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ANALYSIS OF ELECTROLYSER OPERATION FOR PRODUCING HYDROGEN WITH

SOLUBLE IRON ANODE USING MATHEMATICAL MODEL
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’M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine

Abstract. The production of chemically pure hydrogen by electrochemical method has limitations due to the high
cost of aqueous solutions electrolysis. To reduce the voltage on the electrolyzer, it is proposed to replace the anode
process of oxygen evolution (standard potential in an acidic environment plus 1.23 V) with the dissolution of the anode
from electronegative metals. Such metals can be aluminum and iron - the most common structural materials. Waste of
these metals in the form of scrap or shavings is quite cheap and can be used in the form of packed electrode. The stan -
dard potential of iron is minus 0.44 V, and aluminum in an acidic medium is minus 2.30 V. When connecting an electrode
(cathode) with a low overvoltage of hydrogen evolution to the anode, it becomes possible to obtain hydrogen with simul-
taneous generation of electricity. When using an iron anode, the voltage on the cell decreases to 0.5-0.6 V at a current
density of about 0.1 A/cm?. The calculations and preliminary experiments showed that to reduce the polarization resis-
tances of hydrogen evolution and iron dissolution, the composition of the anolyte and catholyte should be different. To
reduce the polarization and ohmic resistances during electrolysis, a 1M HCI solution was chosen as the catholyte and a
5M NaCl solution - as the anolyte. Therefore, the anode and cathode chambers of the electrolyzer should be separated.
Both porous diaphragms and anion exchange membranes can be used to separate the electrode chambers. For the
diaphragms, the thickness, porosity and daily tortuosity coefficients are estimated. The properties of the diaphragms are
determined not only by the energy costs of electrolysis (charge transfer processes), but also by the processes of sub-
stance transfer. For a well-grounded choice of diaphragm materials and the analysis of substance transfer processes in
the electrolyzer, a mathematical model is proposed. Using this model, the values of diffusion and migration flows in the
reactor are estimated. Moreover, the composition of the anolyte and catholyte are optimized, ensuring the flow of elec-
trode processes with minimal energy costs; maintaining a given composition of solutions, and the possibility of their
subsequent purification from electrolysis products.

Keywords: hydrogen, electrolysis, soluble iron anode, migration, diffusion, mathematical model.

1. Introduction

Producing hydrogen for energy using environmentally friendly methods is the
most important task of modern energy. The widely used processes for producing hy-
drogen from natural gas or coke do not meet environmental requirements, since they
release a mole of carbon monoxide or dioxide per mole of hydrogen [1]. Water elec-
trolysis meets environmental requirements, but is characterized by increased energy
costs, which limits hydrogen production by this method to 4% of the total world pro-
duction. High energy costs are associated with the fact that the cathode process of
hydrogen release and the anode process of oxygen release occur simultaneously. To
obtain gaseous products, it is necessary to break the oxygen-hydrogen chemical bond
in the water molecule. The thermodynamic voltage of water decomposition, deter-
mined by the Gibbs energy of water, is 1.23 V, which is about 70% of the voltage on
the best industrial electrolyzers. The remaining 30% is accounted for by overcoming
polarization and ohmic resistances. To reduce energy costs while maintaining the pu-
rity of production, we propose a method of electrochemical hydrogen production with
soluble anodes made of electronegative metals [2, 3, 4].

Unlike classical electrolysis, spontaneous reactions occur in this system, directed
towards decreasing the energy reserve, similar to a chemical power source (CPS)
with generation of electric energy:
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where E;, 1s the initial reserve of chemical energy of the components; E; is the final
reserve of chemical energy of the components; E.. is electric energy.

Thus, instead of a reactor with a soluble iron anode, instead of an electrolyzer
with a decomposition voltage of 1.23 V, we have a CPS with an electromotive force
equal to the potential difference between the anode and cathode, about 0.4 V. To ac-
celerate the process (increase the current density of hydrogen evolution), this system
requires additional polarization by an electrode from an external current source. That
is, this system has the features of both an CPS and electrolyzer. This allows us to re-
duce the cost of electricity for producing hydrogen.

