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Renewable energy sources provide an unstable energy flow to the units of an autonomous energy complex. Therefore, in order
to use the electrolyzer as an element of the considered complex, it is necessary to determine the optimal range of changes in the
current density and evaluate the effect of operating characteristics of the electrolysis process on the evolution of H, (O,) when the
electrolyzer power supply is disconnected for 1—3 seconds against the background of a continuous base current level.

Purpose. The main purpose of the research is to determine the rational range of changes in the current density supplied to a
monopolar membrane-free high-pressure electrolyzer, as well as to determine the effect of a discrete current supply on electro-
chemical reactions during electrolysis.

Methodology. Comprehensive studies on the electrochemical processes of water decomposition in alkaline electrolyte with the
formation of hydrogen and oxygen in an experimental construction make it possible to cyclically supply power to the electrolyzer
with visual control of the considered processes.

Findings. The technology of cyclic generation of hydrogen and oxygen, which eliminates the need to use separating ion-ex-
change membranes, is considered. A rational range of changes in the current density on a membrane-free monopolar high-pres-
sure electrolyzer with the usage of electrodes made of metals with variable valence is established. The influence of the discrete
supply of electrical energy to the electrolysis cell is determined depending on the electrochemical reactions occurring on the active
iron electrode. Theoretical values of the voltage of the oxidation and reduction of the iron electrode active mass, as well as the volt-
age on the half-cycle of hydrogen evolution during the electrolysis of water, are calculated.

Originality. An increase in the blackout time from 1 to 3 s leads to a corresponding increase in time of the oxidation process on
the hydrogen half-cycle by a factor of 2.4. In addition, the total amount of hydrogen (oxygen) released during the corresponding
half-cycles remains unchanged and amounts to VHz =15ml (V, =7.5ml).

Practical value. The optimal range of current density for the 6peration of a membrane-free high-pressure electrolyzer is in the
range of 200—400 A/m?. Under such conditions, an intense redox process of the iron electrode active mass occurs. Electrical en-
ergy consumption in this case is in the range of 3.9—4.1 kW - h/m?. An experimental study on the electrolyzer discrete power supply
effect on its ability to generate gas is carried out. This makes it possible to supply electrical energy to the electrolysis cell directly

from the primary energy source (sun, wind) as part of the energy technology complex.
Keywords: electrolyzer, hydrogen, oxygen, electrochemical reaction, current, electrode

Introduction. Energy development is based on the hypoth-
esis of the evolutionary nature of technological changes occur-
ring during the production, distribution and consumption of
energy resources |1, 2]. Since the stock of natural organic en-
ergy resources is limited, and in the future gas and oil will rise
in price faster than coal and nuclear fuel, it should be expected
that even power-consuming methods of hydrogen production,
such as electrolysis, can successfully compete with traditional
energy carriers in terms of unit cost. In this case, the econom-
ic effect increases in the case of a simultaneous solution of
both technological and energy-ecological problems [3, 4].

New generation electrolysis equipment is easily adapted to
the operating conditions of systems using renewable energy
sources (RES) [5]. Therefore, of particular practical interest
are energy-technological complexes (ETC) for producing H,
in high-pressure electrolyzers (HPE) as part of plants with so-
lar photoelectric converters, since in this case, inverter systems
designed to harmonize the parameters of the electrical energy
generated according to the requirements of the electrolysis
plant operation, are greatly simplified [6]. In some cases, they
are completely excluded. This improves operational efficiency
and reduces equipment costs. Solar energy storage systems, in
particular the conversion of excess power into gas (for exam-
ple, into hydrogen), are good for smoothing long-term rough-
ness of solar insolation and energy consumption [7, 8]. Taking
into account the trends and perspectives of world energy de-
velopment, the search and development of scientific and tech-
nical solutions, design and operating parameters for highly ef-
ficient new-generation hydrogen generators operating under

© Rusanov A.V., Solovey V. V., Zipunnikov M. M., 2021

pressure, adapted to the operating conditions of solar power
complexes, becomes an urgent problem [9, 10].

