi ona 3awuTbl CANaBoB antOMUHUA OT KOPpPO3uun
NPUMEHANUCE UMHIMOUTOPLI HA OcHOBe coeauHeHun xpoma (V1) [1, 2].
OgHako wmxX BbICOKasi 3Konorndyeckas OMacHOCTb WM KaHLEPOreHHble
CBOMCTBA MNPMBENM K YXECTOYEHUK HOPM WX MNPOMBbILLSIEHHOO
ncnonb3oBaHnda. NHrMbuTopbl Ha OCHOBE COEAMHEHWN BaHaOuUs MOTyT
NCNonb30BaTbCs B Ka4yeCTBe anbTepHaTuMBbl Xxpomartam. B nutepartype
OMNCaHO UX MNPUMEHEHMe And 3aluTbl OT KOPPO3UM CcTanwu, UUHKa,
HEKOTOpPLIX CNiaBoB antoMUHUA U MarHma [2, 3].

Llenbto paboTbl ObiNO KM3y4YeHME KOPPO3UMOHHOIO MNOBELEHUS
MapraHeucogepXxawero cnfaesa antomuHus mapkn AML B wwenoyHon
xriopmna-cogepallen cpege B NpucyTCTBUM OpToBaHadaTa HaTpus.

MeToponorusa uccrnenoBaHumn

ObbekTOoM wuccrnegoBaHun B OaHHOM paboTe 4BnsaAncs cnnas
amomuHua mapkn AML (AA3003). HomwuHarnbHbIM coCTaB crinasa Mo
FOCT 4784-97, %: Si - 0,60; Fe — 0,7; Cu - 0,05-0,20; Mn — 1,00-1,50;
Mg - 0,20; Zn - 0,1; Ti — 0,10; Al — 6anaHc.

Ncnonb3yemble B akcnepumeHTax obpasubl  cnnasa  AMLU
npeaBapuTenbHO nonupoBanucb C nocnepnoBaTenbHbIM
ncnonb3oBaHMeM HaxxgadHown dymarun #250, #500, #800, #1200.

B kayecTBe koppo3nMoHHOW cpedbl ucnons3osanu 0,05 M pacTteop
NaCl 6e3 gobaBku u ¢ gobaBkon opToBaHagaTa HaTpusi B KONMYecTBe
0,003 monb/am®, nogaepxusas pH pasHbIM gecati. KoppekTuposky pH
nposogunn 0,1 M pactBopamm NaOH wn HNO; (x.4.). Pabouas
KOHLUEHTpauma opToBaHagata HaTpus Bblbupanacb ucxogss U3
9KOHOMUYECKOWN LLenecoobpasHOCTM 1 3KoNormyeckon 6e3onacHoOCTM ero
NPOMbILLNIEHHOrO NCNOSIb30BaHNA B KAYE€CTBE UHIMBUTOPA KOPPO3UMN.

MnegaHcHble cnekTpbl CHUManu Ha noteHumocTaTe Solatron 1287A B
KOMMfeKTe ¢ moayrneM aHanusa umnegaHca Solartron 1260A. CnekTpbl
nMnegaHca 3anuncbiBany npu 3HadveHnn 6ecTokoBoro noteHuuana vepes 1,
8 n 24 4 nocne norpyxeHns obpasuoB cnnasa AMLL B uccnegyemble
pacTBOpbl. [ManasoH 4actoT u3MepeHus coctaenan  10°-107 I,
amnnutyaa konebaHmm — 10 MB, KONMYECTBO TOYEK Ha Aekaay KonebaHum —
7. Konn4yectBo napannernbHbIX OMbITOB — HE MEHEE TPEX.

AHann3 CrnekTpoB WMMNEOAHCHOW CNEKTPOCKONMM MpPOBOAUNU C
Mcnosib3oBaHMeM nporpammMHoro obecneyeHus «ZView» n «Nova 1.11».
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Pe3ynbTatbl U x obcyxaeHune

[Ons onpeneneHnMss MOHHbIX ¢OpM BaHagusi B UCCreayeMbIX
pactBopax ¢ nomoubto MO «Medusa» noctpoeHa agmarpamma [lypbe,
KoTopas npejcTaBneHa Ha puc. 1.

NAaz sen -
0,% vo* el o~
_ VeO12(0) VOsORT T
m
i O +2 Ve ]
~ C,
AR . Puc. 1. [Ouarpamma [lypbe Aans
-0.% g ~ - COeAVHEHWI BaHagWsi B pacTBOpE
- var ~ <3 coctaBa, wmonb/am> NaCl - 0,05;
—1,C" VO 7 Na3VO4 - 0,003
I V(c) VO(c N

0O 2 4 6pH8 10 12 14

HavanbHoe 3HayeHne pH npurotoBneHHbix pacteopos NaCl
coctasnano 6,0-6,3. [llpu BBegeHMM B  (POHOBLIN  ANEKTPOSNIUT
0,003 monb/aM® opToBaHagaTa HaTpus 3HadveHne pH yBenuumBanocb 40
11. CornacHo anarpamme Mypbe B AaHHOM pacTeope
NpenMyLLeCTBEHHLIMU (hOpMamMn CyLLLECTBOBaHUS coeanHeHnin BaHaansi(V)
ABNATCA  TeTpadgpuyeckm  KOOPOWHUPOBaHHbIE  MOHOBaHadaT-UOHbI.
KoppektvpoBka 3HayeHuss pH nNpuUroToBMNEHHbIX BaHaauMMCOOepXKaLUmx
pacteopoB o 10 cornmacHo guarpaMmme He MpUBOAMWT K CyLLEeCTBEHHOMY
N3MEHEHMI0 NOHHBLIX hOpM BaHaaus B pacteope (puc. 1).

OTcyTCcTBME OKpacku y coaepXxaliux BaHagaT-WoHbl PacTBOPOB C
pH 11, cBugetenbCTBYeT O CyLEeCTBOBaHWM B pacTBope 6ecuBETHbIX
coeaMHeHMit BaHagms coctaBa VOOH?, V,0;* u VO,*> [3]. MNpu
nocrteneHHom cHmxkeHnn pH pacteopa go 10 BBegeHnem 1 M pactBopa
HNO; HabntogaeTca nosierieHne 6negHoOn XKenTo-OpaHXeBOW OKpacKu
pacTBopa, YTO MOXHO OOBACHUTL 3HAYUTENbHBLIM  FIOKaNbHbIM
nogkucneHMem  pactBopa, conpoBoxgawwmmca  obpasoBaHMEM
YCTOMYMBBIX MPU HU3KNX 3HaYeHUsx pH nonvBaHagaT-moHOB PasfiyHOro
ctpoeHnsa [3]. [lockonbky genonumepusauma obpasoBaBLUNXCA
nosivBaHagaT-uoHOB MpoTeKaeT OYeHb Me[SIeHHO, ONA YCTaHOBNEHUS B
pacTBOopax XWMWYECKOro paBHOBECUA TMOCre MPUroTOBMIEHUS  UX
BblgepXkuBann B TedeHue 24 4 npu TemnepaTtype 20x1°C po
NCYE3HOBEHUS OKPACKM.

PeaynbTatbl MMNegaHCHON CNeKTPOCKONMM NOBEPXHOCTM 06pasLoB
cnnaea AML nocne ux BblAepXMBaHUA B UCCredyeMblX pacTBopax C
pH 10 npeacTtaBneHsbl Ha puc. 2.

AHanus guarpamm Harksucta (puc. 2, a) nokasan, 4to ansa obpasuyos
cnnasa AML, BbligepxaHHbix B 0,05 M pactBope NaCl B TeyeHue 1 v,
CreKTp vMmnegaHca umeetr PopMy OBYX MCKaXXEHHbIX MOMNYyOKPY>XXHOCTEN,
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YTO XapaKkTepHO And NPOLECCOB C JIMMUTUPYIOLLEN CTaguen nepeHoca
3apsga. C yBennyeHnem BpeMeHN BblaepXkM obpasuoB B pacTBope A0 8 Y
HabnogaeTca  yBenuUeHMe [JONM  aKTMBHOMO  pacTBOPEHWUs  crinasa
(yBenuyeHne P3HOOMOBCKOM YacTu criektpa) W MosiBlieHne npsiMoro
yyacTka cnektpa nog yrmom okono 45° k ocm abcuucc, u4TO

cBuaeTenbCcTByeT 0 ANdPdY3MOHHOM KOHTPOSIE npoLiecca Koppo3umu.
-200 ~_10°
=

-40, o1 yac
0§ YyacoB s B0,
N -30 v 24 Yyaca O 10% ==
s ~190r -20 510°
E -10 ' N 2 O N Y N raTa)
5 ; 10102107 10° 10" 10° 10° 10°
¥ -100F 15205040 YacTtora, Yy
i\l v v Y g 7:
L o
}V/v N\v ;: les
50} / S -50,
0 - )
i iR i
06— 50 100 150 200 & 207107 10" 10" i 10°
Z'. kKOm-cM’ Yacrora, 'l
a 6
-40 510
I o1 vyac e o dggoa
5 30 S S0 T, A
= =10 '
.E u ] N NN
O 10 =) —1 0 1 2 3 4
2 10 10 100 100 10° 10° 10
b YacTtoTa, 'y
N

2

0 10 20 30 40 50
Z', Om-cm’ YacTtoTa, 'y

®da3oBbIv yron, rpag
I
a
-,

0° 10" 10° 10" 10* 10° 10°

(3] e
Puc. 2. Pe3ynbTaTbl UMNegaHCHOW cnekTpockonuu cnniasa AML, B Buge anarpamm
HawnksucTa (a, 8) u boge (6, 2) nocne BblaepxuBaHus B TedeHne 1,8 n 24 4 s 0,05 M
pactBopax NaCl 6e3 (a, 6) u ¢ gobaskoit 0,003 monb/am® NazVOy, (8, 2) npu pH 10

Hannune Ha cnektpax wumnegaHca OOHOW BPEMEHHOM KOHCTaHTbI
nocrne BblaepxumeaHnsa obpasuos cnnasa AML, B uccnegyemom pactsope B
TedyeHne 24 4, cBMOETENLCTBYET O MNPOTEKaHUW npouecca Kopposun B
KMHEeTU4Yeckon obrnactm u o0 (OpPMUPOBaAHUM KOMMAKTHOW  3aLUTHOM
OKCUOHO-TUOPOKCUAHOM MIIEHKM Ha MOBEPXHOCTU Crsiasa.

Anann3 guarpamm boae obpasuoe cnnaesa AML, Bblaep)KaHHbIX B
0,05 M pacteope NaCl, nokasan (puc. 2, 6), 4TO Npn YyBENMYEHUN
NPOAOIKNTENBHOCTUN BblAepXkn oT 1 oo 24 4 obuwiee conpoTuBneHue
NnoBepxHOCTW crnasBa BoapactaeT oT 10* go 10° Om/cm?. [duarpammbl
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Hankeucta ansa obpasuos cnnaesa AMLL, BelaepxaHHbix B 0,05 M pacTtBope
xnopuga Hatpus ¢ pgobaskon 0,003 Morb/am® OopTOBaHadaTta HaTpus,
UMEIT BUO MCKaXKEHHbIX MOSYOKPY>KHOCTEN (puc. 2, 8). Hanuuve pOByx
BPEMEHHbIX KOHCTaHT YykasblBaeT Ha (opmupoBaHME Ha MOBEPXHOCTU
obpasuoB MNOPUCTbIX MAEHOK. AHanmu3 guarpaMmm MokKasblBaeT, 4TO
yBeIrMYeHne BpeEMEHU BbIOEPXKM B pacTtBope OT 1 0o 24 4 npuBoauT K
BO3pacTaHUIO aMnnuTyabl CrekTpa wuMmnedaHca, YTo  yKasbliBaeT Ha
yBENUYEHNEe KOPPO3MOHHOM YCTONYMBOCTIN 0Opa3LoB.

AHann3 gunarpamm boge (puc. 2, 2), nokasblBaeT, YTO B pacTBopax
xnopuga Hatpus, cogepxawmx 0,003 Monb/am® opToBaHagarta HaTpwus,
Habngaetca yBenuvyeHve oO6LWeEero COMpPOTUBMNEHUS MOBEPXHOCTU
cnnasa AML| npumepHo o 5-10* Om/cm?.

[ns onpegeneHuss napameTpoB OBOWMHOIO 3NEKTPUYECKOro Criost Ha
rpaHvLe 3MeKTpoa — 3MEeKTPONUT MUCMOSb30Bav SKBUBASIEHTHbLIE CXEMbI
[R(RQ)], [RQRW])] wu [RQ[R(RQ))]. TonyyeHHble  OaHHble
CBUOETENbCTBYIOT, YTO And obpasuos crnaBa AML, BblaepXaHHbIX B
BaHaguncoaepxawmx pactsopax xnopuga Hatpusi ¢ pH 10 B TedeHne 1, 8 n
24 4, 3Ha4YeHWs CONPOTMBIIEHUA NepeHoca 3apsaa HWXe, a ConpoTUBIIEHNE
MrEeHKN Ha NOBEPXHOCTU CnfiaBa Bbllwe, YeM Yy 00pasuoB, BblAepKaHHbIX B
(POHOBOM  3MIEKTPONUTE NPU  OAMHAKOBOW MPOLOIMKUTENBHOCTM  OMbITa.
YBenunyeHne npOoAOiHKUTENBHOCTU BblOEpXKKM o0bpasuoB cnnaBa AML B
BaHaaumcogepXxallem anekrponute ¢ 1 0o 24 4 NpuMBOOUT K YBENUYEHUIO
ConpoTMBIEHNA NepeHoca 3apsaa B 4,3 pasa.

BbiBOAbI

1. Npouecc koppo3un obpasuyoB cnnasa AML, BbigepaHHbIX B
0,05 M pactBope NaCl B TeyeHne 1 u 24 4 numMUTUpyeTCs cTaauen
nepeHoca 3apsfa, a npu BblOEepXKe B pacTtBope B TedeHne 8 Y
HabnogaetTca aMddy3noHHbIM KoHTponb. Ona obpasuyos cnnasa AML,
BblAEPXaHHbIX B LIENOYHbIX pacTBopax, coaepxalmx opToBaHagar
HaTpu1s, NPOLLeCC KOPPO3umn NpoTekaeT B KNHETUYECKON obnacTu.

2. YBenuyeHve npodosmKMTENbHOCTU  Bblaepku obpasuoB B
BaHaguucogepxawem anektporimte ot 1 go 24 4 npuBoguT K
POPMMPOBAHUID Ha MX NMOBEPXHOCTM KOMMAKTHbIX 3aLUUTHBLIX MSIEHOK U
yBenuyeHuno obLero conpoTnBeHns NOBEPXHOCTUM crnnasa B 4,3 pasa.

Jlntepatypa
[1] Corrosion behavior and protection of copper and aluminium alloys in
seawater / Féron D. Cambridge : Woodhead Publishing Limited, 2007.

[2] An Initial Exploration of Corrosion Inhibition of AA6061 and AA7075
by Aqueous Vanadates / Ralston K. D., Buchheit R. D. /[ ECS
Electrochem. Lett. 2013. Vol. 2, Iss. 9. P. 35-38.

[3] Corrosion Inhibition of Aluminum Alloy 2024-T3 by Aqueous Vanadium
Species / Ralston K. D. [et al.] // J. Electrochem. Soc. 2008. Vol. 155, Iss. 7.
P. 350-359.
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YK 544.6.018
ELECTROCHEMICAL BEHAVIOR OF THE Fe/Fe;0,/C/NaCl SYSTEM

KRAVCHENKO O.V., PERSHINA K.D.
Inter-Agency Department of Electrochemical Energy Systems
katherinepersh@gmail.com

Electrochemical behavior of the Fe/Fe;O04/C/NaCl system in the
exothermic redox reaction with oxygen was studied using
electrochemical impedance spectroscopy. In modeling electrochemical
impedance spectra of samples during the redox reaction the formation of
a new phase with a low conductivity was revealed. This phase is
characterized by the appearance of a constant phase element (CPE) in
the equivalent circuit of the spectrum. The contacting of the Fe / Fe30,4 /
C / NaCl system with oxygen leads to a 5 °C increase in temperature
and creates conditions for the formation of a new phase with high
impedance values (increased by three orders of magnitude) and
capacity reduction of the shunted capacitance by 2 orders of magnitude.
The conductive properties of the new oxide phases were determined by
the Mott-Schottky equation, which relates the change of the space
charge layer capacitance with applied potential. A relationship between
increasing temperature, changing the total potential and formation of iron
oxides with different compositions on the surface of iron particles was
established. It was found that the formation of the new electrochemical
system is possible under spatial distribution of the temperature gradient
The heuristic model of the temperature gradient distribution was
proposed.

ENEKTPOXIMIYHA NMOBEAIHKA CUCTEMMW Fe/Fe;0,/C/NaCl

KPABYEHKO O.B., NMEPWWHA K.L.
Mixxgidomue 8i00ineHHs1 enekmpoximiyHoi eHepeemuku HAH YkpaiHu
katherinepersh@gmail.com

Byno BMBYeHO enekTpoxiMmiyHy nosediHky cuctemm Fe/Fe;O,/C/NaCl
Npu €K30TEPMIYHIN OKUCIOBANbHO-BIAHOBHIA peakuil 3 KACHEM 3
BUKOPUCTAHHAM  CMEKTPOCKOMiT  enekTpoximiyHoro imnegaHcy. [lpwu
MOJEmtoBaHHI CMNEeKTPIiB eneKkTpoxiMiyHOro iMnegaHcy 3paskiB nig 4ac
OKMCNIOBaNbHO-BIAHOBHOI peakuii 6yno BUABMEHO YTBOPEHHS HOBOI
dasn 3 HU3bKOKW MpoBigHiCcTIO. Lla ¢pasa xapakrtepusyeTbca ¢OakTom
nosiBM enemeHTa nocTinHoi pa3n (CPE) B ekBiBaneHTHIN Cxemi CnekTpy.
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Takum 4ynHoMm, KoHTakT cuctemm Fe/Fe;0O,/C/NaCl 3 kucHem npmM3BoaUTb
[0 MigBvLLEeHHA TemnepaTtypu Ha 5 °C, a Takox CTBOpIOE YMOBM AfS
dopmyBaHHA HOBOI a3 3 BUCOKMMW 3HAYEHHAMMU iMnegaHcy
(36inblIeHHA Ha Tpu MOPSAKA) | 3HWKEHHS EMHOCTI LUYHTOBAHOIMO
KoHOeHcaTopa - Ha 2 nopagku. NpoBigHi BNacTMBOCTI HOBUX OKCUOHWUX
da3 BM3Ha4anuM 3 BUKOPUCTAHHAM pPiBHAHHA MoTT-LUOTKK, WO noB’a3ye
3MiHY €MHOCTI Wapy nNpOCTOPOBOro 3apagy 3  MpuKiageHum
noTeHuianomMm. BCTaHOBMEHO HAABHICTb B3AEMO3B'A3KY MiXK MiABULLEHHSM
Temnepartypu, 3MiHOK CyMapHOro noteHuiany i oopMyBaHHAM OKCUAIB
3anisa 3 pisHAMM CKNagamMuv Ha MOBepXHi 4YacTok 3anisa. byno
BCTAHOBSIEHO, WO {OpPMYyBaHHS HOBOI €JIeKTPOXiMiYHOI CuUCTEMMU
MOXISIMBE MNpW MPOCTOPOBOMY pPO3MNOA4iSTI TeMnepaTypHoOro rpagieHTa.
3anpornoHOBaHO €BPUCTUYHY MOAESNb  PO3NoAisly TemnepaTypHoro
rpagieHTy.

Bigomo, wWwo 3MiHa TemnepaTypu eneKkTpoXiMiyHOI cucTeEMMU
CYNPOBOOKYETHCA NOSABOIO TEMSO- T2 MAaCOOBMIHHUMX SBULL, MOB'A3aHMX 3
YTBOPEHHAM TepMmoranbBaHidHux enemenTiB (TTE) [1-3]. Ocobnusui
IHTEepecC BUKMMKAKOTb CUCTEMU Ha OCHOBI 3arsi3a i NOro Crionyk vyepes ix
HU3bKY BapTiCTb, OOCTYMHICTb Ta ekonoriyHy 6es3neky [3]. Tomy ans
OOCHIKEHHSA BNIIMBY rpajgieHTa TemnepaTypu Ha 3MiHY enekTPOXiMiYHUX
BnactueocTten byna obpaHa cuctema Fe/Fe;O,/C/NaCl, wo 3gatHa go
eK30TEPMIYHOT peoKC peakLin 3a y4acTio KUCHIO MOBITPS.

MeToponoria gocnigxeHb

Bnnue rpagieHTa TemnepaTtypu pefoKC peakuin 3a y4acTio KUCHKO
NoBITPA Ha 3MiHY €eNIeKTPOXiMIYHUX BNacTUBOCTEW OOCHIAXYyBaBCA Y
TEPMOAKTMBHIN CUCTEMI, LLO CKNAagaeTbCA 3 MOPOLLUKOBOro MeTasniyHoro
3aniza, rpadiTy, nNOPOLWKY OKcuay 3anisa n xnopugy Hartpito
(Fe/Fe;04/C/NaCl). EkcnepmeHT npoBOAMBCA Y 3i0paHUX enemMeHTax
dopmaty 2032. EnemeHTn rotyBanucs i3 cymiwli peareHtis macoto 0,8 r,
wo 6yna BignpecoBaHa nig TUCKOM 6 aTM. B atmocdepi aproHy (6es
AOCTYNy KUCHIO). ENeKkTpoxiMiyHi BUMipK NpoBOOUIN B LBOXESTEKTPOLHIN
KoMipui Ha enektpoxiMmiyHoMmy mogyni Autolab-30 mopeni Pgstat302n
Metrohm Autolab, ocHaweHomy mogynem FRA (Frequency Response
Analyzer) B inTepsani uactor 10° — 10° lu. YnpaBniHHS Mopynem
3gincHioBanu 3a gonomoroto nporpamm Autolab 4.9 3a craHgapTHOR
npouenypoto 3 noganbliod obpobkoo B nakeTi Zview 2.0. Bumipu
npoBoaMNM B OBOX pexumax: 1- B repMeTuyHomy; 2- y MNPUCYTHOCTI
KMCHIO NMOBITPSA. KOHTaKT 3 NoBiTpAM 34incHioBaBca npoTaroMm 20 XBUNUH
Yy KOMipKax 3 nepdopoBaHMMKU KpuULIKaMW, 3aKpUTUMU FepMeTUYHUM
NOKPUTTSM, LLO 3HIMAETbLCS.
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Pe3ynbTaTti Ta iXx 0GroBopeHHsA

AHani3 crnekTtpiB iMnegaHcy BCTAHOBUB, LLO B repMeTUYHOI KOMIpL,i
BiAByBaeTbCA YTBOPEHHS €MEKTPOXIMIYHOT CUCTEMM 3 BIAHOCHO HU3bKUM
aKTUBHUM | peakTUBHMUM ornopoMm (Z< 100 Om, Z’< - 50 Om), Ky MOXHa
onucaTty MOZENM0, WO CKMagaeTbCd 3 LWYHTOBAHOrO KOHAEeHcaTopa B
obnacTi BMCOKMX 4acTOT, MNOCMIAOBHO CMOSy4eHOro 3 pPe3nUCTOPOM.
[MonibHa ekBiBaneHTHa cxemMa xapakTepHa A4Sl CUCTEM, LLO YTBOPHTb
noasinHMM  enektpudHun  wap (MNEW) 3 agudysivHoo  obnacTio.
PospaxyHKkoBa €MKICTb MOAESIbHOro KoHgeHcaTopa cknana — 42,5 HO/r
B YMOBaXx BUCOKOI NpoBigHOCTI cuctemm (puc.1, tadn.1).

MopentoBaHHA CMEKTPIB enekTPOXiMIYHOro iMnedaHcy 3paskiB B
yMOBax pefoKC peakuii BUSBUMO YTBOPEHHS HOBOI ¢basn 3 HU3bKOI
NPOBIQHICTIO, WO XxapakTepusyeTbcs nosisolo enemeHty CPE B
eKBIBaNneHTHIN CxeMi CnekTpy. TakuM YMHOM, MPWU KOHTaKTi CUCTEMMU
Fe/FesO,/C/NaCl 3 kucHem cnocTepiraetbCs He nuwe nigBULWEHHS
Temnepatypn Ha 5 °C, ane i nosiea HOBOi ba3n, sika Ha 3 NOPSAKM
NiABULLYE AK aKTUBHUN, TaK i peakTUBHUW Onip CUCTEMU, 3 OOHOYACHUM
3HMWKEHHAM EMHOCTI LWWYHTOBAHOro KoHAEeHcaTopa Ha 2 nopsiakm (puc.2,
Tabn. 1).

75 Z", Ohm - 300007 Z", Ohm
-50 F = 200001
D‘Ta
,
25t \ 10000
\b\l ' w Z". Ohm
0 %w_" Z', Olm s L
83 - %0 0 10000 20000 30000
34} CPE2 c2?
24 ] 1 —_— N
™

Puc.2. Cniekmp imnedaHcy cucmemu
Fe/Fe304/C/NaCl npu koHmakmi 3
rnosimpsim

Puc.1. Cnekmp imnedaHcy cucmemu
Fel/Fe304/C/NaCl e cepmemudHid
Komipui

Tabnuus 1. 3Ha4yeHHs erleMeHmMi8 eKsigarieHMHUX CXeM 3pa3Kie

3pa3sok cC,o Moxwuoka, % CPE I'on;)GKa,
IHepTHWM 42,5-10° 204
Mositpsivmin | 1,07-10™° 5,4 CPE-P-0,3 8.1
CPE -T -2,5-10" 19,7
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3rigHo 3 gocnigpKeHHAMU, NpoBeaeHMMN B [4], Npu OKMUCIEHHI 3ani3a
MOXIMBE  YTBOPEHHS TOHKMX nniBok Feso, abo y-Fe,O; 3
LniHenenoAibHo CTPYKTYPOLD. 3pOCTaHHA UMX NAIBOK € YUHHUKOM, LLO
KOHTPOSOE OUdysito i Mirpauito CTPYKTYPHUX IOHHMX gedekTiB. 3MiHa
LWBWOKOCTI pyxy umx OedpekrtiB BnnueBae Ha yTtBopeHHA [MELWI 1 wnoro
EMHICTb, dKa 3rigHO piBHAHHIO MoTTe-LloTTKi BRnmMBae Ha pisHMULO
noTeHuianis B HaniBnpoBiAHNKOBOI CUCTEMW.

1/C? =2/ez,eN, (E-E, —KT /&),
Oe ¢ - [ienekTpyyHa MPOHUKHICTL CcepefoBulla, &,- AienekTpudHa
NMPOHMKHICTb BaKyymy, N,- LWiNbHICTb [OOHOPHUX BaKaHCin, E, -

noTeHuian nioCKUX 30H,E- nonapusauinHuyM noTeHuiarn, k- KOHCTaHTa
BonbumaHa, T - abcontoTHa Temneparypa.

BignoBigHO 00 UbOro PIBHAHHA, PI3HMUA MK nonapusauinHum
noTeHuianioMm i NOTEeHUianoM nMNoCKMX 30H  HaniBNpoBigHWKOBOI
KOMMOHEHTM noBMHHA 36inbwutuca Ha 0,05 B npu nigBuLLEHHI
TemnepaTypu Ha 5 °C npu AOTpYMaHHI YMOB MOCTINHOCTI AieNeKTPUYHOI
NPOHMKHOCTI cepeoBuula. EKcnepMmeHTanbHO BCTAHOBIIEHO, WO B
AOCnigKyBaHIN cuUcTeMi pi3HUUS noTeHuianiBe 3poctae Ha 0,1 B npm
nigBULLIEHHI TemnepaTtypn Ha 5 °C. Lle ysrompkyetbcs 3 npunyLleHHAM
npo (opMyBaHHA CKagHOI HaniBNpoBiAHMKOBOI CUCTEMM Ha MOBEPXHI
YacCTOK 3arsi3a, WO CKMajaeTbCA 3 OKCMAiB 3anisa pisHOro cknagy, sKi
MOXYTb MaTW Pi3Hi 3HAYEHHSA OieNeKTPUYHOI MPOHUKHOCTI.

AHanisa oTpumMaHumx pesynbTaTiB A03BONUB nependauntn, Wo B
yMOBax [OOCTYNy KUCHIO 4yepe3 MEBHI KaHannm MOXINMBO (popMyBaHHSA
HOBOI CUCTEMMU, L0 BOMOAIE iIHLWNMN eNEKTPOXIMIYHMMM BaCcTUBOCTSMM.
IMOBIpHICTL NOSIBU TakOl CUCTEMW  PEryrioeTbCA rpagieHTamu
TemnepaTtypu He nuvwe B ropusoHTarbHOMY Hanpami [3], ane ”n y
BepTUKanbHomy (puc.3).

0O 0
(] ©
Gy

grad T

Puc. 3. Cxema cpbopmysaHHsi memrepamypHuUx epadieHmie 8 cucmemi
Fe/Fe3z04/C/NaCl
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BucHoBkM

HocnipxkeHHs cnekTpiB imnegaHcy cuctemn Fel/Fe;O4/C/NaCl B
IHEPTHOMY PEXUMi i MPY OOCTYNi KUCHIO MOBITPS BCTAHOBWIO MOSIBY HOBOI
dasun, dka Ha 3 NopsAaKM NiABULLYE AK aKTUBHUW, TaK | peakTUBHUK onip,
a TaKoX 3MIHIOE MexaHi3M MpPOBIAHOCTI AOCNIAXYBaHOI CUCTEMU MpWU
KOHTaKTi 3 KWUCHeM noBiTpA. [lopiBHANMBHUW aHani3 peasynbTaTiB
eKCMepUMEHTY 3 HaaBHUMM JiTepaTypHUMU OaHMMKU MOKasas, WO B
pesynbTaTi B3aeMofil 4acToK 3asi3a 3 KUCHEM MOBITPS B yMoOBax
eK30TEPMIYHOI PefoKC peakKLlil Ha NOBEPXHI MeTany YTBOPHTLCS CTiuKi
okcuan, Wwo opmyloTe HOBY (pady 3  HaniBNpOBIAHMKOBUMMU
BnacTusocTaAMn. PopmMyBaHHA HOBOI €TIEKTPOXIMIYHOT CUCTEMU MOXITMBE
nuwe B ymoBax ob6'eMHOro po3noginy rpagieHta temnepartypu.

Mepenik nocunaHb
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YOK 620.197.3:547.333.4

MODELING A MECHANISM FOR INHIBITING ACID CORROSION OF
STEEL BY MULTIFUNCTIONAL PYRIDINE SALTS WITH CARBONYL
GROUPS

POGREBOVA I.S., PILIPENKO T.N., KOTSIUBA E.S.
National Technical University of Ukraine "Kiev Polytechnic Institute"
fakel2303@mail.ru

The interrelation between the inhibitory action of multifunctional
quaternary pyridine salts containing carbonyl groups in acid corrosion of
steel and the characteristic constants of their substitutes has been
investigated. A model has been proposed for the mechanism of action of
the compounds studied on the metal, and the role of various constants of
the functional groups during acid corrosion inhibition of steel has been
revealed.

MOLOEJIMPOBAHUE MEXAHU3MA UHTMBUPOBAHUA KUCITOTHOW
KOPPO3UU CTANEN NONN®YHKUUOHAIbHbIMU
nMMPUANHOBLIMU COJNIAMU C KAPBOHUINICOAEPXALLUMMU
rPYNNMMPOBKAMU

MOrPEGOBA U.C., MAJIMIMEHKO T.H., KOLUOBA E.C.
HauyuoHarnbHbIl mexHu4Yeckul yHusepcumem YKpauHbl «Kuesckul
norumexHudeckut uHcmumymy; fakel2303@mail.ru

NcecnepoBanach B3aMMOCBS3b MEXAY MHMMOUPYHOLMM AEACTBUEM
NPX KNCITOTHOW KOPPO3UW CTarnen NonmgyHKUMOHANbHbIX YeTBEPTUYHbIX
NMMPUAMHOBBLIX COMEn, COoAepXalmx KapOOHUNbHbLIE TPYNMUPOBKN, U
XapaKkTEPUCTUYECKUMMN KOHCTaHTaMn ux 3amectutenen. [NpegnoxeHa
Mogenb MexaHuama [OeWcTBUS UCCNeaoBaHHbIX COeOAMHEeHUA Ha
MeTanne wu BbisIBIeHA pPOSflb PasfiMYHbIX KOHCTAHT 3aMeCcTUTEnen
yHKUMOHAaMNbHbIX FPYNMNMPOBOK B MPOLIECCE MHIMOMPOBAHMS KUCIOTHOWN
KOppPO3Un cTanu.

MonndpyHKUMOHaNbHbIE  YETBEPTUYHbIE  MUPUOMHOBLIE  COMN
NPOSABNAKT  BbICOKYHO 3JEEKTUBHOCTL MNPU  KUCNOTHOW  KOPPO3NU
MeTannoB u 6narogaps HanuMuuMilo  OeweBOro  Cblpba  ONA KX
npousBoacTBa ABNATCA OCHOBOW MHOMMX  MPOMBbILLSIEHHbIX
MHIIMBUTOPOB KOPPO3uK. NHrmbupyrollee OeNCTBME TakMX COedNHEeHUN
CBSI3aHO C MX agcopbumen Ha NOBEPXHOCTU KOPPOAMPYHOLLEro Metanmna
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N BNUSHMEM aacopbUpPOBaHHbLIX YacTUL, Ha KUHETUKY napumanbHbIX
peakunn KoOppo3nOHHOro npouecca. Bkrnag B pesynbTaTtvBHOe geNcCTBUE
NONMAYHKUNOHANBHbLIX MHIMOUTOPOB TEX UMW UHbIX (PYHKLUMOHANbHbIX
rpynn 4acTo oOKasblBaeTCs pasfiMyHbiIM UM 3aBUCUT KaK OT UX
afCoOPOLUMOHHBIX CBOWCTB, Tak W OT nNapamMeTpoB MNpPOTEKaHUs
KOppO3noHHOro npouecca. MogenupoBaHue npoueccoB agcopbumm u
MEXaHu3Ma MHrMbnpoBaHUS KOPPO3NUN MOXET MO3TOMY CTaTb OCHOBOMW
CO34aHUA HOBbIX BbICOKOI(MEKTUBHBLIX MHIMOUTOPOB  Pa3nmM4HOro
Ha3Ha4YeHUs1 U  BbISBAEHUA  NpuYMH  3PEKTOB  CUHEPrn3ma,
HabngaeMbIX NPU X UCMONb30BaHNN.

B Hactoswen pabote wuccnegoBanacb B3aMMOCBS3b MexXay
WHrMOMpPYIOLWMM  OEACTBMEM NPU  KUCNOTHOM  KOPPO3UW  cTaneu
NONMGYHKLNOHANBbHbIX YeTBEePTUYHbIX NMPUOMHOBBIX conen,
cogepxawmx KapboHUmnbHbIE TPYMNMUPOBKUA, U  XapaKTepUCTUYECKNMU
KOHCTaHTaMW Ux 3amecTutesnen.

B kayectBe 00bekToB uccrnegosaHuin 6binn  BblbpaHbl  N-
dheHauMNMeTUNNUPUANHOBLIE COMK, KOTOpble MPOSIBMSOT  BbICOKOE
3alNTHOE AenCTBUE NMPU KACIIOTHOM KOPPO3nK XKernesa u yrinepoancTtblx
ctanen [1,2]. Takme WHrMBGUTOPLI OOHOBPEMEHHO SABMAKTCS Kak
YeTBEPTUYHbIMU  MUPUOUHOBBLIMKA  COMSIMW, TakK W OpraHU4eckumm
COEOUHEHUSIMU C KapOOHWNbHBIMK rpynnMpoBKaMn. Hanuune B HUX
METUNEHOBOIO MOCTHMKA, pasgensitoLero NMpPUAMHOBbLIA N KApOOHUMBHbIN
dparmMeHTbl, NO3BONSET, BBOAS B X COCTaB T€ UMW MHblE 3aMeCTUTENM,
BbISIBMSATb POSib KaXA0ro U3 HUX B MHIIMOMPOBAHUN KMCIOTHON KOPPO3uK
cTtanu.

MeTogonorusa uccnegoBaHum

MogenuposaHue MexaHuama NHrIMBnpoBaHNsA KOppo3uu
NCCneaoBaHHbIMM  COEANHEHUSIMW  NPOBOAMAN HA OCHOBE AaHHbIX
rPaBUMETPUYECKNX WCCREAOBAHUN N WU3MEPEHU NoNspM3aLnoOHHOro
COMpPOTUBNEHUS npouecca KOppO3um aBTOMAaTU3NPOBAHHbIM
nHaukatopom P 5126, paspaboTtaHHbiIM Ha kadpeape TIXIT HTYY
«KMN» nopg pykoeBoactBom A.T.H. epacumenko HO.C.. WccnepoBaHus
NpoBOANIIN CO CTanbHbIMKM obpa3suamn mapkm 08KI1, 20 B 3 M pacTteope
H,SO, n B Tex xe pactBopax, cogepxawmx nHrnomtopsl, npmn 20-80°C.
CuHTe3s, paspaboTka uccnenoBaHHbIX MHIMOUTOPOB U OOCYyXOeHWe ponu
CTPYKTYpHOro (paktopa B MexaHuamMe UuX 3aluTHOro AencTBus
NpPoBOAMIIUCL COBMECTHO C B.H.C Kadegpbl OX n TOB HTYY «KIMy»,
A.X.H. KOp4yeHko P.U.
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Pe3ynbTaThl 1 nx 06¢cyxaeHue

I N WNcecnepoBaHHble N-cpeHauunmeTun-
l nmpnamHn 6pomnabl (1), 6Gnarogapsa Hanuuuio B
@ HUX MMPUOMHOBOrO oparMeHTa, Takke Kak u gpyrue

@) NZ R YeTBEPTUYHbIE MNUPUANHOBLIE COMKU, SABNSAKOTCA
| NOBEPXHOCTHO-aKTUBHbLIMU BellecTBaMu

1

Br CHC(O)R KaTMOHHOIrO Twuna, NOAABMAKOWMMN  KACHOTHYHO
KOppO3UIo >keresa npyv KOMHATHOW TemnepaType Mo 3HepreTuyeckomy
MEXaHU3My 3a CYET BO3HMKHOBEHMUSI MOSIOXKUTENbHONO agCopOLMOHHOMO
CKkayka noTeHuuana. Hapsgy ¢ aTum oOHM obecneyumBaloT BbICOKYHO
9(PPEKTUBHOCTL MpM MNOBbLIWEHHbIX Temnepatypax pacTBopa, u4TO
obycnoBneHo CnocobHOCTbIO Kucropoda KapOOHWUNBbHOW rpPynnMPOBKM
HacbllWaTb  HesanoneHHole  d-opbutann aTtomoB  xenesa [3].
OPPEKTUBHOCTDb 3aLMTHOIO OEWUCTBUS ITUX COEOMHEHUN 3aBUCUT OT
XapaKTePUCTUYECKNX KOHCTaHT, BXOASLLIMX B UX COCTaB 3aMeCcTUTENeNn.
Tak, Nnpn BBEAEHUM B NUPUOMHOBOE SAPO INEKTPOHOAOHOPHbIX (-CH3, -
NH,) 3amecTtutenen, a takke COCH;-rpynnbl HabnogaeTca n3MeHeHne
3aLlUNTHOrO AENCTBUS MHIMOUTOPOB, MU CBA3b MEXAY BenndinHamu Igy (rae
Y-KO3(O(PULMEHT TOPMOXEHUSA KOPPO3UKM) U UX O- N ES-KOHCTaHTamuy,
XapakTepusyoLwmnmMn, COOTBETCTBEHHO, BIIMAHUE  3MIEKTPOHHOIO WU
CTEepPUYECKoro adpeKkTOoB, MOryT ObITb npencrasreHbl
KOPPENSALUMOHHBIMU 3aBUCUMOCTSMM:

20°Clgy=1,045-0,7290°, r=0,974 20°Clgy=1,163- 0,346Fs, r=0999
40°Clgy=1,128-0,6900°C, r=0993 40°Clgy=1,219- 0,399Fs, r=0 995
60°Clgy=2,364+0,1460°c,r=0,903 60°Clgy=2.336+0,055EFs, r=0,993
80°Clgy=2,225+0,2140°,r=0,888 80°Clgy=2,224+0,116Es, r=0,905

B wMeHblwen cTteneHn Ha 3awMTHOE [OeWCTBME 3TOW Tpynnbl
COoeaVHEHUN BANAET U3MEHeHuMe KOHCTaHT 3amectutenen (Es). 3twn
BbIBOAbl HaxXO4ATCS B COOTBETCTBMM C pesyfbTaTaMm UCCrnefoBaHWUM,
npuBeaeHHbIX B paboTe [1], cornacHo KOTopon uHrmbupyouiee gencreme
N-peHaunnMeTunnMpManHum 6poMmnaoB yBENMYMBAETCS MPU YCUIEHUN
TT-3SIEKTPOHHOrO  B3aMMOLENCTBUS C  MNOBEPXHOCTbIO MeTanna U
BBEAEHNEM B nMpnanHoBoe KONbLO 91EKTPOHOAOHOPHbIX
3amectutenen. OOpalleHne NpUBEOEHHbLIX  3aBUCUMMOCTEN  MpwU
NOBbILLEHNM TemnepaTypbl MOXET ObITb obycnoBneHo
nepeopueHTaumen Mosnekyn wuHrmbutopa wu ux agcopbumen no
eHaunnbHOMY (pparMeHTy, a TaKkKe HEeKOTOPbIM pasfoXeHnem
ncenegoBaHHbIX COEOUHEHUN.

Ons N-deHaumnMeTun-nupngmHnn 6pommaoB obdlen dopmynsl
(1), [2] Takke NPOABNATCA KOPPENSAUMOHHbIE 3aBUCMMOCTU MeXay
BeNUYnMHaMn Igy n apoMaTnyeckuMn MHOYKUMOHHBIMU O)-KOHCTaHTamMu
TadgTta nx samecturenem R=CgHs, -CsH,CH3-4, -C¢H,4CI-4
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[N 20°C Igy=1,445-0,7040,, r=0,999
40°Clgy=1,820-1,0130,, r= 0,991

@
S# ~NHCONHR 60°Cigy=2,695-0,7530, r= 0,993
©
Br I\n/Ph 4TO CBMAETENLCTBYET 06 yyacTUM B MpoLecce
ancopbuMm M MHIMBMPOBAHUM  KOPPO3UW
0 NUPMAMHOBOTO  KonbLua  N-deHauunmeTun-

nmpnanHum 6pommnaos.

Hapsay ¢ nvpuauHoBbIM doparMeHToM npu  agcopbuum Ha
NMOBEPXHOCTU CTann WUCCrefoBaHHbIX COEOVHEHUW Takke npuHUMaeT
ydyactme U peHauunbHbih  parMeHT  UHrMOUTOpoB, O  YeMm
CBMAOETENbCTBYET U3MEHEHWE WX 3alUTHOro AEWCTBUS NpU BBEAEHUU
3amecTuTenen B oeHaunnbHble rpynnUpPOBKU.

Tak, npn BBegeHun B coeguHeHne (1), copepxawee B
nupmngmHosom uukne NH,-rpynny 3amecTuTesnen R'= C¢Hs, -CsH4CH5-4,
-CgH4Br-4, -C¢H4Cl-4 nmerowmx anekTpoHOoOOoHOpHble cBoncTBa (CHas-
rpynna), HabnogaeTcs NosbllWEHNE 3alUTHOrO AENCTBUS MHIMBUTOPOB.
Mpn Hanuuum B MOMeEKyne enekTPoHoaKUenTOPHUX 3amecTuTtenen -
aToMoB ©Opoma K xropa - MPOUCXOOUT pe3Koe YMEHbLUeHne Ux
appekTmBHOCTU. [ns  3TOM rpynnbl  COeguMHEHUM HabnwgarTcs
KOppEensauMOHHbIE 3aBMCUMOCTM MexXay BennuvHamu Igy wn  of-
KOHCTaHTamn Tadta UM cTepudeckumnm  ES-KOHCTaHTaMun KX
3amecTuTeneu:

20°Clgy=1,348-2 07501, r=0,972 20°Clgy=0,982+1,809Es,r=0,70
40°Clgy=1,444-2 156a), r=0,986 40°Clgy=1,064+1 871Es,=0,70
60°Clgy=2,408-2 2230, r=0,982 60°Clgy=2,008+1,753Es,r=0,58
80°Clgy=2,217-0,9380), r=0,972 80°Clgy=2,047+0,720Es

o el

r=0,54

o et

Bbicokasi 3dEeKTMBHOCTbL WUCCIeLOBaHHbLIX COEeAMHEHUW MpU
NOBbILEHHbIX TeMnepaTypax N nx xemMocopbumnsa Ha NOBEPXHOCTU cTanu
noaTBEPXKAAETCA OaHHLIMU rPaBUMETPUYECKNX UCCIeg0oBaHUN, a Takke
N3MepEHNAMM  MONAPMU3ALMOHHOIO COMNPOTUBNEHUS n apdekrTamm
nocnegencrteus. Tak, B npucytctaum coegnHeHuns (I) R=COCH; R'=CgHs
HabntogaeTcs 3Ha4nTenbHoE noBbILLEHNE nonapu3aLmMoHHOro
conpoTtuBneHus ctanm 20 no cpaBHEHWO C (OHOBbIM PaCTBOPOM
Kncnotbl kak npu npu 20, Tak u npu 60°C (puc. 1 a). O nposasneHun
addekTa nocrnenencTeusa nccnegoBaHHOro coegnHeHuns
CBMOETENLCTBYET COXPAHEHME €ro WUHrmbupylowero un 3awmuTHOro
AENCTBUS B HEUHTMOMPOBAHHOM pacTBOpEe B TEYEHWE AONUTENbHOro
BpemMeHu (4o ogHoro mecsiua) ucnoitaHnn (puc. 1 6).
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Rp, Cwu

1100 Rp, Om

c00 '/’,_1—6—0—0—'—0—0—’_._._0 e 200 A
To0 —a—7 500 8 g 85 588 g 8m =
500 /f___,_._._.-_-_-_-_- 300

300 Le tou 0 T T — t,u

0 1 2 3 4 5 g 7
a) 6)

Puc. 1. 3asucumocmu rnonspusayuoHHO20 COMPOMUBIIEHUS] OmM 8PEeMEeHU
KOPPO3UOHHBIX UcrbimaHuli cmanu 20 8 3 M H,SO, e npucymemeuu 1-10° mosb -t
coeduHeHus (l) (a, 1-60°C, 2 - 20°C) u npu nocnedyrowem ee rnospyxeHuu 8
HeuHaubuposaHHyo kucriomy (6, 1 - 60°C, 2 - 20°C).

AHanus npuBeaeHHbIX KOpPEenALUNOHHbIX 3aBMICUMOCTEN
CBMOETENLCTBYET O 3HA4YUTESNIbHOM BKIlade 9NnekTPOHHOro dakropa
BNUAHUA 3amMecTuTenen B WHrMbupylouwee LencTBUe WUCCredoBaHHbIX
COeMIHEHUN U 3HAYNTENBbHO MEHbLLE CTEePUYECKOro, posflb KOTOPOro npwu
xemocopbumn kKapboHUMBHOro pparMeHTa NpakTU4ecKn HUBENUPYETCS.

BbiBoabl

Mpun agcopbummn monekyn N-deHaunnmMeTUInMpuanHnUn
OpomMmaoB Ha oOTpuUaTenbHO 3apsKEHHOW MOBEPXHOCTU CTanen npwu
KOMHaTHbIX TemnepaTypax 4acTb W3 HUX OpPUEHTUpYyeTCs no
NMMPUANHOBOMY (PparMeHTy, NpUHMMas niaHapHoOe pacrnosioXeHue, YTo
00yCnoBneHo TT-3MeKTPOHHbIM B3auMogencTBUEM MMPUONHOBOMO KOSbLia
C MOBepXxHOCTblD MeTanna. PeHauunbHaa YacTb pacnonaraeTcs B
obbeme pacTBopa C OpueHTauuen oTpuuaTenbHO 3apsAKeHHOro
Kncrnopoga KapboHUMbHOW rpynnbl B CTOPOHY BOAHOW hasbl. [lpu
BbICOKMX TemnepaTtypax pacTtBopa OOMbLUMHCTBO MOJSIEKYn MHrMbutopa
agcopoupytoTca no peHaunnbHOMY parMeHTy U XxapakTepHbIM A9 HUX
aBnseTca xemocopbuna, obecneymBaroas TOPMOXEHNE KOPPO3UN 3a
CYET 3HepreTnyeckn-6noKMpoBoYHOro adbdektTa NMHMBUPOBaHKS.

MepeyeHb CCbINOK:
[1] AHTMKOPPO3UOHHLIE cBOMCTBaA N-dbeHaumnMeTUnnMpuanHum
6pomnagos / P.A. KOpueHko, W.C. lMorpebosa, T.H. lNMununexko, E.M.
Kpacbko // XKypHan npuknagHon xumuun. — 2003. — T. 76, Bbin. 11. — C.
1814 —1818.
[2] AHTUKOPPO3UNOHHbIE CBOMCTBA 1-peHaunnmeTnn-2-
apunkapbamugo(apmuntuokapbamuao)nmpuanHnm  6pommgos /P
FOpueHko, N.C. lMNMorpebosa, T.H. MNMununeHko, T.E. WybwuHa // XypHan
npuknagHon xmmmn.— 2006. — T. 79, Bbin. 12. — C. 1993 — 1997.
[3] T[lorpeboBa WN.C. OddeKkTbl BHYTPUMOMEKYNSPHOIO CUHEprusma
NpY MHIMBUPOBAHMUM KOPPO3UKU BUEYHKUMOHANBHBIMU COeaUHEHUAMMU /
N.C. Morpe6osa // YKpanHCKU XMMUYECKU XypHan. — 1982. — T. 2, Ne
11. - C. 1198 — 1203.
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YOK 620.193

INFLUENCE OF THE STATE OF THE B1341T ALUMINIUM
ALLOY OF THE Al - Mg - Cu - Si SYSTEM ON RESISTANCE
AGAINST INTERGRANULAR CORROSION

NURIACHMETOVA M.M., NYRKOVA L.I., LABUR T.M.,
BORYSENKO Yu.V.
Kyiv National University of Technologies and Design
Electric Welding Institute named by Ye.O. Paton NAS of Ukaine
Inyrkova@gmail.com

The influence of the state of the B1341T aluminium alloy of the Al-
Mg-Cu-Si system (in the delivery state, after artificial aging, after
hardening and artificial aging) on its resistance against intergranular
corrosion (IGC) was investigated. It was shown that the artificial aging
and hardening with artificial aging, to some extent, increase the
maximum depth of grain boundary rupture, but on the whole, do not
assist exceeding the criterion of resistance against IGC permissible by
normative documents.

BMNAnMB CTAHY ANTIOMIHIEBOI'O CMNIABY B1341T CUCTEMU
Al-Mg—Cu-Si HA CTIMKICTb NPOTU MDKKPUCTANITHOI KOPO3II

HYPIAXMETOBA M.M., HUPKOBA J1.1., JIABYP T.M.,
BOPUCEHKO 1O.B.
Kuiecbkul HayioHanbHUU yHigepcumem mexHors02it ma du3auHy,
IHcmumym enekmpo3ssaprogaHHs iM. €.0. NamoHa HAH YkpaiHu
Inyrkova@gmail.com

HocnigpxeHo BANuB cTaHy antoMiHieBoro cnnasy B1341T cucrtemu
Al-Mg—Cu-Si (y cTaHi nocrtayaHHs, MicNa LWTYYHOro CTapiHHA, Micns
rapTyBaHHs Ta LITYYHOro0 CTapiHHA) Ha WOro CTIKKICTb NPOTH
MiXKpucTanitTHol koposii (MKK). [lNokasaHo, WO WTy4yHe CTapiHHA Ta
rapTyBaHHS 3 HACTYMHUM LWITYYHUM CTapPiHHAM B OesKin Mipi 30iNbLy0Tb
MaKkCcUManbHy rMUOUHY PYMHYBaHHS rpaHuUb 3epeH, ane B LifloMy He
CNpUsOTb MNEPEBULLIEHHIO AOMYCTUMOrO0 HOPMaTUBHMMW AOKYMEHTaMM
Kputepito cTinkocTi npotn MKK.

HaaBHicTb iHpOpMaUil Woao BacTUBOCTEN | KOPO3IMHOI CTIMKOCTI
KOHCTPYKUIMHUX  MaTepianis  [O3BOSISE  OUIHUTU  MEePCNEKTUBHICTb
BUKOPUCTaHHS TOro 4Yu iHWoro metany abo cnnasy B Oyab-Akin obnacTi i
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cTBOPUTK BUPIO i3 3agaHUMN BNACTUBOCTAMU | CTPOKOM ekcnyaTauil [1].
Bigomo, Lo antoMiHin Ta Noro cnnasn LLUMPOKO 3aCTOCOBYHOTLCS B Pi3HUX
ranysax npomMmmcnoBocTi. [JocnigkXeHHA CTIMKOCTI antoMiHIeEBOro cnrasy
B1341T, y ToMmy yucni, nicna pisHux metodiB TepmMoobpobneHHd, npoTu
nokarnbHOI KOpPO3il Ha CbOrofHi € akTyaribHUM 3 €KOHOMIYHOI TOYKM 30pY.
OTpumaHHA p[daHux Woao BNAcTUMBOCTEM LBbOro CrnsiaBy [JO3BOSIUTb
poO3LLMPUTN Cchepy MOro 3acTOCYBaHHSA i OUIHUTW TEpMIH ekcnnyartauil
BUrOTOBJIEHMX i3 HbOro BUPOBIB.