All metals with a potential more electronegative than the hydrogen electrode can
be used as anode materials in this method. Moreover, the more negative is the metal
used as a soluble anode, the greater is the energy gain. The main requirements for
anode materials are availability, widespread use, low cost, and the absence of passi-
vation during anode polarization. To a greater extent, these requirements are met by
iron and aluminum, which, as industrial waste, can be used as backfill anodes. The
cathode material must have a low hydrogen realize polarization. For acidic elec-
trolytes, such a metal is expensive platinum [5], and for alkaline electrolytes, metals,
and alloys of the iron subgroup [6—11].

This paper considers a system with a platinum (platinized titanium) cathode (hy-
drogen realize potential is 0 V) and a soluble iron anode, the potential of which is mi-
nus 0.44 V, instead of plus 1.23 V for oxygen realize in an acidic ambient. To reduce
polarization and ohmic resistance, it is planned to use catholyte and anolyte of differ-
ent composition and concentration. To prevent mixing, the anode and cathode cham-
bers are separated by a diaphragm or anion-exchange membrane.

2. Methods

The aim of the work is a theoretical analysis of material flows during operation of
an electrolyzer with a soluble iron anode based on a mathematical model; justifica-
tion of the composition, concentration and feed rate of the electrolyte depending on
the density of the hydrogen evolution current, the magnitude of the diffusion and mi-
gration flows of ions between the electrode chambers for a preliminary theoretical
determination of the concentration and magnitude of the volumetric flows of feed
substances of the reactor model with a soluble anode.

3. Theoretical part

3.1. Initial data

It is planned to use 1M HCI as a catholyte with a minimum hydrogen emission
overvoltage and a sufficiently high electrical conductivity (k~35 S/m) [4]. The use of
such an electrolyte in the anode chamber is undesirable, since the process flow dia-
gram provides for periodic purification of the solution from iron ions (FeCl,), con-
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verting them into a water-insoluble form of hydroxides [3]. When using 1M hy-
drochloric acid as a catholyte to form Fe(OH), or Fe(OH)s, either a significant
amount of alkali or dilution with a huge amount of water to a pH greater than 3 is re-
quired.

A 5M NaCl solution with a pH of no more than 3 is planned as the anolyte. Such
a solution is available and cheap. The electrical conductivity of NaCl at a concentra-
tion of 5M is 24.73 S/m, which reduces the voltage drop in the electrolyte. Iron is not
passivated during anode polarization in such an electrolyte since the chloride ion is a
strong depassivator, and iron ions are not hydrolyzed to form a solid phase in the
electrolyzer itself.

Anion-exchange membranes or cheap and accessible porous diaphragms are
planned for separating the electrode chambers. The characteristics of the diaphragms
(thickness, porosity, permeability, pore tortuosity coefficient and electrical resistance)
were determined experimentally and described in [11]. Some of these parameters are
given in Table 1.

Table 1 — Characteristics of diaphragm materials required for calculation

Diaphragm material Avflr;%? (tECk_ T(;rit;is(i)?pi)(;iﬁ_ Porosity
Porous polypropylene strip 0.0375 2.02 0.48
Polypropylene fabric 0.013 2.25 0.25
Nylon fabric 0.021 2.68 0.32
Asbestos 0.052 1.25 0.45
Chlorine fabric 0.0285 2.99 0.56
Mipore 0.05 2.68 0.48

3.2. Material flows in an electrolyzer with an iron-soluble anode and a porous di-
aphragm.

The diagram of material flows in the reactor is shown in Fig. 1.

During electrolysis in this system, current and substance are transferred by diffu-
sion and migration flows (see the diagram in Fig. 1). The hydrodynamic pressure in
the anode and cathode chambers is assumed to be the same, and that there is no filtra-
tion (leakage) through the pores of the diaphragms.