The combination of HPE with RES is necessary to smooth
peak loads in the power system and ensure its stable operation
during the day. At the same time, solar insolation is often used
as a base load due to its wide availability [ 11, 12]. The direct use
of RES in the power system is difficult due to the discrepancy
between energy consumption and its production [13, 14].
Therefore, an urgent task is to develop electrolysis technolo-
gies for generating hydrogen with minimal electricity con-
sumption, which can be integrated into autonomous energy
complexes using RES (sun, wind) [15].

The modern level of hydrogen technologies, implement-
ed, in particular, in electrolysis plants created at IPMach
NAS of Ukraine, makes it possible to produce and accumu-
late H, under high pressure without using compressor tech-
nology. A membrane-free process of electrochemical genera-
tion of hydrogen and oxygen under high pressure with the
usage of non-deficient metals as electrode materials is devel-
oped [16, 17].

Purpose. The main purpose of the research is to determine
the rational range of changes in the current density (j) in a
membrane-free monopolar HPE and to determine the effect
of discrete power supply in order to analyze the possibility of
its usage in conjunction with RES that are characterized by
inconsistency of supply. To achieve this goal, it is necessary to
determine the optimal range of changes in current densities
and assess the effect of the operating characteristics of the
electrolysis process for production of H, (O,) when the elec-
trolysis cell is de-energized against the background of the sup-
plied load base continuous level. It is also necessary to investi-
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gate the electrochemical activity of the electrolysis cell when
directly connected to a photoelectric converter (PEC).

Experimental results and their discussion. Comprehensive
studies on the process of decomposition of water in alkaline
electrolyte were carried out on an experimental stand (Fig. 1),
which allows simulating the processes occurring in the main
elements of the electrolysis cell. The experimental technique is
described in [17, 18].

When implementing the proposed technology, the process
of water decomposition proceeds continuously with the simul-
taneous release of H, and O,. In the first half-cycle, hydrogen
is evolved at the passive electrode (08X18H10T) in gaseous
form and is fed into the high-pressure line. At this time, O, is
chemically bound by the active electrode (Fe,) (forming a
chemical compound). On the next half-cycle, the active mass
of Fe, is electrochemically reduced by hydrogen with the re-
lease of oxygen at 08X18H10T and its supply to the external
line.

The process of H, generation begins with the supply of a
negative potential at 08X18H 10T, with Fe, acting as an anode.
The half-cycle of H, evolution is accompanied by an increase
in voltage, and once the corresponding value of the potential
difference is reached, the polarity in the electrolysis cell is
switched. At the same time, the electromagnetic switch of the
gas flow switches over. 08X18H10T becomes the anode, and
Fe, becomes the cathode. At the anode, gaseous O, is released,
and at the cathode, the active mass of Fe, is restored. The gas
flow switch shuts off the hydrogen line and opens the oxygen
line, which prevents mixing of the gas flows. When the corre-
sponding value of the potential difference is reached on the
half-cycle of O, evolution, the polarity of the electrodes is
switched and the cycle is repeated.

To separate the gaseous phase from the liquid electrolyte,
a special construction of separators with continuous monitor-
ing of the liquid level is developed. The calculation of the cy-
clone-type separating devices is carried out using the results of
mathematical modeling of gas dynamics in two-phase spatial
flows [19, 20].

Analysis of the experimental data indicates that the 0.5—
1.0 V region of the cyclogram of voltage variation on the H,
evolution half-cycle (Fig. 2) corresponds to the transition of
ferrous iron Fe(Il) to ferric Fe(III). On the half-cycle of O,
formation, Fe is electrochemically reduced. Electrical energy
costs in the considered range of current densities are in the
range of 3.9—4.1 kKW - h/m3 [17, 18]. At the same time, energy
consumption by standard membrane electrolyzers (depending
on the temperature and voltage of the process, the quality of
electrodes, and a number of other factors) varies from 4.3 to
5.2 kW - h/m’ of hydrogen [1, 5].