B npegcraeBneHomy HuXk4e wMmaTepiani HaBegeHO pesynbTaTtu
NOPIBHANBHUX OOCHIIKEHb BMNSIMBY Pi3HUX METOAiB TepMoobpobneHHs
Ha CTinkicTb antomiHiesoro cnnasy B1341T cuctemn Al-Mg—Cu—Si npoTu
MiKKpucTanitHol koposii (gani — MKK).

MeTopgonoria gocnigxeHb

HocnigpKyBaHHA npoBOAMNM Ha 3paskax aritoMiHIEBOro cnnasy
B1341T y pisHOMy CTaHi: y cTaHi noctaeBku (6e3 [oOaTKOBOrO
00pOBneHHs), nicna LWTYYHOro CTapiHHA, nicna CYMICHOro BMUBY
rapTyBaHHs Ta WITYYHOro cTapiHHSA. BunpobyBaHHs cTikocTi npotn MKK
BUKOHYBanu 3a cTaHgapTHoto MeToamkow 3rigHo 3 TOCT 9.021 [2].
MUBMHY pyMHYBaHHA T[pPaHULb 3€PEH BU3HA4YanNM Ha HeTpaBrieHUX
wnidax.

Pe3ynbmamu ma ix 062080peHHs1
Ha pucyHky 1 npeactaBneHO 3O0BHILLHIA BUMMSL NAOWMH TOpLiB
3paskiB antomiHieBoro cnnasy B1341T nicnsa sBunpobyBaHb.

Puc. 1. 3osHiwHilt euarnsad nnowuH mopuie 3paskie crinagy B1341T nicrnsa
sunpobysaHb cmitikocmi npomu MKK: a — y cmaHi nocmaeku, 6 — nicris wmy4Ho20
cmapiHHs, 8 — Micrisg 2apmye8aHHs1 ma Wmy4YHo20 cmapiHHs, x5.
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[Micna BurotoBneHHs wnigis 3a gonomoroto Mikpockony NEOPHOT
21 npoBogunn iX oOrnsg MO BCIM OOBXMHI, BMU3Hadanu rnmbuHy
PYMHYBaHHA rpaHunub 3epeH. Kputepiem CTIMKOCTI 3pasKiB € pyMHyBaHHSA
rpaHuub 3epeH. B HopmatuBHOMy gokymeHTi (HLO), B sakomy
cchopmynboBaHo Bumorn Ao cnnasy B1341T, makcumanbHa rnnbuHa
PYMHYBaHHA rpaHuub 3epeH Mae 6ytu He 6inbwe, Hik 0,350 mm.
Ockinbkn us iHdopmauis € KOHigeHuinHow, noBHa Hasea H[ He
HaBefeHa. PesynbTaTm OUiHIOBAHHA CTIMKOCTI antoMiHiEBOro cnnasy
B1341T npotn MKK HaBeaeHo B Tabn. 1.

Tabnuus 1. Pe3ynbmamu oujiH8aHHs cmilikocmi antoMiHie8o20 crisiagy
B1341T y pisHomy cmaHi npomu MKK

FMubunHa pyrMHyBaHHA rpaHuub
XapaKkTepucTyKa 3epeH, MKM BianoBipae
3pasKis ] Bumoram HA,
arigHo 3 HA, pakTmuHi Tak/Hi
3HaYeHHs
Be3 Tepmoobpobku He GinbLie Big 0,082 oo 0,086 Tak
0,350
[Micnga WTy4YHOro cTapiHHA Big 0,074 no 0,117 TakK
Micna rapTyBaHHA Ta Big 0,111 no 0,209 Tak
LUTYYHOrO CTapiHHS

Ha pucyHky 2 npeacTtaBneHa pfiarpama, Ha €Ki nokasaHo, $K
BMNMBAE Ha rMUBKUHY PYIHYBaHHSA rpaHu1Lb 3epeH cTaH crnnasy B1341T
3 aHanisy oTpMmaHux pesynbTaTiB BUMNAMBAE, WO LITYYHE CTapiHHSA Ta
rapTyBaHHs i3 LWTY4YHMM CTapiHHAM B Jeskin  Mmipi  36inbwye
MakcumaneHy rmubuHy MKK, ane B UifIOMy He Crpusie NepeBULLLEHHIO
ponyctumoro HI 3HavyeHHs.

AHaniz pesynbTaTtiB BunpobyBaHb CBigYUTL NpO  Te, WO
AocnigxKysaHi 3pasku antomiHiesoro crnnasy B1341T cuctemn Al-Mg-Cu-
Si y CTaHi nocTaBku, MiCNSA LTYYHOro CTApiHHA Ta NiCns rapTyBaHHS |
LUTYYHOro CTapiHHA € cTinkumm npotn MKK Ta BignoBigarTb BUMOram
HL. PesynbTatn gocnigkeHb antomiHiesoro cnnasy B1341T fo3sonsiotb
po3rnsgaTtM Noro, sik NepcnekTMBHUK Martepian ans 3amMiHW cTaneBux
nucTiB B aBiabyaiBHMUTBI | aBTOOYAiBHULUTBI [3].

BucHoBKku

3pasku antomidiesoro cnnasy B1341T cuctemun Al-Mg-Cu-Si (y cTaHi
NMOCTaBKW, LUTYYHOrO CTapiHHSA, rapTyBaHHA Ta LUTYYHOrO CTapiHHSA) €
CTIMKUMW MPOTU MDKKPUCTAnNITHOI KOPO3il Ta BignoBigalTb BMMOram

! Ha niarpami HaBeeHO 3HAYCHHS MTMOMHK PYIHYBAHHS MEX 3ePEH TPHOX APaCIbHAX 3PA3KiB.

154




Promising Materials and Processes in Technical Electrochemistry. Part 3

HOpMaTMBHOI okymeHTauil. LUTyyHe cTapiHHA Ta rapTyBaHHSA | WTy4YHE
CTapiHHA OesiKo Mipoto 36inbLyoTe MakcumaneHy rmnbuny MKK, ane B
LiNnoMy He CnpusarTb NepeBuleHHo gonyctumoro H 3HayeHHs.
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Puc. 2. 3anexHicmb ernnuey cmaHy crinagy B1341T Ha enubuHy MKK: 1 -y
B8UXIOHOMY cmaHi; 2 — ricsis Wmy4HOo20 cmapiHHS; 3 — ricsisg 2apmyeaHHsI ma
wmy4Ho20 cmapiHHs.

Mepenik nocunaHb

[1] ®puagnaHpgep W.H. AnomMuHueBble crnasbl — NEPCNeKTUBHbIN
mMaTtepuan B aBTomobunectpoeHun. [Tekct] / Gpuanangep W.H., Cuctep
B.I'., M'pywko O.E. v gp.— // MeTannoseaeHne n Tepmuyeckas obpabotka
meTtannos. — M., 2002. —Ne 9. — C. 3-9.

[2] TOCT 9.021-74. «EpguMHas cuctema 3awuTbl OT KOPPO3UN W
cTapeHus. AnNIOMUHUA U cnnasbl antoMuHueBble. MeToabl YCKOPEHHbIX
UCMbITAaHUA Ha MEXKPUCTaNSIUTHYIO KOPPO3UHO».

[3] Pagsiescbkuin,B.M. MeTanosHaBCTBO BUCOKOTEMMEpaTYpPHOI
TEXHOSMOrii  Hepo3HiMHMX 3'egHaHb [TekcT]: MoHorpadis / B.M.
Paasiescokun, A.®. bygHuk, B.b. KOckaes. - Cymun : Cymay, 2011. —
255 c.
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YOK 544.6.018 + 54-412

DEVELOPMENT OF METHODS FOR THE FORMATION OF
PASSIVATION LAYERS ON ALUMINUM AND ITS ALLOYS

KLIMOVA E.A., KESHIN A.V., CHERNIK A.A., ZHYILINSKI V.V.
Belarusian State Technological University, klimoma.zhen@yandex.ru

This paper deals with the conditions and procedure of aluminum
passivation in titanium-based solution, and producing an anodic oxide
coating modified with polyaniline on the metal surface. Anodic
polarization curves have been considered corrosion currents have een
compared for each of the protective coatings.

PASPABOTKA METOAMKU HAHECEHUA NACCUBALIMOHHBIX
CINOEB HA ANNIOMUHUN U ETO CIJ1ABbI

KITMMOBA E.A., KELLVH A.B., YEPHWK A.A. XXUITMHCKWN B.B.
Bbernopycckuti 2ocydapcmeeHHbIlU mexHo102u4deckul yHusepcumem,
klimoma.zhen@yandex.ru

B paHHon pabote npencrtasneHa WHgopmMauus ob ycnosusix u
MEeTOAMKE naccuBaumni antoMUHUSA B pacTBOPE Ha OCHOBE COedVHEHUN
TUTaHa, U nosfyvyeHne MoandULMPOBAHHOIO MOSIMAHUIMHOM aHOAHO-
OKCWAHOrO NOKPbITUSI HA MOBEPXHOCTM MeTanna. PaccMOTpeHbl aHOAHbIE
Nnonsipu3aunoHHblie KpUBblE M MPOBEAEHO CPaBHEHWE TOKOB KOPpO3un
ONS1 KaXKO0ro U3 pacCMOTPEHHbIX 3aLMTHBIX MOKPLITUN.

ANIOMUHUA 1 ero cnnasbl NOMAYYUNU LWMPOKOE pacnpocTpaHeHue B
MaLUMHOCTPOEHUN, nNpubopocTpoeHne 6rarogaps CBOMM YHUKarnbHbIM
CBOVCTBOM: NNOTHOCTW, 3S1EKTPONPOBOAHOCTMU, MNPOYHOCTH,
YCTOMYMBOCTU K aTMOCHEpPHON KOpPpO3MM B YMEPEHHOM Kriumare.
Mcnonb3oBaHue MONMMEPHbLIX MaTepuarioB, a TaKKe HeopraHu4ecKux
naccmBaTopoB ans NOBbILLIEHUS KOPPO3MOHHOW CTONKOCTH
KOHCTPYKLUMOHHbLIX Ha OCHOBE artOMWHUEBLIX CMMaBOB MpeacTaBndeT
cobon BaxxHOe HanpaBfeHne B MHXEHEPUN NOBEPXHOCTM.

bonee BbICOKaa CTOMKOCTb MO OTHOLUEHUKD K aTMocdepHoU
KOppo3uun HabnwgaeTtcs npy codeTaHnn aHOOMPOBAHHOIO armtoMUHUA C
HanoxeHnem nonvanunuua (NMAHW). [daHHbin  nonumep npuBriekaeT
Hanbonbllee BHMMaHWe Onarogapsi CBOMM YHUKarnbHbIM CBOMCTBaAM U
OOCTYMHOCTM  MOHOMepa. JAnekTpoxumudeckne csouctBa [1TAHU
obpaTMO U3MEHAIOTCHA B 3aBUCUMOCTM OT COCTaBa cpeabl.
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MeToponorusa nccnenoBaHnmn

OneKTponpoBOAALMKA NOSIMAHUINH CUHTE3UPYIOT XUMUYECKUM UMK
9MEKTPOXMMUYECKMM METO4aMM B CUMbHO KUCIIOW cpefe nyTem
OKUCNUTESTIbHOW nonumepusaymen MoHoMepa.

Ob6bekTamun nccnegoBaHust B AaHHOM paboTbl BbICTynanu obpasubl
cnnaea AML], HomuHanbHoro coctaea no NOCT 4784-97, %: Si — 0,60;
Fe — 0,7; Cu- 0,05-0,20; Mn — 1,00-1,50; Mg — 0,20; Zn — 0,1; Ti —
0,10; Al — 6anaHc.

[MoaroTtoBka o6pa3LoB Bko4ana B cedbs 4 onepauuu :

— npeaBapuUTenbHYO MONUPOBKY [AN9 BblpaBHUBAHUS
MUKpopenbeda obpasuoB;

— Tpaenenne B 1,5 M pactBope NaOH npu T 60 °C B
TeYyeHne 2 MUH;

— ocseTneHne B 25% pacteope HNOzB TeyeHnel MuH
npu KOMHaATHOW Temnepartype.

— nocne kKaxgom crtagum obpasubl  NPOMbIBANNCH
AVNCTUNIMPOBAHHOM BOLOM.

AHogounpoBaHne cnnasa AML, nposBogusiv B CEPHOKUCIIOM
anekTponute C KoHueHtpaumen H,SO, 0,5 mMonb/n npyn HanpsKeHUw
30B npu Temnepatype 20 °C. [lpogomkutenbHOCTb npoLuecca
aHoampoBaHusa coctaBndana 20 muH. lMocne aHoaupoBaHus obpa3subl
ans yaaneHus OCTaTKOB anekTponuta NpOMbIBarmCb
ANCTUNNINPOBaHHOW BOAOMN.

[MonyyeHne MOONMPUUUPOBAHHBLIX  MONMUAHUITMHOMOHO-OKCUOHbIX
NMOKPLITUIA Ha NOBEPXHOCTU CrfiaBa NPOBOAUIIN B 3NEKTPONNTE COCTaBa,
monb/am®: CgHsNH, — 0,3:H,SO,— 0,5. Npouecc nposBogunn B
raribBaHOCTaTU4ECKOM pexume Cco cTrabunusaumen no TOKYy, nNpu
NNOTHOCTM paboyero Toka i 1,25 A/am®. Bpemsi nonyyeHus NOKpbITUS
coctasnsano 20 MmyH, Temnepatypa anektponuta — 20 °C

[Mepen panbHENWWMM UCNOMb30BaHMEM MOSyYeHHble obpasupbl
CYLUMNNCb NPU NOCTOSAHHOM TemnepaTtype 25 °C Ha Bo3gyxe B TeyeHue
24 vacos. lNaccmBauus obpasuoB NpoBogMnacb B pacTBOpE Ha OCHOBE
cosien TuTaHa Npu KOMHaATHOM TemMnepaType B TedyeHne 1 MUHYTHI.

Pe3ynbTatbl n nx obcyxxaeHume

WNccnepoBaHus 3NEKTPOXNUMMNYECKMX CBOMCTB NOJSTyYEHHbIX
MOKPbLITUA  MPOBOAMNN  BOSNbTaMNEPOMETPUYECKM B AManas3oHe
noteHumanos ot -3 go 1 B B pactBope NaCl ¢ koHueHTpauuen 0,05
MOnb/n.
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PucyHok 1. AHOOHbIe nosispu3ayuoHHble kpusbie crinasa AML e 0,05 M NaCl
8 KoopOuHamax filo2apucm moka om riomeHuyuarna.
1 - cnnae AMLU; 2 — cninase AML] nocne naccusayuu; 3 — crinas AMU+TAHU, 4 —
crinae AML] + MNAHU + naccusayusi; 5 — aHodupoesaHHsbIl crinag AML]

Ncxons ns aHanusa saBucCuMMOCTeEN, NpeacTaBfieHHbIX Ha pucyHke 1,
MOXHO NpOCreauTb BNUsSHME MeToda 3alMTbl Ha Nnpouecc npoTeKkaHus
Koppo3un anwoMunHua. Kak cnegyet M3 pucyHka 1, BBedeHMe cornemn
naccuMeBauuu aniMUHUA B TUTAHcoLepXallem pacTBope MnpuBOaAUT K
YMEHbLUEHUIO TMMOTHOCTM TOKa KOppo3un B [Ba pasa B obnactu
NoTeHLManoB OTHOCUTENBLHO XJIOp cepebpeHoro anekrtpoaa ot -0,7 fo -
1,45 B.

HabniogaeTcs ynydlweHne KOPpPO3MOHHOW CTomkocTu cnnaBa AMu
npu nposegeHun ocaxaeHnsa NAHW Ha Tpu nopsigka No cpaBHEHUIO C
NCXOQHOW MeTannnyeckomn noBePXHOCTbIO.

KpuBas 5, nonydeHHas Ha cnnase AMLU ¢ npeaBapuTensHO
HaHeCeHHbIM aHOOHO-OKCUOHbIM MOKPbITUEM MOKa3biBaeT 3Ha4YUTENbHOE
YMEeHbLLUEHNEe KOPPO3MOHHbLIX TOKOB B CPaBHEHUM C YUCTLIM antoMUHUEM,
4YTO Haubonee BEPOATHO CBA3AHHO C 3KPAHWPOBAHWEM MOBEPXHOCTU
MeTanna nioTHOM XUMUYECKU CTOMKOW MNEeHKOW okcupa. 3Ha4YuTerbHO
bonblive 3alMUTHble CBOWCTBA MOKa3blBaeT MOAUMPUUMPOBAHHLIN
NOSINAHUIMHOM OKCUAHbIA CIIOW, KpmBaa 3 PUCYHOK 1, MOMnyyYeHHbIn B
X04e COBMECTHOro OKCUAMPOBAHUA N OKUCIUTENbHON Nonnmepusaumen.
[MogobHoe ynyduweHne CBOMCTB MOXHO OOBSACHUTL TEeM, YTO B XOAe
obpa3oBaHNA OKCUMOHOrO Cros Ha [MOBEPXHOCTU MeTannanonmvep
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3anonHseT obpasyroLmnecs nopbl, a Takke MoNMaHUNnH 3a cYeT CBOUX
SNEKTPONpPOBOASALLMX CBOWCTB MepepacrnpeaenseTr 3apsan C akTUBHbIX
MECT MO BCelW NOBEPXHOCTU MeTanna.

KpuBass 4 obnagjaeT HECKONbKO MEHbLUMMM B CPaBHEHUU C
MOANMPULMPOBAHHBIM OKCUAHBLIM CHOSIMU 3aLLUTHBIMU CBOMCTBaMN. OTO
00BbACHAETCA  XMMUYECKMM  B3aMMOLEWCTBMEM  UCMOJSIb30BAHHOIO
naccusatopa C MofnuaHuUIMHOM, KOTopbii rnog geucrtenem moHoB Ti(1V)
MeHAeT cBOouM npoBogswime ceoucTea.[lpy 3TOM MOXHO 3aMeTUTb
yMeHbLLUEHNe Toka Koppo3un B obnactn -1,42 —-1,56 B n -1,76 —-1,92 B
BbI3BaHHOro 6osiee rrnyboKMM OKUCIIEHMEM MONIMMEPHON NIEHKN.

BbiBOg

[MpumeHeHne MoanPUUMPOBAHHOIO NOSIMAHUITMHOMOHO-OKCUAHOIo
NMOKPbITUS  MOKa3blBaeT 3HayuTesNbHOe MOBbIWEHNE KOPPO3UOHHOM
CTOMKOCTW, OOHAKO B CpaBHEHUW C ApYruMu MeTodamMu, OTnuyaeTcsd
OONbLIMMN SKOHOMUYECKMMM 3aTpaTaMu.

NuTepaTypa

[1] Abansesa B.B. 3Onektpoxummyeckum CUHTE3 MOfMaHUNIMHA Ha
anomuHneBoMm anektpoge / Abansesa B.B., Edwumos O.H. //
onekTpoxmmusa. - 1996. - T. 32. - Ne 6. - C. 728-735.

[2] CemeHoBa U.B. Koppoausa u 3awmta oT Kopposuun: y4eb. ans
Bysos/ W.B.CemeHoBa, . M. ®nopuaHosmy, A. B. Xopowwunos. -
M: ®duamatnut, 2006. —-376 c.

[3] BepwunHa A.K. CocTaB-CTpyKTypa-CBOMCTBA LBETHbLIX METasnnoB 1
CnnaBoB, MONUMEPHLIX MaTepuanos / JlabopaTopHbin npakTukym // A.
K. BepwuhHa, H. A. CengyHosuy, [1. B. Kyuc. — Munck: BI'TY, 2010. — 62
C.
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Part 4
ELECTROCHEMICAL SENSORS

Po3anin 4
EJIEKTPOXIMIYHI CEHCOPH
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YIK 541.136

CATHODIC REDUCTION OF NITROGEN DIOXIDE BY MEDIATOR
CATALYSIS

POLYANICHKO O.0., BUKET O.l.
National Technical University of Ukraine "Kyiv Polytechnic Institute"
alexa.polyanichko@gmail.com

Cathodic reduction of nitrogen dioxide is one of the possible ways to
qguantify this gas in the air. The problems of cathodic reduction of
nitrogen dioxide were analysed on the catalytically active electrodes in a
system with aqueous solutions of electrolytes, and it was shown that the
limiting stages of this process were the transport of nitrogen dioxide
through a layer of electrolyte and discharge of it. Taking into account the
literature data and previous research a mediator homogeneous catalysis
was suggested as a method for removing these Ilimitations.
Thermodynamic calculations showed the potential use of bromine-
bromide redox systems in aqueous solution as a mediator of the
oxidative action of nitrogen dioxide on the electrode. It was
experimentally established that the system was capable of removing
limitations of transport and kinetic stages, due to which the speed ratio of
cathodic reduction reaction of nitrogen dioxide to atmospheric oxygen
reduction reaction increases by three orders of magnitude.

MELIATOPHUN KATANI3 KATOOHOIO BIAHOBIEHHA AlOKCMAy
A30TY

MONAHIYKO O.0., BYKET O.I.
HauioHanbHUU mexHiYHUU yHisepcumem YkpaiHu
«Kuiscbkul nonimexHiyHud iHcmumymby,; alexa.polyanichko@gmail.com

KaTtogHe BigHOBMNEHHA OioKcuay as3oTy € O4HUM 3 MOXITMBUX LUNAXIB
peanisauil nNpouecy KiflbKICHOro BU3HA4YE€HHS LbOro rasy B MOBITPAHOMY
cepepoBulli. [lpoaHanizoBaHo npobnemMn KaTooHOro BiAHOBMEHHS
Aiokeuay asoTy Ha KaTaniTMYHO aKTUBHWUX enekTpodax Yy cuUctemi 3
BOOHUMW pPO3YMHaAMWM ENIeKTPONITIB Ta MOKasaHo, Lo NiMITYHHYUMHU
cTagisMn UbOro npouecy € TpaHCnopT [Aiokcuay asoTy 4epes Lwap
enekTponiTy i po3psg. 3 orngay Ha nitepaTypHi BiJOMOCTI Ta nonepeHi
OOCHIQKEHHS 3anpornoHOBaHO rOMOreHHUN MeaiaTopHUIA KaTani3 gk 3acio
3HATTA Ha3BaHMX oObOMexeHb. TepMOAMHaAMIYHMMKM  pPO3pPaxyHKaMU
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NoKasaHo NOTEHUINHY MOXIMNBICTb BUKOPUCTaAHHSA pedoKC-cuctemm 6pom-
Bpomig y BOOHOMY PO34MHI SIK MefiaTopy OKUCNHOBanbHOI Al giokenay
a3oTy Ha enekTpod. EkcnepuMmeHTanbHO noka3aHo 34aTHICTb obpaHoil
CUCTEMW 3HIMATU AK TPAHCMOPTHI TaK i KIHETUYHI OBMEXeHHs!, 3aBasiku
YOMY BIOHOLUEHHS LWBUAKOCTI KaTOAHOI peakuil BiQHOBIEHHS AioKcuay
a3oTy OO peakuil BigHOBMEHHS aTMOC(EpPHOro KUCHIO 36inblUyeETbCSA Ha
TPY NOPSAKN.

[liokcua asoTy € TOKCMYHUM ra3oMm, SIKUM HeraTMBHO BMfMBaE Ha
anxarnbHy i cepueBO-CYANUHHY CUCTEMY NIOANHU | TENSTOKPOBHUX TBAPUH.
MOHITOPUHI BMICTY LIbOro rasdy € akTyasllbHUM He JiMe Ha NPOMUCIIOBUX
BUPOBHMUTBAX ane n y BENUKUX MiCTax, e Aiokcug a3oTy € OOHMM 3
OCHOBHMX KOMMOHEHTIB, a 3a [desAkKuMW OaHUMKU — KaTanisaTopom
YTBOPEHHSA, Tak 3BaHoro ¢oTtoximiyHoro cmory [1]. OgmH 3i cnocobis
KiNbKICHOrO BM3HA4YE€HHSA LbOro peakuinHO 30aTHOro rasy 6asyeTbcs Ha
NOro enekTpoxXiMiyHiM aKTUBHOCTI M Nonarae B KaTOAHOMY BigHOBJIEHHI
Ha enekTpogax y CUCTeMi 3 BOOHUM PO34YMHOM eniekTponiTy. OCHOBHO
npobrnemord Npu UbOMY € napanefnbHe BiAHOBIIEHHS aTMOC(EepPHOro
KMCHIO, KOHLIeHTpaUisi SIKOro 3as3Bu4yan Ha Kifnlbka nopsakiB nepeBaxae
KOHLeHTpaLito giokcuay asory.

3Baxkaroum Ha yCnixu MeiaToOpHOro KaTanisy npu
aMnepoMeTpU4YHOMY BM3HAYEHHI XJIOpPYy Ha PiBHI KiFIbKOX ppm Yy
NOBITPAHOMY  CepeLOBMULLi [2], 3anpornoHoBaHo BUKOpUCTATKU
MeiaTOpHMA  KaTanisa A  NPUCKOPEHHA KaTogHOro  BiAHOBMNEHHSA
aiokcnay as3oTy Ha OOHi aTMOCHEPHOIO KUCHIO.

MeTtoponorisa pocnigaXeHb

[lo3yBaHHSA aiokengy asoTy nposoaunmu TEePMOXIMIYHUM
po3KnagaHHAM pPo3paxoBaHOi KiNbKOCTi (KifIbKOX MifnirpamiB) HacM4YeHoro
PO34YMHY HiTpaTy MaHraHy 6esnocepefHbO Yy enacTU4HiW NIacTUKOBIN
€MHOCTI, Y AKiA CTBOpOBanu ra3onosBiTpsHy cymiwl. MeTtoanka go3yBaHHSA
npoTecToBaHa Ha NOXMBKKU, BUKMMKaHI agcopOuieto BU3HaA4YyBaHOro raay,
3 3acCTOCYBaHHSAM reHepaTopa i ceHcopa 030HY [3], Sk Binbl peakuinHo
34aTHOro i HECTINKOro rasy.

KatogoHe BIQHOBMEHHS nNpoBOAWMNM B CTaHOAPTHIM  CKIISHIN
TPUENEKTPOaHIN KOMipui 3 koMmnnekTy noTteHuioctata MNAN-50-1.1. Cymiw
NO, 3 nosiTpam bapboTyBanu yepes BOOHUA PO3YUH enekTponiTy 6ing
enekTpoga 3 nnatmHoBaHoro TutaHy (20 mr Pt Ha 1 r nopucToro TuTaHy).
FeomeTpuyHa NroLa BiAKPUTOT NOBEPXHI enekTpoda cknagana 2,5 cm?,
Enektponitom cnyrysae 5 m LiBr 3 pH1, ge 6pomia-ioH BigirpaBas posib
Megiatopa. [loTeHuiann HaBedeHi BIOQHOCHO H.B.e., a KaTOOHWUW CTPyM
noaaHo ik NO3UTUBHUMN.
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Pe3ynbTaTti Ta iXx 0GroBopeHHsA

MprnmycoBun BapboTax NOBITPS Yepe3 PO34YMH BUKIMKAE OYiKyBaHe
3pOCTaHHA CTpPyMYy BiQHOBMNEHHS aTMOCHEPHOro KUCHIO Ha pobovomy
enekTpoai Komipku (kpva 1, puc. 1) BHAcnigOK 3HATTA TPaAHCMOPTHUX
obmexeHb y pigkin dasi. CtauioHapHi 3Ha4YEeHHS LWBUAKOCTI BiHOBMEHHS
KACHIO 3a AaHux ymoB 6apboTaxy HaBefeHi y BUMMSAi BONbT-aMnepHol
KpmBol 1 Ha puc. 2. lpn nosiBi Agiokcnay asoty y 6GapbotoBaHin
NOBITPSAHIN CyMilWi KaTOOHUW CTPyM Ha poboYOMy enekTponi CyTTEBO
3pocTae (kpua 2, puc. 1).

L|1 | 11 III
MKA i i

10 !r 2/

|
0 - 1 1
0 100 200 T,¢C
Puc. 1. XpoHoamnepozpama rnopucmoza0 mumaHo8o20 efiekmpoda
akmueogaHozo 20 me Pt Ha 1 2 Ti y cucmemi 3 600HUM po34yuHom & m LiBr 3 pH1
npu nomeHuyiani 0,5 B: | — 6e3 bapbomaxy; Il — bapbomax cymiwi;
Il — 6apbomax nosimps; 1 — 6e3 NO;; 2 — 5 ppm NO..

3a gaHmmm puc. 1 i gogaTtkoBux OOCnidiB Npu iHWKX NOTeHUianax
pobo4oro enekTpoaa, Ha puc. 2 nodygoBaHO BOMbT-aMMNeEPHY 3aneXHiCTb
OJ19 CcTauioHapHOro CTpyMy BIOHOBIIEHHSA Aiokcuay as3oTy. BigxuneHHs
CcTauioHapHMX 3HayeHb Bi4 anpokcumadlili KpuBoww 2 Ha puc. 2
MOSICHIOIOTBCA  BMMAQKOBOK MOXMOKOK [O03yBaHHA Aiokcuay asoTy
BHACNIgOK Bapiauil Macu Kpanni HiTpaty MaHraHy, Skuv niggasanu
TEPMIYHOMY PO3KI1afaHHI0.

L,
MKA|

0 02 04 06 EB
Puc. 2. CmauioHapHa rosisgpusauiliHa xapakmepucmuka rnopucmoao
mumaHo8020 esiekmpoda 3 2e0MempUYHO0 nrower 2,5 cM? akmugosaHo20 20 M2
Pt Ha 1 2 Ti y eo0HoMy po34duHi 5 m LiBr npu pH1 3a ymosu 6apbomaxy:
1 — nosimps; 2 — nogimpsi 3 5 ppm NO-.
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EdektuBHiCTb MegdiaTopHOro KaTanidy KaTogHOro BiAHOBIIEHHS
Aiokcuay asoTy cnigye 3 MOPIBHAHHA CNiBBIOHOLWEHb KOHLEHTpauin
atMocgepHoro kmcHio i NO, 3i CniBBIAHOWEHHAM CTpPyMiB  1X
BiAHOBIIEHHA. Tak 3 puc. 2 cnigye, Wo CTpyMU KaTOAHOro BiAHOBIIEHHSA
KMCHIO W [iokcuay asoTy € LoHauMmeHwe cnisMmipHumn. [pu ubomy,
KOHueHTpauis NO, y noBiTPSAHIN cymiwi cTaHoBuna 6nm3bko 5 ppm,
TO6TO, Byna y 42 000 pa3 MeHLIO 3a KOHLEHTpaUild KUCHIO, sika B
aTmocepi ctaHoButb 210 000 ppm. OTxe, 3 puc. 2 cnigye, LWoO
MeLiaTOPHUI KaTarsi3 NPUCKOPKE KaTogHe BIOHOBMEHHS Liokcuay asoTty
Ha 4 NopsiaKM NOPIBHAHO 3 NapanenbHUM BigHOBIIEHHSM KUCHIO BIM3bKO
noteHuiany 0,6 B. 3aranom, npm noteHuianax Hwk4e 0,6 B MoxHa
rapaHTyBaTM TMPUCKOPEHHS KaToaHoro BigHoBneHHa NO, Ha Tpu
nopsigku. BapTto BigMiTMTK, WO gocnign npoBedeHi 3 po3vynHOM 5 m
LiINO3; nokasanu uinkosuTy iHandepeHTHICTb BUNpobyBaHOro enekrpoa
ao nossn NO, y rasoBii cymiwi. 3Baxatunm Ha MNOTEHLINHO HU3bKY
po34YMHHICTb NO, B KOHUEHTPOBaHWX HITpATHMUX pPO34YMHAX, MOXHA
CTBEPLKYBaTN YMOBISIbHEHICTb AK po3psaay, Tak i TpaHCMOPTHOI cTagil.

O6opoTHa bpom-b6pomigHa peakuist ONUCYETLCS PIBHAHHAMMN [4]

Br, +2¢=28r, E=1.087+0.0295 |g[5f2] )

Br’
i Mae onsa KUCHo [4]

2H,0=0,+4H"'+4e, £=1228-0.0591- pH+0.0147-1g p, . (2)

BigirpaBaTn ponb BigHOBHUKA npu pH<7. Mpn ubomy ans peakuii [4]

NO,+2H"+2e=NO+H,O

£=1.045-0.0591- pH +0.0295-1g( pre, / o) 3)

bpom-bpomigHa cuctema (1) moxe BUCTynaTm BiHOBHUKOM nuLle MNpwu
pH<<7 (5 m LiBr 6yno gosegeHo o pH1 BBegeHHAM MEBHOI KifbKOCTI
HBr) HaBiTb 3 ypaxyBaHHSM HU3bKOI KOHLEeHTpauii dpomMy, 6nmn3bKol 4o
5 M aktuBHocCTi Bpomigy 1 NpnbAn3Ho piBHMX KOoHLUeHTpauin NO, i NO B
NPUENeKTPoAHOMY NPOCTOPI.

[MpoTe 3 gaHux puc. 2 crnigye, Wo KACeHb MOBITPS NpU NoTeHuianax
Huwx4e 0,6 B BigHOBMOETLCA MoBiNbHiWe HiXX NO, WoHanMeHLUe Y Kifnbka
TMcad pas. OTmxe, 6bpom-bpomigHa cuctema, pearytoun 3 NO, 3a
PIBHSHHAM

NO,+2Br +2H" =NO+ Br, +H,0 (4)
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BUCTYNae Yy posni cenekTUBHOro Mepgiatopa. BiporigHoto npuymHoLO
CenekTuBHOCTI € Bigoma nonepedHs peakuis NO, 3 Boaot, ska
nepebirae 3 yTBOPEHHAM KUCMNOT 4epe3 MNPOMiXKHI cTaail 3 reHepauieto
KOPOTKOXUBYYUMX pagukarsis, ToAi K KNCEHb 3 BOOOK Y BiAYYTHY XiMiYHY
B3aEMOLi0 He BCTynae i HaBiTb rigpaTtn yTeoptoe npu Tucky o 100 atm.
Taka cenektnBHa B3aemogis NO, 3 bpomMigom Ha OOHI KUCHIO 403BOMSE
Ha NopsLKM NPUCKOpUTKM abcopbuito giokcuay asoTy 3 NOBITPSAHOI CyMiLLli.
[lo Toro x, BiAHOBMEHHS YTBOPEHOro Yy peakuii (4) ranoreHy 3a peakuieto
(1) nepebirae 3i 3HA4YHO MEHLLOK MNepeHanpyrow, HiK BiAHOBIIEHHSA
KWUCHI0. TakMm YMHOM, MediaTOPHUM KaTani3 3HIMae siK TPaHCMOPTHI, TaK i
KiHeTUYHI obmexxeHHa 3 BigHoBneHHss NO,, okucrnoBanbHa [Lia AKOro
BignoBigae Mexi BigHOBMIOBaNbHUX BracTUBOCTEN OGpom-bpomigHoi
cuctemn. TobTo, gaHa wMegiatopHa cuUCTeEMa € CENEKTUBHOK A0
cnabLuoro 3a KUCEHb OKUCHUKA.

BucHoBKku

MokasaHo, WO B3aemofia pfiokcuay asoty 3 6pom-6pomigHoro
PEedoOKC-CUCTEMOKD  BOOHOIO  PO34YMHY  enekTponiTy  BiabyBaeTbcs
He3BaXkaloum Ha X NpakTUYHO 6nM3bKi noTeHuiann npu pH1. MNpu ubomy,
B3aeMopfia Li€i penokc-CUCTEMW 3 KUCHEM MOBITPS BigbyBaeTbCs
NOBINbHiILLE LLIOHAWMEHLLE Ha TPU MOPAOKMU.

MoxnmBa npuunHa CENEKTUBHOCTI AOCHIQKEHOro MeaiaToOpHOro
KaTanidy katogHoro BigHoBMeHHSs NO, Ha QOHi KUCHIO nongrae vy
30aTHOCTI AioKcmay as3oTy XiMIYHO pearyBaTuM 3 BOAOK 3 YTBOPEHHAM
KMCNOT i pagukanis. Pe3ynbTatomM XiMidHOI peakuil OpomMiaomM y po3dnHi
LiBr € npuckopeHHs abcopbuii NO,, Wwo 3HiMae TpaHCNOPTHI 0BMeXeHHs
y pigkin d¢asi, Ta YyTBOPEHHSI PO3YMHEHOro y BOAI Opomy, L0 3HAYHO
neriwe BigHOBMIOETLCA HA POBOYOMY enekTposi.

3aranom, enekTpos 3 NIAaTUHOBAHOIO TUTAHY Y CUCTEMI 3 BOLHUM
poO34nHOM LIiBr moxe 6yTn BUKOPUCTAHUW AN CENEKTUBHOIO KiflbKiCHOMo
amnepomMeTpunyHoro BnsHavyeHHst NO, Ha (pOHi aTMOCHEPHOro KUCHIO.

Mepenik nocunaHb
[1] Bnagumupos A.M., JlaxuH KO.N. OxpaHa okpyxawLien cpeabl. —
J1.: 'mppomeTeonsgat, 1991. — 422 c.
[2] Buket O., Linyucheva O., Nahorniy O., Bludenko A., Linyuchev O.
Extending the range of amperometric sensors // Chemistry and Chemical
Technology. — 2015. — Ne 9(2). — P. 251-255.
[3] UBipyk B.l., bBykeT O.l. Buxig 3a cTpymMmOM O30HYy Ha CBUHLEBOMY
aHoAi B opTodocopHin kucnoTi // BicHuk JlbBiBCbKOro yHiBepcuTeTy.
Cepia ximivyHa. HactnHal. — 2002. — C. 226-228.
[4] CnpaBo4Huk no anektpoxmmun / MNMog pen. CyxotuHa A.M., nsg. 4-
e, ucnp. n gon. — J1.: Xumusa, 1981. — 488 c.
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YOK 620.193.2

THE EFFECT OF THE NUMBER OF ELECTRODE COUPLES ON THE
SENSITIVITY OF ELECTROCHEMICAL SENSORS OF
ATMOSPHERIC CORROSION RATE

OSADCHUK S.A., NYRKOVA L.I., MELNICHUK S.L.
PWI. Paton NASU. 03680, Kiev-150,Str. Malevich, 11.
svetlanaosadchuk@meta.ua

The influence of the number of electrode couples on the sensitivity
of electrochemical sensors was investigated for the estimation of the
corrosion rate of carbon steel in atmospheric conditions. It was shown
that at increasing the number of electrode couples of the sensor from
one to two the ratio of electrode width to the thickness of insulation layer
increases by a factor of 1,75, and at increasing the number of electrode
couples from two to four the thickness increases by a factor of 1,3. The
further increasing of the number of electrode couples in the sensor will
not significantly increase its sensitivity.

BITIMAHUE KOJIMMECTBA 3NIEKTPOAHbIX MNAP HA
HYYBCTBUTEJNIbHOCTb SNIEKTPOXUMUHECKUX OATHUKOB
CKOPOCTU ATMOC®EPHOU KOPPO3UU

OCAYYK C.A., HbIPKOBA 1.1., MEJIbBHNYYK C.J1."
N3C um. E. O. NamoHa HAH YkpauHsl. 03680, 2. Kues-150,
yn. K. Manesuya, 11; svetlanaosadchuk@meta.ua

NccnenoBaHO  BnvMSiHME  KONMYECTBA  ANIEKTPOAHLIX  Map  Ha
YYBCTBUTENbHOCTb 3MIEKTPOXMMUYECKUX OATYMKOB OS5 OLLEHKN CKOPOCTU
KOppO3un yrrnepoaucTon ctanu B atMmocepHbix ycnosusx. NokasaHo,
YTO MpU YBENMNYEHUN KONMYeCTBa 3NEKTPOAHbIX Map AaTyuMka OT OOHOM
0O  OBYX  OTHOLUEHue LLUNPUHDI anektpoda K  TOmMWwuHe
31IeKTPOU3oNNpYyoLLEN NPOCIIoNKN yeenuumeaeTcda B 1,75 pas, a oT gByx
0o detbipex — B 1,3. [HanbHenwee yBenuyeHue KonuvyecTtsa
9NEeKTPOAHbIX Map AdaTyuka npakTuyeckn He ©OyaeT cnocobcTBoBaTh
CyLeCTBEHHOMY MOBbLILLEHWIO €ro YyBCTBUTESTbHOCTM.

* ABTOPbI BblpaXaloT UCKPeHHIo GnarogapHocTb KO.®. daTteeBy, OOLEHTY, 3aCMy)XeHHOMY
npenogasaTento «XMMuKo-TexHonorndeckoro cakynoteta» HTYY «KIMN» 3a npeanoxeHus un
3amMeyvaHusi, NonyyYeHHble B Xxoae paboThbl.
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N3BecCcTHO, 4YTO Npu onpeaesieHn MrHOBEHHOW CKOPOCTU KOPPO3nNU
O4HUM n3 Hanbonee NCMNOSIb3yeMbIX aBnsgeTcd MeTo[,
NONAPU3aLNOHHOIO COMPOTUBAEHUS, PpaboyYnn MHCTPYMEHT KOTOPOro —
SNIeKTPOXMMUYECKNE OaTyYUKKU, TMPUMEHHAEMbIe B 3MEeKTPonpoBOaALLMX
cpefax: Bogax, OOBOAHEHHbIX HedTenpoaykTax, oxraxgarLwmx
XWOKOCTSAX, Nog CcMasodHbiMM MaTepuanamun u 1.4. [1]. PasHoobpasue
KOHCTPYKUMOHHbIX pPELUeHUA [aTynkoB 06ycroBrneHo TpeboBaHMsIMU
0OBbEKTOB KOHTPOSA, 3KCNNYaTUPYIOLMXCS B PasfnnyHbIX YCIOBUSIX.

[MpuMeHeHne  3NEKTPOXMMUYECKMX  METOLOB  KOPPO3UOHHOIO
MOHUTOPUHra Anst HabnoaeHust 3a TOHKOMSIEHOYHOW  KOPPO3MEN
3aTpyAHEHO U3-3a BbICOKOrO OMUYECKOro COMPOTUBIIEHUA 3feKTponuTa.
[ns npeogoneHus aTon npobnembl pa3paboTaHbl 3MEKTPOXUMUYECKNE
A4YerMKM C KOMOBEPXHOCTHbIM pacnorioxeHnem anektpogos [1].
MeToguyeckmin noaxod K paspaboTke YyBCTBUTENBbHONO 3rieMeHTa
MHOrO9MIEKTPOAHOrO AaTyMka CKOPOCTU aTMOoCepHOM Koppo3vn B
TOHKMX TMMEeHKax OCHOBbIBariCA Ha TeOpeTU4ecKnx OCHOBax MeToaa
NnonApu3aLMoOHHOrO COMPOTUBIIEHUS U OMnpedesieHun  OnTUMarbHbIX
KPUTUYECKNX napameTpoB KOMOBEPXHOCTHbIX  3NEKTPOAOB B
COOTBETCTBUM C COOTHOLLEHMEM [1]:

Prpur. = 0:10pur. - (1)
roe g - WupuHa anekTpoaa;

p - TOSILMHA SNEKTPON3OSTMPYIOLLIEN MPOCIONKM.

OtmeueHo 1], 4TO nMNpM  MCNOMb30OBaHMM  JaTyMka C
KOMOBEPXHOCTHbLIM  PACrONOXEHWEM 3NeKTpoAoB C  napameTpamMu
q < 400 mkm n p < 40 MKM MOXHO oOrnpenensaTb CKOPOCTU KOppo3uu
crtanen, B TOM 4ucrie, CBapHbIX COeANHEHUN C MOrpeLHOCTAMN MeHee
10 % npakTnyeckn B NHOOLIX YCIOBUAX TOHKOMSEHOYHOM KOPPO3UW.
OpHako, BrMAHWE KONMMYECTBA 3MEeKTPOAHbIX Nap Ha YyBCTBUTESIbHOCTb
AaTymkoB aBTopamu [1] He paccmaTpumBanocs.

Llenb paboTbl coctosna B U3Yy4eHUN BIAUSHUA  KONMYecTBa
9NEeKTPOAHbIX  Map Ha  YYBCTBUTESIbHOCTb  MHOMO3SIEKTPOLHbIX
KOMOBEPXHOCTHbIX JATYMKOB A1 OLLEeHKN CKOPOCTUN KOPPO3UN B YCIOBUSIX
3aWnTbl OT aTMOC(epHOM KOoppo3uu (npoayBaHWE CyXMM BO3OYXOM,
npUMeHeHNe MHIMBUTOPOB U T.4.), B TOHKNX (pa30BbIX U a4COPOLMOHHBIX
nneHkax TonwuHom ot 0,6 go 45 Mmkm npum 100 % OTHOCUTENBHOM
BNaXKHOCTW Bo3ayxa u Temnepatype oT 24 °C go 50 °C.

MeTtopaonorusa nccnegoBaHum

CKopOoCTb KOppo3un onpenenany oBymMsa MetogamMmn: MaccomeTpum —
Nno cTaHZ4apTHLIM MeToLMKaM 1 NonsipusaLmMoHHOro conpotusrneHus [1].
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Pe3ynbTaTtbl u ux obcyxxaeHume

Xapaktepuctmka paspaboTaHHbIX 4aTYMKOB C pasHbIM KONMYECTBOM
9NeKTpoaHbIX Nap npuBegeHa B Tadbn. 1, 3D cxema MHOroaneKkTpogHoro
Aartymka — Ha puc. 1.

Tabnuua 1. Xapakmepucmuka uccriedyemMbix 0am4yuKkos

Bug gaTtumka Pasmep anektponos, MM Makcumanb- Coort- Mnowaab
n konuyectso | OnuHa | LWupu- Ton- Haga TonwmHa HoLue- YyBCTBMU-
3N1EeKTPOAHbIX | Ha LKUHa | SNeKTpounsonu Hue TenbHOro
nap -pytoLen V afeMeHTa
NPOCHOiKM p, q S, cm?
MM

moaens 1, 45 10 5,8 0,325 0,0325 9,0

ofHa napa

Moaens 2, 50 10 2 0,200 0,0200 5,0

OfHa napa

Mogenb 3, 50 2 10 0,070 0,0350 2,0

ABe napbl

mMogenb 4, 50 3 2 0,140 0,0467 6,0
yeTblpe napbl

[na  noBbIlWEeHUs  YyBCTBUTESIbHOCTW  OaT4YMKOB  yMeHbLuasnu
TOSILLNHY SSIEKTPOM3ONNPYIOLLIENO CNosi 40 3HAYEHUW, COMOCTaBUMbIX C
TONMWMWHON  BJI@XHOM TMfIeHKM W MOBblWanM ero nepexonHoe
9IeKTpUYEeCKoe CONPOTUBMEHMNE, YMEHbLUann LWUPUHY U TOSMWUHY
9M1eKTPOoLOB, yBENNYNBanm nx KONM4YecTso.

[Ons  ymeHblleHna pasHuubl
Mexay TemnepaTtypon aaTtyuka u
TemMnepartypou cpenbl ero
Kpenunu  Ha  noasfioxke K3
TensonpoBoagHOro matepuana [2].

BaxHbim napamMeTpom,
BSINAIOLLMM Ha YyBCTBUTESIbHOCTb
9NEKTPOXMMUYECKUX [OaT4YMKOB C
KONOBEPXHOCTHbLIM pacnorso-
XeHneM 3nekTpoaoB, SBNSAETCH
COOTHOLUEHNE LUUPUHbI 3NEKTPO-
Puc. 1. Obwuli sud mHozo- [OB K TOSMLMHE 3NeKTpou3onu-
3/1eKmpodHO20 Oamyuka: pyloLiero cnosi. [ns cpaBHeHus

1 — Mmemannu4yeckasi ocHoga;
2 — 351eKmpo0bI Yyecmeumersib-HO20 HyBCTBUTEIIHOCTW ~ [aTHNKOB  C

anemMedma damyuka: pa3HbIM  KONMUYECTBOM 3JIEKTPO-
3 — Ouanekmpuyeckuli crou; 0B, KoTOopoe onpenendaeTca
4 — mokoomeood CKOPOCTbIO KOppo3unu, 9TO

COOTHOLLEHMEe ObINo paccynTaHo,
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M MNONyyeHHble AaHHble npeacTaBneHbl B Tabn. 1. llockonbky npw
YyBENIMYEHMM KONMYECTBA AMEKTPOAHBLIX Map AaTymka OT OOHOW OO0 ABYX

OTHOLIJeHVIe% yBenuuusaeTcsa B 1,75 pas, a oT ABYX A0 YeTbipex — B
1,3, TO MOXHO MpPeanonoXxnuTb, YTO [JarnbHelllee YyBenuyeHue

KONMYecTBa O9MNeKTPOAHbIX Nap AaTyvMka He OyaeT cnocobcTBoBaTb
CYLLLeCTBEHHOMY MOBBLILLEHMIO €0 YYBCTBUTENBHOCTU. [103TOMY AaTUYMK C

xop Mo . lkop Mo .. YeTblpbMsi  3NEKTPOAHbIMU
2000° / 015 ;. nNapamu obecneuut onpepe-
1540° 010 . rleHne CKOpOCTU KOppo3uu B
1000° s 005 TOHKUX MNMNEeHKax ¢ 3aaHHoOW
5040° ) 0,00 2, TOYHOCTbIO. [poBepka

0 A 0 © 10 10 YyBCTBUTEMbHOCTU AATYMKOB

t MH

pasfindHbiX  Moaenenm  no
nokasaTesnto CKOPOCTU Kop-
pO3un Mpu OTHOCUTESIbHOM
BnaxHoctn so3ayxa 100 % un

a 6
Puc. 2. Ckopocmb Koppo3uu, orpeodesieHHas ¢
rnomMmouwbro 0am4yukoe ¢ pa3HbIM KOIU4ecmeom

371eKMpPOOHbIX 1ap NpU OMHOCUMEsbHOU Temneparype 24 °C
enaxHocmu 100 % u memnepamype 24 ° C (a)  (pvc. 2, a) 6e3 KoHaeHcaLuum
u 50°C(6): Brnarnm n 50 °C (puc. 2, 6) c

1 —modenb 1 (00Ha napa); 2 — modenb 2 (00Ha  koHpeHcauuel BRarm nog-

napa); 3 — mooenis 3 (0ee napbl); TBEpOMNa NpeanonoxeHue o
4 — mooesnb 4 (4embipe napsbl)

A0CTaTO4YHOCTH yeTblpex
9NEKTPOAHbIX Map B €ro KOHCTPYKUMW Ona onpegesie-Hus CKOpoCTuU
KOoppo3un B ycrnosusix obpasoBaHus agcopOLUNOoHHbIX NneHoK. Kak BugHo
(puc. 2), npu KOMHaATHOM TemnepaType, Korga Brnara He KOHOEeHCUpyeTcs,
HanbonbLLYyo YYBCTBUTENbHOCTb NPOAEMOHCTpPU-poBan
MHOrO3MEKTPOAHbIN AaTHMK C YETbIPbMS 3NEKTPoAHbIMW napamu (puc. 2,
a, ©, kpmBas 4). CpaBHMBasi 3Ha4yeHUsT CKOPOCTEN KOppO3uw,
nofslyYeHHble MEeTOAOM MNONSPU3auMOHHOrO COMPOTUBMEHMS W Mac-
comeTpumn (puc. 2 n Ttabn. 2) yctaHoBneHo, 4To 6onee O6bLEKTMBHLIE
pe3ynbTaTbl NOSyYeHbl C MOMOLLBbIO AaTYMKa C YETbIPbMS ANIEKTPOAHBbIMU
napamu (mogeno 4).

Tabnuya 2. Pe3ynbmamsl oripedesieHuUsi CKopocmu Koppo3suu yernepoducmou
cmasiu MemodoM mMaccoMempuu U roaspu3ayUuoHHO20 CONPoOMuUBIIeHUs C
nomMowbro 0amuyuKkoe8 pasHbix Modesieli npu pasiuyHbIX memrnepamypax u

omHocumersibHOU enaxHocmu g8o30yxa 100 %

Temnepa- CkopocTb Koppo3uu, mm/roa
Typa, °C MeTopn MeTon nonapusaumMoHHOro ConpoTUBIIEHNS
MaccomeT- Mopaenb gatymka
pun 1 2 3 4
24 0,005 0,00032 0,0014 0,0011 0,022
50 0,076 0,0041 0,0039 0,150 0,20

169




Promising Materials and Processes in Technical Electrochemistry. Part 4

3meHeHne nnoTHOCTM TOKa B KOHTPOMMPYEMbIX aTMOCEepHbIX
YyCroBusIX MNpW  OTHOCUTENbHOM BnaxHocTn Bosgyxa 100 % wu
TemnepaType 24 °C ¢ nepuoanyHocTbio 0,25 yaca, onpeaeneHHoe npu
NOMOLLM AaTYMKOB C pasHbIM KONMYECTBOM 3NeKTpoaHbIX nap (puc. 3)
noaTeepxaaer  Oonee  BLICOKYH  YyBCTBUTENbHOCTb  [aTyumka
MHOrO3MEKTPOAHON CUCTEMBI B 3TUX YCINOBUSIX.