As follows from the diagram, iron and sodium ions are transferred from the anode
chamber to the cathode one by diffusion and migration flows, while chlorine and hy-
dronium ions are transferred by migration flows. Chlorine ions are transferred from
the cathode chamber to the anode one by migration flows, and hydronium ions by
diffusion flows. As a result, the catholyte is enriched with sodium and iron ions dur-
ing process.

Initial condition: the material balance of the electrolyzer is made in moles per
hour. The system units mol/m’, mol/A s, m’/s are ultimately converted to mol/l,
mol/A h, I/h.

Electrode process:
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Anode: Fe’>Fe’*+2F (2)

Cathode: 2H,0"+2F>H,+H,0 (3)

where F = 96500 C/mol or 26.8 A-hour/mol is the Faraday number.

NaCl+ FeCl. + HC1 + NaCl + FeCl: + HCI
H-: + H:
gf{92+
vy F 24 -
gat |
v
g5«
H

¢
: =
®

v i
i
_ |l
gz jia | gfe”
Jx - - Ja
HCI NaCl+ HCl

purification

gM is the mass migration flow (mol/hour); gd is the mass diffusion flow (mol/hour);
Jj is the volume flow (m3/hour), g, j. is electrochemical reaction substance flow,
V is the solution volume in the tanks

Figure 1 — Diagram of a reactor with an iron soluble anode and a porous diaphragm

In the anolyte of the given composition, iron passivation does not occur and oxy-
gen 1s not released at the anode.

3.2.1 Electrochemical reaction flows:

=k _,. 1
Anode dissolution: Ire? Fe?
MFe

2F _ electrochemical equivalent of iron, mol/ A-hour.

FeZ+

MH
Iu,=ku,l Kn,=5F

2

Hydrogen evolution at the cathode: is mass flow; is

=k, I
electrochemical equivalent of hydrogen; Ju,=%n,

1s the current, A.

is volume flow of hydrogen, /
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Since the concentrations of substances in the anode and cathode chambers differ,
diffusion flows arise aimed at equalizing the concentrations.

3.2.2. Diffusion flows

The diffusion flow through the diaphragm is calculated using the formula:

_DACSIT

>

where D is ion diffusion coefficient, m*/s; AC is a difference in substance concentra-
tions in the anode and cathode chambers, mol/m?®; S is the diaphragm geometric sur-
face, m?; I7 is the diaphragm porosity (dimensionless value); £ is the diaphragm pore
tortuosity coefficient (dimensionless value); o is the diaphragm thickness, m.

During the first (single) anolyte flow through the electrochemical reactor, the con-
centration of iron ions is determined by the electrolyte flow rate and the electrochem-
ical reaction rate:

. gFe2+

C

)

F2+_ .
€ Ja

There are no iron ions in the cathode chamber. The flow of iron ions is directed
from the anode chamber to the cathode one:

DC , SII
Fe

gFeZ+:T. (6)

Chloride ions are present in both the anode and cathode chambers. This leads to

the following formula:
D(cl —cg |sm
cl ci

gd: 5B

(7)

When calculating the hydronium ion flow, we consider that to prevent hydrolysis
of the divalent iron ions formed by the anode reaction, the pH in the anode chamber
should be maintained at 3 (0.001 M)

D CA+—CK+)SH
_ H H
gd_ 5B (8)

3.1.6 Migration flows
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Transfer of electricity in the reactor is carried out by ions of different signs, sizes
and charges, i.e., by migration flows. Anions in the electric field move from the an-
ode chamber to the cathode chamber, and cations - on the contrary.

The mass migration flow is calculated using the formula:

gMZkIt’ 9)

z,C A,
t=

where Z (2,C A +2.C 2 ) is the transfer number of the given ion type; z; is
the charge of the given ion; z. is the charge of cations; z. is the charge of anions; C; is
the concentration of the given ion, M; C; is the concentration of cations, M; C. is the
concentration of anions, M; 4, is the mobility of the given ion, Ohm™ m* mol”; A, —
cation mobility; 4. — anion mobility.

The values of the diffusion coefficients and ion mobility are given in Table 2. The
thickness, porosity, and tortuosity coefficient of the pores of various diaphragm mate-
rials were determined experimentally using the methods described in [12] and are
given in Table 2.