It was found that in the range of the change of j = 200—
400 A/m? there is no increased gas filling in the interelectrode
space, the presence of which can lead to a voltage drop in the
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Fig. 2. Cyclogram of the change in the voltage of hydrogen and
oxygen evolution during electrolysis with the usage of the
electrode package 08X18H10T-Fe, (atj= 0.015 Afem?):

x — 600 A/m?; o — 500 A/m?; & — 400 A/m>; & — 300 A/m*; m —
200 A/m?

electrolyte. In this case, the necessary conditions are provided
for deeper redox reactions of the active mass of Fe, in accor-
dance with the equations

Fe + 20H™ < Fe(OH); + 2¢~

With prolonged operation of the active mass Fe,, a deeper
oxidation of iron occurs

Fe(OH), + OH- < Fe(OH); + &

The voltage at which the start of H, generation is recorded
is significantly lower than the standard electrode potential of
iron (-0.44 V), which is due to the redox process of Fe, with
the formation of the corresponding hydroxides (Fe(OH),,
Fe(OH);). The area of the developed gas absorption surface
that is available for the electrolyte depends on the dispersion
and structure of the metal. With an increase in the depth of
penetration of the reaction front into the volume of the elec-
trode mass, polarization during the oxidation of Fe, is caused
by a slowdown in the diffusion of OH™ ions, while the diffusion
rate decreases with an increase in the thickness of the layer of
reacted iron. Therefore, when carrying out oxidation and re-
duction cycles, the amount of iron involved during electrolysis
is determined by the depth of penetration of the reduction re-
action into the volume of the active electrode. The deeper the
chemical reaction penetrates into the Fe,, the greater the acti-
vation energy and the lower the rate of the electrochemical
stage, which determines the rate of the electrolysis process and
is the cause of the overvoltage, must be.

In order to optimize gas evolution and simplify the power
supply system of the HPE, a number of experimental studies
on the use of discrete power supply for the implementation of
redox processes have been carried out. To search for ways to
reduce the consumption of electrical energy and implement
the oxidation process of Fe, in the half-cycle of H, formation,
it was proposed to implement a discrete mode of current sup-
ply. The lack of data on the effect of cyclic power supply on the
kinetics of redox reactions made it necessary to study these
factors during the half-cycle of H, formation during electroly-
sis decomposition of water.

Fig. 3 shows the cyclograms of the change in the release
voltage of H, and O, with a discrete current supply on the hy-
drogen half-cycle. On the half-cycles of O, formation, the
power supply to the electrolysis cell is constant.

It was recorded that an increase in the de-energizing time
from 1 to 3 s leads to a corresponding increase in the time of
the oxidation process on the hydrogen half-cycle by 2.4 times,
while the supply of electrical energy to the oxygen half-cycle
was continuous. The total amount of H, (O,) released on the
corresponding half-cycles remained unchanged and amount-
edto Vl_lz =15ml (V02 =7.5ml).
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Fig. 3. The voltage change in the complete cycle of hydrogen and

oxygen evolution during electrolysis with the usage of the
electrode package 08X18H10T-Fe, (atj= 0.015A/ cm?):
1 — continuous on both half-cycles; 2 — discrete on a hydrogen
half-cycle for 1 s and de-energizing for 1 s; 3 — discrete on a hydro-
gen half-cycle for 2 s and de-energizing for 2 s; 4 — discrete on a
hydrogen half-cycle for 1.5 s and de-energizing for 3 s

The results of calculations of changes in enthalpy, voltage
of the reactions of oxidation of the active mass at the anode e,
and reduction at the cathode e, as well as the potential differ-
ence F on the half-cycle of hydrogen evolution in the process
of water electrolysis are presented in Table 1.

The electrochemical reactions on the electrodes are car-
ried out only when a certain value of the potential difference is
reached and are accompanied by an increase in voltage during
intermittent supply of current to the electrolysis cell (Fig. 3).
This circumstance causes additional losses in the electrolyzer
and does not improve the energy characteristics of the process.
But it makes it possible to supply electrical energy to the elec-
trolyzer directly from RES (sun, wind) as part of the ETC and
work through a switching-inverter unit or directly from a pri-
mary source of energy, characterized by inconsistency of sup-
ply. Fig. 4 shows a diagram of an autonomous wind power
complex with HPE.

Fig. 5 shows the nature of the voltage variation for different
levels of solar radiation in combination with typical polariza-
tion curves of alkaline water electrolyzer (active electrode area
10 cm?). The experiments were carried out with the direct con-
nection of the electrolysis cell with a PEC (TOPRAY SOLAR)
with a total surface S = 0.288 m?. The research results are
shown in Table 2.