JAV/ZANS AlcM2.MuH
1,0x10°} '

8,0x107 +
6,0x10”
4,0x10”

1

v
1

0 30 60 90 120 150 180

t. MWH
Puc. 3. IsmeHeHue rninomHocmu moka rpu omHoCcuU-mersibHoU 8r1axHocmu 8o30yxa

100 % u memnepamype 24 °C ¢ nepuoduyHocmsto 0,25 yaca rpu nomMouiu
0amyuKko8 ¢ pa3HbIM KO/lu4ecmeom 351eKmpoOHbIx nap: 1 — moderb 1 (oOHa napa); 2
— moQerib 2 (00Ha napa); 3 — modesnb 3 (0se napbl); 4 — moderb 4 (Yembipe napbi)

BbiBOAbI

Mpn yBennyeHnn KonmyecTBa 9NEeKTPOoAHbIX Nap AaTymka CKOpPOCTU
aTMOCKEPHON KOPPO3MM B TOHKUX MfEeHKax Bnarn oT OOHOW [0 OBYX
OTHOLLUEHME LUMPUHbLI 3SMEKTPOOOB K LUMPUHE 3NEeKTPOU3O0SIMPYHOLLEN
npocrionkn ysenuymeaetcd B 1,75 pas, a oT gByx A0 yeTtbipex — B 1,3.
HanbHenwee yBenuyeHWe KONMUYecTBa 3MEKTPOLHbIX Map gaTyuvka, He
Gynet cnocobcTBoBaTh CYLLECTBEHHOMY MOBbILLEHNIO ero
YyBCTBUTENbHOCTU. NpUMEHEHNE gaTyMka C YeTbipbMsi 3MEKTPOOHbIMU
napamu gns onpegeneHusi CKOpPoCTM aTMOCepHOMN KOppO3uKn yrrepo-
ANCTON CTannm B afCOPOUMOHHBIX MfIEHKax MpPOoAEeMOHCTPMPOBano
yOOBeTBOPUTESIbHOE COBMNaeHne ¢ pesyrbTaTaMn MacCoMeTpPUN.
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YOK 621.357.2-543.257-541.135

CHLORINE EMISSION MONITORING IN THE COPPER
ELECTROWINNING PROCESS FROM LEACH SOLUTIONS
OF CARBONATE ORES

USHCHAPOVSKYI D.YU., LINYUICHEV O.G., TSYMBALIUK A.S.
National Technical University of Ukraine "Kyiv Polytechnic Institute";
soltdim@gmail.com

The process of compact copper electrowinning from chloride-
containing solutions of carbonate ores leaching was investigated. The
industrial rectifier “Kraft Flex” by Kraft Powercon was used as a DC
power source. The estimation of chlorine emissions at the work of a
semi-industrial cell was carried out by using the NTUU “KPI” series of
two-electrode amperometric sensors. It was shown that at a
concentration of chloride ion in pregnant leach solution of about 0,5
g/dm® the chlorine concentration in the air stream above the
electrowinning cell in electrowinning with a current density of 5 A/dm?
can achieve 4 mg/m? (four times higher than the MPC of working zone).
Technological calculation confirms profitability of chlorine utilisation as a
collateral product of the copper electrowinning process in the form of
highly profitable product — sodium hypochlorite solution.

MOHITOPUHI BAKUAIB XINOPY NMPU ENIEKTPOEKCTPAKLIMHOMY
OTPUMAHHI Migl 3 PO34YUHIB BUITYTOBYBAHHA KAPBOHATHUX
Py

YWAMOBCBLKMI [. 1O., NIHKOYEB O. I'., LMUMBAIIOK A. C.
HauioHanbHul mexHiyHuUl yHieepcumem YKpaiHu «Kuigcbkuu
rnonimexHidyHulU iHcmumymy, soltdim@gmail.com

[locnigyxeHo npouec enekTpoekCcTpakLUil KOMNakTHOI Migi 3 xnopua-
BMICHMX PO34YMHIB BUITYroBYBaHHA KapOOHATHUX MigHUX pya. 34iMCHEHO
OUiHKYy o0bcariB  BukMAiB  xnopy npu poboTi  HaniBnpoMMUCHOBOI
nabopaTtopHoi KoMipku. [MpoBeoeHO TEXHOSOriYHI  po3paxyHKW, Lo
NiaTBEPAXYOTb peHTabenvHiCTb  yTunizauil  xnopy 4k nobivyHoro
NPOAYKTY TMpPWU eneKkTpoeKcTpakuii Migi, y BUrnagi BUCOKOJSIKBIAHOIO
TOBAPHOIro NPOAYyKTY — MeAUYHOro PO3YKMHY iNOXSIOPUTY HaTPIlO.
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OpHieto 3 BaxnmBux npobriem, ska BWHUKAE nNpU  PoOBOTI
rigpomMeTanyprinHux BMPOOHMUTB, € YyTunisauia BigXOA4iB NepepobKu
pyaHux wmatepianie [1]. 3okpema npwu rigpoenekTrpomMeTanyprinHomy
OTPUMaHHI Migi 3 OKCMOHMX Yn KapboHaTHUX pya  Ha  cTagil
BUJTYTOBYBaHHA B PO3YMH MOXYTb MNepexoauTn Xropua iOHW, sKi npu
noganbllOMy  efeKTpPOeKCTpakuintHoOMy  oTpumaHi  Mmigi  6yayTb
OKMCIOBATUCh Ha aHOfi 3 YTBOPEHHSM MOSEKYNAPHOro xfopy. 3 ogHory
BOKy, XNop € €eKONnoriMHO HebeaneyHnM Ta Mae PYWHIBHY Aito no
BigHOWEHHIO A0 obnagHaHHA. 3 iHwWoro 60Ky, XNop € LiHHO
NPOMMCIIOBOK CUPOBMHOI | HAbyB LLUMPOKOro 3acTocyBaHHSA y Baratbox
ranyssx xiMmiyHOI NPOMMUCIIOBOCTI. Buxoasyum 3 BulleHaBedeHOoro MoxHa
BUOINUTU pASg BaXKNMBUX MPUKNagHMX 3aBAaHb, BUPILLEHHS SIKMX Gyae
HaBedeHo B AaHin poboTi:

- BM3HA4YeHHA BMICTYy XNopy Y MOBITPAHOMY nNpPOCTOpi Hand

HaniBNPOMMCIIOBOK KOMIPKOK efleKTpoeKcTpakLUil mMigi;

- nporHo3yBaHHA o06caAriB BUKMAIB Xnopy Ta Bubip cnocoby Ix

yTunisawii.

MeToponoria gocnigkeHHA

[Ans pocnigkeHHs 3acTOCOBYBaSIMCh Cynb(aTHO-KUCSTT MigbBMICHI
PO3YNHKN, OTPMMAHI LUNSAXOM BWUITYrOBYBaHHS MPUPOOHMX KapBoHaTHMX
pya Ta MogenbHi po3uvHW. BunyroByBaHHA kapOoHaTHUX pyAa
sgivcHioBanu 9% po3yMHOM cynbgaTHOl kucnoTu. KoHueHTpauito
xnopwug, iOHIB B pO34YMHax BU3Ha4anm 3a A0NOMOroto
noTeHuiomeTpunyHoro TutpyBaHHa 0,01 M posunmHOM HiTpaTy cpibna.
Po3unHu mictunu r/gm®: 180 — 207 CuS0O,-5H,0; 10 — 100 H,SO,; 0,4 —
0,8 Fe**; 0,4 - 0,5 CI..

[na gocnigXeHb 3acTocoByBanacs NPsiMOKYTHa HaniBnpomMmcrnosa
komipka poBounm o6’emom 9,6 AmM°, BUKOHaHa 3 nmacTuky. B skocrTi
KaToda 3acTocoByBasnacs nnactuHa 3 Hepxasitodol ctani X18H9T i3
pobo4oto nnotLueto 14  gm> Topui KaTtoga i3omnoBannch
CTPYMOHENPOBIAHMM  3aXUCHUM  eKpaHOM. B 4dkocti  aHopga
BUKOPUCTOBYBasiacb nsfiacTuHa i3 XiMIYHO-YMCTOro CBMHLIIO 3 poboYoro
nnoweto 15 om?. BigcTaHb Mixk KAaTOAOM Ta aHOAOM y KOMipLi cTaHOBUNa
50 mmMm. [I3epkano enekTposiTy, 3 MeTOK 3MeHLLEHHA BMMNApOBYBaHHA Ta
BWUHECEHHSI eneKkTPOosiTy, BKPMBANoCb LUAPOM MNiHO-NOMICTUPOSIbHNX
doparmeHTiB. Hag KOMIipKoK po3TalloByBasriacb MicueBa BeHTUNAUIMHA
cuctema 3 NpoAykTuBHICTO 105 m3/rog.

EnekrpoekcTpakuito mMigi 34incHIOBanu 3i CTyniH4aCTUM 3HWKEHHAM
poBOoY0I ryCTMHM CTPYMY B Yaci, BignoBigHO 4O 3MEHLUEHHS1 KOHUEeHTpauil
iOHIB Migi B po3uunHi [2]. [lepen enektpoocamXeHHAM Migi 3a
TEXHOMOrMYHOI TYCTUHM CTPYMYy, Ha Katog 3 HepxaBitoyoi cTani
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HapoLlyBanu MNEpBWHHWIA Wap Migi 3a ryctmHu ctpymy 0,45 A/gm?
(onepauis  3aTskkM). B akocTi  mpkepena  NOCTIMHOMO  CTpyMy
BUKOPUCTOBYBaBCA MpomucrioBun asobrniokosun sunpamnady Kraft Flex
dipmu Kraft Powercon i3 napaneneHMm 3’egHaHHAM BrokKiB.

BusHadyeHHA KOHUeHTpauil xfop Yy MOBITPI HaL KOMIpPKOK
34iMCHIOBanNu 3a OOMOMOror YHichikoBaHOI cepil ra3oBux CeHcopiB cepil
HTYY «KMl» [3], a came, amMnepoMeTpuyHOro CeHCopy Xnopy 3
nianasoHoM koHUeHTpauin 0 — 5 ppm (0 — 14 wmr/m®). Ockinbkn FOK
XMopy y noBiTpi pobouoi 3o cknagae 2,8 ppm (1 mr/m®), Tomy B
BUpPOOHULTBA NOTPebyoTb 0cobnMBMX 3axofiB LLOLO TexHiku 6esneku,
CKIlaZlOBOK SKMX € MNOCTIMHUMA MOHITOPUHI MOBITPAHOIO CepenoBuLLa.
CeHcop Xxnopy Ha OCHOBIi TBepAOTifIbHUX CUCTEM 3 MaTpUYHUM
eneKkTPosIiTOM NpuaaTHUN AN BUKOPUCTaHHA nNpu TemnepaTtypi Big —30 +
+50 °C, gk B ymMOBax UMKNIYHOI 3MiHM BOSIOrocTi, Tak i npu cTtabinbHO
HW3bKIi BiQHOCHIN BonorocTi nosiTpsiHoro cepegosuwa (Big 10 oo 98 %)
[4]. CeHcop xnopy HTYY «KIlll» saBnse cobow AOBOENeKTpoaHy
eneKTPoXiMiYHY KOMIPKY, fdKa pearye Ha Xrnop, KOTpuh € Yy MOBiTPI,
YTBOPIOOYN MPU LIbOMY HenepepBHUM CTPYMOBUI curHasn. Cuna ctpym,
fika reHepyBasnacs CeHCOpOoM, NMPSMO MponopLinHa KOHUeHTpaLil Xnopy B
NoBITpi i peecTpyBanacy 3a 4ONOMOrok ABOMO3ULINHOIO KOOPANHATHOIO
camonucua [MOA-1. CeHcop poamiwlyBaBcs Ha BigCTaHi 7 cM Big
Asepkana enekTposnity y Komipui nig Kopobom MicueBOl BEHTUNALINHOT
CUCTEMU, TaKUM YMHOM, WO6 ceHcop ekcrnnyaTyBaBcs B AMGY3iINHOMY
pe>|<vn\é|i. YyTnumeicTb ceHcopa xnopy cknagana 3,3 MkA / ppm (1,18 mkA /
Mmr/ m°).

Pe3ynbTaTt Ta ix 0GroBopeHHsA

EkcnepumeHTanbHi AaHi, OTpUMaHi Npy eneKkTpPoXiMiYHIn ekCcTpakuii
Migi 3 XIOpUA-BMICHOrO pO34MHY NpenCcTaBreHo Ha puc. AK BUOHO 3 puc.
a., Ha NepLIoOMy eTani enekTPooCcamKEeHHSA Migi (peXum 3aTsKKu KaToaa),
npy HaknagaHHi cunu ctpymy 6,3 A npotdarom 2,05 rog pobotu
crnocTepiraBcsl CTPYMOBMW CUrHan Big CeHcCopy, SKMAW Bignosinas
KOHLeHTpaLii xnopy 6nuabko 1 mr/m>. Tpu HaknagaHHI TEXHOMOTYHUX
BESIMYMH CTPYMOBOrO HaBaHTaXKeHHs 92 — 56 A, cnocTtepiranocb pi3ke
3pOCTaHHA Ta nojarblue 3HWKEHHA KOHUeHTpauil xropy, 3a 2,325 rog,
Big 6,5 o 3,2 mr/m° (puc. 6, kpuBa 3), AKe MOXHa arnpoKcMmyBaTu
HaCTYMNMHUM PiIBHAHHAM:

[Cl,] = 15,57 %" (R? = 0,7854). (1)
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a 6
Puc. 3miHa 0OCHOBHUX NMapamMempie 8 Yaci npoyecy efriekmpoxiMiyHOI ekcmpakuii Mioi:
a) pexxum 3amsikKku kamooa; 6) mexHo102iYHUU pexum esiekmpoeKkcmpakuyii. 1 —
epagbik 3aMiHuU pobo4yoi cunu cmpymy 8 Yaci; 2 —3miHa Harpyau 8 4Yaci; 3 —
3arnexHicmb 3MiHU KOHUeHmpauii Xs1opy 8 4aci.

CepeaHs KoHLEeHTpaLisa xnopy (Mr/M®) npu enekTpoekcTpakLii migj
3@ TEXHOSOrMYHMUX BENWYMH TYCTUH CTpyMy Moxe OyTn Bu3HayeHa
LLUNAXOM iHTerpyBaHHA piBHAHHA (1) 3a popmynoto Tpanewii. BignosigHo
00 OTPUMaHUX eKCnepuMeHTasrlbHUX Ta PO3paxyHKOBUX LaHUX MOXHa
BU3HAYNTN pPSO  OCHOBHWMX TEXHOMOMYHUX napamMeTpiB  npouecy
BUAOINMEHHA XMOpY Ha aHodi npu  enekTpoekcTpakuii - Mmigi, Lwo
npeacTaBneHi B Tabnuui.

- Pexum 3aTsKku TexHonorivyHnm pexum
MapameTpun, po3mipHicTb
KaTtoaa eNneKTpooCcamKeHHs
Tpusanictb eTany 205 233
eneKTPOoOoCaaXEHHS, rog
O6c¢csar I'.IOFJ'éVIHyTOFO noBiTpS B 215 244
npoueci, M
CepegHﬂ KOHLIeHTpauis xnospy 1,00 3.94
y NOBITPSAHOMY NOTOLi, Mr/M
CymapHa KinbKiCTb BUAineHoro 215 962
Xnopy, Mr
CepegHs BennymHa algop,Hm 0.40 4.99
rycTuHu ctpymy, A/am
CepepnHsi BenuunHa poboyoro 6.30 74.84
cTpymy, A
KinbkicTb enektpuku, A*rog 12,9 174
Buxig 3a ctpymom, % 1,30 0,42
[MpoayKTUBHICTL XIopy Mr/rog 105 414
[MnToMa NPOAYKTUBHICTb i 47
xnopy, r Cla/ kr Cu ’

174



Promising Materials and Processes in Technical Electrochemistry. Part 4

Ak BugHO 3 Tabnwuui, BuUXig 3a CTPYMOM Xfopy Yy Mpoueci
eneKTpOeKCTpaKL|ii Miai 3a aHogHOi rycTvHu ctpymy 0,4 — 6,1 A/lam® €
ayxe manum, Lo 3yMOBJSIEHO BiQHOCHO Masium BMICTOM XrOpuA IOHIB Y
po3umHi (0,5 r/am®), i He nepesuiye 1,3 %. CymapHa 3MiHa KOHLeHTpaLii
XNOpUA iOHIB B pO34MHIi 3a BeCb Yac enektpornidy He nepesuwye 20 %, a
OTXe 3MEHLUEHHA KOHUeHTpauil Xxfopy Yy noToui noBiTpa npu
TEXHOMOM4YHOMY PEeXUMi eneKTpoeKCTpakLili B OCHOBHOMY MNOB’si3aHe 3i
3MeHLLEHHAM PoB0oYOI I'YCTUHU CTPYMY.

KoHueHTpauis xnopy y MNOBITPAHOMY MNOTOLi HazZ KOMIPKOK npu
cepeqHii aHoAHIN rycTuHi cTpymy 4,99 A/om® carana 6nuabko 4 mr/m?,
wo y 4 pasis Buwe 3a OK xnopy y nosiTpi pobo4ol 30HU. AKLO
BUOINNTU 3aMKHEHUN 06’eM poboYOl 30HU 2x2X2 M°, TO 3a BiICYTHOCTI
3acobiB  BeHTUNAUT npu  poboTi nabopaTopHOi HaniBNPOMUCIIOBOI
KOMipku Yyepes 2,325 rof, KoHUEeHTpauis xsiopy cknagatume 6nuasko 120
mr/m, Wwo B 120 pasie BuLle 3a IAK xmnopy y noBiTpi po6o4yoi 30HM.

[lnToMa nNpPOOYKTUBHICTL XNOPY MpU enekTpoeKCTpakuil migi 3a
aHOOHOT ryCTUHM cTpymy 4,99 A/om? Ta BignoBigHo kaTtoaHoi 5,3 A/lam® —
cknagae 6nusbko 4,7 r Cl, / kr Cu. TobTo, Npu enekTpoocamXeHHi 1 T
BMCOKOYUCTOI Midi 3 PO3YMHIB BUITYroByBaHHS KapboHaTHMX pya, WO
MicTaTb 6nmsbko 0,5 r/om®, MoxHa oTpumatn Onusbko 4,7 Kr xropy.
OOHMM 3 MOXNMBMX LWUNAXIB YTUMi3auil Xropy € MOro norfiHaHHA B
HacaKoBMX anapartax KOJIOHHOro TUMy POo34YMHaMU TiAPOKCUAIB HATPIto
abo KanbLito, B HAcnigok 4oro MOXyTb BYTU OTPUMaHi PO34YMHKN XJTopuais
Ta rinoxsiopuTiB Uux meTtanis. [1pyn noBHOMY nornnHaHHi 4,7 kr xnopy 100
am® 6 %-Boro po3unHy NaOH moxHa oTpumaTtu BignosigHun ob’em 5 %
PO3YMHY TIMNOXIIOPUTY HATPIt0. Takur PO3YMH € TEXHOMOMYHO NpUaATHUM
0N BUKOPUCTaAHHS B SIKOCTIi  MeAudHoro aesiHdikyrovoro 3acobdy,
PUHKOBA BapTICTb AKOro cknagae 6mmabko 30 rpH /0,1 am®,

BucHoBKuM

30iMCHEHO  ouiHKy  obcdariB BUKMAIB  Xropy  npy poboTi
HaniBNPOMMCIOBOI KOMIPKM erneKkTpoeKkCTpakuil Migi 3 XnopuaBMiCHUX
CynbdaTHO-KUCNNUX  PO3YMHIB  BUIYroByBaHHA  KapboHaTHMX  pya.
BcTaHoBneHo, wo npu peanisauil enekTpoxiMidyHOI ekcTpakuil migi, 3
PO34MHIB, SIKi MicTATb Gnm3bko 0,5 r/om® Xnopug ioHiB, Moxe 6yTn
pocarHyto 120-tn kpaTHe nepesuweHHs 'K 3a KoHUeHTpaUieto xropy y
3aMKHeHoMy 06’eMi po60o40i 30HM 8 M>.

Ha oOCHOBIi TexHOMOr4YHMX po3paxyHKiB MOKasaHo, LWo npu
OTPUMaHHI OOHIET TOHWU BMCOKOYUCTOI KATOAHOI Migi 3 XITIOpUABMICHUX
PO34YMHIB BMNYroByBaHHA KapOoOHaTHMX pyd MOXHa oTpumaTtn 6rm3bko
4,7 Kkr xnopy. 3anponoHOBaHO 34INCHEHHS YTuRi3auil Xfopy LUASXoM
NOrfMHaHHA po3dynHamu rigpokcmay HaTtpito. lNpouec ytunisadii xrnopy €
OOHIE0 3i CKNnagoBMX KoMMnNekcHoro crnocoby nepepobku baratmx Ha
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MiOb OKMCHEHUX Ta kKapboHaTHuX pya [1], peanisauis sikoro A03BOMUTL
CTBOPUTM peHTabenbHe, rHy4Yke B YyMOBax pPuHKY, 6e3BigxogHe Ta
eKonoriyHo-6e3neyHe BUPOOBHMLTBO.

NMoasika

Konektne aBTOpiB BUCMOBMIOE LWMPY BAAYHICTL ipmi  Kraft
Powercon 3a HagaHy MOXMMBICTbL MpauoBaTtM 3 MPOMUCIIOBUM
Bunpamnadem Kraft Flex.

Cnucok nocunaHb
[1] KomnnekcHa nepepobka 6GaraTux Ha Migb OKUCNEHUX Ta

kapboHaTHux pya / 0.KO. Ywanosckuin, O.B. JliHoueBa, M.l. [JoH4yeHKo,
M.B. bBbuk // CyyacHi npobrnemmn enekTpoximii: OCBiTa, Hayka,
BUPOBHMUTBO: 36ipHNK HaykoBuX npaub. — Xapkie: HTY «XIMl». — 2015. —
C. 192 -193..

[2] PaspaboTka BbICOKONPOAYKTUBHbBIX TOKOBbIX PEXMMOB MpoLecca
9MEKTPO3KCTpakumMmM mean B Buae KomnaktHoro Metanna / [O. HO.
Ywanosckun, M. . doH4yeHko, O. B. JluHwouea, 1. H. CknagaHHbin //
BocTo4HOo-eBponencknuin XXypHan nepenoBbix TexHonormn. — 2014, —
6(72). — C. 48 — 55. DOI: 10.15587/1729-4061.2014.30660

[8] [MateHT VYkpaiHm Ne43414  EnektpoxiMiyHa KOMipka  Ans
BU3HayeHHAa ranoreHiB y nositpi / B.M. Ysipyk, O.B. JliHoueBa, C.B.
Hedbonos.17.12.2001. Bron.Ne11.

[4] Ysipyk B.l., JliHtoueBa O.B. EnekTpoxiMmiyHi rasosi ceHcopu Ons
MOHITOPUHIY MOBITPAHOro cepefosuLa // Bonpockl XMmMumn n xummn4eckom
TexHonormn. — 1999. — Ne1. — C. 359 — 361.
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YK 66.028.2+66.087+661.971.9

A CARBON DIOXIDE GENERATOR FOR CALIBRATION OF
ELECTROCHEMICAL SENSORS

MATVEEV O.M., MAZANKA V.M., KOSOHIN O.V.
National technical university of Ukraine “Kyiv polytechnic institute”
0.kosogin@kpi.ua

Usage of modern means of monitoring the ambient air of industrial
and domestic gas environments require periodic inspection of their
efficiency. This can be done using the coulometric generator of gas-
analyte. Coulometrically carbon dioxide can be obtained by electrolysis
of carboxylic acids solutions, using electrodes with high overvoltage of
secondary processes. It is shown that the production of high purity
carbon dioxide (about 90 %) with stable current output (60 %) is possible
during electrolysis of the oxalic acid with the dioxide lead anode.
Generator may be used to periodically verify the CO, sensors, which are
used in municipal and agriculture, the food industry and for improving
safety in the mines.

FrEHEPATOP AIOKCUAY BYINEUKO AJA KANNIBPYBAHHA
ENNEKTPOXIMIYHUX CEHCOPIB

MATBEEB O. M., MABAHKA B.M., KOCOI'IH O.B.
HauionanbHut mexHiyHul yHieepcumem YkpaiHu «Kuiecbkuu
rnosnimexHiyHulU iHcmumymy; 0.kosogin@Kkpi.ua

3acTocyBaHHS  Cy4acCHMX 3acobiB  MOHITOPUMHIY  MOBITPSHOMO
cepenosuLla NPOMUCIOBUX Ta NOBYTOBMX ra3oBUX cepeoBuLL, NoTpebye
nepioan4Hol nepeBipkn X poBOTOCNPOMOXKHOCTI. KyrnoHOMeTpuyHe
OTPUMaHHSA AioKcuay BYIrNeuo MOXNMBE LUSISIXOM eNieKTponidy pO34uHIB
KapbOHOBMX KUCIIOT 3 BWUKOPUCTAHHSAM  E€NIEKTPOAIB 3  BMCOKOM
nepeHanpyrot nobiyHux npoueciB. [loka3aHO, WO €eneKkTposi3om
oKcanaTHOl KUCNOTU 3 [AiOKCUAHO-CBMHLUEBMM aHOAOM  MOXIMBE
OTPMMaHHS Aiokcnay BYrfneur LOCTaTHbO-BMCOKOT 4YMCTOTU (Bnmn3bko
90 %) i3 cTabinbHUM BuxogomM 3a cTpymom 60 %. CtBOpeHuin gosatop
MOXe OyTK BUKOPUCTaHUM Anga nepiognyHol nepesipkn ceHcopiB CO,, Wwo
3aCTOCOBYIOTLCA Yy KOMYHanbHOMY Ta CiflbCbKOMY rOCMnoAapcCTsi,
Xap4oBi NPOMUCOBOCTI Ta ANs NigBUWEHHA 6e3nekn npaui Ha WaxTax.

CyyacHuin po3BUTOK MPOMUCIIOBOCTI HEMOXIMBUI ©e3 ypaxyBaHHS
eKOmOoriYHMX HacnigkiB peanisauii KOHKPETHOI TeXHOMOoril, Wo BuMarae
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3aCTOCyBaHHA HadiMHMX 3acoBbiB MOHITOPUHIY MOBITPAHOIO cepeaoBuLLa.
[MepeBaxHa OGiNbLWICTb TEXHIYHMX 3acoBiB MOHITOPUHIY MOBITPAHOIO
cepegoBula 0asyeTbCs Ha  ENEKTPOXIMIYHMX  CeHcopaxX, SKUM
npuTaMaHHi BUCOKa HaAiNHICTb, TOYHICTb, MpoOCTOTa O6CnyroByBaHHS,
HU3bKE EHEeprocnoXmBaHHS i OOCTYMHICTb. B TOM Xe yac, e(peKkTUBHICTb
BUKOPUCTAHHS  TEXHIYHMX 3acobiB  MOHITOPMHIY CNUMpPaeTbCcs  Ha
KOPEKTHICTb BMMIPHOBAHHS KOHLIEHTpaLii, a oTxe, noTpebye nepiognyHol
NOBIPKMW.

[MoBipky  rasoaHanisaTopiB  pi3HMX  TuMiB  NpoOBOAATbL 3
BMKOPUCTAHHSM CTaHOAPTHUX ras3oBMX CyMillen, $Ki MOXyTb OyTu
NPUroToBIIEHI MeTod4amMu CTaTUYHOro Ta AWHaAMIYHOro Ao03yBaHHA [1].
CtatnuHi metoam nependavaloTb HAsABHICTb €TanOHHUX ra3obanoHHMX
cymilwen, sKi B 3afaHil KinbKocTi BBOAATb Yy KanibpoBaHy 3aMKHEHY
EMHICTb. MeToq 003BONSE roTyBaTh CyMmili 3 Byab-AKOK KOHLEHTpaLiero
BU3HAYyBaHOINo0 KOMMOHEHTY, MpoTe Mano npuaatHUn ONA  NOBIPKU
BENMKOI  KINbKOCTI  rasoaHanisatopiB  BHacnigok  3MiHM  cknagy
rasonoBiTPSHOI  CyMmilli,  BiAPI3HAETbCA  3HaA4YHUMKM  rabaputamm
rasobanoHHOI TexHikM Ta HEMOXNUBICTIO aBToOMaTm3auil npouecy.
OuHamiyHi  mMeToan nepenbadaloTb CTBOPEHHSA  ras3oBOl  CyMiL
3MilWlyBaHHAM MOTOKIB rasdy-po3baentoBada Ta rasy-BU3HaA4YyBaHOro
KOMIMOHEHTAa, L0 A03BOSISE WBUAKO 3MIHIOBATU KOHLEHTpaLito Cymiwi y
LIMPOKMX Mexax. [lo3atopom rasy-BM3HaA4yBaHOro KOMIMOHEHTa nMpu
uboMy Moxe 6yTm BignosigHun rasosur ©HanoH, abo, uJacTiwe,
KYITOHOMETPUYHUI reHepartop, AKUN BiAPI3HAETLCA BWUCOKOHO
e(PEKTUBHICTIO.

Hiokeng Byrneuto CO, Haa3BMYaAMHO MOLUMPEHUI Y PI3HUX ranyssx
NPOMMCIIOBOCTI Ta CifIbCbKOro i KOMyHanbHOro rocrnogapcrtea. Pasom 3
TMM, NOro Hagnuwok abo X nepeBuULEHHSA Hag4 POHOBUM MICTOM MOXe
OyT® WKignMBUM, WO BUMAarae nocTiMHOMO KOHTPOS0, B nepLly 4vepry, Y
3aKpUTUX NpUMIlLeHHAX. BusHaveHHs Bmicty CO, Moxnvee 3a
AOMOMOroK  pi3HMX  TWNIB  rasoaHanisatopis, B rnepwy 4epry
eNeKTPOXiMiYHMX CEHCOpIB aMnepoMeTPUYHOro Tuny, nepesipka AKUX
NPOBOANTLCHA 3 BUKOPUCTAHHAM OarioHHUX CyMmillen Ta TepMOXiMiYHUX
[03aTopiB, HAKi  OKPIM  TPOMI3OKOCTI  XapaKTepusylTbCA  3HAYHUM
€HEeprocrnoXMBaHHAM Ta iHepuinHicTio B poborTi [2, 3].

KynoHoOMeTpu4Hi reHepaTopu giokcuay BYrfneuto Ha AaHuA MOMEHT
BiCYTHI, ogHak Bigomo, wo CO, Ak nobidyHa pe4yoBMHA MOxe OyTn
OTPMMaHMN TMpPWU  EeneKkTposiidi BOAHMX PO3YMHIB 3 BUKOPUCTAHHAM
rpadiToBMX enekTpoaiB, abo K NpOAYKT B peakLil aHOLHOrO OKUCIIEHHS
KapOOHOBUX KNCMOT, a came peakuii Konbbe

2R-COO" + 2" — R-R + 2CO,T1,
ae R — 6yab-skumn ankineHW pagukan.
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BukopuctaHHa Ona enekTponidy okcanaTtHOl KUCIIOTU [03BONUTb
oTpMMaTM YUCTUI LOioKcua Byrneuw, He 3abpygHeHwn ankaHamu [4].
Miobip ymMoB enekTponidy Ta 3acCTOCYBaHHSI €feKTpPOodiB 3 BMCOKOH
nepeHanpyrow BUAINEHHS KMCHIO Jo3BoNUTb oTpumatn CO, BignosigHoOI
YUCTOTM Ta CTBOPUTU TFeHepaTop AioKcuay Byrneuw Ons nepioguydHol
NepeBipkKN  CeHCopiB B LWIMPOKOMY  fdianas3oHi  KoHUeHTpauin
BU3Ha4yBaHOro rasy. 3okpema, 6yno nokasaHo MOXIMBICTb MPUHLMMNOBOI
peanizauii Takol peakuil Ha nnaTMHoBMX aHogax [1], ogHak AouinbHO
AOCMigUTN Npouec enekTposidy okcanaTHOI KUCIIOTU 3 BUKOPUCTAHHAM
GinblWw geweBuMx MaTepianis, WO XapakTepu3ylTbCs  BUCOKOH
nepeHanpyrow BUAINEHHS KUCHIO.

MeTogonoria pocnigxeHb

EnekTponia npoBoaunn y ranbBaHOCTATUYHOMY pexumi B U-
nodibHin  Komipui, WO A[o3Bonde 6e3  ycknagHEeHHA  KOHCTPYKLUii
3abesneuntn  HagiHe  pPO3AiNeHHA  eneKkTPoAHuX  rasonofibHmx
npoayktie. [OAna enektponidy BukopuctoByBanim 10 %-BUMMA pPO3YMH
okcanatHol kucrnotn H,C,0O,, KOHUeHTpauisn skoi 6yna ©6nusbka Ao
HacnyeHHs. Katoam 6ynu BUroToBreHi 3 rpadity. Ak aHOAHI MaTepianu
OynuM BUMKOPUCTaHI rpadit Ta AIOKCUA CBUHLID, WO XapaKTepusyrTbCA
BUCOKOK MNepeHanpyrow Ana peakuin BuaineHHa kucHio [5]. PbO,
odepXxyBanun enekTpoxiMiYHUM oOcapKeHHAM Ha rpadpitoBy OCHOBY 3
HITPaATHOro eNfIeKTPoniITy.

O6’em OoTpuMaHOro 3a 4yac enekTponisy aHo4HOro rasy NpuBOLUIU
00 HopManbHux ymoB. OCKinbkM Ha aHoni ogHovacHo nepebiranu gBa
npouecwu

(COO), —» 2 CO, + 2e, (1)

2 H,0 —» O, + 4 H' + 4e, (2)

TO BMICT giokcuay Byrneuto Bu3Hadyann o6’eMHUM METOAOM, MNOrfIMHAKYK
3 BigibpaHoi y rasoBy 6topeTky neBHol nopuii razy CO, nyXHUM
po34nHOM (15 %-BuKr po3dunH NaOH).

Pe3ynbTatu Ta ix 06roBopeHHs

OTpumaHi pesynbtaTn JO3BONAKTL CTBEPLKYBaTH (pyc. 1), Wo ansg
OTPUMaHHA [fiokcuay BYrfeuw 3 BUCOKMM BUXOAOM 32 CTPYMOM
AoUinbHilWe BUKOPUCTOBYBATU [iOKCMOHO-CBUHLEBI MaTepiann 3aBOsiku
iX Oifibll BUCOKIM MNepeHanpysi B peakuii BUAOINEHHS KUCHI0. YuctoTta
oTpumaHoro CO, 3pocTae Ha enekTpogax obox TuniB nNpu 30ifbLUEHHI
FYCTUHW CTPYMY BHacNigoK MeHLol nongapusauil peakuii (1) nOpiBHAHO i3
(2) (puc. 2). 3HmxKeHHs Buxoay 3a ctpyMmom CO, Ha Aiokcuai CBUHLKO Npw
ryCTUHi cTpymy 6inbwe 10 A/gm® Moxe GyTW MOB’SI3aHO 3 MeXaHi4YHUM
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PYMHYBaHHAM OoOCTatHbO nopuctoro wapy PbO, B pesynbrari
po3sirpiBaHHA enekrpoaa.

Buxig 3a

CTPyMOM

CO,, %

70 ¢

60

30 |

Na

40 |

3 U 1 1

0 5 10 15
MyctuHa cTpymy, Algm?

Puc.1. Buxid 3a cmpymom Oiokcudy kapboHy 8i0 2ycmuHU cmpyMy Ha 2pagimosux
(1) ma diokcudOHO-c8uHUesuUX (2) enekmpodax rpu enekmposnisi 10 %-8020 PO34UHY
OKcaslamHol kucriomu.

BmicT
CO,, %
100 r

40 : : g
0 5 10 15
FycTuHa cTpymy, A/am?

Puc.2. Brinue 2ycmuHu cmpymy Ha Yucmomy ompumaHo20 0iokcudy kapboHy rpu
ennekmponisi 10 %-8020 po34yuHy oKcasiamHoi kucriomu 3 epachimosumu (1) ma
OiOKCUOHO-C8UHUesUMU (2) ernekmpodamul.

Takox 6yna nepeBipeHa MOXIMBICTb BUKOPUCTAHHS SIK eniekTpoda
npecoBaHOl KOMMO3ULiT 3 TUTaHY Ta NOPOLLKY rpadoiTy, OCKIfIbKA YNCTUIN
TUTaH 3a aHOAHOI nonsipu3auil BKPUBAETLCA MarioenekTponpoBigHNMn
okcugHuMn wapamu. Komnosuuito 3 nopolky Tutany mapku NTEM 3
po3mipom 3epHa 0,05...0,10 mm Ta nopowky rpadgity mapkm [C-1
(vacoBe cniBBigHOWeEHHA TuTaHy Ta rpadity 10:1) BurotoBnAnu
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npecyBaHHAM npu 3ycunni 360 MPa, wo nepesuLLyBasnio Mexy TeKy4oCTi
TUTaHy. BukopucTtaHHs Takoro enekrpoga Ao3sonuno 6 36inbwnTu
NMMTOMY NPOAYKTUBHICTb efekTponi3epa 3a MeHLUMX rabapuTHUX po3MipiB
(MMTOMa NOBEPXHS TUTAHOBOIO MOPOLLKY BUKOPUCTAHOI MapKn CTaHOBUTb
0,2 m?/r). EkcnepvMeHTanbHo 6yrno BCTAHOBMEHO, LIO 3aCTOCYBaHHS
TaKoro enekTpoga A03BONsA€ odepXyBaTu aHogHWA ra3 3 Bmictom CO,
He Hmk4ye 65 %, ogHak BuXig 3a CTPYMOM [JioKcuay BYrneut CTaHOBUB
6nmnabko 40...45 %. [HaHun akT noB’s3aHni i3 BTPATO YaCTUHMK
eneKTPUKM Ha 3MiHY CTEXIOMETPIi OKCUAHUX LLIapiB Ha TUTaHI.

BucHoBKM

[Moka3zaHO MOXNUBICTb CTBOPEHHS €NEeKTPOXiMIYHOro reHeparopa
Aiokcuay Byrneur, B SAKOMY €SIeKTPOSITOM Cryrye po3yuMH OKcanaTHOI
KMCIOTK, a aHOL BUrOTOBSIEHUM 3 AIOKCUMAY CBUHLIO HA €NeKTPOonpoBIgHin
OCHOBI. Taka KOHCTpPYKUisl reHepaTopa fJossonse otpumysatn CO, 3i
cTtabinbHMM Bnxogom 3a ctpymom Binblue 60 % ta unctotoro 85...90 %.
B nogpanbwomy nnaHyeTbCA  OOCNIOKEHHA  CUCTEM, B  SAKUX
rasoreHepyvnin enekTpoq sBnsie cobow npecoBaHy KOMMO3WUUilO 3
nopowkis TuTany ta PbO..
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YOK 544.6.5: 544.4:661

ELECTROCHEMICAL FORMATION OF ORDERED STRUCTURES OF
ALUMINUM OXIDE FOR THE ELECTRONIC INDUSTRY

EGOROVA YU.A., CHERNIK A.A., ZHARSKIY |.M.
Belarusian State Technological University, Minsk; egorova.y_a@mail.ru

The results of formation of ordered structures of aluminum oxide by
an electrochemical method in oxalic acid solution containing ionogenic
non-isotropic surface-active substances are presented. The structure
and morphology of surface films of the anodized aluminum oxide have
been investigated by the method of scanning electron microscopy. It has
been established that the addition of surfactants to the anodizing
electrolyte leads to the change of the film structure. Thus, by varying
compositions of solutions and conditions of anodizing, it is possible to
change ratios of pore sizes of aluminum films

ANEKTPOXUMUYECKOE ®OPMUPOBAHUE YNOPAOOYEHHBLIX
CTPYKTYP OKCUAOA ANNIOMUHUA ONA SNNIEKTPOHHOU
NMPOMBILWWIEHHOCTH

EFOPOBA 0.A., YEPHUK A A., XXAPCKUWN .M.
Bbernopycckuti 2ocydapcmeeHHbIl mexHono2u4deckul yHusepcumem,
2. MuHck; egorova.y_a@mail.ru

MpeacTtaBneHbl  pesynbTaTbl  POPMUPOBAHMS  YNOPSIAOYEHHbIX
CTPYKTYp oKcuaa antoMmHUS SMeKTPOXMMUYECKMM METOOOM B pacTBOpe
LLlaBENeBON  KUCMOTbl, COAEpXalled MWOHOreHHble aHW30TPOMHbIe
NMOBEPXHOCTHO-akTMBHble  BewectBa. C  MOMOLLLIO  pacTpPOBOM
3MNEKTPOHHON MMKPOCKOMNUM UCCregoBaHa CTpykTypa U Mopdonorus
MOBEPXHOCTM  MMEHOK  aHOAMPOBAHHOrO  OKcuaa  antoMUHUS.
YcTaHoBneHo, 4YTo aobaBneHve MNoBEepPXHOCTHO-aKTUBHbLIX BELLECTB B
3MNEeKTPONUT aHOAMPOBAHUS MPUBOAUT K U3MEHEHUIO CTPYKTYPbI MIEHOK.
Takum o6pasom, Bapbupysl CcOCTaBaMM pPacTBOPOB W YCINOBUSIMU
aHOAMPOBaHUS, MOXHO W3MEHSITb COOTHOLLUEHUS pa3mMepoB Mop
antoOMUHNEBBIX MITEHOK.

MepcnekTMBHbIMM OObEeKTaMM Ansi ONTO-, MUKPO- U HAHOINEKTPOHMKM,
dphoTokaTanM3aTopoB, CEHCOPOB, U OPYrNX OOBLEKTOB ABMAITCA MUKPO- Y
HaHoMopucTble  MaTpuubl, MoAUUUMPOBAHHbIE  (PYHKLMOHANBbHBIMM
matepuanamu. Hanpuwmep, npu cosaaHun NpPOo3payHbIX
9NEKTPOMNPOBOASALLMX  HAHOCTPYKTYP  ANs  KMOKOKPUCTaNNUYecKnx
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YCTPOWCTB, WCMOMb3YyOTCA MPOLEeCCbl  CamMOOpPraHM3oBaHHONO pocTa
YyNnopsiA04EHHOro aHOAHOro okemaa antoMuHna [1].

MeTopaonorua nccnegoBaHuu

[na ynpaBneHns CTPYKTYPHO-TEOMETPUYECKMMU NapamMeTpamum
obpasyowenca nneHKn okcnaa aniMUHUS B INEKTPONUT LLIABENEBOWN
KMCNOTbl 400aBNANM NOHOrEeHHbIE MOBEPXHOCTHO-aKTUBHbIE BellecTBa. B
KauyecTBe  CTPYKTypooOpasoBaTtenen  UCMosfb30BanMCb  aHU30TPOIHbIE
MOBEPXHOCTHO-aKTMBHbIE  BellecTBa: gopeumncynedar Hatpuss  (DSN),
TpumeTungogeunnammonmin 6pomung (TM) n gnmetmnbensnngoaeumn-
aMmmoHun 6pomua (DMB).

O6pasubl NpeactaBnanmM cobon CTEKNSAHHYK MOASIOXKKY CO CHOEM
anioMuUHMA  TonwmHoM 1 MKM, HaHEeCEeHHOro MeTOAOM BaKyyMHOro
HanbINeHNS.

[nsa nonyyeHna aHOAMPOBAHHbLIX O06Pa3LOB MPUMEHSNN UCTOYHUK
noctosiHHoro Toka mapkm MHWUIMA B5-78/7. [Onsa KOHTpona 3Ha4yeHus
TemnepaTtypbl ucnosnib3oBanu Tepmoperynatop BAPTA. Lundposas
perucTpaumns  xpoHoamneporpamm  npomssBoamsiacb C  MOMOLLbIO
nameputens conpotuenenma Hantek 365-A. B kadecTBe karoga
ncnonb3oBancd TutaH mapkm BTO.

NccnenoBaHne CTPyKTypbl MOBEPXHOCTU aHOAMPOBAHHBLIX CTPYKTYP
oKkcuaa antoMUHUA NMPOBOAMIIOCH C MOMOLLBID PaCTPOBOrO 3rEKTPOHHOIo
MUKpOCKona c CUCTEMOWN MUKpOaHanusa C 6e3a30THbIM
aHeproamcnepcnoHHeiM  aetektopom X-Act ADD + JSM-5900LV (Jeol,
AnoHus), OCHAaLLEHHOro cucTemomn BOJSTHOONCMNEPCUOHHOIO
MUKpOaHanusartopa, LUI30BOM KaMepon U YCTPOMCTBOM s NoLaBlieHUs
anektpomMarHuTHbIX nomex INCA Energy 250 n INCA Wave500 (Oxford
Instruments, BenukobputaHus).

Pe3ynbTatbl U X obcyxaeHume

KoHOyKkTOMEeTpUYECKMM METO4OM ObinNn onpedeneHbl KpUTuyeckue
KOHUeHTpaumn muuennoodbpasosaHna (KKM) noBepXHOCTHO-aKTUBHbIX
BewecTB ([MAB), KoTopble OKa3biBalOT HEMNOCPEOCTBEHHOE BNUSHUE Ha
dopmupoBaHue ynopsiaoyYeHHbIX CTPYKTYp okcnga anomMmHusa. KKM npu
Temnepartype 20 °C ans DSN, TM 1 DMB cocTaBunu COOTBETCTBEHHO,
r/n: 0.74, 1.54, 0.55.

Ha HavanbHOn cTagum muuennoobpasoBaHUs B BOOHOM pacTBOpeE,
B obnactun koHueHTpauun B6nm3n KKM, obpasyiTcs cdepudeckme
MuLennbl oguHakoBbixX pa3mepos. [pn goctmxkeHnn KKM copepuyeckme
MULENNbl HAYMHAKOT B3aUMOLENCTBOBATb MeXay coB0on, YTO NpMBOAUT K
nx gedopmaumn n ganbHeunwwen TpaHcopmaumm B LUIIMHOPUYECKYHO
nnn gpyryo dopmsl [2].
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CtpykTypa NMOBEPXHOCTU
aHOOMPOBAHHOIO OKCMAA  arntOMUHUS
npefcTaBneHa Ha PUCYHKe.

Ha mukpodoTorpadum oT4eTnivBeo
HabntogaeTcs yrnopsigoveHHoe
pacrnonoXeHne ss4eek 1 reoMeTpus rnop
aHOAMPOBAHHOIO OKCMAA artoMUHUAS.

Ha OCHOBaHUU aHanmsa

MUKpopoTorpadomin aHOAHO-OKCUAHOIO

MOKPbITUA Obinu onpeaeneHsbl

PucyHOK. Mukpoghomozpachus XapaKTepucTudeckmne napameTpbl.
rnosepxHocmu okcuda arroMUHUS, Rona nop Ha NOBEPXHOCTU
nonyyeHHoz20 e wasenesoli kuciome OKCUANPOBAHHOTO aroMuH1s,
¢ npumeHeHuem DSN nony4eHHoro C npMMeHeHnem

NOBEPXHOCTHO- aKTMBHOIO BELLECTBA
DSN, 6onble n coctaenseT 11 %, no cpasHeHuto ¢ 9 % gonen nop Ha
NMOBEPXHOCTM OKCUAMPOBAHHOIO artoMUHUSA, MOMYyYEHHOrO B pesyrnbTaTe
aHoaupoBaHus 6e3 gobasku. NMpy yBennyeHUn TeMmnepaTypbl AreKTponuTa
aons nop B MreHKe YyMmeHbllaeTca W coctaensetr 5 %. Takas xe
3aBUCUMOCTb Habntogaetca WM nNpu  Nepexode  4Yepe3  KpUTUYECKYHD
KOHLIEHTpauuio MuLennoobpasoBaHnd. OTO CBUOETENBbCTBYET O TOM, YTO
cpeoHunM OMaMeTp Mnopbl € yBenuyeHnem KoHueHTpaumm [MAB u ee
nepexogoMm 4epe3d KKM yBenmumBaetcs. [daHHoe sBneHne obbscHAETCS
saBreHem nonumopduama muuensn. CpegHun guameTp rnop B aHOOHO-
OKCWOHOW NfieHKe, NOny4YeHHOoW NPy aHO4MPOBaHMA B LLIABESIEBOW KUCHOTE,
konebnetcsa B agnanasoHe ot 10 o 11 Hm, a B npucytcTeum DSN — oT 12 oo
16 HM B 3aBUCMMOCTM OT KOHLEHTpauum MNOBEPXHOCTHO-aKTUBHOIO
BewlecTBa. [NogobHas kapTnHa HabntogaeTca n anga apyrnx enaos MNAB.

BbiBOAbI

Takum obpasom, Ans nonydeHust Haubornee ynopsgOYEHHbIX,
BOCMPOU3BOANUMBIX M OAHOPOAHLIX MO BCEW aHOAMPYEMOM nroLiaaun
CTPYKTYP OKCuAaa arnoMuUHUS HeobXoaAMMO BapbMpoBaTb HE TOJSbKO
aobaBkaMn M MX KOHUEHTpaumammn, HO U TeMmnepaTypon. OTO NO3BOMAUT
N3MEHATb COOTHOLUEHWE pas3MepoB HAHOCETKM W MOpP HaHOceT4YaTbIX
antOMUHUEBbLIX NIIEHOK.

INntepatypa
[1] Jaguiro P., Stsiapanau A., Hubarevich A., Mukha Y., Smirnov A., Self-
organized nanostructured anodic oxides for display applications,
Semiconductor Physics, Quantum Electronics and Optoelectronics, V. 13, N
3. P. 305-308,(2010)
[2] Muepnos-letpocsH, H.O., Jlebeab A.B., Jlebeab B. N. KonnongHele
NOBEPXHOCTHO-aKTUBHbIE BellecTBa: Y4yebHo-meTogmyeckoe nocobue. —
X.: XHY nmenu B. H. KapasuHa, 2009.
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THE CHEMICAL SYNTHESIS OF NANOSTRUCTURED SYSTEMS
WITH CHEMOSENSITIVITY PROPERTIES

PYANKO A.V', ZHYLINSKI V.V.}, GOROH G.G.”
'Belarusian State Technological University
“Belarusian State University of Informatics and Radio Electronics
a_pyanko@mail.ru

This paper deals with the processes of electrochemical and
chemical filling of anodic aluminum oxide with wide-zone metal oxide
semiconductors (SnO,, ZnO) in terms of their use in gas sensors. The
method of two-step anodization of aluminum on a silicon substrate was
designed. Analysis of the gas sensor was carried out using a test
structure.

XUMUYECKUU CUHTE3 HAHOCTPYKTYPUPOBAHHbIX CUCTEM
C XEMOYYBCTBUTENIbHbIMU CBOUCTBAMMU

MAHKO A.B., >KUNNHCKX B.B.Y, TOPOX I".I".2
'Benopycckutli 2ocydapcmeeHHbIli mexHono2u4ecKull yHusepcumem
% BenopyccKuli 20cydapcmeeHHbIl yHU8epcumem UHpopMamuKu u

paouoaniekmpoHuku; a_pyanko@mail.ru

B HaCTOSALLEN paboTte ncecneanoBsaHbl npoeccol
SNEKTPOXUMUYECKOTO U XUMMUYECKOrOo HamnofIHEHUA aHOLAHO-OKCUOHOro
artOMUHUS  LUMPOKO3OHHBIMU  MeTasnoOKCUAHbIMU  MONyNnpPOBOAHUKAMMU
SnO,, ZnO ans ucnonb3oBaHUS B ra3oBoM ceHcopuke. PaspaboTaHa
MeToAnKa ABYCTaAUWHOIO aHOAMPOBAHWUA alniOMWHUA Ha KPeMHWEBOW
noanoxke. BbINONMHeH aHanua ra3oBoro ceHcopa C NMOMOLLbIO TECTOBOW
CTPYKTYpBbI.

PeweHne npobrnem 6e30MacHOCTM M aKTUBHOIO MOHWTOPUHra
COCTOSIHMSI OKpyKatoLlen cpefbl MOXeT OblTb obecrneyeHO cucTeMamu
KOHTPONA Ha OCHOBE CEHCOpHbIX YCTpOUCTB. [Ona atmx uenemn
ncnonb3yrTca aacopbuMOHHO-NOMYNPOBOAHMKOBbLIE ra30Bble SaT4YMKMY,
No3BONSAKOLME pewnTb LWMPOKUA  Kpyr 3agad u  obnagarowme
CyLWeCTBEHHbIMU OOCTOMHCTBAMMU, K KOTOPbIM OTHOCATCA BblCOKas
YYBCTBUTENbHOCTb, HMU3Kad CTOMMOCTb, Marsble pa3mepbl, NpocToTa
obcnyxuBaHusa [1]. OQHUM M3 OCHOBHbIX TUMNOB XMMUYECKUX CEHCOPOB
ABNAETCH aacopOBLMOHHO-PE3NCTUBHbIN rasoBbIN CeHcop,
YYBCTBUTESbHbLIN  CNOWM  KOTOPOro  (popMmpyeTcss Ha  OCHOBe
NosTlynpOBOAHUKOBLIX TOHKMX MEHOK. epCnekTMBHbLIM HanpasfieHNEM B
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paspaboTke  XMMMYECKOrO CeHcopa  SIBMSIeTCA  WUCMofb30BaHue
BbICOKOYMOPSIAOYEHHbIX  HAHOMOPUCTbIX  MaTtpul, Ans  NONyYeHus
HaHOCTPYKTYPMPOBaHHbLIX METanOOKCUMAHbIX CMOEB Ha MOAMOXKKax
KpEMHUS.

