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PRODUCTION OF ACTIVE CHLORINE AND SODIUM
HYPOCHLORITE IN A CLOSED ELECTROLYSER

Today, in the conditions of warfare, there is constant local pollution of the environment due to the use of explosives,
fires, spillage of fuel and lubricants, etc. Every day, the danger increases when the water drainage systems of various
enterprises are damaged, such as mining enterprises, facilities of the energy, metallurgy, chemical, petrochemical
industries, sludge storage facilities for highly toxic waste. Next to this, there is a growing problem of highly efficient
purification of water, primarily drinking water. As a result of the destruction of the Kakhovsky reservoir in 2023, the
problem of disposal of mine waters, which are characterized by a high level of mineralization, a significant content of
iron, manganese and other toxicants, has sharply worsened. In this case, there are no water resources for diluting mine
waters before their discharge. Despite a significant number of developments in the field of water quality control and
water purification technologies, a number of problems in this direction remain unresolved. Existing technologies are
ineffective when the levels of mineralization and water hardness are exceeded. We are talking about the southern regions
of our country and Donbas. In Mykolaiv, after the aggressor reduced the water intake on the Dnieper, the centralized
water supply system supplies brackish water from the estuary. It is known that concentrated salt solutions, which are
formed and are still present next to the problems described above, are practically not processed. In most cases, they are
dumped into the surface reservoirs of the surrounding natural environment, which significantly worsens the state of
water ecosystems of Ukraine. The situation is worsened by the fact that a significant part of mine water suitable for use,
due to the problem of disposal of concentrates, is not used, but is discharged into the environment after dilution, or even
without dilution and purification, since there is simply no resource for dilution in today's realities.

That is why, the problem of processing concentrates of baromembrane purification with obtaining secondary useful
products was the aim of the research of this work.
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Statement of the problem. The shortage of fresh water resources in Ukraine has recently been compensated by
the usage of artesian water, surface water and mine water with high salinity. The use of such water in municipal
services and industry is possible only after desalination. Reverse osmosis and nanofiltration are the main methods of
desalination. The application of baromembrane methods is largely limited by the complexity of processing and
utilisation of concentrates generated during water treatment.

Today, unfortunately, concentrated saline solutions are hardly ever recycled. In most cases, they are discharged
into surface water bodies, which significantly worsens the state of Ukraine's aquatic ecosystems. The situation is
aggravated by the fact that a significant part of mine water suitable for use is not used due to the problem of concentrate
utilisation, but is discharged into the environment after dilution or even without dilution and treatment [1].

That is why the purpose of this study is the problem of processing baromembrane purification concentrates to
obtain secondary useful products.

Analysis of previous studies. Taking into account the large volumes of sodium chloride solution waste in
Ukraine and the shortage of reagents for water disinfection, disinfection of other media, bleaching of pulp, paper, and
fabric, it is advisable to use this waste to produce active chlorine, sodium hypochlorite, etc.
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It would seem that this is not difficult. After all, the technology for producing active chlorine and other oxidised
chlorine compounds is well established. However, in the production of oxidised chlorine compounds, saturated, pure
sodium chloride solutions with a concentration of > 100 g/dm? are used. Moreover, the production of oxidised chlorine
compounds is not aimed at complete removal of chlorides from water [2-3]. As a rule, the process is carried out in
order to achieve the maximum current yield of the obtained active chlorine or sodium hypochlorite with partial
extraction of chlorides from water, maintaining the concentration of sodium chloride in the electrolyzer at a given
level by dissolving the dry reagent in the reaction mixture.

While recycling waste solutions from water desalination processes, the task is to extract sodium chloride from
water as completely as possible to obtain useful substances and therefore it is simply impossible to comply with the
conditions of classical processes for the production of oxidised chlorine compounds. In addition, with a decrease in
the chloride content in water, the current output of oxidised chlorine compounds decreases significantly. Therefore,
we have studied the processes of chloride oxidation in a two-chamber electrolyzer using diffusion, anionic (MA-41)
and cationic (MK-40) membranes. To prevent significant losses of chlorine in the form of Cl, and ClO; during
degassing, a sealed electrolyzer was used. Oxidised chlorine compounds were removed from the anode chamber, and
hydrogen was removed from the cathode chamber [4-5].