The average monthly amount of H, evolved by the elec-
trolysis cell, taking into account solar insolation from the
PEC, is shown in Fig. 6. The connection of the electrolyzer to
the PEC was carried out without secondary converters.

Fig. 7 shows the current-voltage characteristics of the pho-
toelectric system at various levels of solar radiation

The characteristics of alkaline water electrolyzer (curve 7)
deviate from curve 6. Therefore, the used PEC fully provides
the maximum power of the electrolysis cell.

The intersections of curve 7with curves /—5 (Fig. 7) deter-
mine the possible operating points of the electrolysis cell with
a photoelectric converter. For the efficient operation of the
electrolyzer (curve 7), the distance to the level corresponding
to the maximum power of the PEC (curve 6) must be mini-

Table 1
Change in the voltage of the reactions on electrodes

Reaction on electrodes e, V e, V EV
Fe + 20H < Fe(OH), + 2¢” 0.56 — 1.044
Fe(OH), +2¢ < 20H™ + Fe — 0.56 —
Fe(OH), + OH™ < Fe(OH)3 + e~ 1.05 - 1.6
Fe(OH); + e < Fe(OH),+ OH~ - 1.05 -

Consumer

s
1
2
o
2
=
k=
a

Fig. 4. Scheme of an autonomous wind power complex with a
high-pressure electrolyzer:
SB — storage battery; ACU — automatic control unit; WPPI,
WPP2 — wind power plant; SPP — solar power plant; HP — heat
pump; FC — fuel cell; EHP — high pressure electrolyzer; —
switching inverter unit
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Fig. 5. Changes in the voltage of the complete cycle of hydrogen
and oxygen evolution during electrolysis for different levels
of solar radiation:
¢ — June (5.46 kW - h/m*/day); m — September (3.49 kW x
x h/m?/day); A — March (3.05 kW - h/m?/day); e — November
(1.19 kW - h/m?/day); x — December (0.9 kW - h/m?/day)

mal, which ensures the highest energy consumption. At the
same time, the excess electrical energy from the PEC increases
the reliability and stability of the electrolysis system.

‘While ensuring the specified performance of the electroly-
sis system, the increase in time of the complete gas evolution
cycle (H, and O,) depends on the season and increases ap-
proximately by 2 times from June to December. A decrease in
the duration of the hydrogen and oxygen gas evolution cycles
indicates an increase in the current density (i. €., an increase in
the power supply from the PEC) with an increase in solar in-

Table 2

Electrochemical activity of the electrode assembly
08X18H10T-Fe, depending on the current density
when directly connected to the PEC

5
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Fig. 6. Average monthly amount of hydrogen evolved by the
electrolysis cell, taking into account solar insolation from
the PEC with a total surface S = 0.288 m>
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Fig. 7. Current-voltage characteristic of the photoelectric sys-
tem at different levels of solar insolation:
1 — June (47.2 kW - h); 2 — September (30.2 kW - h); 3 — March
(26.35 kW - h); 4 — November (10.28 kW - h); 5 — December
(7.77 kW - h); 6 — maximum power of the solar panel; 7 — current-
voltage characteristic of alkaline electrolyzer

solation in the summer. With a decrease in solar insolation, an
increase in the half-cycles of hydrogen and oxygen evolution
occurs.

The irregular primary flow of solar radiation, that is, the
volatility of power generation that is generated by the PEC, is
compensated in the electrolyzer due to the internal capacitive
nature of the electrical resistance of the electrode pairs, which
is not sensitive to the quality of the power supply. Obviously,
this approach is appropriate for the creation of autonomous
power supply units of small and medium power.

Electrolysis equipment of a new generation is easily adapt-
ed to the operating conditions of systems using renewable en-
ergy sources. Therefore, ETC are of particular practical inter-
est for producing H, in high-pressure electrolyzers as part of
plants with photoelectric solar converters, since in this case
inverter systems, designed to bring the parameters of generated
electrical energy into compliance with the power supply re-
quirements of the electrolysis installation, which improves op-
erational efficiency and reduces equipment costs, are greatly
simplified, and in some cases, completely excluded.