Table 2 — Ion mobility and diffusion coefficients at 25°C

Ion Ion mobility A, Ion diffusion coefficients at 25°C
Ohm™ m? mol’ D, m*s’

Fe* 53.5x10™* 0.6x10”

Cr 76.3x10™ 2.04x10°

H' 349.8x10™* 9.34x10”

Na’ 50.3x10"* 1.34x10”

OH 199.2x10™ 5.28x10°

Iron 1on flow:

F 2+
g]\/le :kFeZ+ItFeZ+ (10)
2C 2+A 2+

t 2+: Fe Fe (11)

Fe 2C ,,A_,.+C +)\M++CCI_)\ +C A,

Chlorine 10on flow:
cr _
gy =k It (12)
Ccz‘ cl”

t = (13)

ci + + +
2 CFe2+ )\Fe2+ CNa+ )\Na+ Ccz‘ )\Cl_ CH+ )\H+



ISSN 3083-6271 (Print), ISSN 3083-628X (Online) Geo-Technical Mechanics. 2025. Ne 174 130
Sodium ion flow:
Na* _
gM - Na+ It + (14)
CN * AN *
t .= c - 15
w'T2C A +C A +C_A +C_ 2.
Hydronium ion flow:
HY _
[}, —kH+ ItH+ (16)
CH+ )\H+
t .= (17)

H" 2C , A ,.,+C A . +C _ A _+C A,
Fe Fe Na Na Cl Cl H H

3.3. Material balances

Material balances are compiled on the basis of certain flows of electrochemical
reactions, diffusion and migration flows in order to determine the concentrations of

substances at the outlet of the reactor.

3.3.1. Anode chamber material balance:

Ccn 4icin o gFes Fe?*
Ja NaCl Ja HCI ge ge
Ccl H* H* . out . out . out _

_gd _gM +gd _.]aCNaCl_JaCHCl_JaCFeCl2_2F_O

Ferrum 1on concentration in the outflow:

Fez+_ Fe2+_ Fe2+_ . Cout _
ge gM gd Ja F€2+ -
Fez+ F62+ F62+
Cout _ g. —Advm —Ya
Fe2+ - .
Ja

Sodium ion concentration in the outflow:

. Cin . Na+_ Na+_ . Cout .
.]a Na+ gM gd Ja + 7

Na

Fe2+ Fe2+ Na* Na* (
—9u —94¢ —9u —Y94 Tg (18

)

(19)

(20)

21)
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. in Na* Na*
JoCov—9u —
C;)\l[’lt+ — a Na gM gd (22)
a Ja
Chlorine 1on concentration in the outflow:
. ~in cl- cl™ . out _ (23)
JGCCI_+gM _gd _JGCCI— _0
. in cl Ccl
+ J—
Oth_ — JGCCI— gM gd (24)
Cl ]a
Hydronium ion concentration in the outflow:
. in H* HY . ~out _ (25)
JCICH++gd _gM _.]CICH"' -
. in HY HY
JaCye¥Ga —
H Ja
3.3.2. Cathode chamber material balance
. in H* H, Fe?* Fe?* Na* Na* cr-
JxkCua—29. *9. *9u +94 *+9u *9qs —9gu + (27
Cl” H* H" . out . out . out _
9, T9u — 94 _JKCNaCI_JKCHCl_JKCFeCIZ-'-ZF_O )
Ferrum 1on concentration in the outflow:
Fe2++ Fe2+_ . Cout —O (28)
9vu TY9a “IkLpe—
gFe2 _l_gFe2+
co, =TI (29)
Jk
Sodium 10on concentration in the outflow:
(30)

Na* Na* . out __
Iu t9¢ —JkCne, =0
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Na”* +
C(J)\l;é gM gd (31)
* Jk

Chlorine ion concentration in the outﬂovv'

jxCr—du +9q —jkCl =0 32)
Cout__jKCCI _gM +gd (33)
cl j
K
Hydronium ion concentration in the outflow:
jxCir =gl +gy —gi +jxCoh=0 (34;
o _JxCh—g +9u —gd 35
H* j )
K