MeToauka akcnepnMmeHTa

Hanbonee noaxogswmm wmatepuanom anss  opMupoBaHUs
CTPYKTYPUPOBAHHbLIX ra304yBCTBUTESBbHbBIX CIIOEB SIBNAETCA MOPUCTLIN
aHogHbIn okeng antoMmunHuna (AOA), obnagarowmin YHMKanbHOM S4encTo-
NMOPUCTOM  CTPYKTYPOW, XOpOoLleW MeXaHU4YeCKOM MPOYHOCTLI W
BbICOKMMM MoKasaTensMm XecTKOCTU, YNPYrocTu U M3HOCOCTOMKOCTU [2,
3].

ObbekTamMn uccnegoBaHust B OdaHHOM  paboTbl  BbICTynanu
KpeMHMeBasi NOAJSIOXKKa N-Tuna npoBOAMMOCTU C COOpMUPOBaHHbLIM
CITOEM @aHOHO-OKCUAHOIro antoMMHUS 1 XEMOYYBCTBUTESTbHOWN MNEHKOWN.

B kayectBe wuCXoAHbIX 06pasyoB MCNOMb30BanM KpeMHUEBbIE
noanoXkm n-tuna nposogumoctn (4,5 OM-CM) C Kpuctannnmyeckom
opueHTaumen (111), Ha KOTopble METOLOM MarHETPOHHOIO HamnbIfIEHNA B
Bakyyme 6bIn1 HaHeceH crion Al TonwmHon 1,2 MKM.

dopmupoBaHme AOA npoBOAUNKM COrflaCHO 3ASIEKTPOXUMUYECKOM
meToauke [3], obecneumnsatoLen pasmep n Npodunb Nop, NO3BONAOLLNN
paBHOMEPHO 3arnoSfIHATbL MaTpuly ras3ovyyBCTBUTESIbHbIM MaTepuariom.
MaTpuuy AOA nonyyanu MEeTOJ0M ABYXCTagUNHOIo
aneKkTpoxmmmyeckoro aHogmposanus B 0,4 M BogHOM pacTBope BUHHOW
KMCIOTbI MPWU NSIOTHOCTU aHO4HOro ToKa 6 MA/cM?. CxemaTU4Yecku aTanbl
dopmupoBaHus AOA nokasaHbl Ha puc. 1.

AXRANA) —————

N

lMepBasa ctagus aHoaupoBaHUs — CenektuHas yganexue AOA, Btopas ctagus
aHoOAMpOBaHUs-

hopmMmpoBaHue cchopmMmmpoBaHHOro dopmMmupoBaHue
pasynopsgoyeHHoro AOA Ha nepBow cTagum ynopsigodeHHoro AOA

Puc.1. ®opmuposaHue mampuuysi AOA

HanpsbkeHne pocTta MnopuCTOro oOKcuaa anioMUHUSA COCTaBIISNo
200 B. CdopmupoBaHHbIn B MNEepBOM CTaguM aHOAMPOBAHUS CroWn
nopucToro okcuaa tonwmHon 0,5 MKM CenekTUBHO yaansanu B HarpeTom
no 80°C BoagHOM pacTBOpe XPOMOBOrO aHruapuaa v opTodocdopHOM
KNCNOTbl, B pe3ynbTate 4ero MnoOBEPXHOCTb antoMuHua bbina
CTPYKTYypupoOBaHa oTrneyaTtkamu OKCUOHbIX SYeeK. Ha

186



Promising Materials and Processes in Technical Electrochemistry. Part 4

CTPYKTYPUPOBAHHOM NOBEPXHOCTH antoOMUHKS dopmmpoBanu
ynopsgodeHHbin crion AOA MeToLoM MOBTOPHOIO aHOAMPOBaHUSA NpU
YCMOBUSAX, aHaNorM4YHbIX NepBon CTaguu.

dopmMmpoBaHME  XEMOPE3UCTMBHOIO Cfosl Ha  MOBEPXHOCTU
nopuctoro AOA (BMOMMAas MOBEPXHOCTb 4 CM?) OCYLLECTBNAMU B ABe
ctagun. BHauyane anekTpoxumudeckn npoBoaunu okucrneHne Sn(ll)s
Sn(lV) B 1% pactBope SnSO,; Ha NOBEPXHOCTU MOPUCTON CTPYKTYpPbI
AOA, uvHuuuupya ocaxgeHue rugpokcmgos onosa(lV) B nopax AOA
(puc.2). Janee o6pasubl omkurany Ha Bosayxe npu 750°C B Teyerne 30
MUH. BTopas cTagma 3akn4danacb B XMMWUYECKOM  OCaXOeHun
rmapokcmaa UMHKa Ha MoBEPXHOCTb COOPMMPOBAHHOIO OKCuaa orioBa
(IV). O6pasubl nopuctoro AOA ¢ HaHeceHHbIM crnoem SnO,
nocriegoBaTenbHO BblaepXusanu B Ted4eHun 1 mmH B 0,01 M ZnSO4 u
1% KOH. T[lony4yeHHbIn TakMm oOpa3om cnou rugpokcuaga Ha
nosepxHocTn AOA nocrne eCTeCTBEHHOM CYLLKM NoABepranu omxury npu
Temnepatype 750°C B TeueHve 30 MuH. [MonyyeHHble TakMum o6pasom
Cnouv NpeacTaBreHbl Ha puc. 2.

Puc. 2. Mukpogpomoepacpuu nosepxHocmu obpasya AOA mampuusbi 0o (a) u nocrne
(6) ocaxxdeHus xemope3zucmueHozo criosi SnO, ~ ZnO

HOuameTp nop cdopmupoBaHHOro ynopsgodeHHoro croa AOA
coctaBnan 50 HM, a AnameTp Nop nocne ocaxaeHUs XeMopU3NCTUBHOMO
cnosa SnO,ZN0O — 40 HM.

Ona onpeneneHna 3ddEKTUBHOCTU paboTbl XeMOpPe3nCTMBHOM
MNEHKN B KavecTBe MNSIEHKUM ANA rasoBoro ceHcopa 6bina cobpaHa
TecToBasi  CEHCOpHas  CTPyKTypa, BKN4Yawlwasa  Harpesaterb,
KpemHueByto noanoxkky ¢ AOA membpaHOM M rasouyBCTBUTESbHBIM
CNnoem, BHELLUHME KOHTaKTbI.

OTKNMKN Ha JyBCTBUTENBbHOCTL MneHkn k NO, nonydyanu nytem
HarpeBa KpemHueBoii nognoxkm Ao  300°C.  OnekTpuyeckoe
conpoTmeneHne obpasua U3Mepanocb Yepe3 BHELWHWE KOHTaKThbl.
PesynbTaTtbl nsmepeHns NpeacTaBreHbl Ha pUCYHKe 3.
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Kak  cnepyert n3 puc. 3 conpoTmBrneHne  obpasua
BoccTaHaBnueaeTtcsa yepe3 350 ¢ nocne nogaynm NO, Ha NOBEPXHOCTb
XEMOPU3NCTUBHOIO cnos, 4yTO CBMOETENLCTBYET 0
ra3o4yyBCTBUTENTbHOCTU MIIEHKMN.

BbiBOAbI

OnpegeneHbl onTUMarnbHble YCNOBUA, coyeTarowme cTabunbHOCTb
M [OCTaTOMHO BbICOKYH) 4YYBCTBUTESIbHOCTb MOSYyYEHHbIX CEHCOPOB.
CTpyKkTypupoBaHHble  rasodyBCTBUTEmNbHbIe  nreHkn  SnO,*Zn0,
chopmMmpoBaHHblE XMMMYecknm ocaxgeHnem ZnO un SnO,, nokasanu
npuemnemble OoTKNMKM Ha NO, C¢ MakcMmanbHOW YyBCTBUTENbHOCTLIO
npu Temnepartype 300°C.

NnTepaTypa
[1] OcHoBblI 305b—refb TeXHOMNOrMn HaHokomnosutos/ Makcumos A.W.

[v op.J// UspaT. «Bnmop», CaHkT-MNeTepbypr, 2007. — 254 c.

[2] Tungsten trioxide sensing layers on highly ordered nanoporous
alumina template/ V. Khatko [et al] // Sensor & Actuators; B. Chemical,
2006, Vol.118, P.255-262.

[3] Evolution of surface morphology, crystallite size, and texture of
WO 3 layers sputtered onto Si-supported nanoporous alumina
templates /V. Khatko [et al] //Journal of The Electrochemical Society,
155, 7, 2008, P.116-123.
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ELECTROCHEMICAL FORMATION OF NANOSTRUCTURED
ALUMINUM COATING

PISMENSKAYA A.S., CHERNIK A.A., ZHYLINSKI V.V.,
BOGOMAZOVA N. V.
Belarusian State Technological University; as.pismenskaya@mail.ru

The article presents the results of electrochemical investigations of the
oxidation process of aluminum. It has been established that for the formation
of a transparent nanostructured layer of aluminum with fine porosity and
good dielectric properties of the film, oxalic electrolyte (0,3 M), high voltage
(50 - 80 V) and low temperature (4 — 20 °C) should be used. To create an
orderly structure and increase the dielectric properties of the
nanostructured aluminum film layers were etched in a solution containing
ing/l: CrO3 - 18; H3PO4 - 60 (p = 1,69 g/cm3) at 80 ° C.

ANEKTPOXUMUYECKOE ®OPMUPOBAHUE
HAHOCTPYKTYPUPOBAHHOIO ANNIOMUHUEBOI'O NOKPbLITUA

MMCBbMEHCKASA A.C., YEPHUK A.A., >)XUWTTMHCKN B.B.,
BEOIMOMA30OBA H.B.
bernopycckut eocydapcmeeHHbIlU mexHosio2u4ecKul yHugepcumem
as.pismenskaya@mail.ru

[MpOMbILLNEHHOE NPOMN3BOLCTBO BCEX TUMOB AUCMIENHbLIX YCTPOUCTB
C exerogHolM 06bLEMOM BbiMyCcKa B COTHM MWSIIIMOHOB LUTYK (aKTUBHO-
MaTpUYHbIE XXUOKOKpUCTANM4eckne aucnnen gnsa TeneBU3MOHHOW W
KOMMbIOTEPHON TEXHUKN, MOBUNbHbIE TenedoHbl U Ap.) OCHOBAHO Ha
NCNOSb30BaHNN Npo3payvyHoro NpoBOASILLIErO okcuaa In,O3,
NerMpoBaHHOro OSIOBOM WM LIMHKOM, C OMNTUYECKUM MPOMyCKaHWeEM Ha
ypoBHe 80 — 85% n noBepxHOCTHbIM conpoTmsrieHnem meHee 50 Om/o
[1, 2]. PasBegaHHble MMPOBbIE 3anacbl UCXOAHbLIX MaTepuanos, Npexae
BCEro WHAMUS, BeCbMa OrpaHuM4yeHbl U B Onmxamwme HEeCKONbKo net
NPOMBILLIEHHOCTb MOXET CTOSIKHYyTbCSA C WX CYLLECTBEHHbIM
aedonumToM.

B cBA3nM C 3TMM MOMCK HOBbLIX alibTepHaTUBHbLIX MaTepunarios C
ynydleHHbIMU TEXHOJTIONr’MYECKNMIA 7 SKCrJ1iyatTaumMOHHbIMUA
XapaKrtepuctnkamn, a Takke ISKOHOMWUYECKMMW TMoKa3aTessaMn, ABIAEeTCA
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aKTyanbHOMW W MNpakTU4eCckn BakHOW 3agjaden. OgHUMM K3 HanpaBieHUR
AanbHenwero passuTuUa NPOM3BOLCTBA AMCMNENHBIX YCTPOUCTB ABNAETCH
paspaboTka TEXHOormm doopmMumpoBaHnNA npo3payHoro cnos
HaAHOCTPYKTYPUPOBAHHOIO  artOMWHUA C  UCMOSIb30BaHUEM  TEXHOSOMMN
dopMMpoOBaHNS  HAHOMOPUCTOrO  a@HOOHOrO  OKCuaa  anloMUHUA  Ha
NMOBEPXHOCTU CTEKITAHHOW MOAMNOXKM [1].

Llenb uccnepoBaHnsi — U3ydeHne 3aKOHOMEPHOCTEN DOPMUPOBAHNA
yrnopsiOMEHHOM  HaHOPa3MEpPHOM CTPYKTYPbl Ha OCHOBE  anmtoMUHUS
MEeTOAOM aHOAMPOBaHUA U MOCNenylLwero XMMU4ecKoro yaareHus
CchOpMMPOBAHHOIO okcuaa antoMNHUS ans NONyYeHns
SNEKTPONPOBOAALLMX MOKPLITUW C YIyYLWeEHHbIM CBETOMNPONyCcKaHMeM mnpu
NPOV3BOLACTBE XUOKOKPUCTaNMIMYECKUIA YCTPOUCTB.

MeToauka akcnepumMeHTa

Mpouecc dopmMmmnpoBaHmA NOPUCTOro okcuaa antoMuHmnA
OCYLLECTBMIANN B rafibBAHOCTAaTUYECKOM pPEXUME B [OBYXOSIEKTPOLHON
TEPMOCTaTUPOBAHHON JreKTpoxmmmyeckon adenke. Karog — rpadut. B
KayecTBe aHoda MCMNoNb30Bann CTEKNSAHHbIE MAACTUHbI pa3mMepoM 1x2 cm
CO CIroeM anioMWHUA TOMNLWMHOM 1 MKM, HaHECEHHOro Ha MOBEPXHOCTb
MarHeTpPOHHbIM HanbineHnem. [NpegBapuTenbHas noarotoBka 06pasuoB
nepen aHoAMPOBaHMEM BKMtoYarna TpadapeTHoe HaHEeCEHWEe XUMWUYECKU
CTOMKOrO flaka Mo KOHTYPY MNacTUHbl LUMPUHOM 2 MM U Ha paccTodHun 3
MM OT BEpXHEero Kpad MnacTuHbl; Cywka naka B TedeHue 30 MuH;
obeaxupusaHme B 70 % a3Tmnosom cnupte B TedeHne 60 C B
ynbTpasBykoBon BaHHe (BY-09-“A-®I1’-02). AHoampoBaHue o6pasLoB
ocywectenann B 0,3 M pactBope LUaBefieBOM KUCIOTbl B WHTepBarne
Temnepatyp oT 4 oo 20 °C u HanpsbkeHun 30 — 80 B. WccnepoBaHus
MOpPdOorMm NOBEPXHOCTN aHOAMPOBAHHBIX 00Pa3sLI0B OCYLLECTBIIANNUCH C
NMOMOLLBLIO  3nekTpoHHoro Mukpockona JEOL (AnoHunsa), a Takke
ANEKTPOXMMMNYECKOro MeToa UccrenoBaHus NOPUCTLIX CTPYKTYP [3].

CopmnpoBaHHbLIN ~ @aHOOHBLIM  OKCWA, — aroMUHWA  noaBeprancd
CTyrneH4YaToOMy pacTBOPEHMIO B pacTBope cogepxawem, r/n: CrO; — 18;
HPO, — 60 (p =1,69 I'/CM3) npn Temnepatype 80 °C, oo ycTaHOBIEHUS
NOCTOSIHHOW Maccbl 0bpas3uoB [4].

Pe3synbTathl U nx obcyxaeHue

3asucumoctn (puc. 1 a n b) cunbl Toka OT NPOAOIMKUTENBHOCTU
aHOOMpPOBaHMA coaepxaT ABa nuka. lNepsBbld MUK 0BYCNOBMAEH Pa3BUTUEM
noBepxHocT Al npu aHoguMpoBaHuUM B pesynbTate (hOpMUPOBaHUSA Crlos
BGapbepHOro okcuaa anoMUHUS NPU aHoOHOM nonspusaumn anektpoga. C
POCTOM TOMWMHbI 6apbepHOro aHO4HO-OKCWOHOrO Crosi yBenuyMBaeTcs
SNEeKTpUYECKoe COMpoTUBMNEHWE aHoda, YTO Bbi3blBaeT MajeHue Toka B
xoge aHogupoBaHud. [lpn STOM  ycunmMBaeTCs nMpouecc BblaeneHus
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[KOYNeBOro Tenna, YTo BbI3bIBAET NOKANbHbIA Pa30orpeB NCTOHYAKOLLIErOCH
Crnosi antoMUHUSE U YBENUYMBAET CKOPOCTb XMMWYECKOrO pPacTBOPEHMS
oKcuaa antoMUHUA B LLIABENEN KUCToTe.

10 -
8 - b

Cwnna Toka, MA

0 500 1000 1500 2000 2500 3000
IIponomKUTENBHOCTD, C

Puc.1.

XpoHoamnepozpaMmMbl aHOOUPO8aHUS MOHKUX reHoK antomuHus (1 mkm) e 0,3 M

pacmeope wasesnesou kucromsl rnpu memnepamype 10 °C u HanpsixkeHuu 50 (a) u
60 B (b)

Hannyne BTOpOro nuka Ha XpoHoamneporpammax MOXeT ObITb
CBA3aHO C JlOKamnbHbIM  paspylleHnem 6apbepHOro okcvga  npu
BO3HMKHOBEHUN T[PadMEHTOB TeMrnepaTtyp Ha MOBEPXHOCTU aHOAHO-
OKCWMOHOW MMEHKM W COOTBETCTBYIOLLEE YBENMYEHUIO TOKa OKUCHEHUS
anomMuHus. [loBblleHne HanpsbkeHna aHoguposBaHust ¢ 50 go 60 B
YMEHbLUAET BbICOTY NEPBOro NuKa, YTO CBA3AHO C MOBbLILLEHHON CKOPOCTLIO
aHOOHOrO PaCcTBOPEHUSA antoOMMHUSI Ha Ha4vanbHOW CTagun aHOOUPOBaHMS
npy opmupoBaHmm HGapbepHOro Crosi M CaMOCTPYKTYPUPOBaHUK
NMOPUCTOr0 OKCUAHOro cros. [anbHenwee noBbIWEHNE HaMpPsPKEHNS
aHoamposannss o 80 B n Temnepatypbl Ao 15°C npuBoauT K
MCYE3HOBEHMIO BTOPOro MNrKa Ha XpoHoamneparpammax (puc 2 a).

50 -
45
40 -
35 - a
30 - &
25 -
20 -
15
10
54
0 ; : ~—F . ' .

0 100 200 300 400 500 600
ITponomKnUTENBHOCTS, C

Cwita Toka, MA

Puc.2. XpoHoamrepozpaMmMbl aHOOUPOB8aHUS MOHKUX MIEHOK armoMuHus (1 Mkm) 8
0,3 M pacmeope wasenegou kucriomsi ripu 80 B u memnepamype 15 °C (a)
u 10 °C (b)
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ONEKTPOHOMMKPOCKONUYECKNE  UCCNEOOBaHNA  CrioeB  MOPUCTOro
okcuga anomuHma (puc. 3) nokasanu, 4TO C POCTOM Temnepatypbl
aHogupoBaHuss ot 10 go 15 °C HabniogaeTcs yBenuYeHWe cpeaHero
AnameTpa nop ¢ 98,9 0o 213 HM 1 yMeHbLLEHNE NX NONUONUCMIEPCHOCTU, YTO
CBHA3aHO C BMUSHMEM npoLecca XUMUYECKOrO pPacTBOPEHUSI OKcuaa

Puc. 3. Mukpogomoepachuu rnogepxHocmu aHoOUpPOB8aHHOU artoMUHUE80oU MieHKU
npu HanpsixeHuu 80 B, memnepamype 10°C (a) u 15°C (b)

BbiBOAbI

[TokazaHO, YTO NOBbIWEHWE HanNpsXXeHus aHogupoBaHus ot 50 Ao
80 B npu nosbiweHnn TemnepaTypbl oT 10 go 15 °C npuBoauT K
YBENMMYEHNIO XapaKTepHbIX pa3mMepoB NpounnpoBaHHOW CTPYKTYpbl OT
98,9 0o 213 HM W NOBbLIWEHUIO €e TeoMeTpPUYeCcKOn OLHOPOLAHOCTW.
Hanbonee 6naronpusaTtHble ycrnosus aHoaumpoBanusa B 0,3 M pacteope
LL|aBeneBon KUcnotbl npu HanpsbkeHun 80 B u Temnepatype 10 °C
obecneunBaloT  norflydeHMe  HaHonpouMpyemon  antoMUHUEBOW
nreHkn. [lonyyYyeHHble HaAHOCTPYKTYPUPOBaAHHbIE MSIEHKN aNitOMUHUA
UMEKT MepcrnekTUBbl UCMOSIb30BaHMUA MPU MPOU3BOLACTBE  «YMHbIX»
CTEKOS, 3MEKTPOONTUYECKUX YCTPOMCTB NaMATU, OUCMIIENHON TEXHUKU
pasfnMYHOro HasHayYeHwus.
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ANODIC GROWTH OF NANOPOROUS TIN OXIDE LAYERS
IN ACIDIC ELECTROLYTES
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Department of Physical Chemistry and Electrochemistry, Faculty of
Chemistry, Jagiellonian University in Krakow, Ingardena 3, 30-060

Krakow, Poland. jaskula@chemia.uj.edu.pl

The aim of this work was to synthesize SnO, nanostructures with
various morphologies by simple anodic oxidation (anodization) of metallic
tin in acidic electrolytes. A series of Sn foil anodizations was performed
in different electrolytes (oxalic acid, citric acid, tartaric acid) with various
concentrations. It was confirmed that anodic oxidation of tin in the oxalic
acid results in the formation of nanoporous oxide layers with completely
open pores on the surface of the electrode. On the other hand, when
citric acid or tartaric acid were used as an electrolyte, porous oxide with
a compact layer on the surface was formed during electrolysis.

Tin dioxide (SnO,), a wide band gap n-type semiconductor has
recently become a subject of great scientific interest as a result of its
various promising electronic, optical and photoelectrochemical properties
offering many potential practical applications, e.g. in solid-state gas
sensors, solar cells, and catalysts [1]. Moreover, it is also widely known,
that the use of nanostructured oxides instead of bulk materials can
significantly improve semiconductor’'s functionality [2]. Unfortunately,
very often the main problem that limits the practical application of such
nanomaterials is a relatively high cost of fabrication process. Therefore,
a further development of simple and cost-effective methods for
fabrication of nanostructured tin oxides is strongly desirable. Among
various methods that have been already proposed for fabrication of SnO,
nanostructures [3], anodic oxidation (anodization) proposed originally by
Shin et al. in 2004, seems to be a very interesting, simple and cost-
effective strategy [4].

In our recent works we discussed in detail the effect of anodizing
conditions on the formation and structure of anodic tin oxides formed
during anodization of various Sn substrates in H,C,0,4 [5-8] and NaOH
electrolytes. This works aims in a brief comparison of the morphology of
anodic tin oxide layers grown in various acidic electrolytes at different
anodizing conditions.

194



Promising Materials and Processes in Technical Electrochemistry. Part 5

Results and discussion

Nanoporous tin oxide layers were synthesized by one-step anodic
oxidation of Sn foils according to the procedure described in detail in our
previous work [7]. The FE-SEM images of the typical anodic layer formed
during anodization of Sn in oxalic acid electrolyte are shown in Figure 1
together with a schematic representation of the oxide structure. As can
be seen, a completely irregular porous layer with randomly distributed
nanochannels was formed during anodization. The typical layered oxide
structure with a lot of internal gaps and transversal pores can be
recognized in Figures 1A and B. These discontinuities, being a direct
consequence of the vigorous gas evolution during anodization, can
significantly affect the properties of oxide layers (e.g., electronic
conductivity) and dramatically decrease their mechanical stability and
integrity.

The FE-SEM images shown in Figures 1C and D indicate that a
continuous barrier layer, similar to those observed during anodizations of
other metals (e.g. Al or Ti) is also formed at the metal/oxide interface
during anodic oxidation of the Sn substrate. Top-view images of the
nanoporous tin oxide layer grown via one-step anodization of Sn foil in
0.3 M oxalic acid at the potential of 8 V are shown in Figure 2 A—C. An
irregular, porous structure with number of interconnections between
individual nanopores can be easily seen on the oxide surface (see Figure
2A). However, it is evident that the inner oxide layer, clearly visible in
Figures 2B and C, exhibits a different morphology with more defined,
larger and more regular nanopores [5-7].

The FE-SEM top-view images of anodic tin oxide layers after
anodization in 0.3 M oxalic acid at various anodizing potentials are
shown in Figure 2 D-F. As can be seen, an anodizing potential
significantly affects the morphology of the outer oxide layer, and in
general, the higher applied potential the more open porous structure is
formed (compare Figures 2D and E showing anodic layers grown at the
potential of 4 and 7 V, respectively).

It should be mentioned that in our recent works we confirmed a
significant increase in the average pore diameter in the outer layer with
increasing potential and concentration of oxalic acid. This phenomenon
can be attributed not only to the enhanced field-assisted chemical
etching of anodic oxide at the oxide/electrolyte interface, but also to a
more vigorous oxygen gas evolution at the anode under severe
anodizing conditions.
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Figure 1. Typical structure of nanoporous tin oxide layers: cross sectional views (A,
B, D) and bottom-view of the barrier-layer (C). Anodization was carried out in 0.3 M
H2C,04
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2. FE-SE iaesof
0.3 M oxalic acid at 8 V — outer layer (A, B) and inner layer (B, C) and nanoporous
SnOy grown at different anodizing potentials (4 V-D, 7V —-E, 10V -F)

Contrary to this, no significant effect of anodizing parameters on
the structure of the inner oxide layer was recognized [5—7]. However, it is
noteworthy that anodizing of Sn foil at potentials of >9 V results in initial
formation of the dense, passive outer layer (see Figure 2 F) its further
breakdown, and formation of the well-defined, nanoporous inner oxide
layer [6]. Anodic films with completely different morphologies were
obtained on the surface of metallic Sn when anodizations were carried
out in citric or tartaric acid solutions. FE-SEM images of oxide layers
grown in these electrolytes are shown in Figure 3.
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Figure 3. FE-SEM images of anodic layers on Sn foil after 30 min of anodization in
0.3 M citric (A—C) and 0.3 M tartaric acid (D—F) at the potential of 7 and 6 V,
respectively

It was confirmed, that almost a compact passive layer was initially
created on the surface of metallic substrate and further anodization did
not lead to the pore opening. In consequence, the pores were still
completely closed at the oxide surface even after 30 min of anodic
oxidation (see Figures 3A and D). On the other hand, it is evident that
the inner oxide layer exhibits the porous morphology and consists of
quite well defined nanochannels (see Figure 3C and F), however an
average pore diameter (~30 nm) is still much lower from that observed in
anodic layers grown in oxalic acid (~50 nm). We also confirmed that the
surface area of nanoporous inner anodic layer exposed to the electrolyte
increases with increasing anodizing duration.

However, this can be attributed not to the enhanced field-assisted
etching of the passive layer, but rather to the peeling of the outer part of
the film as a result of vigorous oxygen evolution and formation of internal
cracks and transversal pores in the anodic layer. It should be also
mentioned that even if anodization was carried out in more concentrated
electrolytes (up to 1 M) and higher anodizing potentials (to 20 V) as
created anodic films still exhibited a non-porous morphology of the outer
layer. It is obvious that this phenomenon hinders the potential application
of such kind of porous anodic tin oxides.

Since the species cannot access the internal pores of oxide layers,
its application to functional devices is limited. Taking above into
consideration it should be stated that citric and tartaric acid solutions are
not very promising electrolytes within the context of fabrication of
nanoporous tin oxide layers.
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Conclusions

In summary, nanoporous tin oxide layers can be easily obtained via
extremely simple one-step anodic oxidation carried out in acidic
electrolytes. However, the character of the electrolyte strongly affects the
morphology of anodic tin layers. Nanoporous films with well-defined and
open pores can be obtained when anodization is carried out in oxalic
acid at the potentials <9 V. On the contrary, the use of weaker acids as
electrolytes (citric acid, tartaric acid) results in formation of anodic oxides
with a completely compact outer layer and nanoporous inner structure.
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Electrocrystallization of PbO, begins with the formation of a
monolayer on the electrode surface, then the formation and growth of
three-dimensional nuclei take place. The formation of one phase is
noticeably lagged behind the other. In the layer-by-layer crystallization
and significant lagging of one of phases there may occur ingesting of
growing centres of one phase by another.The type of lagging phase
depends on the nature of electrolyte: for nitrate bath it is B, for
methanesulfonate — a.

It has been determined that the crystallization of lead dioxide from
methanesulfonate electrolytes proceeds through the progressive
mechanism. A preferred form of formed crystals at 2D nucleation in the
case of electrolytes, based on nitric acid is a cone, and electrolytes,
based on methanesulfonic acid is a cylinder. The process of coating
formation of lead dioxide begins with the formation of a-phase crystals.
After a certain period of time, the formation of (B-phase crystals takes
place. Thus, the a- and B-phases can be formed simultaneously.
Predominance in the growth of one or the other phase is determined by
the ratio between the kinetic constants of the crystal growth of a- and [3-
phases. The coatings obtained from methanesulfonate bath are almost
entirely composed of a-phase. It was found for the first time that addition
of dopants in deposition electrolytes leads to growth of B-phase content
in deposits. The latter suggests that the phase composition is largely
influenced not by the nature of the substrate but by kinetic difficulties in
initial stages of crystallization depending on the composition of
deposition electrolyte.

Electrodes based on lead dioxide doped by ionic additives are
known to be of great interest for investigation owing to tailoring solid
state properties as well as electrocatalytic activity of PbO, [1-3].
Particular attention should be paid to ionic additives in high oxidation
states +3, and +4 (compared to places of cation vacancies of lead
dioxide, in which Pb**-ions are known to be localized). It is recognized [4,
5], that there are two zones on the lead dioxide surface: crystal (PbO,)
and hydrated [PbO(OH),], that are in equilibrium and are capable to
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exchange cations and anions with the ions present in the bulk. Lead ions
replacement both in hydrated and crystal zone would cause not only the
change of amount of oxygen-containing particles in each zone, but their
binding energies, that in turn will change the electrocatalytic activity of
materials.

In the present work we examine early stages of electrocrystallization
of PbO, from methanesulfonate/nitrate electrolytes that contain various
ionic additives and surfactants (Bi**, Ce**, Sn*, [NiF¢]*, [SnFg]*, SDS) and
estimate rate constants of crystallization of a- and 3- phases.

Research Methodology

Electrodeposition regularities of lead dioxide both in nitrate and
methanesulfonate electrolytes were studied on Pt disk electrode by
steady-state voltammetry, chronoamperometry. Voltammetry
measurements were carried out in a standard temperature-controlled
three-electrode cell. All potentials were recorded and reported vs. Ag /
AgCl / KCI (sat.)-

Results and Discussuon

Current transients for PbO, deposition on Pt disk electrode were
obtained for investigation of initial stages lead dioxide electrodeposition
from methanesulfonate electrolytes (Fig. 1). The type of transient is
determined by the electrode potential. At low polarizations (E=1.55 V)
the biggest induction period with a further stretched maximum of current
IS observed. Increasing the anodic polarization leads to a substantial
decreasing the induction period and the increasing of current maximum.

Fig. 1. Current-time transients for
PbO, deposition on Pt disk
electrode from 0.01 M
Pb(CH3SO3),+1 M CH3SO3H at
different deposition potentials, mV:
1 -1550; 2 - 1600; 3 - 1620

t, s

A linear relationship between the natural logarithm of the induction
time of crystallization and the applied potential with negative slope is
observed both for nitrate and methanesulfonate electrolytes. Such
dependence shows that the electrocrystallization of PbO, begins with
the formation of a monolayer on the entire surface of the electrode, and
then the formation and growth of nuclei occurs. Growth of lead dioxide
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occurs through layer-by-layer crystallization, so each following layer is
formed on the renewed surface [6, 7].

An increase of a current delay corresponding to the induction time
can be observed if ionic dopants are present in the deposition bath. This
indicates difficulties in the initial stages of the phase formation of lead
dioxide (Figs. 2, 3).
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Fig. 2. Current-time transients for PbO, Fig. 3. Current-time transients for PbO,
deposition on Pt disk electrode at 1620 deposition on Pt disk electrode at 1620

mV from 0.01 M Pb(CH3S03),+1 M mV from 0.01 M Pb(CH3S03),+1 M
CH3SO3H+X, where X is 1 —0.01 M Bi**;  CH3SOsH+X, where X is 1 —[NiFg]*; 2 —
2-0.001 M Ce®*;3-0.01 M Sn** 0.01 M [SnFe]*

For the analysis of obtained transients we used the model,
described in [8], and calculated rate constants for instantaneous and
progressive nucleation.

For all the above cases, the crystallization occurs through the
progressive mechanism. The preferred geometric shape of formed
crystals at 2D nucleation from electrolytes containing cationic additives is
cone. And upon crystallization from electrolytes containing complex ions
additives geometric shape changes on a cylinder. The main parameters
of the crystallization of lead dioxide from electrolytes containing ionic
additives are presented in the Table 1.

Table 1. Parameters of initial stages of lead dioxide electrocrystallization

Deposition electrolyte ta Ka tp Kg
0.01 M Pb(MS),+1M MSA
+0.01 M Bi** 2.17 | 9.20x10° | 4.71 | 4.1x10°
+0.001 M Ce** 2.40 | 2.12x10° | 4.40 | 8.95x10°
+0.01 M Sn** 1.56 | 2.06x10” | 4.41 | 6.28x10”
+0.01 M [NiFg]” 0.02 | 4.61x10> | 0.05 | 9.78x10”’
+0.01 M [SnFg]* 0.64 | 3.92x10° | 1.99 | 5.32x107
+3x10™ SDS 150 |6.38x10° |2.80 |1.04x107
+ 7x10° SDS 0.84 [1.38x10° [1.08 |8.22x10°
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As one can conclude from obtained data, the presence of cations
in the deposition electrolyte alters the ratio between a- and B-phase
crystallization constants in different amount. Thus, in the presence of the
complex ion [SnFg]* the growth of B-phase dominates. For other cationic
additives the prevalence of a-phase growth is observed. It should also
be noted, that the presence of complex nickel and tin fluoride ions
reduces the beginning of nucleation. Most clearly this effect is observed
for [NiFg]* ion.

It is known [9], that the surfactant additive has a significant effect
on the kinetics of lead dioxide electrodeposition, without changing the
mechanism of the process. It has been also found that it is incorporated
into the growing coating through adsorption on PbO, crystals. That in
turn will lead to changes in initial stages of the crystallization. Surfactant
additives selectively adsorbed on certain faces, usually parallel to faces,
reducing the growth rate of these faces, and thereby altering the shape
of growing crystals. For more detailed analysis of surfactant additives
influence on the initial stages of the crystallization current-time transients
from electrolytes, containing sodium dodecyl sulfate (SDS) of two
different concentrations 3x10® and 7x10™ mol dm™ were obtained (Fig.
4).

Fig. 4. Current-time transients obtained
at PbO, deposition on Pt electrode at
1620 mV from next solutions: 0.1 M
Pb(CH3S05), + 0.1 M CH3SO3H+3%x107
SDS; 2 — 0.1 M Pb(CH3SO3), + 0.1 M
CH3SO3H+7x10™ SDS

The analysis of obtained transient revealed that in the case of
methanesulfonate electrolytes the crystallization proceeds according to
the progressive mechanism. For nitrate electrolytes there is a change in
the mechanism from progressive on instantaneous at high
concentrations of surfactants. The preferred form of crystals at 2D
nucleation in the presence of additives in nitrate electrolytes is semi-
spheroid, and in the case of methanesulfonate electrolytes cylinder
becomes the preferred form of crystals (see Table 1).
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Conclusions

The nature of depositing electrolyte considerably influences on the
phase composition of lead dioxide coatings and on crystallographic
orientations of individual faces. The coatings obtained from
methanesulfonate bath are almost entirely composed of a-phase. It was
found for the first time that addition of dopants in deposition electrolytes
leads to growth of B-phase content in deposits. This in turn suggests that
the phase composition is largely influenced not by the nature of the
substrate but by kinetic difficulties in initial stages of crystallization
depending on the composition of the deposition electrolyte.
Predominance in the growth of one or the other phase is determined by
the ratio between the kinetic constants of the crystal growth of a- and -
phases.
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We investigated the effect of water addition on physicochemical
properties of ionic liquids containing (i) chromium chloride, choline
chloride and water in the molar ratio of 1:0.5:x, and (ii) choline chloride,
ethylene glycol, nickel chloride and water in the molar ratio of 1:2:1:x, (X
=6, 9, 12, 15 or 18) for the temperatures between 25 and 80 °C. An
increase in the water content resulted in decreasing density, viscosity
and surface tension and increasing conductivity. The obtained results
were interpreted in terms of hole theory. The introduction of water was
stated to have a beneficial effect on the electrodeposition of chromium
and nickel coatings.

Electrochemical systems based on deep eutectic solvents (DESS)
are now considered as a promising alternative to common aqueous
electrolytes [1]. DESs have an ionic character and may be considered as
a new class of ionic liquid analogues; they consist of a eutectic mixture of
compounds having a melting point significantly lower than that of either
individual component [1, 2]. Commonly, DESs consist of quaternary
ammonium salt such as choline chloride (2-hydroxy-ethyl-trimethyl
ammonium chloride) and a hydrogen bond donor species such as
amides, glycols or carboxylic acids). Similarly to usual ionic liquids, DESs
have relatively wide potential electrochemical window, the high solubility
of metal salts, negligible vapor pressures and high conductivity
compared to non-aqueous solvents [1].

Electrodeposition of various metals and alloys using DESs have
been received significant attention as deep eutectic solvents are cheap,
easy to synthesize, easily biodegradable and not harmful for the
environment compared to most other ionic liquids [1, 3].

It is known that electrodeposition processes from DESs based
systems may be sufficiently improved by the introduction of water
additives into electroplating baths [4, 5]. In this context, water molecules
added to DESs can be considered as a special hydrogen bond donor.
This study was aimed to ascertain the effects of extra water addition on
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the main physicochemical properties of ionic liquids containing
CrCl3-6H,0 or NiCl,-6H,O and on the electrodeposition of chromium and
nickel films.

Research Methodology

Choline chloride was recrystallized from isopropanol then filtered
and dried under vacuum. Chromium(lll) and nickel(ll) chlorides were
used as they were received. The ionic liquids were prepared by mixing
choline chloride and CrCl;-6H,0 or NiCl,-6H,0 in a thermostatic heater at
70 °C by stirring until a homogenous liquids had formed. Then a required
amount of extra bidistillate water was added to the mixture and stirred at
the same elevated temperature in order to obtain a homogenous liquid
mixture. Density measurements were performed using a glass specific
gravity bottle. The surface tension was determined by means of
Wilhelmy plate method. Viscosity measurements were performed with a
glass Ubbelohde type viscometer. Conductivity measurements were
performed by means of usual ac Wheatstone bridge.

Electrodeposition experiments were carried out in a thermostated
glass cell. Chromium and nickel were deposited at a constant value of
current density on the disc electrode of copper foil fixed in a plastic
holder. Platinum gauze and nickel plate were used as anodes without
separation of anodic and cathodic compartments for Cr and Ni plating,
respectively.

Results and Discussion

Chromium(lll)-containing systems

The effect of water addition on physicochemical properties of liquid
mixtures was investigated for the systems containing CrCl;, choline
chloride and water in the molar ratio of 1:0.5:x (where x = 6, 9, 12, 15 or
18). As expected, density, surface tension and viscosity decrease with
increasing temperature and water content in the liquid mixtures. On the
contrary, conductivity increases with temperature and water content.
Some of the obtained results are shown in Figures 1 and 2.

It is well-known that hole theory can be used to explain the mobility
of particles in deep eutectic solvents. According to this concept [1], ionic
liquids (including DESs) contain empty spaces arising from thermally
generated fluctuations in local density. The vacancies are of a random
size and position; they are in constant motion. An ion can only move
through an ionic liquid if it is adjacent to a hole of equal or greater size.
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The average hole size (r) in an ionic liquid is given by the following

relationship [1] 4z(r’) = 3.5‘;r

where yis the surface tension, k is the Boltzmann constant and T is the
absolute temperature.
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Fig. 1. Viscosity of 2CrCl; + ChCl + Fig. 2. Conductivity of 2CrCl; + ChCI +
xH»O mixtures as a function of xH->O mixtures as a function of
temperature. temperature.
Xx=6(1),9(2),12(3), 15 (4), 18 (5) X=6(1),9(2),12(3), 15 (4), 18 (5)

The calculated average void radii for the systems under
consideration are shown in Table 1. As can be seen, increasing both
temperature and water content leads to an appreciable increase in
average void radius. As the natural result, this will promote decreasing
viscosity and increasing conductivity.

Table 1. Calculated average void radii for 2CrCl; + ChCIl + xH,O mixtures

. r (&)

T(C) X=6 X=9 x=12 x=15 x =18
25 0.732 1.254 1.287 1.315 1.509
30 0.741 1.268 1.306 1.332 1.530
40 0.765 1.304 1.343 1.374 1.583
50 0.788 1.340 1.389 1.428 1.648
60 0.811 1.383 1.437 1.481 1.714
70 0.839 1.424 1.488 1.536 1.773
80 0.866 1.482 1.550 1.602 1.832

The temperature dependences of viscosity and conductivity were
processed using logarithmic form of Arrhenius equation and the
corresponding values of activation energies were calculated. Both
activation energy for viscous flow and activation energy for conductivity
diminish with increasing water content in liquid mixtures. Lower activation
energies correspond to more mobile ions within the melt. Therefore, the
obtained results are in good agreement with the estimation of average
hole sizes: an increase in r makes ionic motion considerably easier.
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Thus, the introduction of extra water into the systems results in an
appreciable improvement in some properties of liquid mixtures: a
decrease in viscosity and an increase in conductivity are observed. This
feature is important and favorable in terms of the possible practical
application of plating baths containing DESs. However, the results of
electrodeposition experiments reveal that an increase in extra water
concentration leads to a decrease in current efficiency due to the
acceleration of competitive hydrogen evolution reaction. Taking into
account these considerations, we conclude that the chromium
electroplating should be performed from liquid mixtures of 2CrCl; + ChCl
+ xH,O with intermediate water content (x = 9 or 12).

Nickel(Il)-containing systems

The effect of water addition on the physicochemical properties of
liquid mixtures was investigated for the systems containing choline
chloride, ethylene glycol, nickel chloride and extra water in the molar
ratio of 1:2:1:x (i.e. ethaline + NiCl, + xH,O) where x =6, 9, 12 or 18.

Analogous to chromium-containing ionic liquids, an increase in the
water content (x) results in decreasing density, viscosity and surface
tension and increasing conductivity (see Figures 3 and 4 for references).
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Fig. 3. Viscosity of ethaline + Fig. 4. Conductivity of ethaline +
NiCl, xH,O mixtures as a function of NiCl, xH,O mixtures as a function of
temperature. temperature.
x=6(1),9(2), 12 (3), 18 (4) x=6(1),9 (2), 12 (3), 18 (4)

The calculated average hole sizes in the liquid systems under study
are summarized in Table 2, the value of r being increased with
increasing both temperature and water content. This means that ionic
motion becomes easier.

Nickel electrodeposition experiments showed that high-quality
nanocrystalline Ni deposits can be obtained from the electroplating bath
on the basis of DESs with water addition. The current efficiency of Ni
electrodeposition reaction reaches 95-100%. The coatings morphology
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becomes finer at higher water concentrations. Our preliminary results
showed that the microhardness and corrosion resistance of Ni coatings
can be enhanced with an increase in water content in the plaiting bath.

Table 2. Calculated average void radii for ethaline + NiCl, xH,O mixtures
r (A)

T(C) X=6 Xx=9 x=12 x =18
25 1.207 1.220 1.234 1.248
30 1.223 1.236 1.251 1.265
40 1.256 1.270 1.285 1.300
50 1.289 1.295 1.314 1.336
60 1.325 1.332 1.347 1.370
70 1.356 1.372 1.393 1.406
80 1.391 1.410 1.425 1.444

Conclusions

1. The introduction of extra water into the ionic liquids containing
2CrCl; + ChCl + xH,0 or ethaline + NiCl,-xH,O has a beneficial effect on
the physicochemical properties of the plating bath: an increase in
conductivity and a decrease in viscosity are observed.

2. High-quality Cr and Ni coatings with a relatively high current
efficiency can be electrodeposited from the plating bath based on DESs
with extra water addition.
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The purpose of this work is to research the kinetics transfer of
proton water through the membrane and to evaluate the influence of
technological options of electrolysis on this process.

The values of the ions streams through the membrane were
determined by measuring the quantity of substance in electrode
cameras, separated from each other by membrane, after putting the
known quantity of electricity through.

In order to simplify the technological scheme of membrane
electrolysis to get the NaClO «A», the conditions of electrolysis which
exclude the circulation of electrolyte were proposed. High concentration
of NaCl in anolit will be provided by transfer of proton water through the
membrane from the anode camera to the catode camera.

Experimental measurements of transfer numbers were carried out
by the Hittorf method.

The results of calculations according to the Breslau and Miller
model, for the Nafion 125 - solute NaCl system shows that with
decreasing NaCl concentration the numbers of proton water transfer
grows from t,=4,3 mol-F* with c¢=5 mol-dm™® to degree
ty = 7,8 mol-F* with ¢ =2 mol-dm™,

It was found that with increasing amperage density more 100 A-m™
influence on electrolysis chloride solutes make the ohmic component of
amperage decreasing. Increasing of ohmic amperage leads to local
increasing of temperature of anode and negatively affect the solutes
stability of NaClO. So, if the main purpose is to get the NaClO, it's
important to foresee the possibility of decreasing temperature of anode.

Decreasing of anode potential is possible at the expense of
decreasing of Ph of electrolite solute. However decreasing of Ph lower
than 2,5 leads to excess of critical anode potential, decreasing the
persistence RuO, — catalycity active component of low vanishing anode.

Achieving of critical potential DSA with low temperatures (288 K and
lower) reflects the decreasing of electrode activity = DSA when
electrochemical getting of Cl..
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Last years a lot of researches are aiming on developing of
membrane way of electrolyses of water chlorides solutes. Technological
process of production of NaCIO with using of membrane technologies
composed in getting Cl, and NaOH in cameras of membrane electroliser,
their cooling and the next cooperation in reactor with next getting of
NaClO [1 - 3].

Research Methodology

With electrochemical synthesis of concentrated solutes “active
chlore” as a membrane we used M®-4CK, Nafion-125.

For tests the membrane setting was investigated, which helps to get
concentrated solutes “active Cl,".

Common view on the setting is on picture 1.

A CIO, NaClO

Cl, 5

1 6] 2

Y

NaCl _ Hzo

- -t

3

Fig. 1. Scheme of electrolyses membrane setting work

Solute of Chloride Na given pH from streaming tank 1 goes to the
lowest part of anode camera of electrolyses 3. Using of streaming tank
lets us use the expend calculator, which provides smooth, self flowing
transmission of electrolyte to electroliser with set speed and keeps in this
cameras concentration of electrolyte in exact determined interval
280 ... 310 g-dm™. Self flowing transmission of NaCl, solute to
electroliser and flowing mode heads to installing stationary more of
electrolyze.

To catode camera the flow of distilled water was organized from
flowing tank 2 through union in the lower part. Before start of electroliser
catode camera was filled 1,5 mol-dm™ of NaOH solute.

The speed of flows in catode and anode cameras was determined
by expend calculator and was regulated by crane.

Exiting the electroliser anode products of electroliser were headed to
gas bleeder 4. In which CI, separated from NaCl solute. Depleted on CI”

210



Promising Materials and Processes in Technical Electrochemistry. Part 5

solute of NaCl was headed to additional saturation and then goes back
to electrolyze. Thus, this way let us to realize wasteless technology of
getting solutes of "active CI". Also to gas bleeder mercury thermometer
was put, which helped to watch the temperature of formatted in
electrochemical generator products.

Catode products of electrolise in form of NaOH and carbon was
headed to reactor of blending. 5. In reactor of blending worked catolite
with gas ClI in result of Chemical reaction forming the concentrate solute
of NaClO. Presence of reactor of electrolise product blending levels the
danger of blowout of Cl, to the atmosphere, because it combines with
alkali which increases the level of installation work in general.

With a view to simplify the technological scheme of membrane
electrolyses for getting NaClO “A” we proposed such conditions of
electrolise when the circulation of anolite will be absent. High
concentration of NaCl in anolite will be provided by transfer of protone
water through membrane from anode camera to catode.

Set the dependency of coefficients of ions diffusion in cations from
the temperature. With increasing of temperature (with decreasing of 1/T)
the effective energy of activation decreases. This fact can be explained
by changing the mechanism of water replacement. With increasing of
water temperature increases the level of ions dissociation and increases
the role of solvation mechanism in ions transfer. Worth noting that energy
of activation decreases with increasing of electrolyte solute concentration
(4).

Adding the electric field the charged water moves in direction of
anions move, at that working on it force is proportional to charge of
matrix and the voltage of electric field, and force of movement resistance
— versus proportional to hydraulic penetration of membrane.

Results and Discussion

The experimental results of membrane electrolise work without of
electrolyte flow in anode camera are shown on pic. 2 like dotted line and
changed from t, = 4,3 mol-F* npu ¢ = 5,13 mol-dm™ to point
t, = 9,6 mol-F* with ¢ =2 mol-dm™. Comparison of experimental and
calculation results shows that model proposed by authors (4), adequately
describes the process of transfer of hidrate water in investigated by ours
field of concentration NaCl (4 ... 5 mol-dm™). Differences of experimental
and calculative data with concentration NaCl less than 4 mol-dm™
related to part hydratation of ions in membrane with decreasing of pH
anolite in electrolise process.

But for investigated, and moreover for working range concentration
of NaCl using of model is permissible. Using in quality of anolite water
solute of NaCl with concentration 280 g-dm™ through the surface of
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membrane 0,05 m? when flows 100 A-hour of electricity will be
transferred 300+0,5 g H,O.

With chosen concentration 280 g-dm™ (p = 1,178 g-sm™) in 900 sm®
will be 254 g NaCl and 806 g H,O.

In accordance to Faraday law when flows 100 A-hour voltage mass
NaCl will decrease on 206 g (BT = 95 %). After one hour of electrolyze
with voltage density 2000 A-m™ in anode camera of membrane
electroliser will still be 254 — 206 = 48 g NaCl. During the same time in
accordance with investigated numbers of water transfer from outputing
806 g H,O through membrane wil be transferred 302 g H,O, another
words, there will be only 504 g H,O left. Thus in the result of electrolise
anolite contain only 8 % solute NaCl, that match the concentration of
NaCl 85 g-dm™.

-l
tw, MoJIb-F |

2,0 2,5 3.0 3.5 4,0 4,5 5,0 3
Cracts MOJIB-IM

Fig. 2. Dependence of numbers of transfer water from concentration of solute NacCl,
which is in contact with membrane: 1 — experimental. 2 — calculative

Made calculation was confirmed with the results of recourse tests of
laboratory setting, which confirmed the hypothesis about possibility of
technical scheme of membrane electrolyses without of using the stage of
analite additional saturation of solid NaCl qualification.

Based on made investigations of the different factor's influence on
kinetics of anode process, we can make the next conclusions:

- increasing of thickness of voltage more than 100 A-m™ great
influence on CI solute electrolise makes the Ohm component of the
voltage falling. Increasing of Ohm component makes the local heat up of
anode surface and makes the negative influence on stability of NaClO.
That's why if the final product foresees getting of NaClO, in the
construction of electroliser is important to foresee the possibility of
cooling anode.
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- decreasing of anode potential is possible through decreasing of pH
of electrolite solute. However decreasing lower than 2,5 leads to excess
of critical anode potential, decreasing of RuO, resistance — katolit active
component low damaging anode.

- gaining the critical of potential OPTA with decreasing temperatures
(288 K and lower) reflects the decreasing of electrode DSA activity with
electrochemical getting of CI.

- Oxide ruthenium-titanium anode cover holds katalit activity in
electrochemical synthesis of Cl and dioxid Cl. However in the conditions
of low temperatures in order to increase the working thicknesses of
voltage was proposed the using of more stable anode material — IrO,.

- Comparing of experimental and calculative results shows that used
model describes adequately the process of transfer proton water through
membrane in range of working (4 ... 5 mol-dm™>) concentration of NaCl.
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Organic-inorganic membranes based on heterogeneous ion
exchange polymer supports, which were modified with hydrated
zirconium dioxide (anion exchange membrane) and zirconium
hydrophosphate (cation exchange separator), were used for whey
desalination as well as for concentrate and permeate of whey
nanofiltration. Comparing with pristine polymer membranes, the
composite materials are characterized by stability against fouling inside
pores. The membranes were applied to desalination of whey and
products of its baromembrane treatment. Exponential decay of electrical
conductivity over time has been found for the solutions being purified.
The membrane resistance grew simultaneously.

Large amounts of liquid wastes produced by dairy industry are
dropped into rivers and lakes resulting in deterioration of water quality
due to occurrence of turbidity and unpleasant odor, development of
pathogens and so on. Recycling of milky whey allows one to solve not
only ecological but also economical problems, since the end products
(protein supplements or infant formula) can be sold. However, deep
desalination of whey is needed to obtain these products [1]. Since milky
whey contains high amount of inorganic salts (the order is 1 g dm™),
electrodialysis (ED) is attractive for this purpose [2].