Conclusions. The optimal range of current density varia-
tion in a membrane-free high-pressure electrolyzer in the
range of 200—400 A/m? has been established experimentally.
In this case, a deeper redox process of the active mass of the
iron electrode is carried out. Electrical energy consumption in
the considered range of current densities is in the range of
3.9-4.1 kW-h m®.

The supply of electrical energy in a discrete mode leads to
an increase in the time of the electrolysis cell de-energizing
from 1 to 3 s, which leads to a corresponding increase in the
time of the oxidation process by 2.4 times, while the total
amount of hydrogen (oxygen) released on the corresponding
half-cycles remains unchanged V,; =15 ml (Vo, =7.5 ml).

The obtained theoretical values of voltages (1.044—
1.6 V) of electrochemical reactions of water decomposition

in alkaline electrolyzer make it possible to determine the
physical nature of the appearance of characteristic flat areas
on the experimental cyclograms of the potential difference
change. The voltage at which the start of hydrogen genera-
tion is recorded is significantly lower than the standard elec-
trode potential of iron (—0.44 V) in the reaction of water
decomposition during electrolysis, which is due to the redox
process of the iron electrode with the formation of the cor-
responding hydroxides (Fe(OH),, Fe(OH);). The influence
of discrete power supply of the electrolyzer is studied exper-
imentally.

The electrochemical reactions on the electrodes are car-
ried out only when a certain voltage value is reached and are
accompanied by an increase in the potential difference with an
intermittent supply of current to the electrolyzer. This makes it
possible to supply electrical energy to the electrolyzer directly
from the primary energy source (sun, wind) as part of the en-
ergy technology complex.

The work was carried out at the expense of budgetary pro-
gram No. 341 “Development of scientific foundations for the
production, storage and use of hydrogen in autonomous power
supply systems”.
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YnockoHaieHHs 0e3MeMOpaHHOTo
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A. B. Pycanos, B. B. Conoseit, M. M. 3inynuikoe

IncTuTyT NpobaeM mMammHoOyayBaHHs iMeHi A. M. I[linrop-
Horo HAH VYkpainu, M. XapkiB, VYkpaina, e-mail:
zipunnikov_n@ukr.net

BinHoBtoBaHi mkepena eHeprii 3a0be3neuyloTh HecTa-
OiIbHUIA TIOTIK €Heprii 10 yCTAHOBOK aBTOHOMHOTO €Hepre-
TUYHOTO KOMIUIeKcy. Tomy, 1100 BUKOPHMCTOBYBaTH €JICK-
TPOJTi3ep B SIKOCTi eJIeMeHTa KOMITJIEKCY, 110 PO3TIISIIAETHCS,
HEOOXiTHO BU3HAYUTY ONTUMAIbLHUI liania30H 3MiHM I'YCTH-
HU CTPYMY Ta OIIIHUTH BIUIUB POOOYMX XapaKTePUCTUK ITPO-
1iecy eJIeKTpoJIi3y Ha BuaieHHs rasy H, (O,), Koau enekTpo-
>KUBJICHHSI €JIeKTpOJli3epa BUMKHEHO Ha 1—3 ceKkyHIu Ha T
Oe3nepepBHOTO 0a30BOrO PiBHS CTPYMY.

Meta. OCHOBHOIO METOIO TIOCIIIIXKEHb € BU3HAUEHHS pa-
LiOHAJIBHOTO Jiarna3oHy 3MiHM T'YCTUHU CTPyMy, IO Mojaa-
€ThCST HAa MOHOTIOJISIPHUT 6e3MeMOpaHHU eJIeKTPOITi3ep BU-
COKOTO THUCKY, & TAKOX BU3HAYEHHSI BILJIMBY JUCKPETHOI MO~
Jla4i CTpyMy MPU €JIeKTPOIIi3i Ha eJIEKTPOXiMiUHI peakilii.

Metoauka. KoMIuieKCHI AOCTIIXKEHHST eJeKTPOXiMiy-
HUX MPOIECiB pO3KIagaHHSI BOIU B JIY)KHOMY €JICKTPOJIITI 3
YTBOPEHHSIM BOJHIO Ta KMCHIO B eKCTIIEpUMEHTaIbHIl ycTa-

HOBIIi, 1110 TO3BOJISIE IMKJIIYHO TTOIABATH EJIeKTPUIHE KUB-
JIEHHS Ha eJIeKTPOJIi3ep 3 BidyalbHUM KOHTpPOJIEM 3a3Haye-
HUX MTPOLIECIB.