The electrolyte volume exchange ratio of the reactor shows how many times a
complete change of electrolyte occurs per unit of time:

0
Vi
where Vp is the internal volume of the reactor (anode or cathode chamber of the
reactor).
Change 1n solution concentration in reserve tanks after n passes:

p_ G,
I V4

(37)

4. Results and discussion

4.1. Determination of limiting current densities that ensure the maintenance of the
pH; value in the anode chamber.

Iron 1ons accumulating in the solution are oxidized by atmospheric oxygen in the
saturator to Fe’” when leaving the reactor, undergo hydrolysis, and are separated from
the solution on filter presses.
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For stable operation of the reactor, it is necessary that the medium pH at the reac-
tor outlet should not exceed 3. At high pH values, hydrolysis of divalent iron is possi-
ble directly in the reactor, with the formation of a solid phase in the electrolyzer
channels.

Hydroxonium ions, which determine the pH value, are transferred to the anode
chamber with the input electrolyte, by diffusion flows g4 from the cathode chamber
(9), and from the anode chamber to the cathode chamber - by migration flows gn
(16).

Fig. 2 shows the ratio of migration and diffusion flows of hydronium ions through
various diaphragm materials at constant speed and concentration of the feed solution.

0.6 /

0.5 4 / —— Polypropylene fabric
g _ Asbestos
é 0.4 A e —— Chlorine fabric
E —— Porous polypropylene strip
8 0.3 A —— Nylon fabric
o) .

Mipore
0.2 1 '
0.1 |
0 : . T T r
0 50 100 150 200 250 300
i, mA/cm?

Figure 2 — The ratio of migration and diffusion flows of hydronium ions through various diaphragm
materials. The NaCl concentration is 5 M in the anode chamber

As can be seen from the figure, the maximum current density, at which the pH
value of 3 is maintained in the output flow, depends on the type of diaphragms and
ranges from 99 mA/cm’ for Mipore, 190 mA/cm® for asbestos, and 235 mA/cm® for
polypropylene fabric.

The magnitude of the migration flow of H' ions from the anode chamber to the
cathode one depends on the amount (concentration) of Na*, Fe*", H cations on one
side and CI" anions on the other side. It is assumed that different sodium chloride con-
tents are supplied to the anode chamber in the feed solution at a constant HCI concen-
tration of 0.001 M. Calculations have shown that at a flow rate of up to 10 I/hour for
the anode and cathode chambers, the change in iron concentration can be neglected.

The higher is the concentration of sodium chloride in the feed anolyte, the lower
is the migration flow of hydronium ions from the anode chamber to the cathode one,
and the higher can be the current density in the electrolyte (at the anode) (Fig. 3).
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Figure 3 — Dependence of the current density in the anolyte while maintaining pH 3 on the current
density for different diaphragm materials

Figure 4 shows the calculated relationships between the concentrations of the feed
solution circulating through the anode chamber and the current densities at which pH
3 is maintained in the effluent anolyte for different diaphragm materials.

1.0
08 , C(H0.011M
‘ / C (H") 0,009 M
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Figure 4 — Dependence of the flows on current density at different concentrations of HCI in the
anolyte and NaCl concentration of 5 M in the catholyte using polypropylene fabric at an electrolyte
flow rate of 24 1/hour for each of the chambers separated by the diaphragm

It also follows from the figure that the maximum current density achievable when
using the HCI feed solution with a concentration of 0.001 M and NaCl feed solution
with a concentration of 5 M is 235 mA/cm? for this model. If it is necessary to inten-
sify the process of iron dissolution and hydrogen evolution, an additional supply of
hydronium ions with the feed solution is required by the equilibrium equation (47):

It is evident from the figure that an additional introduction of 0.0011 M hy-

drochloric acid into the feed anolyte allows increasing the current density from 230 to
330 mA/cm’,