As a rule, polymer membranes are used for the ED processes,
however they accumulate organic and inorganic matters not only on their
outer surface, but also inside pores [3]. Thus, a durable procedure, which
involves large amount of aggressive reagents and deionized water, is
needed for regeneration of the membrane system. However, polymer
material containing intraporous active layer of inorganic ion-exchanger is
stable against fouling during baromembrane separation [4]. A similar
approach could be applied to ion exchange membranes [5]. Before ED
treatment, whey proteins are concentrated by means of nanofiltration,
this process gives both concentrate and permeate [6]. After desalination,
the concentrate is used for manufacture of valuable products. Salts are
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removed from the concentrate, which is used further for manufacture of
valuable products. Desalinated permeate can be returned to fresh whey
in order to enrich it with lactose. The aim of the investigation is
application of organic-inorganic membranes to desalination of whey and
products of its baromembrane treatment.

Research Methodology

The ion exchange separators were obtained by modification of
heterogeneous CM-40 cation exchange and AM-40 anion exchange
polymer supports (Schekinoazot, RF) with zirconium hydrophosphate
(ZHP) and hydrated zirconium dioxide (HZD) respectively [5]. These
membranes were manufactured from CU 2-8 cation-exchange resin and
EDE-10P anion-exchanger. The resins were modified by similar manner for
visualization of small incorporated particles using a JEOL JEM 1230
transmission electron microscope (Jeol) and a scanning electron
microscope JEOL JSM 6700 F (Jeol).

Experimental set-up involves seven-compartment cell, power
supplier, measuring instrumentations and three independent liquid lines
[10]. The first line provides circulation of whey (300 cm®) throw three
desalination compartments with a flow velocity of 0.3 cm® s™, the second
line was through two concentration chambers filled with a 0.1 M HCI
solution (1 dm®). The electrode compartments were filled with a 0.05 M
Na,SO, solution. A thickness of each compartment was 6 mm, the
desalination compartments contained turbulators for intensification of
mass transport.. Only composite membranes (further CM) or only pristine
membranes (PM) were used for separation of the compartments from
each other.

Milky whey and products of its nanofiltration (NF) treatment
(concentrate and permeate) were purified from inorganic ions. The ED
processes were performed at 15 V.

Results and Discussion

Both single nanoparticles (4-20 nm in the case of ZHP and 3-6 nm
fo HZD) are visible in TEM image of ion exchange resins. Aggregates of
the nanoparticles (=300 nm) have been also found (Fig. 1). Single
nanoparticles are placed in clusters and channels of the polymers and
improve ion transport [5]. The aggregates are placed in pores outside
clusters and channels, where hydrophobic parts of the polymer chains
are located. The aggregates prevent adsorption of organics (fouling).
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Fig. 1. TEM and SEM images of ZHP (a, ¢) and HZD (b) particles in cation-(a, c)
anion-(b) exchangers contain.

During electrodialysis using PM and CM, the whey conductivity («)
decreased over time ( 7 ) due to removal of mineral components (Fig. 2).
The conductivity changed according to the relation:

K=10%"" , (1)

where @ (initial conductivity) and b (related to desalination rate) are the

empirical coefficients. The b parameter corresponds to slope of the -
T curve, which is plotted in semi-logarithmic coordinates, i.e.
b=d(logx)/dz  Modified membranes demonstrate higher rate of

desalination than PM (Table 1). The cell voltage (Uc ) is determined as:

Uc = Ecath + Ean +1 [Z Rs,i +z Rm,jj_ (2)
i i

Here E.. and E,, are the electrode potentials, ! is the current, R is the
resistance, the s and m indexes correspond to solutions and
membranes, i and j are the numbers of compartments and membranes.

Since Uc is the constant, the current is determined by a resistance of
I 11

the membranes and solutions, R = p§= <S (here p is the specific
resistance, | is the thickness, S is the area), it is possible to write:

L S[U. - (E, +E,)]
Icomp [3ps,des + 2(ps,conc + ps,el):l + Imzpm,j . (3)
J
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Here the des, conc and el indexes correspond to the desalination,
concentration and electrode compartments (comp) respectively. The

3l
2 and comp can be neglected, thus:
terms of 2(0; cone + Pser) S[U.—(E.E))] g

ps,des

_S[U, - (E.+E)] S pn,. @

In other words, the Psges!/1- 7 plot reflects a change of the
membrane resistance (due to depletion of whey and fouling) over time.

As seen, PM are characterized by higher Ps,des 'l value despite lower

desalination degree of whey. Thus, the composite membranes
demonstrate higher stability against fouling than PM. ED process
involving CM requires also lower energy consumptions (see Table 1).

10?

‘ 107 ‘ : : : :
a ® PM,whey b *
O CM, whey 106 |
10 v CM, concentrate NF 1
— A CM, permeate NF a;:\
‘s 105
§ £
0
g 10 E
e C 104} PM, whey
= o > O CM, whey
101
1030
A
10° : : : : 107
0 1 2 3 4 5 0 1 2 3 4 5 6

Tx10™ (5) ©x10™ (s)

Fig. 2. Conductivity of liquid through desalination compartments (a) and O /1
ratios (b) as functions of time.

Table 1. Electrodialysis of biological liquids

o d(logx)/dz | Energy consumptions for
Liquid Membranes (Ohmm s 1kg salts / kWh
PM -3.8x107%° 3.8
whey
CM -5.1x10°%0 1.7
NF concentrate CM -5.7x1071° 1.5
NF permeate CM -8.7x101° 2.4
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The modified membranes were also applied to desalination of NF
concentrate and permeate. Higher rate of desalination was found for the
permeate evidently due to an absence of proteins, which form
precipitation on outer surface of the membranes. However, the
precipitate can be easy removed by polarity reversal or by
hydrodynamical pulsations.

Conclusions

Modified separators demonstrate higher stability against fouling
evidently due to nanoparticle aggregates, which prevent penetration of
organics inside the membranes. Higher desalination rate and lower
energy consumptions were found for these materials than for pristine
membranes evidently due to this stability and improved ion transport,
which is provided by single nanoparticles. Normally =1 kWh is necessary
per 1 kg salts, needed decrease of the consumptions could be provided
by optimization of the cell geometry.
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ELECTROMAGNETIC LOSSES IN CARBON/POLYMER
COMPOSITES WITH COPPER NANORODS ADDITIVES

SHPAK Yu.V, DRAGAN D.R., SENYK I.V., BARSUKQOV V.Z.
Kyiv National University of Technologies and Design
llona_Senyk@i.ua

The work is devoted to investigating the influence of some nano-
metal additives on shielding properties of graphite-carbon-polymer
composites against electromagnetic radiation (EMR).

It was shown that due to addition of as much as 3% of
electrochemically synthesized copper nanorods into the graphite-carbon-
polymer composite it is possible to achieve a decrease in EMR up to
1000 times in the 17-27 GGz microwave frequency range.

It is planned to use the electrochemically synthesized copper
nanorods as effective additives to the graphite-carbon-polymer coatings,
which can increase their shielding effectiveness to protect personnel and
equipment from EMR.

EJIEKTPOMATHITHI BTPATUA B KOMINO3UTAX BYITIEUBL/MOJNIIMEP
3 JOMILWKAMU HAHO-CTEP>KHIB MiAl

LUMAK KO.B., OPATAH O.P., CEH/K |.B., BAPCYKOB B.3.
Kuiscbkutli HayioHanbHul yHisepcumem mexHorsoait ma du3alHy
llona_Senyk@i.ua

PoboTa npucesyeHa gOCRIOKEHHIO BNANBY OESKUX HAHO-MeTanesmx
BKNMKOYEHb Ha eKpaHydi BMacTMBOCTI  rpadoiT-Byrneub-nonimepHmnx
KOMMO3UTIB Bif eNnekTpoMarHiTHoro sunpomiHoBaHHs (EMB).

[MokazaHO, WO BBeAEHHAM [0 CKnagy BYrNeueBoro KOMMO3UTY
HaHOCTEPXHIB Mifli, OTPMMAHNX EeNIeKTPOXIMIYHUM LUSIAXOM, B KiflbKOCTI
3% MoxHa gocartn ameHweHHss EMB go 1000 pasis B CBY gianasoHi
17-27 [Tu. lnaHyeTbCA BUKOPUCTAHHSA €neKTPOXiMiYHO-CUHTE30BaHUX
MiOHMX HaHOCTEPXHIB 4K edekTuBHMX [ob6aBok OO0 rpadiT-Byrneub-
noniMepHNX NOKPUTTIB, WO MOXE NiABULLINTU eKpaHyoYi BNacTUBOCTI 4SS
3axucTy nepcoHany Ta obnagHaHHsA Big Bnnvey EMB.

[Mpobnema 3axucTty nepcoHany Ta obnagHaHHA Bif
eneKkTpomarHiTHoro BunpomiHioBaHHsA (EMB) HabyBae Bce HOBUMX
acnekTiB, WO MNOB’A3aHO 3 OypXNMBMM pPO3BUTKOM Pi3HOMaHITHUX
TEXHOSIOriN Ta cdep AiNbHOCTI NMOANHMN.
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Hawnnerwe 3gincHntn 3axuct Big EMB wnaxom noro ekpaHyBaHHSA.
[MornuHatoudi ekpaHuM (MOKPUTTS) 3aCTOCOBYHOTb Y TUX BUNAZKax, KOMU
Binbuta enekTpomarHiTHa eHepria Bif BHYTPILLHIX MOBEPXOHb CYLiNbHUX
MeTaneBMX €eKpaHiB MOXe CyTTEBO nopywysatu pexum pobotn HBY
reHepatopa. ToMy norfAvHaKdi MNOKPUTTS MNOBUHHI MO  MOXIIMBOCTI
MOBHICTIO  MOrNMHATU  EHeprito. Llboro  pgocdaraioTe  nigbopom
DIENEeKTPUYHNX Ta MarHiTHUX MNPOHMKHOCTEN MOrfIMHaK4oro marepiany.
[MpoTe, iCHYe psia HeOoONiKiB TakMx maTepianiB: By3bka poboya 4yacTtoTa,
HeoOXigHICTb 3abe3neyeHHs1 BENMKMX TOBLUMH MOKpUTTS (Big 1 MM Ta
BULLE), WO B CBOW 4epry Bede A0 306inblleHHs MacorabapuTHUX
napameTpis, TOLLO.

EdeKkTMBHICTb BMKOPUCTAHHA HAHOYaCTOK MeTasriB B BeESMKIN Mipi
3anexuTb Bif 3aCTOCOBYBaAHOro MeToay CuHTesdy. Hanbinblw AocTynHUM
MeToaoM € hopMmyBaHHA B 06’eMi MaTtepiany ynopsakoBaHUX CTPYKTYP
(wapis, Nop) 3 noganblMM 1X 3arnOBHEHHAM MeTanom. [Onsa uiel metu
LUMPOKE TMOLUMPEHHS OTpuMann nNsfiBKM aHOAHOro OKcuay asritoMiHito
(AOCA), Wo xapakTepusytTbCA BUCOKOYNOPAOAKOBaHUM pPO3TallyBaHHAM
rekcaroHanbHWX Nop, PO3MillleHUX nepneHanKynsapHo o nosepxHi [1]. B
poboTi [2] BiA3Ha4YeHO BNNMB MOPdOSOrii AeskUX MeTaniB Ha 3axXWUCHI
B1TACTUBOCTI KOMMO3UTHUX MaTepianis, BUrOTOBIIEHMX HA 1X OCHOBI.

Y 3B’3ky 3 umm Byna nocTtaBneHa 3agada po3poduTU MOKPUTTS,
3gatHe o 6nokyBaHHs EMB Big npautotodoro obnagHaHHa 3
MakCUMarnbHUMK BTpaTtaMu npu MiHimanbHuUx ToBlmHax (8o 200 mkm).
BuByanace MOXNMBICTb Ta e(EKTUBHICTbL BKMKOYEHHA [0 CcKragy
KOMMNO3UTIB MeTaneBnx 4acTOYOK, CUHTE30BaHUX E€NEeKTPOXiMIYHMMU Ta
XIMIYHUMU MeToaaMMN.

MeToauka ekcrnepumMmeHTy

MeTaneBi HaHO-4aCTUHKM BupollyBann B mMatpuui Al,Oz. OkcuaHy
MaTpULKD eNEKTPOXiMIYHO CUHTE3yBanun 3a MeToaukoro [3] 3 antoMiHieBOl
donbrn yucrtotoo 99,5% B 0,3 M po3yuHi LWaBNEeBOI KUCNOTU NpU
npuknageHin Hanpysi 45 B Ta Temnepartypi 20 °C. BupoLuyBaHHS MigHUX
HaHO-BOMOKOH (HAHO-CTEPXXHIB) 34iMCHIOBAN 3 efIeKTPOoniTy, SKUA MiCTUB
B cBoeMy cknagi CuS0O, 0,9 M ta H,SO4 0,6 M [1].

3pasknu  KOMMO3UTHMUX  rpaduiT-Byrneyb-mMigb-nosiMmepHux  capb
roTyBanu LWIAXOM 3MilLlyBaHHA CyXMX KOMMOHEHTIB, SKi MOTiM BBOAWMN B
3asganerigb nNpuUroToBneHWMn po3ydnH rnonimepy. [niBky dopmysanu
METOOOM HaHEeCEeHHs MeH3NMKOM Ha cybcTpaTt, BucywyBanu npu
TemMnepaTypi cknyBaHHa nonimepy 50-60 °C. EnekTponposigHicTb
OUiHIOBaNM 3a METoAOM  BUMIPOBaAHHA  MUTOMOro  onopy 3
BUKOPUCTAHHAM  YOTUPLOX-ENEKTPOOHOI  KOMIpKA.  EnekTpomarHiTHi
BTpPaTV BU3HaAYanu 3a JOMOMOrol aBTOMaTUYHOIo BMMIptOBaya 3racaHHs
B OianasoHi yactot 17-27 [Ty 3a cTaHOapTHOK CXEMOK BUMIPHOBAHHSA
MiKPOXBUNbOBOIO 3racaHHs B YOTUPbOXMONKCHUKaX.
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Pe3ynbTaTt Ta 0GroBopeHHA

OkcngoBaHu  anioMiHin  BUKOPUCTOBYBABCA K MaTpuus  Aans
BUPOLLYyBaHHS HAHOBOMOKOHHUX MigHUX CTPYKTYp [3, 4]. B poboTax [5-6]
AeTanbHO  OOCNIMKEeHO  Pi3HOMaHITHI  napaMeTpy Ta  YMOBMU
eneKTpPoXiMiYyHOro  CUHTe3y  OKcuAHoiI  MaTtpuui. B peasynbTarTi
ABOCTafINHOIO €ENIeKTPOXiMIYHOrO OKCUMAYBAHHS MeTaneBoro asitoMiHito
(puc. 1) yTBOPKOETHCA ynopsikoBaHa NnopucTa CTPYKTypa, 3 PiBHOMIPHUM
PO3MoAifIoM Nop, TOBLUMHAMMW CTIHOK Ta BHYTPILLUHbLOrO giameTpy rnop.

i
SN A
"'.)‘.O\x-.f",l.'
AEPre v
‘i.‘-r‘:.t'--"----‘
st et R, &

o

Puc. 1.CEM 306paxeHHs1 No8epxHi arltoMiHie8020 3pa3skKa ricrs
eniekKmponosipysaHHs (a), wapy okcudy arntoMiHito MiCIs nepuwoao KpoKy aHoou3auii
(6), nosepxHsi Memarly ricsisi OKCUOHO20 8i0HOBIIEHHS (C) ma ropucma Mampuysi
Al,O3 niicrnisi dpy2020 KpokKy aHoousauii (d)

MaTepianun, oTpymaHi B pe3ynbTaTti eneKkTpoxiMiYHOro CUHTEe3y B
TakMx MaTpuusax, Bigpi3HATLCA BUCOKOK YUCTOTOH), KOHTPOSbOBAHICTIO
doopM Ta pPO3MIpiB YAaCTOUOK.

B paHin poboTi nopiBHsHI BKNagn B ekpaHyBaHHA Big EMB HaHo-
BONOKOH Migi 3 nopowkosoto mMiga mapku MNMMB-C 0045 K 3 po3mipom
YacTouvok 45-63 MkM Ta 6a3o0Bo0 rpadiT-Byrneub-nonimepHo gapboto.

OTpumaHi pe3ynbTatv gocnifkeHb (puc. 2) BigobpaxatoTb 3arasnbHi
BTpatTh EMB, ki BHocuTb 3pasok. Tak, ©asoBa rpadiT-Byrneub-
nonimepHa dgapba BHOCUTL BTpaATW Ha piBHI -23 dB npu ToBLUMHI 3pa3ka
He Ginbwe 160 MKM, WO BignoBigae NogaBneHHo curHany OinbLie Hix B
100 pasiB. BkntoyeHHs oo cknagy ¢apbu HaBiTb HEBENWKOI KinbKOCTI
MeTaneBmx 4acTo4oK (3%) [O3BONAKTL NOKpPALLMUTK Ui pe3ynbTaTtn (puc.
2) agpke BOHM MiABULLYIOTb €JIeKTPONPOBIAHICTE CUCTEMU | HE BMNBAKOTb
CYTTEBO Ha MacorabapuTHi NOKa3HUKN.
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HaHocTepXxHi 3%
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Puc. 2. YacmomHi xapakmepucmuku empam 3pa3skKie epaghim-eyaneuesux ¢papb 3
emMicmoM 3% 4yacmo4ok midi 8 pi3Hiti popmi

BBeoeHHs MOpOLLKOBUX MeTaneBmx vactovok migi (3% 3a macoto)
6e3yMoBHO npumBenio A0 36inblUeHHs BTpaT, nMNpoTe BBEOEHHS
BOJTOKHUCTUX CTPYKTYP Mifi B Taki camin KiflbKOCTi J0O3BOSISE€ NOKpaLLNTU
pe3ynbTaT eKkpaHyBaHHSA B cepefHboMy ax o -27 dB (mamxe B 1000
pasiB).

BigbuBaHHA; 1; BigbuBaHHA; 2;
79,67086 73,27986 Bia6uBaHHA; 3;
66,45754
W TTponycKaHHA
| nornMHaHHa, 3;
PIPJRYHaHHA-
B nornuHaHHA; 2;

—M_nornuHaHHA; 1; 26,40171 inbuBaHHA
20,13881
1; 0,19. 2; 0,31I 3;0,47

Puc. 3. [liacpama po3rnodiny enekmpomazHimHuUx empam 8 cepeduHi Komrnosumy, oe
1 — syeneuesa papba 3 Cu-eonokHamu (3%), 2 — syeneuesa cpapba 3 MnoPoOUKOBOH
Cu (3%), 3 — syarneyesa ¢hapba

Mpn npoekTyBaHHI 3axXMCHUX TMOKPUTTIB BIi4 €eneKkKTpoMarHiTHOro
BUMNPOMIHEHHSI BaXXfMBO BpaxoByBaTU 06MacTb MOr0  BMKOPUCTaHHS.
[Onsa BuUpilWEHHA 3agadvi «y3ro4pKeHOCTi» poboTu obragHaHHs, sKe
reHepye eneKkTpoMarHiTHe BUMPOMIHEHHSI, HEeOoOXiAHO He  TiNbKn
3anobirtm noro BAAMBY Ha iHWe obnagHaHHA Ta ob6cnyroByrounm
nepcoHan, ane W He CTBOPUTM  YMOBU  KKOHLIEHTPYBaHHS»
efleKTpPOMarHiTHoOro nonsa B cepeauHi nNpubopy. ToMy BMKOPUCTaHHS
TiIIbKN MeTaneBux MOKPUTTIB YacTO He OOCTaTbHO ANS BUPILLEHHST LINX
npobnem i HeobOxigHO cTBOplOBaATM OGaraToWapoBi NMOKPUTTA 3 Pi3HUMMU
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eNeKTPUYHUMU Ta MarHiTHUMU NPOHUKHOCTSIMU, YN FPaSIEHTHI CTPYKTYPMU,
Wwo ©6e3yMOBHO MiABULLYE KOLWITOPUC Ta YCKMAOHIE TEXHOSIOrio
BUrOTOBMIEHHS  TakMx  Martepianie. ByrneueBa dapba  moxe
3aCTOCOBYBATUCb $SIK OCHOBa [Nd CTBOPEHHSA TriOPUMAHUX 3aXMCHUX
NMOKPUTTIB, OCKINIbKN TPETUHA eNieKTPOMarHiTHOro NoToKy BTpayaeTbCs B
Npoueci NOrMMHaAHHA NPU NPOXOKEHHI Yepe3 3pa3okK (puc. 3). 3BMyanHo,
BHECEHHSI [O CKragy MeTaneBux BKNHOYEHb Aewo 3MIHIE KapTUHY
po3noainy enekTpoMarHiTHUX BTpaT B CTOPOHY 30iNbLUEHHS KOemilieHTy
BiAOUTTA, ane Taki KOMMO3UTHI MaTtepianu 30epiraloTb 3OaTHICTL A0
nornnHaHHsa EMB. KapTuHy posnoginy enekrpomMarHiTHMX BTpaT MOXHa
3MiHOBaTK nigbuparoum onTuMarnbHi cknagm KOMMOHEHTIB.

BucHoBKuM

Takum 4nHOM, B poBOTi OOCHIAXKEHO BANMB MeTanivyHMX BKKOYEHb
Ha BTpatTM B CTpPyKTypax Komno3uTiB. [loBegeHo nepesary
eNneKTPOXiMiYHO  CUMHTE30BaHMX  BOSIOKHUCTUX  CTPYKTYp  nepen
NMOPOLLKOBMMKM  MaTepianamMu Ha npuknagi  migi. 3anponoHoBaHi
MaTtepiann MOXyTb OYyTW BUKOPUCTaHi B MNPOEKTYBaHHi 3aXUCHWUX Ta
Bnokyo4unx ekpaHis Big HBY BMnpoMiHiOBaHb.
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Two methods - internal and external - were used for improving the
electrochemical activity and electrochromic properties of Ni(OH), films. In
the case of internal activation, AI** ions were added to the electrolyte
composition during the electrochemical precipitation process. In the case
of external activation, [Fe(CN)s]*” ions were used in the electrolyte during
the cycling process. In all the experiments there were used Ni(OH), films
synthesized by the electrochemical template method with polyvinyl
alcohol (PVA) addition to the electrolyte composition. It was shown that
the addition of [Fe(CN)g]*™ ions into the electrolyte for cycling leads to
significant improvement of electrochemical and electrochromic
(colorization-bleaching) properties. At the same time, the addition of Al**
ions into the electrolyte for Ni(OH), films precipitation leads to drastic
worsening of their properties. Also, possible mechanisms of AlI** and
[Fe(CN)g]*" ions influence were considered in this work.

Electrochromic devices are capable of changing their transparency
under applied voltage, thus controlling heat and light transmittance. The
state can be changed between bleached, colored or semi-colored. Color
can vary from intense to barely noticeable. The voltage supply is only
necessary for adjusting the degree of transparency, and after that, the
power supply is almost unnecessary for maintenance of required state.

The electrochromic devices are based on redox reactions occurring
in an electrochemical cell. Two processes occur:

- reduction of an oxidized form (the reduced form is colored):

oxidized form + electron(s) —reduced form,

- oxidation of a reduced form (the oxidized form is colored):

reduced form — electron(s) — oxidized form.
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The described reactions are responsible for changes in optical
properties. When voltage is turned off the system maintains its altered
state. This is called “memory effect”.

The design is composed of two glasses covered with conducting
films that also act as a frame, electrochromic film and an electrolyte. A
polyethylene terephthalate (PET) can be used instead of glass, to design
flexible devices. In most cases, the tin-doped indium oxide is used as a
transparent conducting film. For modulation of incident radiation, at least
one electrochromic film must be utilized in the devices’ design. A second
electrochromic film can be employed to improve color intensity.

Ni(OH), is one of the studied electrochromic materials. In order to
employ nickel hydroxide as an electrochromic material, it's deposited
on a glass substrate covered with a conductive support. When current
is applied the following reversible topochemical reaction occurs:

Ni(OH)Z (transparent) <> NiOOH (colored) + H+ +e (1)

Thin films of Ni(OH), change their color from transparent to dark-
brown and backwards. The mechanism of electrochromic process
depends on structure, presence of water in material's pores and
impurities.

Investigation methodology
The hydroxide films were cathodically electrodeposited from 1M
nitrate solutions of nickel with 5% wt. PVA. In case of the internal cation
activation in solution for precipitation Al(NO); was added. The molar ratio
between Ni and Al ions was Ni : Al — 4 : 1 [1]. Electropolished nickel
plates with working are of S=4 cm® was used as a substrate. The
deposition was carried out galvanostatically at current density of 0.625
mA/cm?.
The hydroxide film deposition occurs according to following
reactions:
NO3 + 6H,0 + 8 = NH; + 90H" (2)
Me?* + 20H = Me(OH), (3)

where Me?"= Ni?*, Co?".

Electrochemical measurements were performed using Elins P — 8
potentiostat. The change of film transparency was measured as a
change in voltage drop of photoresistor that was recorded with help of
analog-to-digital converter. The films were cycled in range 0—550 mV
(201-751 vs. NHE) at 1mV/s in 0.1 M KOH electrolyte. For the external
activation by anions for cycling 0.1 M KOH electrolytes with addition of
1.6 or 3.2 mg/l K4;[Fe(CN)g] were used [2].
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Results and discussion

In figures 1-4 cyclic voltammograms and colorization-bleaching
curves of all samples are shown. As it seen from fig.1 the film which was
precipitated from nickel nitrate solution with PVA has good reversibility
and high depth of colorization (fig.1b). Here upper point of the
colorization-bleaching curve is bleached state. Gradual decreasing of
bleached state caused by nickel substrate using. Since metallic nickel
has on the surface nickel oxides, the substrate can show weak
electrochromic properties [3].
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Fig.1l. Cyclic voltammetry (a) and colorization-bleaching (b) curves of Ni(OH),
deposited from: 1M Ni(NO3), + 5% PVA. Solution for cycling: 0.1 M KOH

The main idea of aluminum ions addition was in a possibility of the
precipitation of the layered double hydroxides (LDHs) based on Al with
higher electrochromic and electrochemical properties. However, addition
of AP* in precipitation electrolyte leads to drastic worsening of both
electrochemical and electrochromic properties. In the fig.2 it is seen
oxidation-reduction peaks absence as well as any colorization process.
Probably, the electrochemical method not fits for LDHs precipitation due
to small electrogeneration speed for OH" ions during the process. Thus,
aluminum ions results to Ni(OH), poisoning, that is well known
phenomena described in a literature.
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Fig.2 Cyclic voltammetry (a) and colorization-bleaching (b) curves of Ni(OH),
deposited from: 1M Ni(NO3), + 0,25M Al(NO3)3 +5% PVA.
Solution for cycling: 0.1 M KOH
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For activation by [Fe(CN)g]* ions, K4 Fe(CN)¢] salt was added to
which was used for

cycling. Ky Fe(CN)g]

concentration in 1.6 mg/l is not lead to significant changes in depth of
colorization and in electrochemical properties — fig.3, but in case of
higher concentration (3.6 mg/l, fig.4) properties are increased. The depth
of colorization and current peaks considerably higher than they are for
Ni(OH), precipitated from Ni(NOj), with PVA (fig.1) and for Ni(OH),
precipitated from Ni(NO3), with PVA and 1.6 mg/l Ks[Fe(CN)g] (fig.3). The
mechanism of such effect can lie in ions intercalation which open
intercrystalline space for electrochemical process.
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Fig.3. Cyclic voltammetry (a) and colorization-bleaching (b) curves of Ni(OH),
deposited from: 1M Ni(NOs), +5% PVA. Solution for cycling: 0.1 M KOH + [Fe(CN)g]*
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Fig.4. Cyclic voltammetry (a) and colorization-bleaching (b) curves of Ni(OH),
deposited from: 1M Ni(NOs), +5% PVA. Solution for cycling: 0.1 M KOH + [Fe(CN)g]*

3,2 mg/l
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Conclusions

It were shown effects of addition of AI®" in electrolyte for films
Ni(OH), precipitation and K4[Fe(CN)g] ions in electrolyte for cycling. It
was found two contrary effects: AI** conducts to Ni(OH), poisoning, in
contrary K,[Fe(CN)¢] addition leads to significant properties increasing.
Activation mechanism by [Fe(CN)g]* ions can lie in intercalation process
of ions into intercrystalline space with simultaneous opening inner
surface for electrochemical process.

3+
I
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YOK 541.135

GAS BUBBLE SIZE PREDICTION IN CONCENTRATED ALKALINE
SOLUTIONS USING THE THEORY OF PLANAR NUCLEUS

ATAPIN A.G., NEFEDOV V.G.
Ukrainian State University of Chemical Technology,
assai02@yandex.ru

The theory of planar nucleus has been used in order to calculate a
theoretical size of tear-off gas bubbles formed during the electrolysis.
The possibility of predicting the bubble size was demonstrated. The
calculated numbers have a good correlation with the experimental data
and do not contradict the classical ideas.

NMPOrHO3MPOBAHME PABMEPOB rA30BbIX MY3bIPEN B
KOHUEHTPUPOBAHHbIX LLUEJIOYHbIX PACTBOPAX C
NMOMOLLBIO TEOPUU MNMNOCKOIO 3APOAbLILLA

ATAMMNH A.T., HEOEOOB B. T.
YKkpauHcKkul 2ocydapcmeeHHbIlU XUMUKO—MEXHOo102u4ecKul
yHusepcumem, assai02@yandex.ru

B pabGoTe Ans TeopeTU4eckoro pacyeTa OTPbIBHbIX pa3MepoB
rasoBbliXx MNy3blpel, BbIOENSAWMUXCS NPU  3NEKTponuse  BoAbl,
ncrnonb3oBanach Teopus MMOCKoro 3apoapila. MNMokazaHa BO3MOXHOCTb
NMPOrHO3MPOBaHUSA Pa3MepoB My3bipeil, BENUYUHbI KOTOPbIX, WUMEIT
XOPOLLUYK KOPPENSAUMIO C  3KCMEepUMEHTamnbHbIMU [AaHHBIMA U He
NpoTUBOpPEYaT KNacCUYecknM npeacTaBrneHnsM.

CornacHo Knaccuyeckum npencTtaBreHnsM, OTpPbIBHblE pa3mMepbl
BblAENAOLWMNXCA MPU 3MEKTPonmM3e rasoBbiX My3blpen onpenensitoTca
paBeHCTBOM cun npununaHna (1) n oTpbIBHbIX, onpeaenseMbiX 3aKOHOM
Apxumega (2):

F,=I1-d-o,. -sing, (1)
Fuiex=V-0-p, (2)
N3 paBeHCTBa aTUX cun onpegensaeTca oTpbiBHOM guameTp (3)
. (o)
d=sing- |—2, 3
g-p ()

roe
O — NOBEPXHOCTHOE HaTsKEHUE XUAOKOCTU Ha rpaHuue pasgena das
ras-xuakoctb, H\m;
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O — KpaeBoW yron cmavmMBaHus, rpag.;
g — yCKopeHue cBobogHOro nageHus m/c;
P — NAOTHOCTb XWAKOCTM Kr/M°.

BennuunHa KpaeBoro yrna cCcMaydmBaHnUA  onpenendercd n3
COOTHOLWEHNA BEJIMYNH MOBEPXHOCTHbIX HaTSXXEeHUN Ha rpaHuue Tpex

das, no gopmyne (4):
—O0

cos @ = Zen —Tmoc
T, (4)
roe O O — MOBEPXHOCTHOE HaTsXXeHWe Ha rpaHuue pasgena gas
ras-TBepgoe Tero v TBepaoe Tero — XUOKOCTb COOTBETCTBEHHO, H/M

AOCONIOTHbIE 3HAYEHUS MOBEPXHOCTHbLIX HATSKEHUA O W Oy
OObIMHO HEM3BECTHbl, MO3TOMY COSO TeopeTMYeckn paccunTatb
HEBO3MOXHO. 3MepuTb ero B npouecce pocTa My3blps Takke Hernba3s,
MOCKONMbKY OH MEHSIeTCsi BO BpeMeHW.  [nameTp OCHOBaHUSI My3blps
onpeaensieTcs kak COOTHOLLEHME OTPbIBHOIO AnamMeTpa ny3bipsi K CUHYCY
yrna cmavmBaHus

docz-: = domp -SIN 9 , (5)

B oTOoM ypaBHEHMM Heu3BeCTHble [Be BeNMYMHbL AnamMeTp
OCHOBaHUA My3blpbka M CUHYC Yyrna cmadmBaHusa. [Ons peweHus aToun
npobrnembl AnameTp OCHOBaHWUA My3blpbka pacCyUTbIBaNM C MOMOLLbIO
Teopuu nnockoro 3apogebiwa [1] (6):

2
_ 32205 ' _452)1/2’ (6)
gey-(Ap) +2p5°gh

roe O — TOMLMHA NNOCKOro 3apoapbllla, M; €5, — AUdNeKTpuyeckas
NPOHULAEMOCTb pacTBopa, AP - pasHULA NOTEHLMAaNoB NoBEpPXHOCTEN
pasgena as, p — NNOTHOCTb XWUOKOCTU, § — YCKOPEHUE CUTbI TSKECTH, h
— TOMNLWUHA CIOS XXUOKOCTU Haz, 3NEKTPOAOM.

OCH

MeToaornorusa npoBegeHUs1 3KCNePUMEHTOB

OnpeneneHve OTPbIBHbIX Pa3MepPoOB KUCIIOPOLHbIX My3blpen npu
aneKkTponmse npomssoaunsioc B 8-16 M pactBopax rugpokcuga HaTpus
MeTodaMu [OUCMEPCUOHHOro0 MUKpodoToaHanusa. MukpodoTochbeMKa
rasoBbiX My3blpbKOB MpoOBOAMMNACL MO MeTOo4y CBETNIoro nons 4yepes
okynap Mmukpockona MBC-9 ¢ ncnonb3oBaHMeM KOMMNAKTHOW LMOPOBON
dotokamepbl Canon A570IS. Kamepa 1 MMUKpoOCKONn ycTaHaBnmMBasnuchb
COOCHO. JJIEKTPOXMMMYECKAA sYenKa, W3roToBfieHHad M3 KBapLeBOro
doTocTekna, yctaHaBnmBanacb Ha [BYXKOOPAWHATHOM  MOHTaXHOM
MUKPOMETPUYECKOM CTONMKe, obecnedmBalrolleM HaBeOeHUE PE3KOCTU
Ha  3NeKkTpo4 WU npunerawwmn K HemMy Crnon anekTponuta.
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NCTOYHUKOM OCBeLLeHUsT CryXuna UMnynbCHas namna-Benbilwka Sigma
EF500S.

Bo Bcex aKcnepuMMeHTax MCMoSib30oBasiMCb TOMBbKO MOSIMPOBAHHbIE
anekTpogbl. [llonupoBka ocyuwecTsnanacb nNpu MOMOLWKM  anmMasHomu
nactel ACM 1/0 HOM ¢ 3epHoM o 1 MKM, Ha (peTpoBbIX MU 3aMLUEBbLIX
ANCKax. [Mocrne nonMpoOBKM 3NeKTPoAbl MNPOMbIBANUChL  3TUMNOBLIM
CMMPTOM, BOAOW U pacTBOpOM Lienoyn. B pabote Hamn ncnonb3oBanucb
9NEeKTPOAbl, N3roTOBMNEHHLIE U3 HUKENS

[Ona oueHKn pasmMepoB ras3oBblX My3blpbKOB MCMNOSMb30BanMCh
oTneyaTkn npu 50-kpaTHOM yBENUYEHUM W LWABMOH ANs M3MEepeHus
pa3amepoB ny3biper oT 20 go 500 mkm ¢ warom 20 mkM. Habupancs
ctatuctmyeckmn aHcamoébnb n3 300-500 nysbipen U paccuUnTbiBaNUCb nX

cpegHue anameTpbl (7)

roe: ni- 4uicno nysblpbkoB guametpom di; N, - obuwee wuucno
ny3blpen B CTaTUCTUYECKOM aHcambne.

[MonspusaumoHHble KpuBbIE BbILENEHUSA KUCNopoda CHUMManucb C
nomowbto  noteHumoctatra [1M-50-1 npu  cKOpPOCTU  pa3BEPTKU
noteHumnana 1 mB/c.

JKcnepuMeHTanbHasa 4acTb
3aBUCUMOCTb CpegHUX ONaMETPOB KUCMOPOAHbIX MNy3blpen oOT
KOHLEHTpaLnn pacTBOpOB npmueeaeHa Ha puc. 1.

250-

_ 4

200-

s
£ 150- 3

w
100+ D// 2
50- o__o_—o—-———"‘*“""1

CM
Puc.1. 3asucumocme cpedHea0 duamempa ry3bipbKa Kucsiopoda om

KOHUeHmpauyuu pacmeopa NaOH, rpu pa3nuyHbix nnomHocmsix moka: 1-10 MA/cm?,
2-30mMA/cm?; 3-50MA/cM?,4-70 MA/cm?. Ni anekmpod
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N3 pucyHka BMOHO, 4TO C POCTOM KOHLIEHTpauwuu pacTteopa W
NIIOTHOCTU TOKa pasMepbl MNy3blpen yeenuuusaroTcd. [lonyyeHHble
AaHHble npoTuBopevaTt akcnepumeHTtam KabaHoBa n ®pymkumHa [2],
KOTOpble  YCTaHOBUMW, YTO  MaKCUMalbHbIN  pasmep  ny3blpen
HabngaetTca npu  noTeHuMane anekTpoga, paBHOM MOTeHUnany
HYNeBOro 3apsga W pPe3Ko CHMXalTCA NpUM aHOOHOW WNU KaTogHOWM

nonsipusauMm  anektpoga. JTO  YyKasbiBaeT HA  OrpPaHUYEHHYHo
NPUMEHUMOCTb  YKa3aHHOW TeopuuM ONsS  YCMNOBUA  pearlbHOro
aneKkTponuaa.

Ha nepsom atane no (6) Obinn paccynTaHbl AnaMeTpbl OCHOBaHUS
ny3blpd. [n1s pacTtBOpOB rmapokcuaa HaTpust KOHUeHTpaumen ot 8 go 16
MOSb/N , NAOTHOCTb M MOBEPXHOCTHOE HAaTSXKEHWE KOTOPbIX NPUBEOEHDI
B Tabn.1.

Tabnuua 1.Ceolicmea pacmeopos 2udpokcuda Hampusi

K°":§:‘;‘;ﬁ”"" 8 10 12 14 16
MNOTHOCTL Kr/oM® 1275 1330 1380 1425 1465
[MoBepxHOCTHOE 0,086 0,091 0,0943 0,0975 0,086
HaTsaXeHne H/m

AHanornyHble pacyeTbl 66N NpoBeAEHbl ANA NNOTHOCTEN TOKa OT
100 go 700 A/M>. [Mpn 3TOM NpPMHUMANOCb BO BHUMAHME, YTO JIOKarbHble
NOTHOCTU TOKa B LIEHTpax pocTa ny3blpen npesbiwatoT rabaputHble
NIOTHOCTM TOKa obpaTHO MPOMNOPUMOHANbHO CTENEHAM 3KPaHUPOBAHUSA
NOBEPXHOCTWN 3neKkTpoaa, TO eCcTb, KONMYECTBY LEHTPOB pocTa ny3blpen.
[Ons aTnx ycnoBum BENMYMHA NOMSpPM3aUMK 3MEKTPOAOB MOBbILANach
KaKk C pOCTOM MMIOTHOCTWU TOKa, TakK U C YBENMMYEHNEM KOHLIEHTpALUM U
pocturana 1+1,2B.

O6c¢cyxaeHue pe3ynbTaToB

PesynbTatbl pacyeToB MOKa3blBalOT, 4YTO AWaMeTpbl MIOCKUX
3apoabllien, KoTopble SBMSAOTCA OCHOBAHMEM pacTylmnX My3bipeun,
YMEHbLIATCHA C PpOCTOM KOoHUeHTpauuun (puc. 2A), MNMoactasue (6) B (5)
Mbl MOMYYUITN CUHYCbI KpaeBoro yria cMmadymsaHus(puc. 2b), kotopble no
pacyeTam TaK XXe YMEHbLLATCS C POCTOM KOHLEHTpaLuMn 3NeKTponuTa,
MNNOTHOCTU TOKa M MNOMSPM3auUUn 3feKkTpoaa, YTO He NPOTMBOPEYUT
cyxgeHnam KabaHoBa — PpymMKnMHa O 3aBUCMMOCTM pasmMepoB Mny3bipen
OT NoTeHuunana anekrpoaa.
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Puc. 2. 3asucumocme Ouamempa ocHosaHus ny3bipbKa rno T3 (A) u cuHyca yeana
cmaydusaHus (b) om KoHUeHmMpayuu pacmeopa

Ncnonb3ys (5) Obinu paccunTaHbl TEOPETUYECKME OTPbIBHbIE
AnameTpbl Ny3blpen KUCnopoda BblOENAOLWErocss MNpu  3MeKTponunae
NaOH npu nnotHoct Toka 100 AWw? ConoctaBuB WX ¢
9KCNepuUMeEHTarbHO NONyYEeHHbIMK AAHHbIMU, HabnogaeTca
yAOBNETBOPUTENbHAA  KOppensaums  TEOPETUYECKMX  3HAYEHUNn C
9KCnepuMeHTarbHbIMWU AaHHbIMU, pUC.3.

8 10 12 14 16
CcM

Puc.3. CpasHeHue meopemuyeckoeo (1) u akcriepumMeHmarnsHO USMepeHHo20 (2)
ompbI8HO20 duamempa ry3bipbKa Kucriopoda om KoHueHmpauyuu pacmeopa NaOH,
npu nnomHocmu moka 100 A/m?

INntepaTypa
[1] Hedemos B.I. WccneposaHwe  BnnaHUA  rpaButaumm  u
HerpaBuUTaLUMOHHbIX (PakTOpoB Ha obpasoBaHuve ,pOCT U OTBOA OT
aneKTpoaa rasoBbIX My3bipen Npu anekTponuse sogbl // guc. ... A-pa XUMm.
Hayk. YI'XTY, dHenponeTposck, 1997.

[2] KabaHnoB B.H., ®pymkunn A.H. // XKypH. duns. xumuun. -1933. -4. -C.
538—549.

233



| Promising Materials and Processes in Technical Electrochemistry. Part 5

YK 544.653.2

THE EFFECT OF DEHYDRATION OF MANGANESE NITRATE ON
THE QUALITY OF MANGANESE DIOXIDE COATING ON TITANIUM
ANODES

BUTENKO O.S., BUKET O.l.
National Technical University of Ukraine "Kyiv Polytechnic Institute”
a.bos007@gmail.com

The problems of production and exploitation of titanium anodes
coated with manganese dioxide were analysed. Attention was focused
on the complexity of multilayer deposition of the oxide coating by
successive operations of applying manganese nitrate to the titanium
base and its burning. The cause of the deteriorating quality of the coating
while trying to increase its thickness in one work cycle was found out. It
is a dramatic increase in water loss by crystalline manganese nitrate that
occurs during the formation of manganese dioxide crystals in the 100 ...
150 °C temperature range. It was proved that in this temperature range it
was necessary to remove the limits at the stage of formation of a new
manganese dioxide phase and simultaneously to slow down the removal
of water in the gas phase. To do this, it was proposed to introduce a solid
phase of fine inorganic composition capable of retaining water in the
crystalline form in the 100 ... 220°C temperature range into the layer of
liquid manganese nitrate, after its application to the titanium base. It was
established that the use of gypsum-cement composition in an amount of
about 1% by weight of manganese dioxide deposited enables one to
apply a coating by an order of magnitude thicker in one work cycle
without significant loss of its strength and resistance to erosion during
subsequent operation.

BMNAMUB NPOLECY OEMIAPATALIT HITPATY MAHIAHY HA AKICTb
AIOKCUOAHO-MAHITAHOBOI'O NMNOKPUTTA TUTAHOBUX AHOLIB

BYTEHKO O.C., BYKET O.l.
HauioHanbHuUl mexHiyHuUl yHieepcumem YKpaiHu «Kuiecbkul
nonimexHiyHUU iHcmumymy»; a.bos007 @gmail.com

lMpoaHanizoBaHo npobremMn BUFOTOBIFIEHHS Ta  ekcnnyartauil
TUTAHOBUX aHOAIB 3 MOKPUTTAM i3 OIOKCMAOM MaHraHy. AKLEHTOBaHO
yBary Ha TPyAOMICTKOCTI 6araTtowapoBoro OCamXeHHA OKCUAHOro
NOKPUTTS LUNSAXOM MOCNIAOBHUX onepauin HaHECEHHA HIiTpaTy MaHraHy
Ha TWTAHOBY OCHOBY Ta WoOro obnaneHHsi. BCTaHOBNEHO MPUYUNHY
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NOripLweHHs: AKOCTi NOKpUTTA npu cnpobi 36iNbWMTU NOro TOBLLMHY, LWO
HAHOCUTLCA 3a OAWH TexHONoriYHun umkn. [lpudnHo € pi3ka
IHTEHCUdpiKaLia BTpaTn BOOM KpucTanorigpataMmn HitpaTty MaHraHy came
y npoLueci yTBOPEHHSA 3apoaKiB KpuUCTanis OiOKCUay MaHraHy y AianasoHi
Temnepatyp 100...150 °C. [oBegeHo, WO Yy Ha3BaHOMY [diana3oHi
Temnepatyp HeobXigHO 3HATU OBMeXeHHA Ha cTafdil YTBOPEHHS HOBOI
dra3n giokcmay MaHraHy i ogHO4YacHO YMOBINIbHUTU BUOANEHHS BOAWN Y
rasosy asy. [ns uboro 3anponoHOBaHO BBECTU Y LUApP PigKOro HitpaTty
MaHraHy, nicna Moro HaHeCeHHs Ha TUTaHOBY OCHOBY, TBepay asy
ApibHogMCNepcHOI HeopraHiyHOT KOMNO3uLil, SKka 3gaTHa yTpumMaTtn Boay
y dopmi Kpuctanorigpatis y AaianasoHi Ttemnepatyp 100...220 °C.
BcTtaHoBNEHO, WO BWKOPUCTAHHSA T[iNCOBO-LEMEHTHOI KOMMO3WUUil Y
KinbkoCTi 6nm3bko 1 % Big4 Macu HaHeceHoro [fiokcmay MaHraHy
[03BONAE 32 OAUH TEXHOJSOMNYHUMA LMK HAHECTU MOKPUTTA Ha NOpPSLOoK
GinbLlol ToBWWHM 6e3 CyTTEBOI BTPATM MOr0 MILHOCTI Ta CTIMKOCTI A0
epoasil y npoueci nogansLlol ekcnnyaTauil.

Enektpoou 3 nNOKpUTTAM i3 OIOKCMOY  MaHraHy  LUMPOKO
BUKOPUCTOBYIOTLCA Y PI3HOMAHITHUX rany3sx TexXHIYHOI enekTpoximii —
Bi €enekTposiidy 3 MeTOK ofdepXaHHA Pi3HOMaHITHUX pPedYoBUMH [0
BTOPUHHUX XiMiYHUX mkepen cTpymy. OCHOBHa MeToAMKa OAEpXKaHHS
OIOKCMOHO-MaHraHOBUX €SIEKTPOAIB Ha IHEPTHIN CTPYMOMPOBIgHIN OCHOBI
NUWIAETBCA HE3MIHHOK 3 Yaci IX BWHAMOEHHs A0 CbOorogHi —
Garatopas3oBe nowlapoBe HAHECEHHSI PO3YMHY HITpaTy MaHraHy Ha
NMOBEPXHIO CTPYMOMPOBIAHOI OCHOBW 3 HACTYMNMHUM Miponi3om npu
TemnepaTtypax 6nm3sbko 200°C [1]. Takmn wmeTon BiOpi3HAETHCA
Haa3BMYAMHOK  TPUBANICTO,  TPYAOMICTKICTIO Ta  HagBUCOKUMM
BUTpPaTaMu €HEProHOCIiB, OCKINbKN ONA OOep)KaHHS AKICHOro MOKpUTTS
HEeObOXiAHO BMKOHATU OOEP)KaHHS KINIbKOX AECATKIB LlapiB NOCnigoBHUM
HaHECEeHHsIM PO34YMHY Ta MOro HacTynHoro niponisdy. Y paHin pobori
npoaHarsnizoBaHO MPUYUHU, LLO He O03BOSAKTb HAHOCUTU SKiCHI MnO,-
NMOKPUTTS 3a MEHLLY KifbKICTb TEXHOSOrMNYHUX onepadin (Mo-MOXNUBOCTI,
OOHUM LLapom, TOBLUMHA AKOro BiAnoBifae - TpaguuinHomy
BGaraTowapoBOMy MOKPUTTHO) Ta 3anNpONOHOBAHO CMNOCIO YCYHEHHS LIbOro
HeosiKy.

MeToponoria pocnigxeHb

HacuvyeHun pos3ynH HiTpaTy MaHraHy, KW Bignosigae cknagy
6nmnsbko 1 monb Mn(NOg), Ha 6 monb H,O [2], HAHOCKMM Ha OCHOBY Yy
BAMNALI nnactuHM 3 TuTaHy Mapkun BT-1-0 i obnantoBanu npwu
TemnepaTypi o 200+20 °C npotdarom niBTopu roguHn. PO34nH HaHoCunm
6e3 po3BedeHHS OQHMM TOBCTMM LIAPOM, SIKUA TPUMAaBCH Ha MOBEPXHI
TUTAHOBOI MMACTUHU 3a PaxyHOK B’SA3KOCTI N NOBEPXHEBOro HatsAry. [Ans
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yTPUMaHHSA 3B'A3aHOI BOAW Bi4 3akunNaHHA y poO3yYMH nepen Moro
HaHeCeHHsAM 3anpornoHOBaHO BHOCUTU MOPOLUKOBY TiNCOBO-LEMEHTHY
koMro3uuito. [Ons  MNOPIBHAHHA BUKOPUCTOBYBaANW TUTaH-4iOKCUAHO-
MaHraHoBi aHogu BKpuTi GaraTowlapoBUM MOKPUTTSAM Ha CepinHOMY
BUPOOHMUTBI, Ae HiTpaT MaHraHy HaHocunu 3 6inbll po3BeAeHoro
pO34nHY 1 noTiMm obnantosanu nocnigosHo 10 pa3. BunpoboByBaHHS
eneKkTpoAiB NpoBOAMNM B CTAHAAPTHIN CKISHIN TPUENEeKTPOaHIA KoMipLi
noteHuioctaty lMA-50-1.1 y posumHi 0,5 M Na,SO,. Bci noteHuianm
HaBedeHi BiQHOCHO H.B.€e.

Pe3ynbTati Ta iXx 06roBopeHHs

Enektpon 3 6GaratowapoBum OiOKCUMOHO-MaHraHOBUM MOKPUTTSM
BiAPI3HAETLCA MaTOBMM YOPHUM KOSMbOPOM, MICUAMU 3 aHTpPauUTOBUM
6rnnckom. MokpnTTS piBHE N He BiawwapoByeTbeA. NMpn cnpobi ogepxaTtu
OAHOLIApOBE MOKPUTTS 3 TOBLUMHOK pPiBHOKW OGaratowapoBomy Yy
pesynbTaTi crnoctepiranu 3gyTTa Wapy LIOKCuay MadHraHy y BUMmsA;
nyxupis. [lokpuUTTa noraHo 34enreHe 3 OCHOBOW W  nerko
BiALLAPOBYETLCHA, 0COBANBO NiCNA aHOAHOT nonapuaadii y po34ymHi mano
arpecusHol 8o enektpoga 0,5 M H,SO,.

MocnigoBHe HarpiBaHHA 3paskiB eniekTpofiB 3 TOBCTUM  PiOKUM
LLapoM HiTpaTy MmaHrany go temnepatyp 100, 150 i 200 °C nokasano, Lo
TepMiYHe pOo3KnafaHHs HiTpaTy MaHraHy noymHaeTbes Bxe npu 100 °C.
Mpuyomy, uUen npouec CyrnpPOBOMKYETLCA PI3KUM BUBINIbBHEHHAM |
BUNapOBYBaHHAM 3B’S3aHOI BoAW. BHacnigok uUboro, yTBOpHOBaHi npwu
100...150 °C 3apogku KpuctaniB OiOKCMAY MaHraHy BigpuBalTbCs Bif
NOBEPXHiI TUTAHOBOI OCHOBM 1 NoganbLUmi iX picT YacTo BigbyBaeTbca y
CMiIHEHOMY KUMNAS]MOMY PO34MHi. ToMy cnpobu cTyniH4aTUM Harpisom 3
Butpumkoto npm 100 i 150 °C nepen obnaneHHam npu 200 °C  ycyHyTH
CKMMAaHHS 1 HEKOHTPONbOBaHE PO3KagaHHs Po34nHy No3baBreHi CeHy.

3BaXkaloun Ha YTBOPEHHS HOBOI TBepAol (hasn y po3uunHi BXe npu
Temnepartypax 100...150 °C, 3anponoHOBaHO BBECTU Yy pigky dasy
TBEpPAl UEHTpU Kpucrtanisauii, Aki oQHOYaCHO 3MOXYTb YTpUMyBaTu
3B’si3aHy BoAdy Xxo4a 6 npoTAromM YTBOPEHHS | MOYaTKOBOrO pPOCTY
3apofKiB KpucTtanis giokcMay MaHraHy Ha noBepxHi TMTaHOBOI OCHOBMW.