PesyabraTn. Po3rnsiHyTa TeXHONOTIS IUKIIIYHOTO TeHe-
PYBaHHS BOJHIO Ii KUCHIO, 1110 BUKJIIOYA€E HEOOXiAHICTh BU-
KOPHCTaHHS PO3IIOBUX iIOHOOOMiIHHMX MeMOpaH. BcraHoB-
JICHO palliOHAJIbHUIA Jiara30H 3MiHU IIJIBHOCTI CTPyMY Ha
06e3MeMOpaHHOMY MOHOITOJIIPHOMY €JIEKTPOJIi3epi BUCOKOTO
THCKY 3 BUKOPUCTAHHSIM €JIEKTPOJIiB, BUTOTOBJICHHUX i3 MeTa-
JIiB 31 3MiHHOIO BaJIEHTHICTIO. BU3HAY€HO BIUIMB AUCKPETHOT
rnojayvi eJIeKTPUYHOI €HEeprii Ha eJeKTPOJIi3HY KOMIpKY B 3a-
JIEXKHOCTI Bil €JIEKTPOXIMIYHUX peakiliii, 1110 MPOTiKal0Th Ha
AKTUBHOMY 3aJli3HOMY eJiekTposi. Po3paxoBaHi TeopeTnyHi
3HAUEHHSI HANpyru TNPOTiKaHHSI peaklliii OKMCIIOBAHHS i
BiJTHOBJIEHHSI aKTUBHOI MacH 3aJIi3HOTO eJIeKTPO/Ia, a TAKOXK
Harpyra Ha HamniBUMKJIi BUIIJIEHHS] BOAHIO Y TPOLIECi eJleK-
TPOJIi3y BOOMU.

HaykoBa HoBHM3HA. 30i/bllIEHHS Mepioay BiIKIIOUYEHHS
XKUBJIEHHS 3 1 10 3 ¢ TpU3BOAUTH A0 BilIMOBITHOIO 301IbLIEH-
HS$I yacy Ipolecy OKMCJICHHS Ha HaIliBLUMUKJITI BUIIJICHHS BOJI-
HIO Y 2,4 pa3u. AJie 3arajibHa KiJIbKiCTb BOIHIO (KMCHIO), 1110
BUIITSIETbCSI HA BiAMOBIAHMX HAaMiBUMKIAX, 3aJIUIIAETHCS
HE3MiHHOIO i CTAHOBUTH VHZ =15 mn (VOZ =7.5 mi).

IIpakTiyna 3HayuMicTh. ONITUMATBLHMI Jiana3oH IiTb-
HOCTi CTpyMYy JUisi poOOTH Ge3MeMOpPaHHOTO eeKTpoJlizepa
BUCOKOT'O TUCKY 3HaXoauThcs B Mexkax 200—400 A/m?. 3a Ta-
KX YMOB BinOyBa€TbCsSl HAWaKTUBHIIINMNA OKHUCIIOBATBHO-
BiIHOBJIIOBAJIbHUI MPOLIEC aKTUBHOI Macu 3ajli3HOTO eJieK-
Tpona. CIOXXUBAaHHST €JIEKTPOSHEPTii B IIbOMY BUTIAIKY 3Ha-
XOmUThea B Mexax 3,9—4,1 kBt - ron/m>. 3a uux yMOB crio-
>KMBaHHS €Heprii CTaHAApTHUMU MEMOPaHHUMMU €J1eKTPOJIi-
3epaMu (Y 3aJIEKHOCTI Bill TeMIIepaTypu Ta TUCKY TPOIIECY,
SIKOCTi eJIEKTPOIB i psny iHIIUX (haKTOPiB) BapilOETbCS Bill
4,3 10 5,2 kBt - ron/m® BonHio. TIpoBeneHo eKcriepuMeH-
TaJIbHEe BUBYEHHSI BIUIMBY TMCKPETHOTO KUBJICHHS €JIEKTPO-
Jli3epa Ha foro 3MaTHICTh 10 ra3oyTBOpeHHs. Lle nae moxim-
BiCTb ITOCTABJISITU €JIEKTPUIHY €HEPTII0 Ha eJIEKTPOJTi3HY KO-
MipKy Oe3MocepenHbo Bill MEPBUHHOTO [Kepeja eHeprii
(coHl1Ie, BiTep) Y CKJIali EHEProTeXHOJOTIYHOTO KOMILIEKCY.