4.2. The influence of flow rate on the concentration of components in the anode
chamber.

The change in the ion concentration in the anode chamber was calculated using
formulas (18)—(26) and is shown in Fig. 5. As it can be seen, increasing the flow rate
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through the anode chamber from 4 1/hour to 20 l/hour allows increasing the current
density to 450 mA/cm* while maintaining the given pH value in the output flow.
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Figures 5 — The ratio of migration and diffusion flows of hydronium ions through polypropylene
fabric for different electrolyte flow rates. The concentration of NaCl is 5 M, and the concentration
of HCl is 0.025 M for the anode chamber

4.3. Analysis of changes in the composition and concentration of acidic catholyte
when separating electrode chambers with an anion-exchange membrane.

When separating electrode chambers with porous diaphragms, intensive diffusion
and migration transfer of sodium, iron, and chlorine ions from the anode chamber to
the cathode chamber occurs, see Fig. 1. Accumulation of sodium and iron ions in the
catholyte leads to a decrease in the electrical conductivity of the solution and an in-
crease in the overvoltage of hydrogen evolution. At the same time, the wide range of
ion sizes and charges involved in matter and current transfer makes this task quite
complex, which will inevitably lead to a cost increase and, as a result, an increase in
the cost of hydrogen produced.

It is much easier to organize work using an anion-exchange membrane for sepa-
rating electrode chambers, through which the transfer of matter and electricity is car-
ried out only by chlorine anions moving from the cathode chamber to the anode one
(see the diagram in Fig. 1). Due to the discharge of hydronium ions and the transfer
of chlorine 1ons from the cathode chamber to the anode one, the acid concentration
decreases by two moles during the passage of two Faradays of electricity. Fig. 6
shows the change in the hydronium ion concentration at the cathode compartment
outlet depending on the catholyte flow rate.

Our work has shown that reducing the hydronium ions concentration in the
catholyte to 0.2 M significantly increases the hydrogen evolution overvoltage that
leads to an increase in energy consumption, which is unacceptable. Therefore, the
flow rate cannot be reduced below 24 I/hour. Moreover, it is advisable to use a pump
with a higher capacity.



ISSN 3083-6271 (Print), ISSN 3083-628X (Online) Geo-Technical Mechanics. 2025. Ne 174 136

1.2

4 Vhour
8 V/hour
12 Vhour
16 Vhour
20 Vhour
24 l/hour

0 100 200 300 400
i, mA/cm?

Figures 6 — Dependence of the concentration at the outlet of the cathode chamber
on the current density for different flow rates of the catholyte

5. Conclusions

1. A theoretical analysis of material transfer in a reactor for hydrogen production
with a soluble iron anode was carried out.

2. The possibility of using inexpensive diaphragm materials made of asbestos or
polypropylene fabric is shown.

3. The maximum acid concentrations in the anolyte was calculated, ensuring the
absence of hydrolysis of divalent iron in the anode chamber of the electrolyzer, but
allowing the separation of iron from the electrolyte after its oxidation with atmo-
spheric oxygen with subsequent hydrolysis.

4. The influence of the electrolyte flow rate in the anode and cathode chambers on
the change in ion concentration is investigated.

5. Separating the anode and cathode chambers with an anion-exchange membrane
simplifies operating the reactor. The calculations are provided for adjusting the com-
position of the electrolytes.
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AHATI3 POBOTU ENEKTPONI3EPA A1 OTPUMAHHA BOOHIO 3 PO3YUHHUM 3ANI3HAM AHOLIOM
3A IONMOMOIr o0 MATEMATUYHOI MOAENI
Hegeodos B., bivau A., lNoniwyk FO.