Bigomo, wo rinc CaS0,4-0,5H,0 wBngko 3B’A3yeTbCA 3 BOOOK B
rincoBuin kaMiHb cknagy CaS0,4-2H,0, akuin NOCTYyNnoBO MOXe BTpayaTu
Bogy npu Temnepatypax Big 100 pgo 180 °C. LUemeHTn 3paTHi
yTpumMyBaTu 3B’dA3aHy Boay npu Temnepatypax go 600 °C [3]. Tomy
OOUINbHUM € BBEOEHHA Y PO34YMH HITpaTy MaHraHy MnopoLLKOBOI
KOMMO3WLLT i3 FiNcy i LeMEHTY.
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Hocnign nokasanu, WO BBEOEHHS CTOPOHHIX MOPOLLUKOBUX
MaTtepianiB y po34MH Yy KinbkocTi Ginbwe 5 % Big Macn HaHeCeHoro
PO34YMHY PI3KO noripwye €K aaresito, Tak | enekTpornpoBigHICTb
AIOKCUOHO-MaHraHOBOro MOKpUTTA. [1OKpUTTA Mae TEMHO CipUn Konip W
BIAHOCHO Jierko BIOKPULLYETHCA NPV HagaBroBaHHI  NNACTUKOBOKO
nonatkoto. NpoTe y KinbKocTsax Ao 1 % KOMMNOo3uuist 3 MOPOLLKIB LEMEHTY i
rncy nokpawlye 30BHIWHIN BUrNg4 MNOKPUTTS  nicna  obnaneHHsa
(3MeHLYeTbCSA BiOHOCHA niowia 34yToro NMOKPUTTA), a TaKoX 34ernsieHHS
3 OCHOBOKW Ta 3MEHLUye aHOOHY nepeHanpyry, y T.4. i BHacnigok
3pocTaHHA enekTponposigHocTi Ha Mexi MnO,—Ti (puc. 1). MNpn ubomy
NOKPUTTS Mae NPakTUYHO MATOBUA YOPHUIN KOMIP | HE BUKPULLYETLCSH Npu
HaJaBMoBaHHI NMAaCTUKOBOK FOMNATKOH0.

lgi, [ 2 lgi, [ 2
(AL 15— 3 (AW 1~ "3
1 ° 1 >
0 r / 0 r s
-1 -1 L 1
1 2 EB
A) E)

Puc. 1. AHOOHI nonspu3auiltHi kpusi odepxxaHi Ha aHodax 3
0OHakoeor macoto MnO, Ha mumaHosili 0cHogi o0pa3y nicns
suazomoaerieHHs1 (A) ma nicns 10 0i6 aHoOHoI nonspu3sauii () cmpymom
30 A/M? y po3yuHi 0,5 M Na,SO.,.

Kinekicmb wapie MnO:

1-10;

2-4 -1,

5 — 6e3 nokpumms.

LHobaska 1% eaincogo-uemMeHmMHOoI cymiwi 00 pPO34YUHY Himpamy
MaHaaHy rneped 8U20moesieHHIM aHodi8:

1 — 6e3 dobasku;

2 —cymiw 75 % aincy i 25 % uemeHmy;

3 —ainc;

4 — yemeHm.

BctaHoBneHo, O okpemMe BUKOPUCTAHHA LeMeHTy abo rincy He fae
MOBHOrO YCYHEHHS SiBULLA 30YTTH NOKPUTTA Y BUIMAAI MOraHo 34ensieHnx
3 TUTaAHOBOK OCHOBOK nyxupiB. [lpyM ubOMy aHoau, BUrOTOBIIEHI 3
3aCTOCyBaHHAM HiTpaTHOro posunHy 3 pobaskowo 1 % rincy,
BiAPI3HAIOTLCA LUBMAKAM 3HOCOM MOKpUTTS — 4deped 10 pi6 BnnmBy
aHogHVUM cTpymoM 30 A/M? iX NONSPU30BaHICTb HABNMXAETLCS A0 TaKOi
y TutaHy BT-1-0 (kpuBa 3, puc. 1). AHOOM, BUrOTOBIIEHI 3 HITpaTHOro
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po3uMHy 3 [o6aBKOK nuWe UEeMeHTy, Big no4yaTtky MakTb BULLy
nonapu3oBaHicTb (KkpuBi 4, puc. 1), a iIX (PyHKUIOHYBaHHSA Nig CTPYMOM
30 A/m* npotarom 10 fi6 gae pesynbTaT aHarnoriyHui Takomy Ons
3aCTOCYyBaHHS rincoBol AobaBKMu.

BukOHaHHAM  psgy  eKCcnepuMMEeHTIB 3 TiNCOBO-LEMEHTHO
KoMno3uuieo pisHoro ckragy ©6yno BCTAHOBMEHO, WO CMiBBigHOLLUEHHS
75 % rincy i 25 % ueMeHTy € onTuMasribHUM OS5 BBEAEHHS Yy HITpaTHWUi
po34uH Yy KinbkocTi 1 % Big noro macu nepepn obnaneHHam. Taki aHoam
He 3MIHIOITb CBOIX BlaCTMBOCTEN MNpW TpuBarnin ekcnryaTauii, xo4ya ¢
BiAPi3HAOTLCA  OiNblIOK  MNONspM3auierd  HiXK  TUTaAHOBI aHoan 3
6aratowaposm MnO,-nokputTsam (kpmi 1 i 2, puc. 1). Binbwunn Haxun
KpMBOI 2, MOPIBHAHO 3 KpuBOKW 1, Npu BUCOKUX nondpusauisax, ne
MEXaHi3M aHOAHOro Npouecy iAeHTUYHUN | BignoBigae nuwe BUAINEHHIO
KACHIO, BKa3ye Ha 30inblUeHHA OMi4yHMX BTpaT y wapi MnO, BHacnigok
BBEeEHHS TinCoBO-LEMEHTHOI CYMiLLi.

BucHoBKM

[MokasaHo, Wwo npobnemMa LWinbHOCTI N aaresili 40 TUTaHOBOI OCHOBM
NPW HaHEeCEHHI OQHOro TOBCTOrO Llapy AiOKCUAy MaHraHy MosiCHIOETbLCS,
y nepLly 4Yepry, YTBOPEHHsIM 3apopkiB kpuctanie MnO, y pigkin dasi
HITpaTy MaHraHy npu temnepatypax 6nm3bko 100 °C. Y gpyry 4depry —
BigwapyBaHHaAM 3apogkisB MnO, Big TWMTaHOBOI OCHOBW BHACRIgOK
CKMMAHHA pPO34YMHY NpPU BUBINbHEHHI 3B'A3aHOI BOAW i3 rigpaTHUX
00O0NOHOK iOHIB MaHraHy n HitpaTty npu Temnepatypax 100...150 °C.

3anpornoHOBaHO BBECTWU Y HITPATHUA PO3YMH MOPOLLKOBY riNCcCOBO-
UEMEHTHY  KOMMO3WULit0, YacCTUHKM SAKOI  BUCTYNawTb LEHTpamu
Kpuctanisauili W 3gaTHi WBMAKO BCTynaTu B XiMiYHY B3aemofilo 3
BUBINIbHEHOK BOAOK npu Temnepartypax 6nm3bko 100 °C (rinc) wn
4YacTKOBO yTpumyBaTw 1i y npoueci obnaneHHa go 220 °C (uemeHT).

[MokasaHo, wo BBeaeHHA 1 % cymiwi 75 % rincy 3 25 % ueMeHTy y
HaCMYeHU pPO3YMH HITpaTy MaHraHy [AO3BOSIIE 3a OfHe obnaneHHs
HaHeCTU MNOKPUTTHA, WO 3a TOBLUMHOK BiAMNOBidAaEe AecATULapOBOMY
TpaguuinHomy MnO,—NOKPUTTIO Ha TUTaHi, a 3a enekTPoOXiMiYHUMMU
BNacTUBOCTAMU Maro NOMY NOCTYNaeTbCA.
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ELECTROLYTE EFFECT ON THE ELECTROCHEMICAL
PROPERTIES OF POLY(3-METHYLTHIOPHENE) THIN FILMS

KOZLOVA T.B.", MOTRONYUK T.I.}, SYDOROV D.O.?
'National Technical University of Ukraine «Kyiv Polytechnic Institute»
“Institute of Bioorganic Chemistry and Petrochemistry
of the National Academy of Sciences of Ukraine ; bilobog@mail.ru

In this work the P3MT was synthesized electrochemically on
transparent conductive substrates of indium-tin oxide (ITO) using the 0,5
M electrolyte MCIO, (M = Li*, Na*, Bu,N") in acetonitrile. Electrochemical
characterization of these films using the same electrolyte as that used for
synthesis shows that their electrochemical properties are controlled
mainly by the nature of cation. The discussion of the results suggests an
idea that the nature of the cation affects essentially the behaviour of the
polymer films during the charge-discharge processes.

BB NPUPOAN ENEKTPONITY HA EJNIEKTPOXIMIYHI
BJTACTUBOCTI TOHKUX MJIBOK MOJI(3-METUNTTIOPEHY)

KO3MOBA T.B.", MOTPOHIOK T.I.}, COOPOB A.0.7
'HauioHanbHuli mexHiyHull yHieepcumem Ykpaitu «Kuigcbkutli
nosiimexHiYHUU iHecmumymb»
2lHecmumym 6ioopaaHiyHoi Ximii ma Hagbmoximii HauioHanbHOT akademii
Hayk YkpaiHu,; bilobog@mail.ru

Y L poboTi MN3MT oyB CUHTE30BaHUMN LUMAXOM
eIleKTPOOCaXKEeHHSA Ha NPO30pUX CTPYMOMPOBIAHUX NiASIOXKKaxX 3 OKCUay
iHaito Ta onosa (ITO) 3 BukopucTaHHam 0,5 M posuuHis MCIO, (M = Li",
Na®, Bus;N*) B auetoHitpuni (AH). EnekTpoxiMiuHi OOCHIIKEHHS  LuX
NiBOK 3 BUKOPUCTAHHAM TOrO X eNneKTPOoniTy, SKUM BMKOPUCTOBYBAaBCAH
ANA CUMHTEe3Yy MoKasylTb, WO IX efIeKTPOXiMiYHI BfIACTUBOCTI 3anexaTb
rofIOBHMM 4YMHOM Big npupoau kKaTioHa. OBroBopeHHs pesynbTarTis
HALUTOBXY€E HaC Ha OYyMKY, LLO Npupoaa KaTioHa Mae€ iCTOTHUA BMNSIMB Ha

noBeAiHKy nosliiMepHMX NiBOK Mifg Yac npoLecis 3apaay-po3paay.

MonitiodeHu € BaXXITMBUMM npencraBHMKaMu Kracy
enekTponpoBigHMX noniMepie. Bucoka enekTponpoBigHICTb, XiMiYHa,
eneKkTpoxiMiyHa i TepMiyHa CTIMKICTb noniTioeHiB Ta IX MoXigHUX
[03BONAKTL BUKOPUCTOBYBATU X B PI3HOMAHITHUX rany3ax CyyacHol
TEXHIKW — CEHCOPHUX MPUCTPOSX, POTOENEKTPUYHUX NepeTBOploBaYaXx,
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eNeKTPOXPOMHUX MNPUCTPOSAX Ta iH. Hambinbw epekTMBHMM MeTo4OM
dopmMyBaHHA TOHKMX LLAPIB NONITIOPEeHy Ta NOro NOXigHMX Ha MOBEpPXHi
eneKkTpoay € enekTpoxiMiyHe OKUCHEHHA MOHoMepy 6esnocepeaHbo Ha
noBepxHi enektpogy. [lpoTe Ha BRNacTMBOCTI nonimepis, WO
YTBOPKOKOTLCA B MPOLECI €NIEKTPOXIMIYHOMO CUHTE3y MOXe BMinBaTtu
LM pag YMHHUKIB — rYCTUHA CTPYMY CUHTE3Y, TeMnepartypa, KaTioOHHO-
aHIOHHMI cKnag enekTPosiTy Ta iHLWi.

MeToponoria pocnigxeHb

B npenctaBneHin poboTi npoBeneHO  AOCHILKEHHSA  BNMBY
KaTiOHHOro CKragy enekTponiTy Ha eNieKTPoXiMiYHi  BflaCTMBOCTI Liapy
nonimMepy Ha npuknagi noni(3-meTunTiopeHy), CUHTE30BaHOro B
NPUCYTHOCTI TeTpabyTunamoHin nepxnopaTy, nepxnopaTty HaTtpilo Ta
nepxnopary niTito.

MeTogom uUMKNiYHOI BONbTaMnepoOMETPil NpoBeAEeHO OOCHIOXKEHHS
npouecy enekTpoximivyHol nonimepusadii 3MT y 0,5 M posumnHax MCIO,
(M = Li*, Na*, BuyN") B auetonitpuni (AH).

HocnigpxeHHs eneKTpoXiMiyHOI nosnimepuaadii nosnimepy
nposoaunu 3a gonomoroto noteHuioctarta Nl — 50 — 1 3 nporpamaTopom
MP-8 B TpbOXenekTpoaHin enekTPOXiMiYHIN KoMipui 3 Hepo3dinbHUMU
KaToniTom Ta aHomMiToM.

Ak enekTpon MNOPIBHAHHA BUKOpUCTOBYBanu enektpoad Ag/Ag’,
3anoBHeHun posvnHoMm 0,5 M AgNO; , sk pobounn enektpond (aHon) —
CKINo, BKpUTE OKCMAOOM OfioBa, 9K AOMNOMDKHUW enekTpon (katod) —
nratuHoBa OpoTuHKA. [loTeHuian enekTpoay NOpiBHAHHA OOpPiBHOE E =
0,2224 B BigHOCHO HacU4YeHOro BOAHEBOrO enekTpoay (H.B.e.).

EnekrtpoxiMmidyHuM cuHTe3 MN3MT Ta gocnigpkeHHA enekTpoXiMivYHUX
BNnactmeoctem Ha pobovomy enekTpodi MNpoOBOOUAN B PEXUMI
LIMKITIOBAHHSA MOTeHUiany.

Pe3ynbTatu Ta iXx 06roBopeHHs

EnekTpoximiyHMin cuHTe3 [3MT npoTikae npu noTeHuianax Ago
1,4B.

Basytounch Ha niTepaTypHux gaHux [1] 6yno BctaHoBneHo, wo AH,
LiClIO,4, NaClO, 1a BusNCIO, € ctabinbHuMn npu Takux 3HaAYEeHHNAX
noTeHuianis, WO [JO3BOSISE BUKOPUCTOBYBATU IX AONA MPOBELEHHS
enekTpoximiyHoro cuHtesdy MN3MT. lNpoTe icHye pag NobiYHUX npoLlecis,
LLIO NOTipLYITb AKICTb NoniMepy Ta 3MEeHLUYKTb MOro BUXIi4 3a CTPyMOM,
a came: po3KknagaHHA 3anuvuLKOBOI BOAW Ta BIOHOBJIEHHS PO3YMHEHOrO
KNCHIO. ToMy, W06 nepekoHaTUCh B YNCTOTI NPUrOTOBaAHUX €NeKTPOosiTiB
nonepenHbO 3HiManun POHOBI LMKNIYHI BONbTamneporpamu (puc 1).
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Puc.1. LukniyHi eonismamnepozgpamu ¢poHosux po34yuHie 0,5 M a) LiCIO4 6)
NaClO4 8) Bu4NCIO4 & AH Ha ckrnisiHomy enlekmpodi rpu weuodKocmi po320pmkKu
rnomeHuyiany 50 mB/c

Ak BugHo 3 npeactasneHnx LUIBA npun E=1400 mB doHoBUI CTpyMm
He nepesuwye 50 MkA, a npu E= -500 mB - 25 mKkA BignosigHo, WO
CBIYMTb NPO YUCTOTY MPUrOTOBMIEHUX ENEKTPOSITIB Ta MOXIUBICTb IX
BUKOPUCTaAHHA [ONA  enekTpoximiyHoro cuHtesy [1I3MT B agaHomy
JianasoHi noTeHuianis.

dopmyBaHHS NOMITIOPEHOBOro Wapy Ha MNOBEPXHI pobo4oro
enekTpoay Ta MOro AOCHMKEHHSA 34iIMCHI0OBaNu 3a OOrNOMOro MeTtoay
UUKIiYHOT  BONbTamnepomeTpil. Bubip Takoro metogy OTpUMaHHS
MOANMIKOBAHUX €NeKTPOoAiB MNOB’A3aHMA 3 TUM, WO MOMiTiOPEeHOoBI
NMOKPUTTS, CPOpMOBaHi B NpOLECi LUUKMOBAHHA noTeHuiany, € 6inbLu
OOHOPIOHMMM | MICTATb MeHWe OedeKTiB, HiK MniBKW, CUHTE30BaHI
noTeHuiocTaTMyHMx ymoBax [2]. [loTeHuiognHamiyHi  KpuBi (puc.2)
3HimManu 3i weuakictTio v = 50 mB/c B aiana3oHi noteHuianis Big -0,5 B oo
1,4 B. ObmexeHHs pobo4yoro gianasoHy noTeHuianis 3HadeHHam 1,4 B
0ByMOBIIEHO TUM (PakTOM, WO MPU LUKIOBAHHI A0 OiNblUMX 3HAYeHb
noTeHuiany BiabyBaeTbCs HE3BOPOTHA AecTpykuisa yrtBopeHoro [T
LLSISIXOM MOr0 NEePEOKNCHEHHS.
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Bci gocnigpkeHHs nposoaunu npu KiMHaTHin Temnepatypi (+ 20
°C).

OnpautoBaHHS OTPUMaHUX eKkcrnepuMeHTanbHUxX AaHnX
34iMCHIOBanNu Ha KoMn'totepi 3a gonomoroto nporpamu Origin.

LinkniyHi BONbTamMmneporpamu (nepuwi LIMKIIN) npoLecy
enekTpoximiyHoro cuHTedy [3MT Ha cknsHomy enektpoai B 0,5 M
po3unHax enektponitis MCIO, (M = Li*, Na*, BusN") B AH npuseaeHa Ha
puc.2.

——05MLICIO,
——05MNaClo,
——05M (C,H),NH,CIO

7S g’

I(MA)

T T T T T T T T
-500 0 500 1000 1500
E(mV)

Puc.2. L{ukniyHi eonismamnepozpamu pocmy rnnieok N3MT Ha ckrnsHomy ennekmpodi
8 0,5 M MCIO,4 (M = Li*, Na", BusN") 8 AH, koHueHmpauis 3-memunmiogpeHry 0,05
M; Uposzopmiu = 50 MB/c; 1-uli UK Onisi KOXHO20 3 e/1eKmposiimis

Tabnuus 1. NMomeHuian okucHeHHss 3MT e 0,5 M MCIO, 8 AH (M = Li",
Na’, BusN"); v, = 50 mB/c

PoHOBA Ciflb €NIeKTPOCUHTE3Y E. B
Nn3mT pas
LiCIO, +1,18
NaC|O4 +1,31
BU4NC|O4 +1,2

[Ons  KOXHOro enekTponity Ha aHogHIM  Tinui  WMKIIYHOI
BOSIbTaMneporpaMmn CrnocTepiracTbCs pi3ke 3pOCTaHHA CTPyMmy Mpu
noTeHuianax no3uTueHiwe 1,2 B BigHocHo Ag/Ag’, wo Bignosigae
noYaTKy OKMCHEHHS 3-MeTunTtiodeHy Ta Moro oniromepis 3a cxemoro (1)

3].
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Hani BigbyBaeTbCA 3MEHLLIEHHS nepeHanpyru npouecy 3aBAsKu
YTBOPEHHIO LWapy noniMepy Ha MNOBEPXHi enektpoay. 3a paxyHOK
YTBOPEHHA MJIIBKW, @ TaKoX 3a paxyHOK TOro L0 OKPIiM OKUCHEHHS
MOHOMEPY Ha MOBEpPXHi CKkra BiabyBacTbCA TaKOX OKUCHEHHS AnMepy,
TpUMepy Ta iHWKX oniromepis.

Pi3Ha nepeHanpyra npouecy OKUCHEHHS 3-MeTus TiopeHy Moxe
ByTM nosiCHEHa KOHKYpPEHLiEl KaTioH pagukanis 3  KaTioHamu
enekTponiTy npu popmyBaHHI iOHHUX Nap 3 aHIOHOM. 3BaXkalouu Ha Te,
WO MNigBULLEHHSA nepeHanpyrn npouecy enekTpoxiMiYHOro OKUCHEHHS
MOHOMeEpPY MOXe Npu3BoANTM 0 Aerpagauil nonimepy, Lo YTBOPHETLCA
Ha MOBEpPXHi enekTpody, BapTO obupatM enekTponiT 3 HaMMEHLUO
nepeHanpyrot OKUCHEHHSA MOHOMEpY.

BucHoBKku

Y poboTi po3rnsHYyTO OCOOMMBOCTI €NEeKTPOXiMIYHOMO CUHTE3Y
M3MT Ha noBepxHi ONTUYHO MPO3OPUX ENeKTPoaiB, MOKPUTUX
eneKkTponpoBigHNUM CnraBoM okcuais iHAgito Ta onoBa (ITO, IN,03:Sn0,),
y 0,5 M posunHax MCIO, (M = Li*, Na*, BuyN") B aueToHiTpuni (AH).

3HangeHo, LWo noTteHuian okucHeHHs (Ep,) 3MT 3anexuTb Bif
npupoan KaTioHa (OOHOBOroO enekTposiiTa efieKTPOCUHTESY. Byno
BM3HAYEHO TMOTEHLUian noyaTKy OCa[PKEHHA nosiMepy [ONns  KOXHOro
enektponity (tabn.1). B npoueci enektpocuHTesy nniBok [M3MT
MOXINMBE 34INCHEHHA B3aeMOAil MiXX KaTioHOM (DOHOBOro enekTporsiTa i
MONEKYNOK MOHOMEpPA, L0 CMPUYNHSAE BANMB HA BESNMYMHY MOTEHUiana
OKMCHEHHA MOHOMEpPA, a TaKoX Ha BNacTUBOCTI YTBOPKOBAHUX MAIBOK.

BignosigHo, 3 pocnigxkeHux enektponitie, LICIO, € Hankpawmm
ansa edektuBHoro dpopmysaHHa MN3MT wapy Ha noBepxHi enekTpoay
OCKINbKM Yy OaHOMy BUMagky nepeHanpyra npouecy enekTpoxiMi4yHOro
OKUCHEHHA MOHOMEPY € HaMMEHLLOKW. TakMm YMHOM, WsiXoM BubBopy
onTUMarbHOro IOHHOro cKkrnagy (POHOBOro  enekTponity  MOXHa
NigBUWLNTL BUXiO UINbOBOro nosniMepy Ha MNOBEPXHi enekrtpoay Ta
NIABULLNTY AKICTb YTBOPIOBAHUX NOSTIMEPHUX MNITIBOK.

Mepenik nocunaHb
[1] AdpaHacbes B. J1., Hazaposa W. b., Xngekens M. J1. lNonutnodeH -
nposogsiLiee opraHndeckoe coeagmHenue // N3e. AH CCCP. Cep. xum. -
1980.-Ne 7. - C. 1687 - 1688.
[2] Skotheim, T.A; Elsenbaumer, R.L.;Reynolds, J.R.; Handbook of
Conducting Polymers, 2nd Ed. Marcel Dekker, New York, 1998.
[8] Waltman R. J. Electroactive properties of polyaromatic molecules/
R. J. Waltman, A. F. Diaz, G. Bargon // J. Electrochem. Soc. 1984. Vol.
131. N 6. p. 1952 — 1956.
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YK 66.091.3
KINETICS OF ANODIC PROCESSES IN ACETIC ACID SOLUTIONS

BILOUS T.A., TULSKY G.G.
National Technical University "Kharkiv Polytechnical Institute”
beloystany@yandex.ru

Anodic processes in the solutions of acetic acid without additives
and with additives of potassium thiocyanate have been investigated by
the voltammetry method at high potential on a platinum electrode. The
role of potassium thiocyanate additive in acetic acid solution as a
promoter in the electrochemical synthesis of peroxyacetic acid has been
shown.

Kinetics of the anode process has been investigated in the acetic
acid solutions in the concentration range of 1...9 mol-dm™. It has been
shown that increasing the acetic acid concentration up to 6 mol-dm™
promotes achieving the electrochemical potential of peroxyacetic acid
synthesis.

Keywords: acetic acid, peroxyacetic acid, potassium thiocyanate.

KWHETUKA AHOOHbIX MPOLIECCOB B PACTBOPAX YKCYCHOM
KACNOThbI

BENOYC T.A., TYNbCKUN T T.
HauyuoHanbeHbil TexHu4eckuu YHusepcumem "XapbkoecKuu
lMonumexHu4yeckut MHcmumym"; beloystany@yandex.ru

MeToaoM CHATUA BONbT-aMMEPHbIX KPMBbLIX UCCreaoBaHbl aHOAHbIE
npoLeccbl B pacTBopax YKCYCHOM KUCNOTbl B 0ONactu BbICOKUX
noteHunanos 6e3 pgobaBkm u ¢ pobaBkoM pogaHuga Kanus Ha
NIaTMHOBOM 3fiekTpoae. YCcTaHoBneHa ponb AobaBku pogaHuaa Kanvsa B
pacTBopax YKCYCHOW KUCIOTbl Kak MPOMOTOpa B 3IEKTPOXMMUYECKOM
CUHTE3€ NEPOKCUYKCYCHOMN KUCIOTbI.

NccnegoBaHa KMHETUKA aHOQHOrO npouecca B pacTBOpax YKCYCHOM
KMCNOTbl B AnanasoHe KOHueHTpauun 1...9 mMonb-aM™ . MokasaHo, YTo
yBeIrMyeHne KOHLEHTPaLMW YKCYCHOW KWUCIOTbl [0 6 Monb-aMm™
cnocobCcTBYET AOCTMXKEHMUIO MOTEHLMANOB 3NEKTPOXMMNYECKOrO CUHTE3a
NEepPOKCMYKCYCHOW KUCIOThI.

KntoueBble crnoBa: YKCyCHasi KUCMOTa, MEPOKCUYKCYCHasi KUCIOoTa,
podaHua Kanusi.
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Mpn anekTponmMse pacTtBOpoB KapOOHOBbLIX KUCMOT M UX COSen Ha
aHoe BO3MOXHO MPOTEKaHME HECKOSIbKUX KOHKYPUPYIOLLNX pPeaKkunn:
BblaeneHne kucrnopona; peakuust Konbbe; obpasoBaHMe NEPOKCUMAHbLIX
coeguHeHun. Ha mexaHM3M aHOOHbIX peakuun CyLLeCTBEHHOE BIINAHUE
OKasblBalOT KOHUeHTpauma wunoHoB CH;COO  u Hanunume p[obasok,
KOTOopble, BCTpauMBasiCb B [OBOWHOW 3JIEKTPUYECKUA CIIOW, MEHSIOT
MeXaHM3M N KMHETUKY 3IEKTPOAHOro npoLiecca.

N3BeCcTHO, 4TO podaHuMabl TOPMO3AT MNPOUECC BblAENeHus
kncnopoga [1] v B X NpUCyTCTBUM MOSMHOCTBLIO MNOAABMAAETCA peakums

Konbbe [2], 4YTO obneryaet 3NEKTPOXUMUYECKMI CUHTE3
NepoKCUYKCYCHOM  Kucnotbl [3]. [puMeHeHne 3neKTpOXMMUYECKUX
TEXHONOormm ans nosTly4eHuns NepOoOKCUYKCYCHOM KMCNOThI

HenocpeacTBEHHO Ha MecTe NMPUMEHEHUs] UCKIYaeT NoTepu LierneBoro
npoaykTa B pe3yribTaTe ero XpaHeHus.

MeToauka akcnepumeHTa

BonbT-amnepHble  3aBUCUMOCTU nosny4anu C  MNOMOLLbLIO
umMmnynbcHoro noteHumoctara [1M-50-1 ¢ nporpammaTtopom [1P-8.
CkopocTb pa3epTku noteHuumana 10 mB/c.

OIEKTPOSNTbI TOTOBUIN U3 KOHLEHTPUPOBAHHOW YKCYCHOW KUCNOTHI
MapKnm «x4». pH pacTBOpPOB YKCYCHOM KWUCIIOTbl OMpefenanu nyrem
namepeHunsa Ha npudope pH-150 M.

[MonsapusaumoHHbIe nccnenosaHng npoBoANIIN B
SNEKTPOXMMUYECKON fYelike npu Temnepatype 18-22 °C. Awop —
nnaTMHOBas NnacTuHa ¢ paboyei noBepxHocTbio 1,32 cM?. B kayecTse
BCNOMOraTesibHOro anekTpoda WCnosib3oBanu nnatuHy. 3nekTposg,
CpaBHeHNa — xnopua-cepebpsiHbin. Bce 3HayeHMs noTeHunanoB
nepecynTaHbl OTHOCUTENBHO BOOOPOOHOIO aneKkTpoaa.

Pe3ynbTaTbl 3KCNepMMeHTa U X obcyxxaeHue

[MonapusauMoHHble  MUCCrefoBaHMA  MPOBOAUIM  Ha  NSIOCKOM
nIaTMHOBOM aHoA4e C M30NUPOBAHHOW ThiNTIbHOW CTOPOHOW. [1naTUHOBLIN
aHog Obin BbibpaH WM3-3a BLICOKOINO MepeHanpsXeHnss MNpoTeKkaHus
nobGo4YHOro npouecca — BblAeneHus Kucrnopoaa.

Ha puc. 1 npeacrtaBneHbl aHoAHbIE MOTEHUMOAMHAMUYECKNE
3aBMICMMOCTHW, CHATbLIE Ha NSIATUHOBOM 31EKTPOE B pacTBOpaX YKCYCHOW
KUCIOThI.

[MoobéM TOKa HadnHaeTca npu noTeHuuanax Bbiwe 1,7 B wu
CONPOBOXOAETCHA BblAeneHneMm Kuicnopoga. Y4yuTbiBasg 3HadYeHus
NnoTeHumManoB nNpu BblAeneHnn KUcropoga MOXHO NpeanonoXuTb, YTO
npoTtekaHne 3TOro npouecca npoucxoaut 4epes obpasoBaHue
nepokcuga sogopoaa.
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2H,0 = H,0, + 2H" + 2e, E, = 1.776 — 0.0591 pH; (1)
2H,0, = O, + 2H,0, E, = 0.682 — 0.0591 pH. (2)

PacyeTHble 3HayYyeHWA pPaBHOBECHbLIX MNOTEHUMANoOB C Y4YeToM
COOTBETCTBYHOLIMX 3Ha4YeHUrM pH unccrnegyembix pacTBOPOB YKCYCHOM
KMCNOTbI NpuBeaeHbl B Tabn. 1.

Tabnuya 1. 3Ha4yeHUs pasHOBECHbLIX MOMeHyuUanos ¢ yvemom pH

KoHueHTpauus
CH3C00|'|_’3 pH EHpZO/HZOZ’ B ECF)JZIHZOZ’ B EHpZO/OZ’ B
Monb - AM
9 1,91 1,663 0,569 1,116
6 2,00 1,658 0,564 -
3 2,14 1,650 0,555 -
1 2,38 1,635 0,541 -

N3BeCcTHO, 4TO nnaTuHa SBNSETCS KaTanu3aTopoM pasfoXeHus
nepokcuga sogopoaa [1]. NMNoaTomMy egMHCTBEHHBIM MPOAYKTOM aHOLHOW
peakuum aBndetca kucnopod. C  uUenbld TOPMOXEHUS  peakuum
BblOEMNEeHMss  Kucrnopoga  uenecoobpasHo  nNpoBoAMTb  MpoLuecc
9MEKTPonM3a B KOHLEHTPUPOBAHHbLIX pacTBOpax YKCYCHOWM KUCMOTbl C
nobaBkon NPoOMOTOPOB 06pasoBaHUA MNEPEKUCHOM Tpynnbl. Tak ke
uenecoobpasHo wuccnegoBaTb KUMHETMKY aHOAHbLIX MPOLECCOB B
pacTBopax YKCYCHOW KMCMOTbl Ha He nnaTMHOBOM aHode. B kadectBe
anbTEePHATMBHOIO aHOAHOro MaTepuana nepcrnekTUBHO uUccnegoBaTb
AnoKcua cBMHLUA.

Ha puc. 2 npeacraeneHbl aHOAHbIE MNOTEHUMOANUHaMUYecKmne
Nnonsipu3aumoHHbIE 3aBUCUMOCTU, CHATbIE Ha NNAaTMHOBOM 3NeKTpoae B
pacTBOpax YKCYCHOM KucnoTbl ¢ gobaBkon npomMoTopa — poaaHuaa
Kanus.

CpaBHmB puc. 1 1M puc. 2 MOXHO yTBepXdaTb, YTO CKOPOCTb
SMEKTPOXMMMYECKOro npouecca ¢ gobaBneHnem B pacTBOp poaaHuaa
Kanus Bo3pacTaeT. M3BeCTHO, YTO podaHui Kanusi TOPMO3UT MpoLecc
BblOENEeHUs1 Kucrnopoaa, aacopbupysicb Ha MOBEPXHOCTM 3AreKTpoaa.
CoOTBETCTBEHHO, CKOPOCTb nMpouecca pAofmkHa 6Obina  CHU3UTLCS.
[MockonbKy 3TOro He HabnwgaetTcs, MOXHO YyTBepxAdaTb, 4TO
pobaBneHne B pacTBOp poAdaHumaa kanuma obnerdyaeT npoTekaHue
APpYroro  9fIeKTPOXMMUMYECKOro  npouecca, MpeanonioxXUTeNibHO  —
obpa3oBaHua nepokcmnaa Bogopoaa.

AHOOHas noTeHUmMogMHaMM4eckasl NoNApu3aunmoHHas 3aBMCMMOCTb
ana pacteopa 9 monb-am~> CH,COOH ¢ po6aBkol pogaHuga Kanuvs
CYLWEeCTBEHHO OTNIMYAETCH OT OCTallbHbIX Ha pPUC. 2 Hanu4Ynem Havana
nogbéma Toka npu noTeHumane npumepHo 1...1,1 B (cBs3aHHoOrO,
BEPOATHO, C BCTpauMBaHMEM poJaHuga B CTPYKTYpY [ABOWHOro
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9NEeKTPUYECKOro cnos), a 3atemM nogbemMa Toka npu noteHuunanax 6onee
2,0 B. 3J1O0T noagbeMm TOKa CBfA3aH C COBMECTHbIM MPOTEKAHUEM
npoueccoB (1) n (2), HO COOTHOLWIEHWE [ONen Toka Ha BbloeneHue
nepokcuaa Bo3pacTaeT 3a CHET CHWKEHUS BbIXo4a No TOKY Kucnopoaa.

j. MAfcM? 25
20
15
10

5

o

0|6 1 1.4
= E.B
Puc.1. AHOOHbIe nosnispu3ayuoHHble 3agucuMocmu Ha rnamuHe 8 pacmeopax
CHsCOOH (monb - OmM®): 1-9;2-6;3-3;4-1

j. MAJeM? 25 -
20
15

10

ole 1 14 18 232 2.6 3 54 38 43
E.B

Puc.2. AHOOHbIe nosnisipu3ayUoHHbIe 3a8UcUuMOCmU Ha rnnamuHe 8 pacmeopax
CHsCOOH (monb - dM™) ¢ dobaskoli podaHuda kanus: 1-9;2-6;3-3;4—1

5 L

[ns noHMMaHWa MexaHM3Ma SNEeKTPOXMMUYECKMX peakuun Ha puc. 3
npuBeAEHbl nosnynorapudmMmnyeckne 3aBMCUMOCTU ANs pacTBopoB 9
monb-aM~> CH3;COOH 6e3 go6asku (nuuus 1) n ¢ gobaskoit pogaHuaa
kanna (nuHna 2). JlInHua 1 xapaktepusyetcs O4HUM  TadbeneBCKUM
yyactkom ¢ b = 60 mB. lpn noteHunanax Gonee 2,0 B yyactok c
9NEKTPOXMMUYECKMM  KOHTPOMEM  3aKaHYMBAETCA W HayMHaeTcsa
nepexoaHasi obnacTb.

[MepBbln  NPAMOSIMHENHbLIA  Y4aCTOK KpMBOW 2 Ha pwuc. 3,
npuxogawmmca Ha obnactu noteHuwanos 1...1,2 B, cooTBeTCTBYyeT
BblAEeNIeHNo Kncnopoaa:

2H,0 = O, + 4H" + 4e, E, = 1.228 — 0.0591 pH. (3)

Cnepyer OTMETUTb, YTO TMPSMOSIMHEMHBIA Y4aCTOK KpUBOW 2
xapaktepuayetcsa TadeneBckmm yyactkom ¢ b = 60 wmB, u4TO
COOTBETCTBYET MPOLeCCy BblAeNneHns Kucnopoaa.
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S Btoport  npAMONUHENHbIN
38 - y4yacToKk Ha kpuBonm 2 (puc. 3),
= KOTOPbIW HaxoauTcs B
26 | 1 NpoOMeXyTKe noTeHumManos
22 - 1,8...2,6 B, COOTBETCTBYET
L 2 3NEKTPOXMMUYECKOMY MPOLIECCY
s obpasoBaHus nepokcuaa
06 " Bopopopa. Paboune nnoTHoCTU

45 -4 35 -3 25 2 -5 -1
lg j (). Alem?)

Puc.3. Bonbm-amrepHbie 3agucumocmu
Ha nIamuHoeom aHode 8 9 Monb oM™

TOKA Npu STOM COCTaBMSAKT
nopsigka 102 A-m™2.
B obnactu 6onee BbICOKUX

CH;COOH: 1 — 6e3 dobasku KCNS; NNOTHOCTEN TOKa U NOTEHLMaroB
2 — ¢ dobaskou KCNS BO3MOXHO  MNpoTeKkaHune  eLle
OoaHOro coBMeLleHHOoro

npouecca — obpasoBaHust 030Ha U NOBOYHLIX peakunn — cuHTe3 Konbbe
N OECTPYKLUMS YKCYCHOM KUCIOTbI.

Cnegywowm  9TanoM  UCCRNeAoBaHWW,  HamnpasfeHHbIX  Ha
yBenuyeHne paboumx nnOTHOCTENW TOKa, ABNAETCS uccnegoBaHue
BNUSHUSA TemMnepaTypbl Ha BbIXOA NO TOKY LeNeBOro npoaykra n 3ameHa
NnaTMHOBOroO aHoAa.

BbiBOAbI

MeTogom BoSfibTaMNepoOMETPUN UCCIedoBaHbl aHOAHbIE MPOLEecChl
B pacTBopax YKCYCHOW KMCnoTbl 6e3 gobaBku U ¢ gobaBkon pogaHuaa
Kanusa Ha nnatuHoBoM anekTpoge. B pactBopax CH;COOH 6e3 gobaBku
pojaHnaa kanus HabniogaeTcs Nogbem Toka nNpu noTeHumanax Bbille
1,7 B B pesynbTate BblAeNeHUa Kucnopoga 4epe3 obpasoBaHue
nepokcmaa sopopoaa. [JobaeneHne B pacteopbl CH;COOH pogaHmnga
Kanus npvBOAUT K TOPMOXEHWUIO MpoLecca BblOENEeHUs1 Kucnopoga u
obneryaer npoTekaHMe npouecca ob6pas3oBaHUA NEPOKCUYKCYCHOM
kncnotbl. OB60CHOBaHbI TEXHOMNOIMMYECKME nokasaTenn 3NeKTPOCUHTEe3a
NEePOKCUYKCYCHOWN KUCIOTbI.

Cnucok nutepatypbl
[1] PuowmH M.A., CmupHoBa M.I. ONEeKTPOCUHTE3 OKUCHUTENEn WU
BOCCTaHoBUTENen. — 2-e u3g., nepepab. n gon. — J1.: Xumua, 1981. — 212
C., Un.
[2] Xugumpos  LLL.LL. BonbTamnepomeTpuyeckoe  uccnegosaHue
9NEeKTPOAHbIX MNPOLIECCOB B aueTaTHbIX pacTBopax Ha MnaTMHOBOM
anekTtpoge / W.W. Xvaunpos // dnektpoxumusa. — 1992, — T.28. — Ne2. —
C. 158-164.
[3] Mat. 2216537 Poccuss, MIMK’ C 07 C 409/24. Cnoco6 nony4eHus
NepOKCUYKCYCHOW KUCMOTHI.
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YOK 621.357.12

ELECTROCHEMICAL DISINFECTION OF WATER WITH A NATURAL
CONTENT OF SALTS

E.B.BASHMAKOV, V.B.BAYRACHNYI, DIAB HASSAN
National technical university "Kharkov polytechnic institute"
baric1303@yandex.ua

Electrochemical synthesis has been investigated for sodium
hypochlorite water solution during the electrolysis of sodium chloride
solutions with low concentration. Limiting densities of current have been
determined depending on the concentration of sodium chloride and the
temperature of electrolysis. The design of electrode block of a flowing
cell for disinfection of water that allows one to minimize Ohm losses and
to reach flow turbulization has been proposed. The choice of the cobalt —
titanium oxide anode with natural content of sodium chloride in the range
from 0,01 to 0,05 g per dm? for electrolysis of water has been justified.

ANEKTPOXUMNYECKOE OBE33APAXWUBAHUE BOAbI C
NMPUPOAHBLIM COJIECOOEPXXAHUEM

BALUMAKOB E.B., BAIPAYHBLIN B.6., AVMAB XACCAH
HauyuoHarnbHbIlU mexHu4Yeckul yHugepcumem "XapbKo8cKuU
rnonumexHudyeckut uHcmumym"; baric1303@yandex.ua

NccnegoBaH 9nekTpOXMMUYECKMA CUMHTE3 BOAHOrO  pactBopa
rMNoxsiopuTa HaTpusi Npu 3EKTPOnmM3e BOAHLIX PacTBOPOB xrfopuaa
HaTpUA C  HU3KOW  KOHUEHTpaumen. YCTaHOBMEHbl npeAenbHble
NAOTHOCTU TOKA B 3aBUCUMOCTM OT KOHLEHTpauuMn xropuga Hatpus u
TemnepaTypbl anekTponuaa. lNpeanoxeHa KOHCTPYKLUMS 3NEeKTPOLgHOro
Gnoka Ona NpoOTOYHOM sA4Yenkn ansa obessapaxmBaHust BOAbl, KOTOpas
no3BonsdeT MWUHMMU3MPOBATb OMWUYECKME MNOTEPU HanpsXKeHua W
TypbynuanpoBaTb MNOTOK >uakoctn. O6ocHOBaH BbLIGOP OKCUOHOrO
KoGanbTOBOro TUTAHOBOIO aHoda Afsl ANeKTponmnsa Boabl C NPUPOAHbLIM
conecogepxaHuem xnopuga Hatpus ot 0,01 go 0,05 r-ake-aMm .
MokazanHo, 4yto OKTA, c cogepxaHmem 21...30 mon. % Co30,
NpakTUYEeCKN He YyCTynaeT MOKpbITUO M3 uHamsuayanbHoro CosO, no
KaTanuMTUYeCKON aKTMBHOCTU B peakuMuM BblOENEeHus Xropa U UMmeeT
6Gonee BbICOKYH M3HOCOCTONKOCTb.
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Ona peweHna npobnem BogocHabxeHuss B YKpauHe 60nbLion
MHTEpPEeC BbI3blBA€T BO3MOXHOCTb  MCMOSMb30BaHUA  NPUPOSHOro
cofiecofepxaHuns BOAbI ans nposeaeHus npoLeccos
9J1IEKTPOXMMUYECKOro obe33apaxmBaHus, yMSAr4yeHns n
aesopopupoBaHusa. B HacToswee Bpemsa  LWMPOKO MNPUMEHAEMbIM
MeToaoM  obe33apaxuBaHus  BOAbl  SBMSIETCA  UCMNONb30BaHUE
«aKTUBHOrO  Xriopa» MNOJSIyYEHHOrO MNyTEM MNPSAMOro  3MeKTponuaa.
YunTtblBas  HeCTabunbHOCTb  pPacTBOPOB  «aKTMBHOMO  Xsiopay,
9IEKTPOXMMUYECKUN MeTO/, NO3BONSET Co34aBaTb YCTAHOBKM pas3fiMyHON
NpoOn3BOAMTENBHOCTM  HEMOCPEACTBEHHO Ha MecTe noTpebneHus
Ae3vH@eKkTaHTa C WUCMNofb30BaHMEM MECTHOIO WCXOAHOro Chbipbs. B
Ka4yecTBe MnocnegHero MoryT BbICTynaTb MOpPCKas BOOaA, €CTeCTBEHHble
paccosibl, MUHEpPanu3npoBaHHbIE WMN MNPOMbILMEHHbIE CTOKM U T.4.,
KOTOpble coaepxaTt xropua HaTpusd. B aTom criydae akcnnyaTaumoHHbIe
3atpaTbl onpegensdlTcd B OCHOBHOM 3aTpaTaMu 9SneKkTpo3Hepruu,
NOSTOMY C LENbi CHWXKEHUS 3HepreTMyeckux 3aTpart npoLlecc
uenecoobpasHo BECTU B HanpaBneHun noslydeHus
CNabOKOHLEHTPOBAHHbIX  pacTBOPOB  FUMNOXnoputa  HaTpusa  C
coaepxaHMem akTMBHOro xmnopa 4o 2 r-am . [pu peanusauum TakoWm
CXeMbl Ha nNpaKTUKe 9nekTponut 6e3 kakon-nmbo npenBapuTenbHON
0b6paboTkm C 3afaHHbIM pacxo4oM MOJAeTCs Ha  3NeKTPOSN3HYIo
YCTaHOBKY, a NOTOM B Oak - HakonuUTeNb FMNoXnoputa HaTpus, Wnu
HernocpeacTBEHHO B obpabaTbiBaeMble CUCTEMBI.

Ha CEeroaHsALLHUN JeHb besanadgparMmeHHble yCTaHOBKMU
nepnoanyeckoro AencTeus paboTarT Ha pacTBopax C CoAepXaHUeEM
xropvaa HaTpus He meHee 50 r-am ™ [1 — 4]. Vx HegocTaTkoM SBRSIETCA
HU3KOe  cofepXaHue runoxsioputa HaTpus  KM3-3a  MpoLEeccoB
BOCCTAHOBMEHUS LIENIeBOro MNpoaykta Ha katoge. AnbTepHaTUBHbIMU
SIBNAKTCHA YCTAHOBKM C MCMNOSIb30BaHNEM KepaMnyecKon punbTpyoLLei
Anadgparmbl [5 — 6]. lNpumeHeHne guadparmbl NO3BONSET MOBLICUTH
BbIXOZ, MO TOKY NO runoxsioputy Hatpusa. OgHako Takad TexHonorndeckas
cxema TpebyeT BbICOKOW CTEMEHW OYUCTKM paccona, 4YTo pgenaet
NPOLIECC 3MeKTpoxXxnmmyeckoro obessapaxuBaHua Oonblnx 06bEMOB
BO[bl CITOXXHO peann3yembiM U BeCbMa 3aTpaTHbIM.

LLnpokoe wncnonb3oBaHMe  3feKTposiM3a  TOpPMO3UTCA  U3-3a
HecoBepLUEeHCTBa aHOAHbLIX MaTepmnaroB U KOHCTPYKLMW 3NEKTPONN3HbIX
YCTaHOBOK.

KoHcTpyKuunAa anekTponusepa

PaspaboTaHa KOHCTPYKUWSi 3NeKTpoAHOro 6roka, COCTOsILLEro 3
ABYX MriockonapannesnbHbiX BOAONPOHULAEMbIX MOPUCTbIX 3M1EKTPOAOB,
npwxaTbiX OPYr K OPYyry 4Yepe3 TOHKY ceTyaTylo pasgenuTenibHyo
neperopoaky. 3To MNO3BONSET MWHMMMU3NPOBATb OMWUYECKME MOoTEepU
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HanpspkeHMst B 3NeKkTpogHoM  Groke  BCNEACTBME  HU3KOro
conecoaepxaHusi, obpabatbiBaeMoro pacteopa. A CTpykTypa nopucTbIX
9NeKTpoaoB TypbynuanpyeT NOTOK NPOXOAsLWEro Yepes Hero pacteopa
Aans yCTpaHeHus KOHLEHTPaLMOHHbIX 3aTpyaHEHUI. MoTok
obpabaTbiBaeMon BOAblI NofaeTcs NeprneHAnKynsipHO Ha 3NeKTPOAHbIN
GNoK U NPOXOoOAUT CKBO3b HEro CO CTOPOHbI KaTtoda, 4TO MNo3BondeT
n3bexartb KaTogHOro BOCCTAHOBIIEHMSI 0Opa3oBaBLUEroCs aKTUBHOMO
xnopa.

Onsa  addektmBHOM paboTbl NPEanoXeHHOW  KOHCTPYKUMKM B
KayecTBe aHogHoro matepuana 6bin BoibpaH OPTA. AHoabl Ha OCHOBE
RuO, NPUMEHATCA  Ans NPOMBbILUIIEHHONO  3SieKTponusa
KOHLUEHTPMPOBaHHbIX  pacTBOpoB  xnopugoB. [lpn  KOHUEHTpauuu
XIIOpUAOB MeHee 5 r-aAM™ OHM NoABEpXKEHbl 3HAYNTENBHOMY U3HOCY.

Pe3ynbTatbl uccrnegoBaHua U UX obcyxaeHue

OcHoBHbIMM  MOKaszaTenamMu, onpegenarwmuMmn  34PEKTUBHOCTb
npouecca 3nekTpoxmmMmyeckoro obessapakmBaHusa BOAbl, SABNSIETCA
KOHLEHTpaumMa Xxnopua MOHOB, TemnepaTtypa 3feKTponm3a U UOHHbIN
cocTtaB. CogepxaHue xnopua MOHOB B MNPUPOAHLIX BOA4AX HaxoauUTCs B
OYEeHb LUMPOKOM AuanasoHe. [lpegenbHoO [OnyCcTMMOE Coaep)KaHue
XNOpWUA, WOHOB B MNUTLEBON Bogde coctaensieT 70 Mr-gMm >, B BoAe
nnaBaTenbHbIX 0OacceiiHoB - He 6Gonee 350 r-am™. CopepxaHue
XNopuaoB B NPUPOOHbIX BOAAX, WCMNOMb3yeMblX ANS XO3ANCTBEHHO-
ObITOBbLIX HYXA NPeanpuATUn YKpauHbl, MOXeT gocturatb 5 — 10 ram.
Ob6es3apaxmBaHne BCeX MNEPEYNUCTIEHHbIX KaTeropunm BoOL NyTeM
nobaBneHnsa pacTBOPOB rUMOXSiopUTa HaTpusa HensbexHO NpUBOAUT K
YBENMMYEHNIO COAEPXKAHUSA XITIOPUOOB, YTO OrpaHMYMBaET NPUMEHEHUE
aToro metoga obpaboTtku. NNoaTomy ObiNK NpoBeAEHbI NCCNeaoBaHUs Mo
NM3YYEHUIO WNCMOMb30BaHUSA MNPUPOOHOrO COSleCoadepXXaHusa  xnopuaa
HaTpus ot 0,01 go 0,05 r-ake-am .

PesynbTaTbl MCCnegoBaHUs NMOKasbiBalOT 3HAYUTENbHOE BIUSIHUE
KOHUEHTpaumMn xropuga HaTpusi Ha KWUHETUKY aHOAHOro npouecca.
YBENMYEHNE KOHLEHTpaUMn xnopuaga HaTpusi NPpUBOAUT K CHUXKEHMIO
nepeHanpsXeHns aHo4HOro rnpouecca U yBermMYeHUo NpSMOSIMHENHOIO
yyacTka nosfispmnsaumMOHHON 3aBUCUMOCTU, Ha KOTOPOM JTIMMUTUPYHOLLEN
cTagMen aHOAHOro npouecca sBMAdeTca CTagust 3NeKTPOXMMUYECKOro
pa3spsga. ObnacTb OKOHYaHUSA SNEKTPOXMMUYECKOrO KOHTPOMNSA aHOQHOro
npouecca nepexoant B obnacTtb, B KOTOPON NMMUTUPYHOLLMM NPOLIECCOM
anseTcsa Anddy3NOoHHbIN KOHTPOSb MO Xnopug noHam. 3oHa nepexoaa
onpegenseT MakcMmarbHO BO3MOXHYK MSIOTHOCTb TOKa BblAENEHUS
XJfiopa B 9TUX YCNoBusX. 3HA4YEHUs1 NSIOTHOCTU TOKa ANs uccnegyemMblx
KOHLUeHTpaumn xnopuga Hatpusa un Ttemnepatyp ot 283 K go 308 K
npueegeHsl B Tabn. 1.
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N3 npuBedeHHbIX, B Tabn. 1, OaHHbIX MOXHO [OBOPUTb O
CYWECTBEHHOM BIUSAHUM XNOpMA WMOHOB Ha npouecc obpasoBaHUsA
Xfiopa, KOTopbih B pe3ynbTate rmaponusa obpasyeT coeanHeHUs
aKTMBHOro xmnopa. Takke AaHHble Tabnuubl 1 NO3BONAKT YCTAHOBUTL
CKOpPOCTb MpoTeKaHMsa npouecca obpaboTkn ANs KaXOoro KOHKPETHOro
cnyyasi cogepxaHus xropmg MoHoB B obpabaTbiBaeMon Boae.