KirouoBi ciioBa: eaexmponizep, 600eHsb, Kucens, eaekmpo-
XIMIMHG peakuis, cmpym, eaeKmpoo

YcoBepieHCTBOBaHHE 0e3MeMOPAHHOTO
3JIEKTPOJIM3HOTO MPOIEcca MOJydeHust
BOJIOPO/IA ¥ KHCJIOPO/A

A. B. Pycanos, B. B. Conogeii, H. H. 3unynnukoé

HMHcTuTyT npobiieM MammHocTpoeHusi umeHu A. M. Iloxn-
ropHoro HAH Ykpaunsi, r. XapbkoB, YkpauHa, e-mail:
zipunnikov_n@ukr.net

Bo306HOBIsIEMbIE MCTOYHUKKM SHEPTUM OOECTIeUMBAIOT
HeCTaOUJTbHOI MOTOK PHEPTUU K YyCTAHOBKAM aBTOHOMHOTO
SHEPreTUYecKoro Komrurekca. [1o3ToMy, 4TOOBI MCITOTB30-
BaTh 2JIEKTPOIN3EP B KAYECTBE DNIEeMEHTa pacCMaTPUBaEMOTo
KOMILIEKca, HE0OXOIUMO OTIPENETUTh ONTUMAaJIbHBIN rara-
30H U3MEHEHUS TUIOTHOCTU TOKA U OLIEHUTh BIUSHUE Pabo-
YUX XapaKTEepUCTUK Mpoliecca 3JIeKTPOoar3a Ha BblIeJIeHNUE
H, (0O,), xoraa a1eKTponuTaHue MEKTPOIU3Epa OTKIIOYEHO
Ha 1—3 cexyH/bl Ha hOHE HEMPEPHIBHOTO OA30BOTO YPOBHS
TOKA.

Ieab. OCHOBHOI 1IE/IbIO UCCIEIOBAHUI SIBJISIETCS OTIpe-
NieJIeHUe PallOHAIbHOTO UAana3oHa U3MEHEeHUsI TIOTHOCTU
TOKa, TOJAaBAeMOTO Ha MOHOTIOJSIPHBIN Oe3MeMOpaHHBIN
2JIEKTPOIM3EP BBICOKOTO TAaBJIEHMsI, a TakXke ONpeneieHue
BJIVSTHUSI TUCKPETHOM TONavYM TOKa TPU DJEKTPOIU3e Ha
2JIEKTPOXMMUYECKHE PEaAKIIUH.

Metomuka. KomruiekcHbIe HCCIENOBaHUS 3JIEKTPOXH-
MUYECKUX MPOLIECCOB Pa3IOKEeHUsI BOIbI B IIIETOYHOM 2JIEK-
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TPOJIUTE C 00pa30BaHUEM BOAOPOAA U KMCIOPOIA B SKCIIEPU-
MEHTaJIbHOI yCTaHOBKE MO3BOJISIIOT IIMKJIMYECKM ITO/aBaTh
3JIEKTPOITUTAHWE Ha BJIEKTPOJIM3ep C BU3YyaTbHBIM KOHTPO-
JIeM paccMaTpUBaeMbIX MPOLIECCOB.