AHoTauif. OTpUMaHHS XiMiYHO YMCTOrO BOAHIO ENEKTPOXIMIYHNM METOOM Mae 0BMEXEHHs! Yepes BUCOKY BapTiCTb
€reKTPOni3y BOAHWX PO34WHIB. [INA 3HWKEHHS Hanpyri Ha enekTponisepi 3anponoHOBaHO 3aMIHUTW aHOAHWIA NPOoLeC
BMAINEHHS KCHIO (CTaHAAPTHUI NOTEHUian y kucnomy cepegoui nitoc 1,23 B) po3umHeHHSM aHoga 3 eneKkTpoHera-
TUBHUX MeTaniB. TakuMn mMeTanamn MoXyTb ByTV antoMiHIN Ta 3ai3o — HaWMOLMPEHILLI KOHCTPYKLiNHI MaTepiany. Big-
X0aM LMX MeTanie y BurMsgi 6pyxty abo CTpyxkn [OCWTH OELWEBi Ta MOXyTb BYyTM BUKOPUCTAHI y BUMMSAi 3aCUMHOrO
enektpoga. CtaHgapTHUI noTeHLjan 3anisa cTaHoBUTb MiHyc 0,44 B, a antomiHito B kucriomy cepegosuLi Minyc 2,30 B.
Mpu NigKNtoYeHHi Jo aHoda enexkTpoda (katoda) 3 HU3bKOK NepeHanpyro BUAINEHHS BOAHIO, 3'ABMNAETLCA MOXIUBICTb
OTPUMYBaTH BOLEHD i3 OQHOYACHOKO reHepaujieto enekTpoeHeprii. Mpu BUKOPUCTaHHI 3ani3HOro aHoga Hanpyra Ha KoMi-
puUi 3HMKyeTbCs 10 0,5-0,6 npu ryctui cTpymy 6nmabko 0,1A/cM2. MpoBeaeHi po3paxyHki Ta nonepeHi ekcrnepumMeHTH
noKasanu, Lo Ans 3MEHLLEHHS Nonspu3aLiiHux onopis BULINEHHS BOAHIO Ta PO3UMHEHHS 3ari3a ckrag aHoniTy Ta kaTo-
nity mae ByTu pisHuM. [Ins 3HWKEHHS NONApM3aLiiHNX Ta OMiYHUX OnopiB Npu enekTponisi 6ynm obpati 1M po3unH HCI
sk kaToniT i SM po3unH NaCl sk aHoniT. ToMy aHOAHa Ta KaToAHA Kamepu enexkTponisepa mMatTb 6yTu posgineHi. Ans
PO3LiNEHHS ENEKTPOAHUX KamMep MOXYTb BUKOPWUCTOBYBATUCHL SK MOPMUCTI giadparmMu, Tak i aHiOHOOBMIHHI MeMbpaHwm.
[ns piadparm Bynu OUiHEHi TOBLYWMHA, NOPUCTICTb, NPOTiKaHHS Ta KoedilieHTn 3BMBMCTOCTI A06u. BnactueocTi pia-
parm BM3HA4aKTb SIK EHEPreTUYHi BUTPATU Ha enekTponi3 (Mpouecy NepeHocy 3apsidie), a  NpoLeck NepeHocy pe-
yoBuHK. [ins obrpyHTOBaHOro BUGOPY Matepianis diadparm Ta aHanisy npoLeci NePeHoCy PEYOBMHU B eNEKTPONi3epi
3anponoHOBaHO MaTeMaTUYHy MOLesb, 3@ LOMOMOrOK SKOi OLHEHO 3HaYeHHs AMdy3iNHUX Ta MirpauiiHuX NOTOKIB Y
peakTopi. Kpim TOro, 3anponoHOBaHO OMTMMI3OBAHWA CKNag aHoMiTy Ta KaToniTy, sikuii 3abe3nevye NpoTiKaHHS
€MeKTPOAHNX NPOLIECIB 3 MiHIMANBbHUMN EHEPrETUYHUMM BUTPATaMU; NIZTPUMKY 3a[4aHOM0 CKagy PO3YMHIB Ta MOXIIU-
BiCTb MOZANbLLOMO OYULLEHHS Bif, MPOAYKTIB EMEKTPONi3y.

KntoyoBi cnoBa: BofieHb, €NeKTponi3, 3anisHuin po3YnHHWIA aHop, Mirpaulis, aAudysis, MaTemaTuyHa Mogerb
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