AnbTepHaTuBHon 3ameHoM OPTA B HM3KO - KOHLUEHTPUPOBAHHbIX
XNOpunaHbIX pacTBopax SABMSATCA 3MeKTpoAbl C aKTUBHbLIM CIIOEM Ha
OCHOBe okcuaoB kobanbTta. MccnegoBaHUA KUHETUMKU COBMELLEHHbIX
aHOAHbLIX MPOLECCOB Ha OKCMAHOM KOOanbTOBOM TWUTAHOBOM aHoAe
(OKTA) npwn anektponuse BogHbix pacTtBopoB NaCl nokasanu, 4To
OKTA, c cogepxaHnuem 21...30 mon. % Coz0, npakTndeckn He ycTynaet
NOKPLITUIO U3 nHamBmngyanobHoro Coz0O, NO KaTannTUYEeCKON akTUBHOCTU
B peakumn BblOeneHust xropa npu 6onee BbICOKOM M3HOCOCTOMKOCTMW.
yBenuyenune copgepxaHma TiO, B OKTA npMBOOAUT K CHUXEHMUIO
Konu4yecTBa aKTUBHbIX LEeHTpOB Co30, Ha NOBEPXHOCTN
KOMMNO3MLMOHHOIO MOKPbITUSA. OTO, B CBOKO oYepenb, ABMSETCA NPUYNHON
3HAYUTENLHOrO0 pocTa pearibHOW MNIOTHOCTU ToKa Ha akTUBHbIX Co030,
ydyacTkax. YMeHblleHue copepxaHus CozO, npuBOAUT K YBENUYEHUIO
OMMUYECKMX MNOTEPb HaMNpPsKeHUsa. 3HauuTENbHbleE OMWYECKME noTepu
HanpsbkeHnst Ha OKTA obbsacHswTcs obegHEHMEM KaTanuTUYEecKoro
NMOKPbITUS HOCUTENSAMW 3apsaaa.

Tabnuua 1. MpedenbHas aHOOHas MIomMHOCcmbL moka (A-M2) e
3asucumocmu om colepxxaHusi Xsopud UOHO8 U memrepamypabl

arileKkKmporsiu3a
CopepxaHue Temnepatypa anektponu3sa, °K
Cl, r-ake-gm° 283 298 308
0,01 5,7 9,1 14,0
0,02 6,5 11,7 16,1
0,03 9,2 14,8 18,1
0,05 12,4 25,4 30,1

Mo BenuuuHe nepeHanpskeHna (45...60 mB) OKTA sasnsetcd
KatanuTuyeckn akTMBHbIM B peakuuu BblgeneHus xrnopa. bonee
BblCOKas kaTanutuyeckass aktuBHocTb OKTA nossonsieT npoBOAUTb
anekTponuns pasbaBneHHbIX XNopuaHbIX pacTBOPOB Npu 6osiee BbICOKUX,
yeM B cnyyae npumMmeHeHna OPTA, nMAOTHOCTSAX TOKa. Yxe npu
nnotHocTn Toka 100 A-m™> B 0,04 monb-am™ BogHom pacteope NaCl
aHoAHbIM noTeHuman Ha OPTA npubnuxaeTca K KpuTUYeckomy Ons
RU02—1,65 B.
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HocTtmxkeHne kputndeckoro ana CosO4 noteHumnana, pasHoro 1,70 B
npoucxoauT nNpyM MNMAOTHOCTM Toka 6Gonee 300 A-m™2.  BnusHue
Temnepartypbl HA CKOPOCTb aHOAHOro npouecca npu 3Ha4YeHNn aHOL4HOro
noteHuymana 1,5 B nokasaHo B Tabn. 2.

Tabnuya 2. BnusiHue memrnepamypbl 351eKmporsiu3a Ha aHOOHYH
rnomHocme moka (A-M2) npu obeszapaxueaHuu 800sl (E, = 1,5 B)

- - _3
Temnepatypa, °K KOHLI,(e)H(;I'{)aLI,VIH xnopuaa HaTpus, roa(;(sB aM
283 3,7 9,4
298 51 15,3
308 6,9 23,9

[NoBbiweHe TemnepaTypbl obpabaTbiBaemMon BOAbl He SABMSETCHA
OAHO3Ha4HbIM, Tak Kak HarpeB BoAbl Bbiwe 313 °K npusBoant K
pasnoXeHuto runoxnoputa Hatpus [5, 6]. CHMXeHne Temnepatypsbl, C
OOHOM CTOPOHLI AenaeT pacTBopbl bonee ctabunbHbIMM U TOPMO3UT
noboYHbIN Npouecc — BblAeNeHue Kucriopoga, HO C APYron CTOPOHBbI
yBenuynBaeT yaenbHoe CONPOTUBIIEHWE 3MEKTPOoNnuTa, YTo NpUBOAUT K
YBENIMYEHMNIO OMMUYECKOW COCTaBfidloWen nageHUa HanpskeHns B
anekTponusepe UM TakMM 00pa3oM crnocobCTBYET  pasfnOXeHUIo
rmnoxsiopuTa HaTpus.

OpHako, kak BMOHO M3 Tabn. 2, nosbllleHWe TemnepaTtypbl (He
npeBblLLaoLLEen 313 °K) nossonseT CKOMMeHcupoBaTh
KOHLIEHTPALUMOHHbIE OrpaHMYeHna 1 3a cYeT 3TOro MOBbICUTL paboune
NSIOTHOCTW TOKa.

BbiBOAbI

[MpeonoXxeHa KOHCTPYKUMS 9NeKkTpogHoro 65ioka npoTOYHOro Tuna
ana obes3apaxuBaHust Boabl. [lokaszaHa BO3MOXHOCTb MNPOBEAEHUS
npouecca obe33apaxmnBaHuUs BOAbl MyTEM JNeKTponu3a 3a CcueT
NPUPOAHOro corecogepxanus. B nccnegyemom ananasoHe temnepartyp
(283 ... 308 °K) v KoHLUeHTpaumit xnopug noxa (0,01 ... 0,05 r-aks-oM )
onpefeneHbl npefenbHo AonycTuMmble paboyne NMOTHOCTU  TOoKa.
[MokaszaHo, 4TOo ucnonb3osaHne OKTA no3BonsieT NOBLICUTb AHOLHYHO
NSIOTHOCTb TOKa Ha NOPSIAOK B pa3baBfieHHbIX XSTOPUAHbLIX pacTBopax no
cpaBHeHuto ¢ OPTA.

PaspaboTaHbl TexHomnornyeckme napamMeTpbl obe33apaxnBaHus
NPUPOAHON BOAblI B 3aBMCMMOCTW OT COJSiecogep)XaHus u Temrnepatypbl
NPsSIMbIM ~ ANIEKTPOSIN3OM C  MCMNOSfb30oBaHMEM ©0e3 guadparmMeHHOro
NPOTOYHOrO 3NEKTPOAHOro 6oka.

253



| Promising Materials and Processes in Technical Electrochemistry. Part 5

NuTepaTypa
[1] TpuHGepr B.A. 3nekTpoxumuyeckoe nosiydeHne B MPOTOYHOM
aNeKTponmn3sepe pacTBOPOB  FUMNOXMopuTa HaTpust  MeLULMHCKOro
HasHadeHns [/ B.A. [punbepr, A.M. CkyHauH, E.K. TyceeBa //
Anektpoxumms. — 2001. — T. 37, Ne 4. — C. 500 — 504.
[2] BawTtan C.FO. EnektpoximiyHa ouucTka BoAM B anapatax 3
po3aintoBanbHOK KepaMiyHO MemMOpaHoto : aBToped. Auc. Ha 300byTTS
HayK. CTyneHss KaHg. TexH. Hayk : cneu. 05.17.21 «TexHonoriqa
BogoouneHHs» / Coguia KOpiiBHa bawTtaH. — K., 2009. — 20 c.
[3] loHuapyk B.B. 3nekTtpoxummyeckoe obessapakmBaHne MOPCKON
BOAbl B nnasaTenbHoMm 6accenHe / B.B. NoHuyapyk, C.1HO. bawTaH, P.[.
UeboTtapeBa // Xvmusa n texHonorma Boabl. — 2003. — T. 25, Ne 4.
— C. 334 - 341.
[4] ToHuapyk B.B. YMsaryeHne Bogbl B efeKTponmn3epe ¢ KepaMmn4eckom
membpaHon / B.B. lNonuapyk, P.[l. Yebotapesa, B.A. barpun, C.IO.
BawTtaH, C.B. Pemes // Xumuna n texdHonorma soabl. — 2005. — T. 27, Ne
5. - C. 460 - 470.
[5] Tynbckun r.r. CoBepLueHCcTBOBaHME TexHonorum
9IEKTPOXMMMYECKOINO CUHTE3a pacTBOpoB "akTmBHoro xnopa" / T.I.
Tynbckunn, 0O.0. CmupHoB, O.FO. bposiH // Bonpocbl xumMun wu
Xnumuyeckon texHonorun. —fHenponetposck: YIXTY, — 2011. — Ne 4(2).
C 236 — 238.
[6] CmupHoB O.O. Bnnme pH Ha KiHeTMKy aHOZHOro npouecy npuv
enekTponisi BogHoro po3umHy xrnopuay Hatpito / O.0. CmupHos, O.1O.
BposiH, I'.I". Tynbckui // BicHnk HauioHanbHOro TEXHIYHOIO YHIBEPCUTETY
“XKMI". —Xapkis: HTY “XMI”, 2011. —Ne 27. — C 42 — 47.

254



| Promising Materials and Processes in Technical Electrochemistry. Part 5

YOK 531.138

ELECTROCATALYTIC ACTIVITY OF COMPOSITE MATERIALS
PbO,-TiO, DEPOSITED FROM SUSPENSION ELECTROLYTES

KNYSH V.A., VELICHENKO A. B.
Ukrainian State University of Chemical Technology
valja-k67@yandex.ru

Electrocatalytic activity of composite materials PBO,-TiO, for
oxygen-transfer reactions (oxygen evolution and electrochemical
incineration of p-nitroaniline) was studied. It was shown that increasing
the content of TiO, in the composite leads to an increase in both
oxygen.overpotential and oxidation rate of p-nitroaniline.

ANEKTPOKATAJIIMTUHECKAA AKTUBHOCTb KOMIMO3ULUNOHHbIX
MATEPUAJIOB PbO,-TiO,, OCAXOEHHbLIX U3 CYCNEH3UOHHbIX
ENEKTPOJIUTOB

KHbIW B.A., BEJIMMEHKO A.B.
'BY3 «YkpauHcKkul eocydapcmeeHHbIU XUMUKO-mMexHo1o2u4eckul
yHUsepcumemy, valja-k67 @yandex.ru

B pabote wuccrnemoBaHa anekTpokaTanuMTMyeckas akTUBHOCTb
KOMMO3ULMOHHBIX MaTepuanoB PbO,-TiO, No OTHOLWIEHUIO K peakumsiM
BblAENEHN KUCIopoAda, a Takke [MpoLeccaM 3reKTPOXUMUYECKOTO
paspylleHns N-HUTpoaHunuHa. [lokazaHo, 4YTO C  YBENUYEHUEM
cogepxaHna TiO, B KOMMO3MUMOHHBLIX MaTepuanax Bo3pacTaeT Kak
nepeHanpsbkeHne BblAeNeHne KMCnopoaa, Tak U CKOPOCTb paspyLUeHUust
N-HUTPOAHUITMHA B KOMMNO3UTE.

[vokcna cBuHUa, SBNAeTca OOHMM M3 NEePCNEKTUBHLIX U LLUMPOKO
NPUMEHSAEMbIX Ha  NpaKTUKe  anekTpokatanusatopos [1,  2].
OreKkTpokaTanuTuyeckas akTMBHOCTb aHOOOB Ha OCHOBe AWoKkcuaa
CBMHLA, MOXeT OblTb CYyWeCTBEHHO YyBenMyeHa 3a c4yeT WuXx
MoaudmumpoBaHus [3 - 6]. 3BeCTHO, 4YTO peakumm, NpoTekatoLme npu
BbICOKMX aHOLHbIX MOTeHumanax, B 4YacTHOCTU, BblaeneHne Kucnopoaa
N paspylleHne TOKCUYHbIX OpraHMYeckux BeLllecTB, NpoTekarT 4vepes
Ha4anbHyl0 CcTaguio o0bpasoBaHUS KUCNOPOACOAEpXKaWMX YacTuL
pagukanbHOro Tuna, agcopOuMpoBaHHbBIX Ha MOBEPXHOCTU 3fiekTpoaa
[3]. Tlpn 3TOM 3nekTpokaTtanuUTUyeckass akTMBHOCTb Marepuanos
AaHHOro  TMna  3aBUCUT  OT  NpUpoAbl  XeMOCOPOUPOBAHHbLIX
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Kncnopogcogepxawmx yactuy [3]. B 3aBUCMMOCTU OT NPOYHOCTUN CBA3U
C NOBEPXHOCTbLIO 3rfekTpoda pasnuyarT “MHepTHble” N “nabunbHble”
yactTuubl. B KOHEYHOM wuTOre wuX COOTHOLIEeHMe W onpegenser
KaTannTUYeCcKyl0 akTUMBHOCTb 3MEKTPOAOB MO OTHOLLUEHUIO K TEM WNU
WHbIM npoueccaMm. B gaHHon paboTe mnccnegoBanu BrvsiHAE cOcCTaBa
KOMNO3ULUMOHHbIX MaTepuanoB PbO,-TiO, Ha anekTpokaTannTuyeckyto
aKTUBHOCTb MO OTHOLWIEHUIO K peakuusMm BblOerieHus Kucropoga, a
TaKke rnpoueccam 3r1eKTPOXMMUYECKOro paspyLLEeHNS MN-HUTPOAHUITMHA.

MeTtoponorus nccnegoBaHum

Ons  nonyvyeHnss KOMMO3MUMOHHBIX MaTepuarioB Ha OCHOBe
anokcmaa  cBMHUA  ObIIM UCNONb30BaHbl  METaHCYNb(OHaTHbIE
CYCMEH3MNOHHble 3MEKTPONUTLI C KOHLIEHTpaLMen KMCIoThl U MoHoB Pb
paBHon 0,1 M, koTopble obnagaloT arperaTMBHOW YCTOMYMBOCTBIO, a
pasmMep 4actuy aucrnepcHonm asbl coctaBndeTr B cpegHem 14 Hm.
Bolbop M-HUTpOaHMNMHA B KayecTBe MOAENbHOW peakumn 6bin
obycnoBneH BO3MOXHOCTbIO MPOBOAUTb KMHETUYECKME WCCNEedoBaHUS
no MCXOOHOMY BeLUEeCTBY, TaK Kak ero pactBop OKpaileH. [nda Hero
BblNoNHAeTCs 3akoH byrepa-llambepTta-bepa, a rpaduk 3aBucumocTn
ONTMYECKON MIIOTHOCTU OT KOHLEHTpauun npeactasnsaeT cobon npsimyro
NUHUIO, Npoxosuwyto 4Yepe3 Hadano koopauHat (y=0,1068x+0,0864;
r=0,998).

PesynbTatbl U nx obcyxpeHue

Kak 6b1510 nokasaHo paHee [7, 8], npu anekTpoocaxaeHnn anokcmaa
CBUHLa n3 CYCMNEH3MOHHbIX SM1IEeKTPOSINTOB dopmumpyroTcs
KOMMO3WULMOHHbIE MaTepuarbl, KOTOpPble CYLLECTBEHHO OTNUYalrTCA OT
PbO, no cocTaBy, PU3NKO-XUMNYECKNM cBOMCTBaM n
aneKkTpokaTanMTU4eckon akTuBHoOCTU. CornacHo MONyYeHHbIM OaHHbIM
(puc. 1), nepeHanpsbkeHMe KnMcnopoda Ha KOMMNO3nMUMoHHbIX PbO,-TiO,
Matepuanax 3HauuMTenbHO BblWwe, 4em Ha PbO, anektpoge. 3710
ABMNSAETCHA MOJSIOKUTENbHBIM MOMEHTOM B Tex cny4yasax, korga aHo[q
paboTaeT B BOOHbIX pacTBopax Mpu BbICOKMX MONApU3aUnsax, a peakums
BblAENIEHNs KuUcropoda He 4HABnseTcsd uenesBbiM npoueccom. [lpu
MCMonNb30BaHNN KOMMO3ULMOHHbBIX aHOL4OB AAHHOro TUMna BbIXO4, NO TOKY
LeneBon peakuum MOXeT BO3pacTu 3a cyeT uHrmbupoBaHust PBK.
CnepyeT OTMETUTb, YTO YBENUYEHMNE COOEPXaHUA OMOKCuAA TUTaHa B
KOMMo3uTe BedeT K pocTy nepeHanpskeHns PBK, BepoATHO, 3a cuyeTt
yBENMMYEHNA TMOBEPXHOCTHOW KOHLUEHTpauuu OoKcuaa BEHTUNbHOIo
mMeTanna. lpu 3TOM UeHTpbl JaHHOro Tuna obnagatoT 6onee BbICOKUM
CPOLCTBOM K KUCIOpoAy, YTO MPMBOOUT K U3MEHEHUI0 COOTHOLLUEHUS
nabunbHbIX N MHEPTHBIX POPM KMCNopoacoaepXaLwmux 4YacTuL B CTOPOHY
nocnegHux. [lockonbky numutupylowen craguen PBK daBnsetca
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anekTpoxmmuyeckas pgecopbumsa (nepeHoc BTOPOro 3NEKTPOHA), 3TO
BbI3bIBAET 3aKOHOMEPHOE YBENMYeHMe MnepeHanpsikeHns BblAeneHus
Kncrnopoaa.

18 20 22
E B

Puc. 1. KeasucmauuoHapHble nonspu3auyuoHHbIe Kpueble 8bI0e/IeHUS KUCI0po0a 8
1 MHCIO4 01151 annekmpodos8 Ha ocHoge OuOKcuda C8UHUaA, MOJTy4YeHHbIX U3
pacmeopos cnedyrouezo cocmasa: 0,1 M Pb(CH3SO3), + 0,1 M CH3SOsH + x 2/0m°
Ti0,:1-1,0;2-2,0:.3-5,0

CornacHo [9], OOLWUEHHbIN MeXaHU3M OKUCIIEHUS OpraHNUYecKux
COeQVHEHU apoMaTU4eckon MNpupoabl BKMOYAEeT B CebS MNepBUYHYIO
TpacdopmMauunio OO0 NPOMEXYTOYHbIX NPOAYKTOB XMHOWLHOW CTPYKTYpbI,
peakunmm packpbITUsS apoMaTUyeckoro Kosmbua U obpasoBaHud
anudaTnyecknx npoayKToB (B OCHOBHOM KapOOHOBbLIX KUCMOT), a B
npegensHOM naeanbHOM cryvae - nonHyw MuHepanusauuio o CO, un
H,O. B KOHKpeTHOM criydae aHOAHOro OKUCHEHUA MN-HUTPOaHUnHa,
obpasyeTca A0BOMbHO 60MbWOE YMCNO MPOMEXYTOYHbIX MPOLYKTOB.
[Mpy 9TOM OCHOBHbLIMW ABNANOTCA GEH3OXMHOH M ManenHoBas KucnoTa
[10]. Tpn AnuTenbHOM 3MeKTponu3e B pacTBOpe OBHapyXMBakOTCA
TOMNbKO anudaTnyeckme KUCNOoThbl.

BpemMsi nc4e3HOBEHUS NPOMEXYTOYHbLIX apOMaTUYECKNX NPOLYKTOB
N W3MEHEHMEe KOHLEeHTpauun MWCXOAHOro BelwlecTBa onpefensnn us
9NIEKTPOHHbLIX CMEKTPOB MOrMOWEHNS pacTBOPOB MpU  pasfiMyHOM
BpeMeHn  anektponu3a. Cnegyetr  OTMeTUTb, 4YTO  NpoLEecChl
9NIEKTPOOKUCNEHNS M-HUTPOAHUNIMHA Ha HemMoaAUUUMPOBAHHOM U
MOANMPUUMPOBAHHBLIX OMOKCUOHOCBUHLOBLIX 3nekTpodax npoTekaroT
Ka4eCTBEHHO OAMHAKOBO W OTNMYAKOTCA TOMBbKO CKOPOCTbI. JTO
YyKa3blBaeT Ha HEU3MEHHOCTb MeXaHW3Ma OKUCNEHUSI M-HUTPOAHWUIIMHA
Ha pasfuyHbIX MaTtepuanax, 4YTo [JaeT BO3MOXHOCTb MPOBOAUTH
KOPPEKTHOE COoMoCTaBlieHE NX ANIEKTPOKaTaNnMTUYECKON akTUBHOCTMN.

NHTepecHble pe3ynbTaTbl MOMAYyYeHbl A9 KOMMO3ULWOHHbIX
9NIeKTPOAOB Ha OCHOBE [OMOKCMAA  CBWMHLA, [MOSMYyYEHHbIX U3
CYCMEH3NOHHbIX MeTaHCYNbdOHAaTHbIX 3NEKTPONNTOB, coAepXalinx B
KayecTBe [ucnepcHoW asbl HaHOpas3MepHble YacTuubl guokcuaa
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TMTaHa. Kak cnegyetr wn3 T1abn. 1, CKOpOCTb paspylleHus n-
HUTPOAHUNNHA BO3pacTaeT C yBenndeHumem cogepxanusa TiO, B
KOMMo3uTe, MpeBbllad, B npegesibHoM cnyyae, no 1,8 pasa nydwmue
nokasaTtenu, noslydeHHble B MeETaHCYNb(OHATHbLIX 3NEKTPOonuTax, He
coaepxaLLmx [no6aBokK (1,68*10mun™). MepemelunsaHune
CYCMEH3MOHHOro 3MEKTponmTa B npouecce Nofy4eHnst KOMNO3MLNOHHOIO
matepuana (0,1 MPb(CH3S0O3), + 0,1 MCH3SO3zH+ 5 r/n TiO, 30 muH, 10
MA/cMm? | t=25°C), npuBoasLlee K AOMOSTHUTESNTbHOMY POCTY coaepXXaHus
TiO,, nossonseT OCTUrHYTb BONbLUEro 3HaYeHNA KOHCTaHTbl CKOPOCTU
N-HUTPOAHWUNMHA, KoTopasi cocTaBnsieT 3,56*102MuH™, a CHuXeHue
MAOTHOCTU TOKa ocaxaeHust 0o 5 MA/cm? — 4,45*102muH . B nocnegHem
cnyyae nMoJSlydeHHasi KOHCTaHTa CKopoCcTM B 2,4 pasa npeBbllaeT
nyyuwee 3HadeHue, JOCTUrHYTOEe B MEeTaHCyNb(OHATHbIX 3NIEKTPOoNmTax,
He codepkalimx gobaBoK.

Tabnuuya 1. KoHcmaHma ckopocmu peakuuu K arekmpoxumMu4ecKko2o
pasnoxeHus rn-HumpoaHunuHa Ha pasnudHbix PbO,-TiO, aHoOax

CoctaB anektponuTta ocaxgeHus (30 muH, 10 KoHcTaHTa ckopocTu
MA/cM?, t=25°C, Syn.0a=3 cM?) k*10%, mun™
0,1 MPb(CH3S03),+ 0,1 M CH3SO3H+ 0,5 r/n TiO, 2,32
0,1 MPb(CH3S03), + 0,1 M CH3SO3H+ 1 r/n TiO, 2,33
0,1 MPb(CH3S03), + 0,1 M CH3SO3H+ 2 r/n TiO; 2,76
0,1 MPb(CH3S03), + 0,1 M CH3SO3H+ 5 r/n TiO; 3,02

YBenuyeHue CKOpOCTH OKUCIEHUA N-HUTPOaHUNMHA Ha
KOMMO3ULMOHHBLIX aHogax PbO,-TiO, o6ycnoBneHo, npeanonoXnTerbHo,
POCTOM KOMWYEeCcTBa KUCMOpOoACOAEPXaWmMX YacTuy C  BbICOKOM
NPOYHOCTBIO CBSI3W, B TOM 4MCIe M 3a CYET WX reHepauum no
POTOXMMUYECKOMY MEXAHN3MY.

BbiBOoAbI

Takum obpasom, Ha KOMMNO3MUMOHHLIX Matepuannax PbO, - TiO,,
HabnogaeTca yBenuyeHne nepeHanpsikeHnss PBK, ob6ycrnosneHHoe
POCTOM MPOYHOCTU XeMocopbupoBaHHOro kucrnopoda. KomnosmunoHHble
aHoA4bl AaHHOMo TUNa NPEeACcTaBnsAT MHTEPEC ANs UCNOMb30BaHUS B TEX
cnyyasix, korga  BO3HMKaeT  HeobxogMmMoCTb B MOAABIIEHUM
HeXenaTenbHOro Npouecca BblAeneHus kucrnopoaa.

MokasaHo, 4yTO anekTpokaTanuTuyeckas aKTUBHOCTb
KOMMO3ULMOHHLIX MaTepuanoB AWOKCUL CBUHLA — OKCUA BEHTENbHOro
metanna (TiO,) 3aBUCUT OT cogepXaHusi NocnedHero B KOMMO3MUTE.
Ncnonb3oBaHne matepuanos PbO, -TiO, nosBonser cywecTBeHHO
YBESTMYUTb CKOPOCTb 3NIEKTPOXMMUNYECKOTO OKUCITIEHNS N-HUTPOAHUINHA.

Takum obpasom, NosiydeHHble KOMMO3NLNOHHbIE MaTepuanbl MOryT
OblTb pPEKOMEHAOBaHbl B KA4yeCcTBE 3reKkTpokaTanu3aTtopoB AOns
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Pa3fNNYHbIX  3ANEKTPOXMMWYECKMX  MPOLEeccoB, B TOM  4uUcre
SNEKTPOXMMMYECKOrO pPaspyLUEHNss TOKCUYHBLIX OpPraHUYeckuX BeLLEeCTB
W OpyrMx npoueccoB, raoe TpebywTcs aHoabl C  BbICOKUM
nepeHanpsikeHMeM BbleNeHns kucnopoaa.

NuTepaTypa
[1] Sandro Cattarin, Marco Musiani. //Electrochimica Acta 2006. Vol.
52. Ne 4. P. 1339-1348.
[2] Guoting Li, Jiuhui Qu, Xiwang Zhang, Jiantuan Ge. //Water Reserch
2006. Vol. 40. - Ne4. P.213 — 220.
[3] Trasatti S. Oxygen and chlorine evolution at conductive metallic
oxides / S. Trasatti, G. Lodi // Electrodes of conductive metallic oxides.
Part B. - Amsterdam: Elsevier. - 1981. - P. 521-626.
[4] A.b. BenuyeHko KOMNO3MUMOHHbIE MaTepuarnbl Ha OCHOBE
anokcmaa CBUHUA: MOnyyYeHue, (QU3NKO—XMMUYECcKMe CBOWCTBA W
anekTpokaTanutuyeckaa aktmeHoctb / A.b. Benwuuenko, J1.B.
Omutpukosa, B.A. Kuuw, 1. Jesunbun // Bonp. XuMnn 1 XMM. TEXHOMOTUN.
—2011. — Ne4(1). - C. 110 - 112.
[5] A. B. Velichenko Electrodeposition PbO,—TiO, and PbO,—ZrO, and
its physicochemical properties / A. B. Velichenko, V. A. Knysh, T.
V.Luk'yanenko, D Devilliers // Materials Chemistry and Physics. — 2012.
—Vol. 131, Ne 3. — P. 686-693.
[6] T.B. JlykbsiHEHKO JneKkTpoxmmMmyeckasi KOHBEPCUS CcanunumioBou
KMUCNOTbl U ee NPON3BOAHbLIX HA MOANMPULMPOBAHHbLIX NOHAMMU Bi** n Ce*
anokenaHocemHUoBLIX aHogax / T.B. JlykesiHeHko, B. A. Khuw, O.B.
LmblukoBa J1.B. Omutpukoea, K.HO. KannnuHa, A.B. BennyeHko // Bonp.
XUMUKN U XUM. TexHonorun. — 2014. — Ne 2. — C. 34-40.
[7] Velichenko A. B. Kinetics of lead dioxide electrodeposition from
nitrate solutions containing colloidal TiO, / A. B. Velichenko , R. Amadelli,
V. A. Knysh , T. V. Lukyanenko, F. [|. Danilov // Journal of
Electroanalytical Chemistry. — 2009. — Vol. 632. — P. 192-196.
[8] Velichenko A. B. PbO, —TiO, Composites: Electrosynthesis and
Physicochemical Properties / A. B. Velichenko , V. A. Knysh , T. V.
Luk’yanenko, D. Devilly, F. I. Danilov // Russian Journal of Applied
Chemistry. — 2008. - Vol. 81. - Ne 6. - P. 994-999.
[9] Study of the oxidation of solutions of p-chlorophenol and p-
nitrophenol on Bi-doped PbO, electrodes by UV-Vis and FTIR in situ
spectroscopy / C. Borras, T. Laredo, J. Mostany [et al.] // Electrochim.
Acta. — 2004. — Vol. 49. — P.641-648.
[10] Jimenez Jado N. E. Electrochemical degradation of nitroaromatic
wastes in sulfuric acid solutions: Part | / N. E. Jimenez Jado, C.
Fernandez Sanchez, J. R. Ochoa Gomez // J. Appl. Electrochem. —
2004. Vol. 34. — P. 551-556.
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YOK 66.01:579.6.08

USING ELECTROCHEMICAL METODS FOR DETERMINING THE
DEGREE OF DEACETYLATION OF CHITOSAN

SLIS A.A., REDKA K.V., SOLODOVNIK T.V.
Cherkassy State Technological University

The degree of deacetylation of chitosan by conductometric titration
was analyzed. The values were compared with the results of
spectroscopic analysis and technical characteristics specified by the
manufacturer. It was found that this method is simpler and faster to
determine the amino groups in chitosan, so it is more appropriate than
other methods.

BUKOPUCTAHHA ENNEKTPOXIMIYMHUX METOAIB ANA
BU3HAYEHHA CYNEHA OAEALETUNIOBAHHA XITO3AHY

CHICb A.A., PEObKA K.B., CONOAOBHIK T.B.
UepkacbKul 0epxagHuUli mexHosio2iqyHuUl yHisepcumem

Byno npoaHanizoBaHo CTyniHb AeaueTUIItoBaHHSA XiToO3aHy MeTO40M
KOHOYKTOMETPUYHOro TUTpyBaHHSA. OTpuMaHi 3Ha4yeHHs 6ynn nopiBHsHI 3
pesynbTatamm  CNeKTPOOTOMETPUYHOrO  aHasnidy Ta  TeXHIYHUX
XapakTEPUCTUK, 3a3HayYeHnx BUPOOHMKaMn.bByno BCTaHOBMEHO, WO
AOaHuM MeTod MPOCTiWuA | WBMAWKMKA ONA BU3HAYEHHS amiHOrpyn B
XiTO3aHi, TOMy € BifibLl AOUiINbHUM HiX iHLWI MeToaw.

OcTaHHIM YacoM LUMPOKOro 3acTOCyBaHHSA Yy BaraTtbox ranyssx Ta
BUPOOHULTBAX HabyB MNpUPOAHMM amiHononicaxapug — XiTo3aH, AKuUi
BUSABNAE YHiKamnbHi COPOUINHI BNacTUBOCTI [0 iOHIB BaXKMx meTanis,
BGapBHMKIB, HATONPOAYKTIB, a TAKOX € HETOKCUYHUM | Nerko nigaaeTbes
Giogerpagauil. OTpuMMyOTb XiTO3aH 3 XiTMHY 3a gornomarar peakuil
AeaueTuntoBaHHs (Puc.1).

B 3anexHocTi Big egeKkTMBHOCTI peakuil OeaueTunioBaHHS
OAEPXYITb XiTO3aHW 3 PiI3HMM 3HAYEHHSIM CTYMEHK AeaueTurtoBaHHA
(CO). CryniHb pOeaueTunoBaHHS € BaX/MBMM MapamMeTpoMm Ans
XiTO3aHy, AKMW XapaKTepusye KOHUeHTpaLlildo amiHorpyn Ta BU3HaYae
Noro pisanko-ximMidHi BNacTMBOCTI.
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Puc. 1. Peakuis 0eauemursito8aHHs

Bigomo gekinbka mMeTtoniB BU3HAYEHHSA CTyNeHda AeaueTUsiioBaHHS, a
came: NOTEHLIOMETPUYHNN MeToA, KOHOYKTOMETPUYHUNA,
cnekTpodoTomeTpniHun, metog IY-cnekrpockonii [1,2]. B Hawin pobori
ans  Bu3HadeHHa C[1 pisHMX 3paskiB XiTo3aHy Oyno BUKOPUCTaHO
KOHOYKTOMETPUYHUA METO[, OCKiSIbKM BiH € Hambinbll [OCTYNHUM Ta
NPOCTUM [ONA BUKOPUCTAHHA B 3BUYAMHUX XiMIYHUX nabopaTopisax.
MeToto pobotn 6yno BuaHaveHHa C[L pi3HMX 3paskiB XiTo3aHy Ta
NMOPIBHSAHHA  OTPMMaHUX AdaHuX 3 pesynbTaTtamMu, O4ep’KaHUMMU
BiAMOBIAHO IHLWNX METOAMK.

MeToponoria pocnigxeHb
Ona  pocnipkeHHa C[I xitosaHy B poboTi BMKOPUCTOBYBASIMCb
HaCTYMHi 3pa3sku:
- xito3aH 3A0 «bionporpec»-1;

- xito3aH 3A0 «bionporpec»-2;
- XxiTo3aH cpipmun Aldrich.

BusHaveHHsA CTyneHd AealeTurnoBaHHS B NPUPOAHUX
amMmiHonosicaxapygax MeToOOM  KOHOYKTOMETPUYHOrO  TUTPYBaHHSA
'PYHTYETBCA Ha aHanisi CONAHOKUCIIMX pPO3YMHIB  XiTO3aHy. [n4d
BUMIPIOBaAHHSA OMOPY PO34YMHIB BUKOPUCTOBYBanu cneuiarnbHi AaT4Ynkn y
BUMMSAI CKNAHOI nocyauHn (2) 3 aBoma ernektpogamu (4) piBHOI MnoLw,.
Enektpoan 6ynu BUrotoBneHi 3 iHepTHOro matepiany (nnatuvHa). atyunk
yBiMKHEHO B nabopatopHun KoHgyktomeTp Ko-1 (1), sakunm 6y
CKOHCTPYMOBaHWN CTydeHTamMu Kadegpun Ximil Ta XiMIYHOI TexHOonoril
HeopraHiyHMX pedyoBMH Yepkacbkoro AOepXXaBHOrMoO TEXHOMOrYHOro
YHIBEPCUTETY B paMKax HayKOBO-AOCNIAHOT pobOTU CTYAEHTIB, CXemy
SIKOro NogaHo Ha puc. 2.

Ina npurotyBaHHA po34MHiB XiTO3aHy BukopuctosyBann 0,1 M
po3ynH HCI. TutpyBaHHa nposogunn 0,33 M posunHom NaOH. TouyHy
HaBaxKy cyxoro matepiany (0,2 r) po3yvHUNM Yy BigNOBIgHOMY
PO3YMHHMKY BMNPOAOBX 2 roAuvH Mpu nepemiyBaHHi. TUTpyBaHHSA
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NPOBOAVAM MOCTYMOBUM AoAaBaHHAM po3unHy NaOH (no 0,5 omd).
[Micna kOXHOro gopdaBaHHA TUTPaHTY oOdikyBann 1 XBUMWHY a NOTIM
dikcyBanu nokasm koHayktomeTpy [3]. Po3paxyHku npoBoaunu 3a
BiANoBigHUMK doopmynamu [4,5].

_V(NaOH)-C(NaOH)-14 ,,
m )

N

am !

ae V(NaOH) — o6’em nyry, Skmin nilloB Ha TUTPYBaHHA amiHOrpynmn,
cm®; C(NaOH) — HopmaribHa KOHLEeHTpauisa nyry, Monb/aM®; m — HaBaXkKa
cyxoro maTtepiany, r; 1,4 — koeilieHT nepepaxyHKy Ha a3oT.
N,, -203

14100+ 42-N_

P,

C/l = s, -100%.

1
® 3
—
ES [ |
=-
-
- ——

2|
1]
4
L

Puc. 2. Cxema koHOykmomempa K®-1: 1 — koHOykmomemp nnabopamopHul; 2 —
KOHOyKmMoMempu4Ha Komipka; 3 — bropemka 3 po34UHOM mumpaHmy; 4 —
esiekmpodu nnamuHosi; 5 — MasHimHa miwarka

Pe3ynbTatu Ta ix 06roBopeHHs

3a JaHMU KOHOYKTOMETPUYHOrO TUTPYBaHHSA O515 BCiX 3paskiB 6ynu
nobygoBaHi  KpmBi  TUTPYBaHHS, 4HKi HaBefeHi Ha pwuc.3. AHanis
OTPUMaHUX KPUBWUX TMOKa3ye, WO Ha novyaTky TUTPYBaHHSA MOKa3un
NPUCTPOID 3MEHLLYBAIIUCb, | Ha Hally AyMKY, Le BiabyBanocb B HaAcnigokK
3MEHLUEHHA NPOBIOHOCTI Npu HeuTpanisauil KNCNOoTU, NOTIM 3MEHLLEHHS
NPOXOANSIO NMOBINbHiLe (OCKINbKM B 3paskax Bynu NpucyTHi KapbOKCUNbHI
rpynu), nicna Yyoro cnocTepiranaca AinsiHka ctanux nokasis (TUTPyBaHHS
amiHorpyn), gani BigbyBanocb 30ifibLUEHHA MPOBIOHOCTI 3@ paxyHOK

262



Promising Materials and Processes in Technical Electrochemistry. Part 5

HagnUWKY Nyry. 3a OMOMOroK KpUBUX TUTPYBaHHSA OyB BU3HAYEHWUN
o6’em NaOH, gkuMiA niWOB Ha TUTPYBAHHA amiHOrpyn i npoBedeHi
BIiOMOBIOHI pO3paxyHKW, pes3ynbTaTh sKUX HaBedeHi B Tabnuui. [Ons
MOPIBHAHHA PI3HUX MeTOoAiB, B Tabnuui TakoX npeacTaBneHi 3Ha4YeHHs
CL pns Tux camo 3paskiB XiTo3aHy, OTpUMaHi CNeKTpPodOTOMETPUYHNM
MEeTO4OM B nonepegHix gocnimkeHHax. 3 Tabnuui BMOHO, WO cepeHe
3HAYEeHHA TPbOX MapanesibHUX KOHAYKTOMETPUYHUX Jocnifis  ans
KOXXHOro 3i 3paskiB XiTo3aHy aobpe Yy3romKyeTbCA 3 pesynbTaramu
CNEKTPOPOTOMETPUYHOIO aHanidy Ta OaHUMW TEXHIYHOI OOoKyMeHTauil
BUPOBHMKIB.

p, Om'
0,003 0,004 0,005 0,006 0,007

0,002

0,001

0

V(NaQH) cm?

Puc.3. pagbidHa 3anexHicme numomMoz20 oropy po34uHie ximo3aHy 8io
06'emy dodaHo2o0 mumpaHmy NaOH: 1 - ximo3aH 3A0 «bionpoepecx»-1; 2 -
ximo3aH 3AQO «bionpoegpec»-2; 3 - ximo3aH ¢hipmu Aldrich

BcTtaHoBneHo, Lo po3biKHICTE Yy pedynbTaTax ans pisHUX MeToaiB
3HaxoanTbca y mexax 1-10,6%. PeaynbTaTh CTyneHsa geaueTunioBaHHS,
OTPUMaHi CnekTpoPOTOMETPUYHUM | KOHOAYKTOMETPUYHUM MeTodaMn €
AOBOM  OOCTOBipHUMKM,  OoOpe  y3rogKylTbCA 3 TEXHIYHOM
AOKYMeHTaUieo Ha XiTo3aH, ane, Ha Hally AYMKY, KOHOYKTOMETPUYHUMN
mMeToq € Binbl NPOCTUM Yy BUKOPUCTaHHI, Nlerko BiATBOPHOBaAHUM | He
notpebye poboTn y cneujianisoBaHmx XiMivHMX nabopaTtopisax.
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Tabnuus. Pesynbmamu susHa4yeHHs CL] memodamu
criekmpoghomomempii ma KOHOyKmomempii

C-g ;a CnektpocoTomeTpis, % | KoHaykTomeTpis, %

Ha3Ba 3pa3ka BUpPOO
HUKa, 1 2 3 cep 1 2 3 cep

%

XiTozaH 3A0

. 82 66,7 | 73,8 |70,1| 70,2 | 715|709 | 718 | 71,4
«bionporpec»-1

XiTozaH 3A0

. - 57,9 64,2609| 61 |584 594 |586| 58,8
«bionporpec»-2

XiTo3aH ipmu

) 45 47,3 |143,8 | 445 | 45,2 | 359|524 | 49,7 46
Aldrich

BucHoBKM

[MpoBeaeHo Bu3HayeHHs C[l pisHMX 3pasKkiB XiTO3aHy MeTOAOM
KOHOYKTOMETPUYHOrO  TUTPYBaAHHSA, OTPWUMaHi [daHi MOpiBHAHO 3
pesynbTatamum CcnekTpooTtoMeTpmyHoro metony. BcrtaHoBneHo, Lo
KOHOYKTOMETPUYHUA METOL € NPOCTUM, LLUBUOKUM Ta OCUTb TOYHUM A4
BM3HAYEHHSA aMiHOrpyn B XiTO3aHi, a TakoX He NoTpebye NpUroTyBaHHS
KanibpyBanbHMX rpadikiB, Ha BigMiIHYy Big cnekTpodoTomeTpii Ta Y-
cnekTpockonii. B 3B’A3ky 3 UMM, JaHUW MeTOo MOXHa pekoMeHOyBaTu
AN OOCNIIKEHHSA XiTO3aHy Ta XiTO3aHBMICHMX 3 METOK BU3HAYEHHS
OCHOBHOI IX XapaKTepUCTUKN — CTYMEHA gealeTUnioBaHHS.

Mepenik nocunaHb
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Monalc, J. Desbriebresa, M. Rinaudoa An infrared investigation in
relation with chitin and chitosan characterization// Polymer 42 (2001)
3569-3580.
[2] KO.A. Kyumna, H.B. Honronatoea, B.KO. Hosukos, B.A.
CarangayHbin, H.H. Mopo3soB NHCcTpyMeHTanbHble MeToabl
onpegeneHnst cTeneHn geaueTunupoBaHus XxutuHa //BecTHuk 'Y, Tom
15, Ne1, 2012. cTp.107-113
[3] ConopgosHik T.B. KOHOYKTOMETPUYHUI METOA BU3HAYEHHSA CTYMEHIO
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Cesactononb — 2008. C.45.
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modification and study of the structure of chitosan films. Fibre Chem. —
2004, 36(1), pp.16-20.
[5] Arzamastsev O.S., Artemenko S.E., Abdullin V.F., Arzamastsev
S.V. (2008). Features extraction process when removing the biopolymer
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YOK 678.029

THE INFLUENCE OF CONDUCTIVE FILLERS ON PROPERTIES OF
POLYETHYLENE-BASED COMPOSITIONS

KURIPTYA Y., NOVAK D., SAVCHENKO B., PLAVAN V.
Kyiv National University of Technologies and Design

It was shown that carbon particles and metallic fillers of different
nature and their mixtures have great impact on the conductivity and
strength properties of polyethylene compositions. Polyethylene was
selected as a matrix, while carbon fibers, carbon black, nickel powder
and copper fibers were used as fillers. It was established that the ratio of
fillers of different nature in the polymer has a great impact on
conductivity and strength characteristics of compositions. Usage of filler
mixtures can improve the above characteristics. Binary fillers can
increase the conductivity of polymer compositions due to a lower
percolation threshold. The scope of possible applications of filled flexible
conducting plastic electrodes in electrochemistry could be batteries,
metal plating, etc.

BMNnvB BMICTY CTPYMOMNPOBIAHUX HAMNOBHIOBAYIB HA
BINACTUBOCTI NONIETUNEHOBUX KOMMO3ULIU

KYPUMNTA A.A., HOBAK O.C., CABYEHKO b.M., NMNABAH B.T1.
Kuiscbkul HayioHanbHUU yHigepcumem mexHorsio2it ma du3auHy

HaBeneHo pesynbTaTv OOCNIIKEHHS BANMBY YacTOK BYrneLeBux
Ta MeTaneBux HamnoBHKOBAYIB Pi3HOI MPUPOAN, a TaKoX IX CyMillen, Ha
CTPYMOMPOBIOHICTb  Ta  MIUHICTHI  BNacTUBOCTI  NONieTUNeHOBUX
Komno3suuin. B skocTi maTpuui B UMX KOMMO3MLIAX B3ATO MOSIETUNEH, a
SIK HanoBHIBa4i BMOpaHO BYyrneLeBe BOMOKHO, rpadiTu3oBaHy caxy,
HIKENeBMM MOPOLIOK Ta  MigHe BOMOKHO. BcraHoBneHo, wWwo
CMiBBIAHOLWEHHA B rMoniMepi BMICTYy HarMoOBHIOBAYiB pPi3HOI npupoamn
3HAa4YHO BMNMBAE Ha CTPYMONPOBIOHICTE Ta MILUHICTHI BNAacTUBOCTI
KOMMO3ULLIN, 8 BUKOPUCTAHHA CyMilLlen HanoBHOBaA4iB NpU3BOAUTL A0 1X
nokpawleHHs. biHapHe HanoBHEHHA nigBuULLyE CTPYMOMPOBIAHICTb
NoniMEPHUX KOMMO3ULIN Yepes 3HMKEHHS MOPOry NepKonsii.

[[any3amMn 3acToCyBaHHS HAMOBHEHMX FHYYKUX €eneKTpornpoBigHNX
NoniMEPHUX enekTpodiB B  enekTpoxiMmil MOXyTb 6yTn Oartapel,
eneKkTpoocamXeHHA MeTarniB Ta iH.
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CyyacHU  pO3BUTOK  TEXHIKM  BMMarae CTBOPEHHA  HOBUX
CTPYMOMPOBIAHMX NOMIMEPHNX KOMMO3ULINHUX MaTepianis. 3okpema, ue
CTOCYETbCA ranysen mnpoMUCIIOBOCTI, MOB'A3aHMX 3 BUKOPUCTAHHAM
aHTUCTaTUYHUX MaTepianis, HaNiBNPOBIOHUKIB i eKpaHy4Ynx maTepianis
Bil €eneKkTpOMarHiTHUX BUMNPOMIHIOBaAHb, a TaKOX CTPYMOMPOBIOAHUX
KOMMO3ULINHMX MaTepianiB B HU3bKOBOJSIbTHUX HarpiBanbHUX erieMeHTax.
[ns CTBOPEHHS Takux maTepianis B nonimep BBOAATb ab0 HAHOCATb Ha
NOBEPXHIO creuianbHi  JobaBKW, $Ki  yTBOPKOKWTb  CTPYMOMPOBIOHY
cTpykTypy [1]. B AaHin poboTi BM3HA4YeHO BMfMB 4YacTOK BYrneuesux Ta
MeTarneBMx HanoBHIOBAYIB Pi3HOI NPUPOAN, a TaKoX IX CyMillen, Ha Taki
BNACTUBOCTI MOSIieTUNEeHOBMX KOMMO3ULiM, 9K CTPYMOMNPOBIOHICTE Ta
MILHICTb.

MeToponoria pocnigxeHb

Ona pocnigkeHbs 6yno obpaHo nonietunen (ME) LLDPE mapku
M3804RWP (SCG Chemicals) B skocTi MaTpuui Ta Taki HanoBHIOBaYi:
Byrreuese BONokHo (BB) mapkn BMH-4 gosxuHoto 1-2 mm Ta giameTpom
5 mMkm, rpacpitnsoaHa caxa ('C) mapkm PUREBLACK SCD-205 i
PowCarbon 3200F, Hikenesu nopowok (HIM) mapkn MHK-YT1 TOCT
9722-97, migHe BonokHo (MB) mapkn M1 (enektpoTtexHiyHe) FTOCT 859-
2001 3 giameTpom BosfokHa 60 MKM Ta JOBXUHOK 1-2 MM.

TexHonoris OTpMMaHHA CTPYMOMNPOBIOHMX KOMMO3ULIA  BKIIOYae
HaCTYMHi cTagil: NiaroToBKa KOMMOHEHTIB, 3MilLlyBaHHA BCiX KOMMOHEHTIB
KOMMO3ULIN, OTPUMAHHSA OOCNIAHUX 3pa3KiB MeTO40M CchikaHHSA Y dOpMi.

HanoBHoBa4i nonepefHbO BUCYLLYIOTb Y BaKyyMHin wadi npwu
Temnepartypi 80°C npotarom 5 roguH Ans BUAANEHHA 3anuLWKOBOI
BONOrn. 3MillyBaHHA KOMMOHEHTIB NPOXOoAuTb B ABa eTanu: cnodaTky
MaTpuUIO Y BUMMSAi MOPOLUKY 3MiWyTb 3  HaroBHOBa4YaMu Ha
ofHoCcTafinHOMY nonateBoMy Typbo3MmilwlyBadi nepioguyHol Ail Tvny
Henschel npotdarom § XxBWnuH, nicna 3millyBaHHA OTPUMaHy CyMiLll
eKCTPyAylTb Ha oaHowHekoBoMy ekcTpyaepi (D=27 mm, L/D=30) si
cTatnyHMmM 3miwysayeM. CnikaHHA OTPUMaHUX KOMMO3ULIN NPOBOAMIIOCS
npu Temnepatypi 190°C npoTarom 2 XBUNUH.

BumiptoBaHHS CTpyMONpPOBIOHOCTI  KOMMO3WULIiM  NPOBOAMUIIOCA 3a
FOCT 6433.2-71 [2], BuMiptoBaHHS MILHOCTI Npyn po3puBi Ta BiQHOCHOIO
BngoBxeHHs — 3a FOCT 11262-80 [3].

Pe3ynbTaTti Ta iXx 0GroBopeHHsA

PesynbTat BU3Ha4Ye€HHA CTPYMOMNPOBIAHOCTI KOMMO3ULIN HA OCHOBI
NME HaBepeHoO Ha pucyHky 1. I3 aHanidy 3anexHocTten, HajaHux Ha
puUcyHky 1a, BunnmMBae, WO And KOMMNo3uuin, HanoBHeHux BB,
CTPYMONPOBIAHICTb 3i 36iNbLLUEHHAM BMICTY HanoBHOBa4a pPi3ko 3pOCTae.
Mpu BmicTi BB 0,0045 06. yacT. cnoctepiraeTbCa 3Ha4He NiaBULLEHHS
CTPYMONPOBIQHOCTI KOMNO3uUii, TOO6TO nodABa nopory nepkonauil [4].
Mopanblie 36inblUEeHHA BMICTY HanoOBHIOBaYya He NpUBOAUTL OO CYTTEBUX
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3MiH CTpymonpoBigHOCTI. Take pi3ke 30ifbLEHHS CTPYMONPOBIAHOCTI NPY TakKin
Manin KOHUEHTpauil HanoBHBa4Ya MOXHa MNOSICHUTM 0COBNMBOCTAMM
reomeTpuyHoi 6ynoBu HamnoBHioBa4da. CniBBigHOWEHHA O0BXMHM BB go 1moro
piameTtpy I/d 3Ha4YyHO BMANMBaAE Ha MakCMMaribHO MOXIMIMBUA  CTYMiHb
HanoBHeHHs (nakiHr-gpakTop F). Ak Bigomo nakiHr-coaktop F € napametpowm,
WO [J03BOSISE OUIHUTM BenuuuHy nopory nepkonsauil [5]. Ockinbkn y
BOJTOKHUCTUX HAMoOBHIOBAYiB B MOPIBHAHHI 3 AWcnepcHUMn F meHwun, 10
BiANOBIAHO nNOTpiOHa MeHwa o6’eMHa KOHUEeHTpauis HanoBHBava Aans
YTBOPEHHS NPOBIAHUX CTPYKTYP Y NOMIMEPHIA KOMNO3WLIT.

— 4 a - 2 .6
s =
= J —]
O 0 i/4-—l A/A/ % -2 C.,—g‘.
o
5 2 A 5 -4 1
s 5 6
o -6 % 8
% 8 2 10
g 19 §_12
- - S 14
>-14 117‘5'1‘—‘— 7Y ?-
|_
O -16 0-16
088 0,03 0,06 0,09 0,12 0,1 0,00 0,03 _ 0,06 0,09 0,12 0,15
€MHWUW BMICT HanoBHI0OBayva, ¢, 00. OG'eMHUI BMICT HanoBHBava, ¢, 06.
yacT. 4acT.