PesynbraTtbl. PaccMoTpeHa TeXHOJIOTUS LIMKIUYECKOTO
TeHEPUPOBAHUS BOAOPOAA U KUCIOPOa, YTO UCKITIOYAET He-
00XOIMMOCTh HCIIOTB30BAHUST PA3NETUTETHLHBIX HMOHO00-
MEHHBIX MeMOpaH. YCTaHOBJIEH paLlMOHAJIbHBINA AUana3oH
W3MEHEHUsI TUIOTHOCTH TOKa Ha 6e3MeMOpaHHOM MOHOITO-
JISPHOM 3JIEKTPOJIM3EPE BHICOKOIO JAaBJICHUS C UCITOIb30Ba-
HHUEM 3JIeKTPOIOB, U3TOTOBJIEHHBIX 3 METAJIJIOB C ITePeMeH-
HOI BaJIeHTHOCTbIO. OTipeiesieHo BIUsIHUE JUCKPETHOM Mo~
Javy JIEKTPUYECKON SHEPTUM Ha SJIEKTPOJIU3HYIO STUCIKY B
3aBUCUMOCTH OT 3JIEKTPOXMMUUYECKUX peaKlnii, MpoTeKaro-
IIMX Ha aKTUBHOM 3KEJIE3HOM 3JIeKTpoje. PaccunuTaHbl Te€o-
peTuyecKue 3HAYEHMS] HampsKeHUs] TMPOTEKaHUsST peakinii
OKWCJICHUSI U BOCCTAHOBJICHHST aKTUBHOM MacCCHhI KEJIC3HOTO
3JIEKTPOIA, a TAKXKe HAMpsIxKeHHe Ha MOJIYLUKIIEe BbIICICHUS
BOIOPO/IA B TIPOIIECCE DJICKTPOIN3a BOMIBL.

Hayynasa HoBM3HA. YBeqnuyeHUe BpeMEeHU OOECTOUYMBA-
HUA OT 1 10 3 ¢ MPUBOIUT K COOTBETCTBYIOIIEMY POCTY Bpe-
MEHU OKMCJIUTEJbHOro Mpolecca Ha BOJOPOAHOM TOJIYLIM-
ki1e B 2,4 pasa. [Ipu sToM o6lee KOJIMUYECTBO BOIOpPOIA
(Kuciopoa), BbIAEAMBIIETrocs Ha COOTBETCTBYIOIIMX TOJTY-

LUKJIaX, OCTAeTCs HEM3MEHHBIM W cocTaBisgeT Vy =15 mi
2
Vo, =7.5 mn).
2

[MpakTtndeckass 3HaYMMOCTb. ONTUMATBHBIA IHATIA30H
TJIOTHOCTH TOKA TSI pabOTH 6€3MeMOPAHHOTO JIEKTPOIN3e-
pa BBICOKOTO JaBIeHNs HaxoauTcs B rpeaenax 200—400 A/m>.
[Mpu Takux yciaoBUsSIX MPOMCXOAUT MHTEHCUBHBIN OKWUCIIH-
TEJIbHO-BOCCTAHOBUTEIBHBIN ITPOIIECC aKTUBHOM MACChI XKe-
ne3Horo anektpona. [lorpebieHne 31eKTpOIHEPTUN B 3TOM
cllydae HaxoauTcs B ripenenax 3,9—4,1 kBt - u/m>. TIpu atom
MOTpebaeHNE SHEPTUM CTAHAAPTHBIMU MEMOPAHHBIMU K-
TPOJIM3epMH (B 3aBUCHMOCTH OT TeMIIepaTypbl M TaBJICHMS
rpoiiecca, KauecTBa dJIeKTPOAOB U psiaa Apyrux (GakTopoB)
Bapbupyercs ot 4,3 10 5,2 kBt - u/M> Bonopona ITposeaeHo
SKCTMEPUMEHTATbHOE U3YyYeHUE BIMSHUS AUCKPETHOTO IH-
TaHUsI JIEKTPOJIM3epa Ha ero CIIOCOOHOCTh K Ta3000pa3oBa-
HUIO. DTO JaeT BO3MOXHOCTb IMOCTABJISITh DJIEKTPUUECKYIO
SHEPIuio Ha 3JIEKTPOJM3HYIO SIYEUKY HEITOCPEACTBEHHO OT
TePBUYHOTO UCTOYHUKA SHEPTuH (COJIHIIE, BETEP) B COCTaBe
SHEProTeXHOJIOTMUECKOT0 KOMIUIEKCa.

KiroueBbie cioBa: aszexmpoausep, 6000pod, Kuciopoo,
2NeKmMpoXuMU4ecKas peaKyus, mok, 31eKmpoo
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