Puc. 1. 3anexHicmb cmpymorpogidOHocmi KomMro3uyit Ha ocHosi [E 8id emicmy
HarnoeHroeay4a: a) 1-HIN,2-1C, 3-BB, 4- MB; 6) 1-HIlN/BB, 2-IC/BB, 3-TC/MB

Ansa komnosuuin, HanoBHeHux [C, nodBa nopory nepkonauil
cnoctepiraetbcs npu BmicTi C - 0,022 06. yacT. Ockinbkn caxxa aucnepcHuin
HanoBHOBa4Yy, TO Mae Oinble 3HayYeHHA F y MOpPIBHSAHHI 3 BOMOKHUCTUM
HaMoBHIOBaYeM | ONa LOCATHEHHA nopory nepkonauii notpibHa 6Ginbwa
ob6’eMHa KOHUEHTpauia. Y komno3sudisx, HanoBHeHux HIT ta MB, 3anexHicTb
CTPYMONPOBIAHOCTI Bi4 BMICTYy HanoOBHIOBa4Ya XapaKTepu3yeTbCA MNOSIBOH
nopory nepkonauii nNpyM 3HA4YHO BULLIMX KOHLEHTpaUisX HamnoBHIOBaua,
nopisHaHO 3 BB T1a ['C, W0 MOXHa NOSICHUTU BMUCOKOK rycTtuHoto HIN ta MB i
GinbwnM  3HavyeHHAM cniBBigHoweHHA 1/d. [MosiBa nopory nepkonsuii
BinbyeaeTbca npu Bmicti HIM 0,008 06. yacTt. Ta MB - 0,018 06. vacT., ane
3HAYEeHHS CTPYMOMNPOBIOHOCTI ANA LMX KOMMO3WULIA 3HAYHO BULLI 3a paxyHOK
BNacHOl BUCOKOI CTPYMOMpPOBIAHOCTI HanoBHoBauiB. 13 pucyHka 16 Bunnueae,
wo ans 6iHapHoHanosHeHnx 'C/BB komMnosuuin 3Ha4yeHHs1 CTPyMONPOBIAHOCTI
CYTTEBO BIAPI3HAETLCS Bi CTPYMOMNPOBIAHOCTI MOHOHAMOBHEHNX KOMMO3WLIN.
[na paHol cucteMu XxapakTepHu noAagiiHUMK nopir nepkonsadii. Mepwwuin
BMHUWKaE Mpu 3aranbHOMY BMICTi HanoBHioBa4va 0,0047 06. yacT., a HacTynHU
npu 0,02 06. yact. [JaHe sBULLE MOXHA MOSICHUTU HASABHICTIO CUHEPriYHOro
edeKkTy npu B3aemodil KOMMNOHEHTIB MixX coboto. Meplumnin nopir BUHMKaE 3a
paxyHOK CTPYKTypu yTBOpeHoi BB, a pgani, npn 36inblieHHI KOHUeHTpauil
GiHapHoro HanoBH0OBaua, OaHun HarnoBHKOBaY Bigirpae pornb
CTPYKTYpPOYTBOpIOBaYa NpoBIAHOI CITKM B KOMNO3ULT.
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[MpoTe npu 30iNblweHHi 06’€MHOI  KOHUeEeHTpauil GiHapHOro
HanoBHiOBa4Ya 6nM3bkol 00 KOHUEHTpauil nopory nepkonsuii  ans
Ca)KOHaMOBHEHMX KOMMO3ULIN 3'ABNAETLCA HACTYMHUW NOpPIr, NoB'A3aHN
i3 3HayHMM 36inblIeHHsaM KoHueHTpauili C, wo ytBoptoe 6BinbLu
posranyxeHy npoBigHy CciTky pasom 3 BB. Takum 4uHOM, OGiHapHe
HanoBHeHHs BB/I'C mae kpawun pesynbtaT, HiXXK MOHOHaNoBHEHHS. [pu
HanosHeHHi HI/BB Tta caxa/MB nepwwvin nopir nepkonsauil
HabnwmxkaeTbea 0o 0,0047 06. yact. Ta 0,018 06. yacrt., a gpyrmni go 0,09
06. yact. ta 0,021 06. yacT., BiANOBIAHO i NPAKTUYHO He BiOPI3HAETHLCS
Bi, 3HA4YeHHA [ONns MOHOHanoBHIOBada. biHapHe HanNoBHEHHA [Oae
MOXINUBICTb 3MEHLUUTWN BMICT BiNnbLlU CTPYMOMNPOBIAHOrO, ane eKOHOMIYHO
HEeBWrigHOro HanoBHBaya - BB, 3a paxyHok BBegeHHs BGinbLu geLeBoro
HanoBHioBa4Ya — [C, HecyTTeBO BMAMBaw4YM Ha nopir nepkonsuil
KOMMO3WULIN Yy  MNOPIBHAHHI 3  KOMMO3ULiAMM, HanoBHEHNUMU
MOHOHarnoBHwBa4yeM. Pe3dynbTaTtM BU3HAYE€HHHA BUMIPHOBAHHA MILHOCTI
npun pos3pmBi Ta BIQHOCHOrO BUOOBXEHHS KOMMO3uUiM Ha ocHoBi [1E
HaBedEeHO Ha PUCYHKY 2.
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Puc. 2. 3anexHicmb MiyHocmi rpu po3pusi ma (----) ma 8iOHOCHO20 8UOOBXEHHS
(—) nonimepHux Komno3uuiti Ha ocHosi LLDPE gid emicmy HaroeHwea4a: a) 1, 1’ -
BB, 2,2°-MB, 3,3 - HIl, 4, 4 - caxa; 6) 1, 1'- HI/BB, 2, 2’-I'C/BB, 3, 3’ - TC/MB

I3 aHanisy 3anexHocTen, HadaHuX Ha PUCYHKY 2, BUMNuBae, WO
BYrneLesi BOIOKHA B MNOPIBHAHHI 3 MiAHMMW MalOTb BULLY aHI30TPONIto Ta
MiL{HICHI BNaCTMBOCTI, O MOKpaLlye MexaHiYyHi Bf1laCTUBOCTI KOMMO3ULIN.
Komnoauuii, HanoBHeHHi BB, mMalwTb HamBully MeXy MILHOCTI npu
po3puBi. HanHmx4i 3HaA4YeHHs OaHOro MNOKasHMKa MaloTb KOMMO3uLil,
HanoBHEeHi aucnepcHuMn HanoBHioBadYamn — HI1, [C. BigHocHe
BUOOBXEHHS MOHOTOHHO 3MEHLUYETbCSA NPU 30iNbLUEHHI KOHUEeHTpauil
HanoBHioBa4Ya. MB B nopiBHsHI 3 BB MalTb 3HA4YHO MEHLY MeXxy
MiLHOCTi. Tomy komnoauuii, HanoBHeHHi BB/HI1, maioTb BUy Mexy
MILHOCTI Npu pPoO3puBiI Y MOPIBHAHHA 3 KOMMO3WLUiIAMU, HaNOBHEHUMU
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C/MB. BigHocHe BWOOBXEHHA 3MEHLWYETbCA 3  HAMOBHEHHSAM
BONTOKHUCTUMM HanoBHOBa4Yamu, ocobnmeo BB, a Takox 3 BBeAEHHAM
BENUMKO KiNbKICTIO AncnepcHoro HanosHoBava — [C.

3 ypaxyBaHHSAM BULLEHaBeLeHMX pe3ynbTaTiB, MOXHa BCTAHOBUTH
TaKy cpepy MOXMMBOro 3aCTOCYBaHHSA MOSMIMEPHNUX KOMMO3ULLIN 3arexHo
BiZl 3HAYEHHS 1X CTpyMonpoBigHoCTI. [Mpu BMICTI BiHapHOro HanoBHBa4va
C/BB Big 4 no 16 % 06. 3Ha4YeHHA CTPYMOMpPOBIAHOCTI KOMMNO3WULIN
3MiHIOETbCS B fianasoHi Big 102 go 10! Cwm/cm, Ui koMnoauuii MoxHa
BUKOPUCTOBYBATM [OS1I9 BUFOTOBJMIEHHA €KpaHyl4uMx MaTepianis Big
eneKkTpoMarHiTHoro BUNpoMiHoBaHHA. Komnoauuil 3 BMiCTOM riGpuaHoro
HanoBHoBa4a HI/BB Bia 9 po 16 % o06. MawTb 3HayeHHA
CTPYMONPOBIAHOCTI 6Brn3bke 40 10 Cwm/cm.

[MNepenbayaeTbcs, WO OCHOBHUMM rany3siMuM  3acTOCYBaHHS
HaMOBHEHUX THYYKUX EJIeKTPOMNPOBIOHMUX MONIMEPHUX eneKkTpoaiB B
ernekTpoximii  MOXyTb 6yTM 0artapel, enekTpoocakeHHs MeTanis,
enekTponia 6e3 BMAiNeHHS meTanis.

BucHoBKku

3a pesynbTaTaMmy nNpoBeAeHUX AOChiAKeHb BCTAHOBMEHO, LWO
GiHapHe HanOBHEHHA A€ NOKPALLEHHSI CTPYMOMNPOBIAHNX BAACTUBOCTEN
NosliMEPHUX KOMMO3MULIiA, a CaMe 3HWXKEHHS Mopory nepkonsuii, ane B
KOXXHOMY BunaaKky Tpeba BpaxoByBaTh 0COBMMBOCTI KOXHOIO mMartepiany,
noro npupony, i3anMYHi  BMNACTMBOCTI, CTPYKTYpPHI i  pPO3MipHi
XapakTepuctukn. BusHayeHo cdepy  MOXIIMBOrO  3aCTOCYBaHHS
NosliMEPHUX KOMMO3ULIW 3aeXHo Bif 3HAa4YeHHS IX CTPYMOMPOBIAHOCTI Ta
MiLJHOCTI.
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BIOIMPEDANCE ANALYSIS OF THE HUMAN BODY: HISTORY,
CLASSIFICATION , BIOPHYSICAL FUNDAMENTALS OF THE
METHOD

CHEREVACH Ya.F., BORYSENKO Yu.V.
Kiev National University of Technologies & Design,
boria95@ukr.net

This work deals with the history, benefits and biophysical basics of
the bioimpedance analysis method for studying the composition of
human body. It was shown that various tissues of the body have
different conductivity values. This is associated with a different content of
fluid and electrolytes in the tissues. The method is based on a high
correlation between the values of the impedance magnitude and the total
water content, fat and lean body mass. Dependence of the human body
impedance values on the frequency of the current. The fields of medicine
where the bioimpedance analysis is applicable were shown.

BMOMMMNEOAHCHbIA AHAINIU3 COCTABA TEJIA YENOBEKA:
NCTOPUA, KNTACCUPUKALIMA N BUODPUSNYECKUE OCHOBDI
METOAA

UEPEBAY A.®., BOPNCEHKO 10.B.
Kueeckul HayuoHarnbHbIU yHUBepcumem mexHosioaul u dulalHa
boria95@ukr.net

PaccmoTpeHbl uctopus, npenmyLlectsa n bmogunamyeckmne oCHOBbI
dnonmnegaHCcHOro MeToa aHanmaa coctaBa Tena Jvenoseka. [lokasaHo,
yTo pasnunyHble TKaHU Tena NMeroT pasHble 3Ha4YeHus
3MEKTPONPOBOAHOCTN. 3OTO CBSA3AHO C pPasfUYHbIM  coAep)XaHnem
XUOKOCTU U 3NEKTPONUTOB B TKaHsX. Meton OCHOBaH Ha BbICOKOW
KOppenaumm mexagy BenuYMHONM uMmnedaHca M BenMyuMHamm obLiero
cogepXaHums BoAbl, OE3XMPOBOM W XUPOBOM MacCbl B OpraHusme.
[MpuBegeHa 3aBMCMMOCTb BESIMYMHBLI MMMNedaHca Terla 4erfioBeka oT
4YacTOTbl 30HAMPYKOLWEro TOKa. YKasaHbl obnactm MeauuuHbl, rae
npuMeHsieTcs bnonmMmnegaHcHbIN METO aHanmsa.
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CoBpeMeHHbIN  3Tan  pasBUTUA HaykKm O cocTaBe Tena
XapakTtepusyeTcs YyBeSIM4eHWEeM pPOJSiIM HOBbIX TEXHOSIOMTMNW U MeTOOO0B
nccnegosaHusa in vivo. Hapsgy ¢ TpaguuMOHHO MCMoNb3yeMbiMU ONS
OLIeHKM cOCTaBa Terna MeTodaMu aHTPOMOMEeTPUn, KanunepomMeTpuu u
NoABOLOHOMO  B3BELUMBAHUS, MNOMyYMnu passutune OBuodmsndeckue
MeTo4bl, CaMbIM  PaACMpPOCTPAHEHHLIM U3  KOTOPbIX  SABNSAETCHA
BuoumnegaHcHein aHanu3 (BWA) — onepaTMBHbLIN, HEWHBA3UBHbLIA U
HaOEXHbI METOA, WUCMONb3yeMbli B KAWMHUYECKMX, amMOynaTOpHbIX W
aomawHux ycnosusax [1]. BUA wmpoko npumeHaeTcs B MeguuunHe
KayecTBe  OuarHocTMdeckoro Metogda W ONS MOHUTOPUHrA,
No3BONAOLWEro MNosfyyYnTb OnepaTuUBHYO MHQOPMaLMIo O COCTOSHUU
nayneHTa, 4YTo BaXHO [Af9 MpaBUibHOIO BbIOOPa M KOPPEKTUPOBKU
nevyeHus.

UcTopusna

Hayano npymeHeHusi buommMmnenaHCcHOro aHanuaa ans u3ydeHus
cocTaBa Tefna 4ernoBeka CBA3bIBAlOT C paboTtamn ppaHLy3CKOro
aHecTte3unonora A.TomacceTta, BblINONHEHHbIMM B Hadane 1960-x rogos
[2]. MeToo ocHOBaH Ha W3MEPEHUWM WUMNeJaHca BCEro Tena wunu
OoTAenbHbIX CerMeHToB Tena (Z) C Kucnosib30BaHWEM crneumanbHbIX
npudopoB — GuoMmnegaHCHbIX aHanu3aTtopoB. BenuunHa vmnegaHca
UMeeT OBe KOMMOHEHTbl — akTuBHOE (R) U peakTMBHOE CONpOTUBNEHME
(Xc), KoTopble cBA3aHbI CneayLwmmM COOTHOLLEHNEM:

Z> = R* + Xc®

CybcTpaTtoM aKTMBHOrO conpotmBneHna R B Guonornvyeckom
o0beKkTe SABMATCA XUAOKOCTUM (KaK BHE-, TaKk U BHYTPUKINETOYHbIE),
obnagawowmne MOHHLIM MexaHusMoMm npoBogumoctTn. CybecTpaTom
peakTUBHOIro  conpoTtuereHna Xc  (AN3NEKTPUYECKMN  KOMMOHEHT
nMnegaHca) SBsTCA KNeToYHble MeMBpaHbl.

[lo BENUYMHE aKTMBHOrO COMPOTMBIIEHNSA paccyuTbiBaeTcs obuiee
cogepxaHne Boabl B opraHname (OBO), Bbicokas yaenbHas
NPOBOAMMOCTb KOTOPOW OOYyCroBneHa HannmiMem B HEW 3MeKTPOSIMTOB.
ONEKTPUYECKOE COMPOTUBMNEHNE XMPOBOM TKaHW npumepHo B 20 pas
BbllLE€, YEM OCHOBHOM MacCCbl TKaHeW, COCTaBnsAlWMX 6e3XMPOoBYIO
maccy Tena (BMT). Tak kak rugpatauusa 6e3xMpoBon Maccbl cocTaBnaeT
B HopMme okosno 73% (Heymsfield et al., 2005, [3]), To 6e3xupoBas macca
MOXeT ObITb OLleHEeHa Kak

BMT = OBO / 0,73.

Hoffer n coasT. (1969, [4]) nokasanu HanuyMe BbICOKOM
Koppenauum mexay BenmymHon nmnegaHca n senundnHamm OBO, BMT n
Xuposon maccbl Tena (KMT), wn noctpounn perpeccuoHHbIe
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3aBUCUMOCTH, CBSA3blBalOLLIME 3TU  BENUMYMHBI C  NapamMeTpamu
umnenaHca. Houtkooper un coaT. (1996) [5] cucTemaTusnpoBanu
onybnmnkoBaHHbIE K TOMY BpeMeHU 55 coopMyn Ana OLEHKU nokasaTenen
coctaBa Tena 6GuommnegaHcHblM mMetogom: 18 ans pacveta OBO, 29
ana BMT, 8 ana %XMT. B ykasaHHon paboTe coobuianocb, 4TO
TOYHOCTb NpuBeAEHHbIX oueHok cocTtaenseT 0,9-1,8 kr ana OBO un 2,5-
3,5% ana XKMT.

Mo BENMM4YnHe peakTMBHOMN COCTaBNSOLLEN nMvnegaHca
pacCcYMTbIBAOTCA BENWYMHbI OCHOBHOro obmeHa (OO) un akTuBHOM
kneto4yHon maccbhl (AKM) — Maccbl MbILLLL ¥ BHYTPEHHUX OPraHoB.

Knaccudmkaums

meeTcsa HECKONbKO pasHoBUAHOCTEN BUoMMnegaHCHOro aHanuaa,
KOTOpble KrnaccuuuupyoT no crnegyowmM npusHakam: no 4acrtoTe
30HAMpOBaHUA  (OOHO-, [OBYX-, MHOro4acTOTHble), MO Yy4acTkam
N3MepeHNn (nokanbHble, pernoHarnbHble, NHTEerpanbeHble,
NoSIMCErMeHTHbIE), no TaKTuKe N3mMepeHni (ogHOKpaTHbIE,
anunsoguyeckne, MoHUTOpHble). Hanbonee 4vacto ucnonbdyemasa (90%
BCEX W3MEpPEHMA B MUPOBOW MNpaKkTMKe) M MNONHOBepUdULMpOBaHHAA
pa3HOBMOHOCTb  OMommnegaHcHOro aHanmsa —  OA4HOYaCTOTHbIEe
WHTerpanbHble  3NU30ANYECKME  UBMEPEHUA C  PachofOXEHNEM
9NIEKTPOAOB Ha LMKOMOTKE W 3ansaCTbe C 30HAMPYHOLLMM TOKOM Ha
yactoTe 50kl y [1].

Bbunodgunsnyeckmne ocHoBbI MeToaa

BuonmnegaHcHbIn  aHanM3 cocTaBa Tefla OCHOBbLIBAETCA Ha
pasnMumMax SieKTPonpoOBOAHOCTM COCTaBMALWNX €ro TKaHenh BBUAY
Pa3fIMYHOrO COAEPXKAHUA B HUX KUOKOCTU WU  INEKTPOSNIMTOB (CM.
Tabnuuy).

Tabnuua. Tunu4Hble 3Ha4YeHUs1 yoesibHO20 31eKMpPUYECKO20
cornpomusrneHusi buosioau4yeckux mkaHeu (1980) [6]

Bunonornyeckas TkaHb YpenbHoe conpotuBrieHne, OM x m
KpoBb 15
CnnHHOMO3roBasi >XMaKoCTb 0,65
HepBHO-MbIWEeYHasa TKaHb 1,6
Jlerkne 6e3 Bo3gyxa 2,0
CkeneTHble MbILLbI 3,0
lNeyeHb 4,0
Koxa 5,5
Jlerkmne npu Bblgoxe 7,0
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Ncnonb3oBaHue GuonmMnegaHCHOro aHanmsa Ans OLEHKN cocTaBa
Tena OCHOBaHO Ha YCTOMYMBOM COOTHOLLUEHUMW MeEXOY coAepXaHnem
BOAbl B OpraHmame n 6esxupoBon maccon tena (1969, [4]). PesynbTtatbl
BruorMnegaHCHOro aHanmsa 3aBUCAT OT HEKOTOPOro Habopa gonyLweHun
OTHOCUTENBbHO 3NIEKTPUYECKMX CBOMCTB Tena, ero coctasa, ruapatauumu,
M NAOTHOCTW, @ Takke BO3pacTa, Mnofa, pacoBOW MNPUHAANEXHOCTU U
duamyeckoro  coctosiHus  obcnegyemoro (1988, [7]). TepmwuH
«BNOINEKTPUYECKMA MMNEedaHC» CTan obWenpuHATBIM B 3apybexxHbIX
nyonukauuax BTOpon nonoBuHbl 20 Beka AN XapakKTepUCTUKK
9NEKTPUYECKUX  CBOMCTB  OMOMOrMYecknx  OOBLEKTOB,  UMEILLUNX
KNEeTOYHYK CTPYKTYpy. IMnegaHc namepsieTcs npu NponyckaHum vepes
BGuonorndeckmn o6bEKT NEPEMEHHOro TOKa B COOTBETCTBUM C 3aKOHOM
Owma: Z=U/l,

roe U — pasHocTb NoTeHumanos, a | — cuna Toka.

[NepBasi anekTpuyeckass Mogernb KneTku bbina npeanoxeHa dpuke
(1924), koTopbln onucan M OOBACHU 3aBUCUMOCTb MMMNedaHca oT
4acToTbl TOoKa (CM. PMUCYHOK). B obnactu HU3KMX 4acToT umnenaHc
NpaKkTU4eCcKn coBnagaeT C BENIMYMHOM aKTMBHOINO COMPOTMBAEHUS, a
peakTUBHOEe conpoTuBneHne 6nm3ko Kk Hynw. Npu yBenmyeHnn 4acToThl
TOKa peakTMBHOE COMNPOTUBIIEHME BO3pacTaeT A0 onpeaeneHHoro
MakCMMyma, COOTBETCTBYIOLLErO xapakTepuctudeckon vactote f.. MNpwu
AanbHenWweM yBenMYEHUNM YacTOTbl pPEaKTUBHOE  COMPOTUBIEHUE
yMeHbLIaeTCcs, U B npeaene nmnegaHc 0yaeT cHoBa paBeH aKTUBHOMY
conpoTMBNeHuto. Ha pucyHke BUAHO, YTO MPU U3MEHEHUM YacTOTbl TOKa
MEHSIETCA  Yyron Mexgy BeKTopaMu uMmnegaHca W akKTUBHOIO
COMPOTUBIEHUS.

2 2 2
PeakTueHOE Z' =R+ Xc
COIIPOTHRICHHUE (XC)

5 Qacrota (k[ 1)
®asorkiil yron pa YBEIHYHBACTCH

Wnmnenanc

AXTHBHOE R

Bricoxast . _ Huskas
qa0TOTA conpoTusicHre (R) q40TOT4

Puc. 3asucumocme 8eniuduHbl uMnedaHca om Yacmombl 30HOUPYrOWe20 moka
(2005, [3])
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OH wuMeeT HasBaHWe pa3oBOro yrna, W onpegendercs Kak
dpKTaHreHc oTHowWweHnA peaktTnBHOro 1 aktTMuBHOro COI'IpOTI/IBJ'IeHI/II7IZ
¢ = arctg (Xc/R).

[Ons npakTuyeckoro npuMeHeHuss GuoMmnegaHcHOro mertoda K
3agavam OLEHKM COCTaBa Tenla CyWeCTBEHHOW SABMSAETCS B3aMMOCBS3b
reomeTpuyeckon opmbl mUccrnegyemMoro obbekta M BENUYUHLI
uMmnegaHca  Ouonornyeckoro  obbekTa:  BenuMuuMHa — MMnegaHca
nponopunoHansHa AfMHE W3MEPSIEMOro y4vactka TkaHen n obpaTHo
nponopunoHansHa nnowaan ero NonepeyYHoro ceYeHus.

[Ons  ogHOPOAHOro  WM3OTPOMHOrO  MPOBOAHMKA  MOCTOSAHHOIO
CeYeHUs1, nonepeyHblie pasmepbl KOTOPOro MHOMO MeEHbLUE €ro ASfHbI,
cnpaBeanuBbl Crieayowmne COOTHOLLIEHUS:

V=LxS, R=pxL/S,

roe p — YyOenbHOoe 3nekTpuyeckoe conpoTueneHve, L — anuHa, S —
nrowaab rnonepevyHoro cedyeHusi, a vV — o6 beM NpoBoaHMKa.

Ecnu BbIpasnTtb S n3 BTOPOro COOTHOLLEHUS U NOACTaBUTbL B NepBOeE, TO:
V =p LUR.

B 6uommnenaHCHbIX aHanu3aTtopax MCMonb3yeTcsl 30HANPYHOLLNKA
TOK OYeHb HM3KOW, 6esonacHom aMnnuTyabl, 4TO obecneynBaeT BO3MOX-
HOCTb He orpaHu4nBaTb KONIMYECTBO N ANNTENBHOCTb N3MEPEHU.

PeaktnBHoe  conpoTtuBrnieHne ©1  as3oBbiM  Yyrosl  Takke
XapakTepusyloT cBomcTtBa buonormyeckux TkaHen (1988, [7]).
WccneooBaHma nokasanu B3aMMOCBA3b XC UM as3oBoro yrna ¢
napamMmeTpamm PU3NONONMYECKOro COCTOSIHUA W pexumma nUTaHus
naumeHToB. YaenbHoe CONPOTUBMEHME B BblIpaXXeHUU pL2/R NPUHATO
NOCTOSAHHBIM ONs Tena B LENnoM; OAHAaKO, KaXkaasi TKaHb MMEeeT CBoe
yaenbHoe ConpoTUBIEHNE, 1 HabngaeMmoe yaenbHoe ConpoTUBIIEHUE -
9TO cpefHee yaeribHOe ConpoTUBIIEHNE BCEX NPOBOASLLNX TKAHEN.

OnybnukoBaHbl pesynbTaThl BepudmKkaumnm MEeTO0B
bnoMmneagaHCHOro aHanusa OUEHKU XXUPOBOM U OE3KMPOBOM MacChl
Tena c pesynbTatamu NOABOLHOMO B3BELUMBAHUSA, ONS KOCTHOW MaccChbl —
PEHTrEHOBCKOMN OEeHCUTOMETPUKN, ans obuien, BHe- N BHYTPUKNETOYHOMN
XUOKOCTU opraHMamMa — MeTogamu pasBedeHus WHOUKaATOpOoB, a Aans
onpeaeneHnss oCHOBHOro obmeHa — ¢ metogom duka, B TOM 4ucne gns
pasnnYHbIX BO3PACTHbIX N Ho3onormyeckux rpynn [1].

OavH 13 BapnaHTOB METoaMKN ogHo4YacToTHoro bUA 3akntovaeTcs
B cneayloweM: buoaaresnBHble 3NEKTPOObl YCTaHaBNUBAKOTCS: Ha pyKe -
cepeguHa nepBOro 9riekTpoda Kpenutcsl Hag COYSIEHEHWEM KOCTEN
npeanneyba U KUCTU, a Apyron pacnonaraetca Ha 3-4 CM gucrtarbHee;
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Ha Hore — OguH cepeauHOW Had COYNEeHEeHMEM KOCTEW FofieHUn U CTOrbl,
apyrov guctanbHee Ha 3-5 cM. 3aXnMbl 9NeKTPOAHOro kabens Kpensatcs
K cBOBGOOHBLIM OT MPOBOASALLErO rensd KOHUaMm 3f1eKTPOAoB, KpacHble — K
ANCTanbHbIM, YepHble — K NPOKCMManbHbIM 3niekTpogam. [JucTanbHble
9NeKTpoabl cnyxat ANA NOAKMIYEHUA K MaumeHTy uenu nponyckaHus
30HOMPYIOLLEr0  TOKa, MpOKCUMasrbHble —  Ons  NOAKIIHYeHUS
N3MEPUTENBHON LEenu aHanusaTopa. WamepeHue BbINOMNHAETCS B
TeueHue 20-40 ¢ n cunTaeTca 3aBepLUEHHbIM, ecnn B nocnegHue 4-5 ¢
3HaYeHUs1 BENNYNH aKTUBHOIO N PEaKTUBHOIO CONPOTMBIIEHNIA MEHANUCH
He Bonee 4YeM Ha 2 eanHULbI NocneaHen 3Havalwen umdpsbl [1].

BbixogHble MpPOTOKOMNbI METOAMKM codepXaT OUEHKU CrenytoLwmnx
napameTpoB: ocHoBHOro obmeHa (OO), uHpekca maccbl Tena (MMT),
xunpoBon maccbel Tena (KMT), ©GezxupoBon wmaccel Tena (BMT),
aKTUBHOW KIIETOMHOM MaccChbl (MacCbl MbIWL, M BHYTPEHHUX OpraHoB)
(AKM), npoueHTHOro cogepXaHusi akTMBHOW KNeTOYHOW Macchbl B
be3axupoBonn Macce (%AKM), obvema Bogbl B opraHuame (OBO),
nHgekca Tanus-degpa (UTB), a Takke NPOLEHTHOro CoAepKaHus Xupa B
opraHunsme (%XKMT).

NMpumeHeHne

BuonmnegaHcomeTpu4, Kak  ObICTpPbIN, HEMHBA3UBHbLIA U
Ge3onacHbIn ANArHOCTUYECKUA MeTOA, UMEET LUMPOKUE KINMHUYECKne
npunoxeHnsa. OH NPUMEHSETCA ONA OUEHKU OXMPEHUST U U3BLITOYHOWN
Maccbl Tena, B MeauUnHe KPUTUYECKUX COCTOSIHUW, AN NNaHUpOBaHUSA
TpaHcy3noHHOM Tepanun Anst 60NbHbLIX ¢ OONLLUMMKN KPOBOMOTEPSIMM,
ANs OLUEHKW rmgpartauum opraHmama y Xmpyprudeckmx 60mbHbIX U npu
OTeKe Mo3ra, B AWarHOCTUKE W JleYeHUN CcepaeyvyHO-CocyaucTbiX W
Xernyoo4YyHO-KULWEeYHbIX 3aboneBaHuin, nNpyu OoTpaBiEHNAX C HapyLEeHUEM
BOOHOro OanaHca opraHmama, Ansg OUEHKM COCTOSIHUS OpraHoB Ans
TpaHcnnaHTauuu, B yposnorum, CToMaTtonormm, B COpTUBHOM MeauLNHE.

BbiBOAbI

K cepeguHe 90-x rogos 20 Beka wMeTogbl W annapatypa
bvoumnegaHCHOro aHanmMsa cocTtaBa Tena Mo 4YactoTe NPUMEHEHUs B
KITMHUYECKOM MpaKTUKe NPeB30LUSIN BCE U3BECTHblE TEXHOSIOMMN OLLEHKU
cocTaBa Tena. AHanu3 cocTaBa Tena cTan Mnpous3BOAUTBLCHA He Mo
aHTPOMNOMETPUYECKMM MHOEKCAM, a Ha OCHOBE annapaTHbIX MeTOAOB,
ncnonb3ywwmx  Onodmsandeckme CBOMCTBA  Pas3fMyHbIX  TKaHEW
opraHmsma. buoumnegaHcHbl aHanmM3 cocTaBa Tefla ABMseTcA
ObICTPbLIM, HEUHBA3MBHbIM, 6€30MacHbIM N UMEET LUMPOKNE KIMHUYECKNE
NPUNOXEHNA.
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FUNCTIONING; BIOLOGICAL ROLE
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The emergence of bioelectric potentials is the basis of the normal
life of any cell and is particularly important for the excitation and inhibition
processes in living organisms. Biopotentials are caused by the motion of
jons (sodium, potassium, calcium, chlorine) through special hard-
organized ion channels in the membrane, and the diffusion of ions in the
intercellular and intracellular environments. At the excitation time the cell
membrane becomes permeable to sodium ions, rapidly entering the cell,
and the cell membrane recharges. Disorders of cell membranes
conductivity can lead to serious organism pathologies (including death).
Studies of bioelectric potentials are widely used in electrophysiology for
testing potential drugs and also in medicine for diagnostic purposes.

BIOENNEKTPUYHI NOTEHUIAIIN: MEXAHI3M BUHUKHEHHA TA
®YHKUIOHYBAHHA; BIONOIN4YHA POIJlb

MATITYH O.B., KNCJTOBA O.B.
Kuiecbkul HayioHanbHUU yHigepcumem mexHorso2iti ma du3auHy
m-sharinganl@mail.ru

BuHUKHEHHS1 BionoTeHuianiB  NeXuTb B OCHOBI  HOpMarbHOI
XUTTERIANBHOCTI Oyab-sKOI KMITMHWM Ta € 0cobnMBO BaXnuMBUM LN
npoueciB 30yKEHHS i ranibMyBaHHS Y XXMUBUX opraHiamax. bionoTeHuianu
i BiocTpymn 0ByMOBMEHI pyxXxOM He €eNneKkTpOoHiB, a IiOHIB (MepeBaXHOo
HaTpIto0, Kanito, KanbLito, XJIOpYy) Yepes creuianbHi CKNnagHo opraHisoBaHi
iOHHI KaHann B MembpaHi, a TakoX ANy3ieto iOHIB B MIKKNITUHHOMY Ta
BHYTPILUHbOKMITUHHOMY  cepepoBuax. MexaHisam nepesapsKeHHSA
nonsirae B ToMy, LLO B MOMEHT 30yQKeHHs1 MeMbpaHa KniTuHM CTae Ha
KOPOTKMA 4Yac MNPOHUKHOK AOns IOHIB HaTpilo, SKi WBWOKO BXOAATb B
KNITMHY Ta nepes3apsgxkalTs MembpaHy. [lopylleHHs  npoBigHOCTI
KNMNITUHHUX MeMOpaH MoXe npu3BoAMTU OO0 CEepMo3HMX NaTOoSorin
opraHiamy. [ocnimpkeHHs  BioenekTpuYHUX  noTeHuianiB  LWMPOKO
3aCTOCOBYIOTb B €neKkTpoidionorii ons TecTyBaHHA NOTEHLUINHMX MiKiB, a
TakoX B MeAULMHI 3 AiarHOCTUMHUMU LINAMMN.
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KuBi opraHismu, BKMAOYaKyM OpraHiam JoAMHW, € BUKIHOYHO
CKnagHumMm cuctemamu, AIANbHICTb AKNX 3abes3nevyeTbcA
Pi3HOMaHITHUMM NpouecaMn — QI3UYHUMK, XIMIYHUMK, BIONAOMYHUMMU, SIK
PerynioTb  BHYTPIWHI  YMOBM  (OYHKUIOHYBaHHA  OpraHiamis, iX
BIATBOPEHHSA, PO3YMOBY LiANbHICTb NMoAMHW i Barato iHwWoro. B OCHOBI
peanisayil LMxX NpoLecCiB fexaTb eNeKTPUYHI gBu1LLa Ha MONEKYNnApHOMY
Ta KNiTUHHOMY piBHI [1,2].

BiakputTa KNITUHHUX NOoTeHUianiB

YABMEeHHA nNpo iCyBaHHA 3B'A3KY MK €neKTpUKo Ta XWBOH
npupoao 3'aBuUnmcb HabaraTo paHille BUHaANO4EHHS NepLIoro mpxepena
ctpymy. | Bigbynocsa ue, 3okpema, 3aBasikm pubam, WO BMpPoBnsOTb
enekTpuyHmun ctpym. LWe B TpakTtati aHTu4HOro dinocodga lMnatoHa
3Haxo4ATbCA MepLli 3ragkm nNpo BUPOBGMEHHA ckaTamMu E€neKTPUYHOro
po3psiay. Ane cnpaBXHin pO3BUTOK EMEKTPUYHOrO BYEHHS BiabyBCS Oyxe
nisHo — B KiHUi XVIII cT., konn dpaHuy3bknn BYeHUn Jlyigxi [anbBaHi
BUNAOKOBO BWHAMLLOB NepLly ranbBaHiYHY CUCTEMY, SIKY MOMWUITKOBO
NPUMHSAB 3a M’SI30BY €NeKTpuyHy poboTy. Yepes peskmin vac KMoro
cniBBITYM3HUK AneccaHapo BonbTta npunwlioB OO0 OYMKW, LLO B OCHOBI
«KMBOI eneKkTpukM» nexaTb XiMi4Hi npouecu, i cTBopuB npoobpas
3BUYHUX ANs Hac 6aTtapenok [1,3].

PoboTtu aHrnincbkoro 3oorsora [IkoHa KOHra ta noro nocnigoBHUKIB
- npodpecopa EHgpro Xakcni i noro ydHa AnaHa XomKKiHa OoBenu, Lo
eneKTPUYHUM 3apsa CKOHLEHTPOBAHUN Ha HEYLUKOPKEHIN KNITUHI B CTaHi
cnokot. [Ona ubOro BOHM MNOMICTUNN OAOWH €NEeKTpod BCepeanHy
HepBOBOro BOSIOKHA rOfIOBOHOrOro MOSIOCKA, a iHWWIK 3anuiimMinm Ha noro
nosepxHi. Bxe 4epesz 0,0003 cekyHan ©Oyno 3apeecTpoBaHO
eNeKTPUYHMI iMNYNbC 3 XMBOI KMiTMHW. 3rogoM BUSIBUIOCH, WO BCi
KNITUHWM 3apagpkeHi | 3apsg MembpaHun € HeBig'eMHUM aTpubytom i
XunTTA. [OKM KNiTUHa XnBa, y Hel € 3apsa [1].

CyyacHa Teopisi GioenekTpu4yHUX NnoTeHuianis

Ak BigoMO, Haw opraHiam cknagaetbcs Ha 70% 3 Boaw, a To4Hiwe,
3 po34vnHy conen i 6inkis. BcepeaunHi kKnitnHn mictuteca npubnuaHo B 50
pasiB binblue ioHiB K', HixX 3a ii Mexamu. B MDKKMITUHHOMY MpOCTOPI
nepesaxatoTb ioHn Na® (TyT ix npnbnusHo B 20 pasiB Ginblie, HdK B
KNITUHI). Takunh HepiBHOMIPHUM pOo3MoAin NiATPUMYETBCA  KIITUHHOK
mMemOpaHoto. BoHa cknagaeTtbcs 3 ABOX dpocdoninigHuMx wapis, TOBLLY
AKMX MPOHU3YIOTb BIiNKKW, WO BUKOHYKOTb PI3HOMAaHITHI  (OYHKUii Ta,
30KpeMma, € BUCOKOCMNELMPIYHUMN KaHanamMmm Ons KOXXHOro TUny ioHiB.
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Konu KniTMHa 3HaxoauTbCs B CTaHi cnokow, ioHn K' 3parHi
b6e3nepeLwKkogHo BUXOOUTU 3a MEXi KNiTMHKM 4epe3 CBOI KaHanwu. |oHu
Na® He MalTb Takol MOXIIMBOCTI, OCKiflbKM BCi MeMbpaHHi KaHanu €
3akputumn [4].

Y xuBux opraHiamax ioHn K' abo Na® 3aexau 3HaxoOsaTbcs 3
aHioHamu kucnot — SO,%, CI, PO, i 1. A. B 3BMuaiHMx ymoBax
MembpaHa € HEMPOHWKHOK AN HeraTMBHO 3apaKeHUX YacTuHoK. Lle
o3Havae, Wo konu ioHn K pyxatoTbcs yepes cBOI KaHamnu, nos'asaHi 3
HUMW aHIOHWN CKYN4YYOTbCS Ha BHYTPILHIA NoBepXHi MemMbpaHun. OcCKinbkn
B MDKKNITMHHOMY NpocCTopi nepesBaxatoTb ioHM Na® Ta go HMX NOCTiHO
npocouyyloTbca ioHM K', Ha  30BHIWHIA  MNOBEpPXHi MeMGpaHu
KOHLEHTPYETbCA HAAJIMLLKOBUA NO3UTUBHUIM 3apsid, a Ha i BHYTPILLHIN
NOBEPXHIi - HeraTnBHUn. KnitTmHHa membpaHa nonapusyeTbCs 3a paxyHoK
pi3HMLi 3apsaiB no obuasi 1 CTOPOHU. 3apsig B CTaHi CMOKOK KMAiTUHM
Ha3MBalTb MEMOpPaHHUM MOTEHLaNIOM CrMOKOK, HKAN  OOPIBHIOE
npunbnnsHo -70 mB [2].

[Micna 3'dcyBaHHA MeXaHi3My BUHUKHEHHSA KIITUHHOro noTeHuiany
nocrano NUTaHHA BUKOPUCTAHHA L€l eneKkTpukM npu (yHKUIOHYBaHHI
opraHiamy. Konu «kniTUHa pearye Ha 30BHiWHI abo BHYTPILHI
noapasHeHHd, OnMckaBM4YHO BIOKPUBAKOTLCA MeMOpaHHi  KaHann i
MO3UTUBHI IOHN CNPSAMOBYIOTLCH BCEpPeauHY KMiTUHU. A aHioHuW, Wo
nepebyBanun BcepenuHi KNiTUHK, - 3a ii MexXi. TakuM YMHOM, B 30yIKEHIN
KNITUHI  IOHW ONYyHOYI0Tb, BPIBHOBaXYKUM CBOK KOHLEHTpauito no
obuasi ctopoHn membpaHu. Tenep BXe BCEPEAUHi KMITUHK, a caMe Ha
BHYTPILWHIN  NOBEpxHi MeMbpaHW, KOHLEHTPYETbCA  HaASIMLLKOBUN
NO3UTUBHUM 3aps, a Ha 11 30BHILLHIN NOBepPXHi Byae CKOHUEHTpPOBaHUM
HeraTMBHUA 3apan. B MOMEHT MOpYLUEHHA KNITUHW  ChoCTepiraeTbecd
peBepcia 3apsagy, To6To 3MiHa MOro 3Haky Ha MNPOTUNEXHUA. YacTuHy
CBOro 3apsigy KniTuHa BTpayae i nig Yac pobotw.

Omke, 3apag IiCHye TinbkM Todi, KOMWM € pi3HMUA  MiX
KoHUeHTpauiamu ioHiB Na*/ K*. Mpu 36yKeHHi KNiTUHU YNCENbHICTb iOHIB
Na" no obuasi ctopoHn MmembpaHu ogHaKoBa, [0 LibOro X CTaHy nparHe |
K" [4].

3rogomMm nocTano MNUTaHHSA, 9K KIiTUMHA BiOHOBIIOE CBiIM CTaH.
3’acyBanu, WO iCHye crneuianbHun 6inok, BOygoBaHu B memopaHny. BiH
BUKOPUCTOBYBaAB ANS 34IMCHEHHS poDOTU MEBHY KiNbKICTb eHepril, Aka
HakonuyyBanacb y Burmnsgi monekyn AT® (ageHosuHTpudpocdaTHOI
kncnotun). Ui Monekynu cneuianbHO CUHTE3YIOTbCA B «EHEePreTUYHUX
CTaHUisIX» KIITUHKU - MITOXOHAPIAX, Abannmneo Tam 3b6epiraloTbCs i Npu
HeoOXigHOCTI 3a 4ONOMOrol0 creuianbHMX NEPEHOCHUKIB 4OCTaBNATLCA
00 Micua npusHadeHHs. EHepria 3 umMx MONeKyn BUBINbHAETLCA MpU IX
po3nagi i BUTpayaeTbCsa Ha Pi3Hi NOTPeOn KNiTUHW.

279



Promising Materials and Processes in Technical Electrochemistry. Part 5

30Kpema, B HawoMy BuNagky, us eHepris noTpibHa gna pobotm
6inka - Na'/K* - ATdasu, ocHoBHa (YHKLIisi IKOro monsrae B ToMy, W06
nepemiutysatv ioHn Na® HasoBHi 3 kniTuHWM, a K - B 3BOPOTHOMY
Hanpsamky. OTXe, KOnu KniTMHa Npautoe, TO Ha PiBHI KNITUHHOI MeMbBpaHu
Luen npouec NpoTikae NacuBHO, a Ans Toro, wob Bigno4nTK, 11 NOTPIOHa
eHepria [4].

MoaibHMm ynHOM BigOyBaEeTLCA | Nepenavya HEPBOBUX IMMYLCIB Y
opraHiami. 30ymKeHHS, siIke BUHUKAE Yy MicLi NoApasHEeHHS, NOLUMPIETHCA
garni no NaHuUtoXKy, ane tTenep nNogpasHMKOM AN CycigHix ainsHok éyae
He 30BHILLHSA Aif, a BHYTPILLIHI NpoLiecyn, BUKNUKaHi notokamu ioHiB Na® i
K" i 3MmiHolO 3apagy memGpanu. Bioctpymy no membpaHi HEpBOBOro
BOJTIOKHA MOLUMPIOITLCH KPYrOBMMW XBUINSIMU, BUKIUKAKOUKN 30Yy1KEHHS
Bce 6inbw BigganeHux pfinsaHok [2]. lNepegada HepBOBUX iMMyrbCIB
30IMCHIOETLCA OAHOHAaNPAMIEHHO 4Yepe3 Bernuky BUTpaTy eHeprii Ha
BiHOBIIEHHSA 3apsay.

BionoriyHa ponb KNiTUHHUX NOTeHLUianiB

3aranoMm BenvMyMHa €eneKkTPUYHUX 3apsaaiB B OpraHiami, K i 1X
NMOXOMKEHHS, HEepO3pMBHO MoB'A3aHa 3 OOMIHOM  pevyoBWH, 3
IHTEHCMBHICTIO OKMCHO-BIAHOBHMX npoueciB. OKpeMi AINAHKW OpraHiB i
TKaHWH MOXYTb HabyBaTu pisHUX 3apaais. MNMowkoopKeHi AinsHkn 6yBatoThb
3apaKeHi HeraTMBHO LLOOO HeYWKOMKeHuX. Takunh  3apag  Mae
CYXOXUNSIS MO BIOHOLIEHHIO OO0 M'A3iB, KOPiHb - MO BigHOLIEHHK A0
ctebna i nucr4.

bBioenekTpunyHi CcTpymun BudABNEeHi B YCiX opraHax i TKaHMHaX
noguHn. BoHM BMHMKAKOTL B Cepui MPU CKOPOYEHHi i po3crnabneHHi
M'a3iB. CkopoyeHe cepue Mae HeraTMBHUIM MOTeHuiarn, po3cnabneHe -
nosautTMBHUN. B ogHOMy 3 OCTaHHIX gocnigpkeHb Oynn  BUSIBNEHI
N'€30€NeKTPUYHI BNacTUBOCTI KICTKOBOI TKaHWHW, TOOTO reHepauii B Hil
ereKTPUKM Npu MexaHiMHOMY BMNMBI (Hanpuknag, Npy HaBaHTaXXeHHI nig,
yac xofdiHHA). Bigomo, Konun KicTKoBa TKaHMHa He BigvyBa€ perynsipHoro
HaBaHTaXXeHHS, TO 1l MeXaHiYHi BlaCcTMBOCTI BTpadaloTbca [2].

Taki enekTpuyHi iMNynbCU Mamxe He MOMITHI Y HaBKOIULIHLOMY
cepepoBulli. Ane IiCHye 3HayHa KifbKICTb OpraHiamiB, ki 34aTHI
reHepyBaTu CTPyMU 3 BeNUKOK cunot. HuHi Bigomo 6nmsbko 300 BuaiB
pub, WO 34aTHi BUPOONATM CUMbHI  enekTpuuHi  po3pagun. Tak,
aMepUKaHCbKI eNEKTPUYHI BYrpi reHepyloTb po3psaan Hanpyrowo go 600 B,
adpuKaHCcbKi enekTpuyHi commn — 6nm3bko 350 B. Hanpyra Benukux
MOPCBKMX CKaTiB MOPIBHAHO HEBUCOKA, NPOTEe OCKiflbKM MOpPCbKa BoAa €
rapHUM MpPOBIOHMKOM, TO cura CTpPyMy B TakoOMy CepefoBULLli MOXe
caratv iHogi 60 A. TTpUYMHOK BUHUKHEHHS TaKOro CUMbHOro po3psigy €
HaABHICTb Y 3raflyBaHuUX OpraHiamiB crneundiyHnx enekTpuyHnX opraHis.
Lle napHi BMAO3MIHEHI M’'A3KM. Y pisHUX BUAIB pUO BOHM CUSTbHO
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BiQPI3HAIOTLCS po3TawyBaHHAM, (OOPMOK i BHYTPIWHLOK Oya0BOM.
Maca ix moxe pocdaratu Big 1/6 go 1/4 Bciei macu Tina. KoxeH
€NEeKTPUYHMUI OpraH CKNagaeTbCA 3 YMCIIEHHUX 3ibpaHUX B CTOBMYUKK
€NEeKTPUYHMX NIACTUHOK — BUOO3MIHEHUX M'130BMX ab0 HEPBOBUX KNITUH
— enekTpouuTie. KoxxHa Taka KniTMHa 3 OAHIEl CTOPOHW 3’edHaHa 3
HEpPBOBMM KaHanom, a 3 iHWOI — 3 iOHHUM KaHanom. 3aBAsikM LibOMY
KNMiTUHA BUSIBNSETLCA 3aPSAPKEHOIO JMLLE OAHIE YacTUHOW. [nacTuHkm
eneKkTpoumTiB BMOPSAKOBAHI 3a CBOIMW MNOMKOCaMU: CUMHANCU 3 OQHOro
BoKy, a NOBEPXHi 3 YUCNEHHUMW IOHHMMW KaHanamuM - 3 (HLWOoro.
Buxoantb Gatapesa 3'egHaHUX KMiTUH 3 YNOpPSOKOBAHOK MOSIKOCHICTIO,
TOMY IX CTpyMn gogattbes. B pesynbTati npn npoxogXeHHi HepBOBOIro
CUrHamny enekTpuYHMA oOpraH BWOa€E po3psan MNEBHOI BESIMYMHK, SKa
BU3HAYa€ETbLCA BMaocneum@iyHMMm BrRacTMBOCTAMM | BesnocepenHiMn
XUTTEBMMU 3aBLaHHSAMU BriacHuUKa batapei [2].

LlikaBuMm aktom TakoX € Te, WO EenekTpUYHi po3pagun, SKi
BUPOONAOTL BXEe 3ragaHi HaMu TBapuUHU, 30BCIM He AiloTb Ha HUX CaMUX.
OpHo3HayYyHOoI BignoBiai Ha Ue NMUTaHHA NMOKU He 3HaNOeHOo, arne € Kinbka
rinotes. lo-neplie, XUTTEBO BaXNUBI OpraHn TakMX TBapWH 3a3Bu4an
3MilleHi B OOHY 4acTuHYy Tifa, e i30NTbCA 00OAaTKOBUMKU LWapamMu
XWPOBOI TKaHWMHW, WO nMoraHo npoBoauTb CcTpyM. [lo-gpyre, BecCb
CTBOPEHMIN CTPYM MOBHICTIO BUTPAYAETLCSH Ha 3HULLEHHSA XepTBu [3].

Ane Ha BMPOGMEHHI eNeKTPUYHMUX PO3psaiB YHiKanbHi BNAaCTUBOCTI
BOOHUX XWUTeNiB He 3aKkiH4ylTbCcs. Pnbu He ripwe, a 4Yacom i Kpaile
HaWYyTNMBILWINX NpunagiB peecTpyoTb €rieKTpudHe rnose i nomivyarTb
HaMMeHLWy 3MiHy MOro HarnpyXeHocCTi. 3a [OOMNOMOrol erleKTPUYHUX
curHanis pybu MOXyTb HaBiTb OCOONMBMM YMHOM "nepemMoBnATUCA".
Pubun - cynepHnkn Bu3Ha4atoTb CUITy CBOro CynpOTUBHMKA 3a BENTMYNHOKO
BUMNPOMIHIOBAHMX HUMU curHanie. CkaTn MOXYTb BUABNATU KpabiB 3a ix
eNneKTPUYHMMKM NOoSsIMK, a COMUM 34aTHi BigvyBaTu HaBiTb eneKkTponons,
CTBOpIOBaHi YepB’akamu [3].

BucHoBKkuM

BuBYEHHA enekTpuyHMX IMMynbCiB Yy TiNax >XWMBWUX ICTOT €
BaXXNMBMM 3aBOaHHAM. 3a BigKpUTTA y Ui cdepi Byno npucympKeHo cim
Hobeniscbknx npemin. Hayka, Lo BMBYaE Ui eNeKTpUYHi sBuwa, gictana
Ha3By enekTpodisionorii. Ha i npayax nobyaoBaHi 3HauYHi Nigpo3ginu
PI3HOMaHITHUX rany3en Hayku i TEXHIKW.

EnekrtpodisionoriyHi AOCNIgKEHHA LUMPOKO BUKOPUCTOBYHOTHCH B
MeguuuHi. HoBITHI  MeToan, €Ki (PIKCYlOTb MOTEeHUianu TKaHWH,
A03BONAKTL AiarHocTyBaT abo nonepeautn PisHOMaHITHI naTonoril.
Bigomo TakoX, WO 3aranbHU HapPKO3, BTpaTy CBiAOMOCTi i 605boBOI
YYTNMBOCTI MOXHA BWKIMKATK, MPOMNycKarym 4Yepe3 MO30K JHOANHU
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iMAynbcn 3MmiHHOrO cTpymy. Llen cnoci® 3HeboneHHs nig 4Yac onepadin
LLIMPOKO BUKOPUCTOBYETHLCS 32 KOPLOHOM.

CbOrogHi  3HayHa 4actka  (papmakonoriyHMX  AocChigXeHb
nobygosaHa Ha dyHOaMEHTanbHUX BIOAKPUTTAX enekTpodisionorii, skKi
3aCTOCOBYIOTLCA AN CKPUHIHIY HenponenTUu4HMx Ta 3Hebonymx
npenapaTiB, WO O6MOKylOTb NEeBHIi MeMbpaHHi  dyHKUil. 3HauHi
NepcrneKkTuBKM «KuBa enekTpuka» Mae B eHepreTUYHin ranysi, Tomy Lo
AobyBaHHA OeleBol, eKoNOoriYHO YUCTOI eHeprii — ue, MabyTb, ogHa 3
OCHOBHMX Uinen noacTea Ha HANBdNMXKYi POKMN.
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