When using a cationic membrane, an alkali solution was produced in the cationic chamber in parallel with active
chlorine in the anode chamber.

The aim of the study was to determine the conditions for the electrochemical production of active chlorine and
sodium hypochlorite in a closed electrolyzer while ensuring the efficient removal of chlorides from water at a high
current yield of oxidized chlorine products to produce concentrated sodium hypochlorite solutions.

To achieve this goal, we need to solve the following tasks:

1. Determine the dependence of the efficiency of producing oxidised chlorine compounds on the type of

membranes used in a sealed electrolyzer;

2. Determine the dependence of the desalination efficiency of sodium chloride solutions on the electrolysis

time;

3. To estimate the dependence of the current output of active chlorine from a sodium chloride solution on the

electrolysis time and anode current density when using a closed electrolyzer.

Methods. Electrolysis was carried out using sodium chloride solutions with a concentration of 150-200 g/dm3.
An ultrafiltration membrane UMP-20 was used as a diffusion membrane. In this case, the cathode and anode chambers
were filled with NaCl solution [6]. The hydrogen from the cathode chamber was drained into a measuring cylinder
filled with water to determine the volume of hydrogen released during electrolysis. A schematic diagram of the device
for capturing hydrogen and active chlorine is shown in Fig. 1. The same figure shows an absorber filled with an alkali
solution for the capture of active chlorine and chlorine dioxide.

Electrolysis was carried out at a current density of 4.17-12.5 A/dm?. Periodically, during the electrolysis, the
concentration of chlorides and oxidised chlorine compounds was measured in the working solution, and the
concentration of oxidised chlorine compounds in the absorber. The absorber was filled with 100 cm® of a 20 % NaOH
solution. To improve absorption, the alkali solution was stirred with a magnetic stirrer. The efficiency of chloride
removal from water was calculated using formula (1). The yield of oxidised chlorine compounds by current was

calculated using formula (2) [7-9].
_ Cn—C3
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where C, is the initial concentration of sulphates in water, mg-eq/dm?;
C, — residual sulphate concentration in treated water, mg-eq/dm?;

B=%.100 =2%. 100, Q)
qr mr

gp - the number of electricity for the substance actually transferred, or oxidised or reduced,
gr - theoretically calculated number of electricity;

my - - the number of substance actually transferred, g-eq;

mr - theoretically possible number of transferred substance, g-eq.
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1 — cathode chamber; 2 — anode chamber; 3 — membrane,; 4 — flexible pipe for hydrogen removal; 5 — measuring

cylinder for hydrogen capture; 6 — tripod; 7 — water tank; 8 — flexible tube for removing oxidised chlorine compounds;

9 — absorber (measuring flask) for capturing chlorine and CIO;,; 10 — magnetic stirrer; K; — cathode; A, — anode
(titanium coated with ruthenium oxide)

Fig. 1 — Schematic diagram of a plant for the production of oxidised chlorine compounds
from sodium chloride solutions

Electrolysis with MA-41 anionic membrane. When using an anionic membrane in a two-chamber closed
electrolyzer, the anode chamber was filled with working solution, and the cathode chamber with 1 N alkali solution
[10-11]. The concentration of sodium chloride was from 30 to 120 g/dm?.

During the electrolysis, the alkalinity in the catholyte, pH, chloride content, active chlorine in the anolyte, and
the concentration of active chlorine in the absorber were monitored.

The chloride extraction efficiency was calculated using formula (1), and the current output of active chlorine was
calculated using formula (2).

Summary of the main material. The use of a membrane prevented the mixing of solutions with active chlorine
with a catholyte saturated with hydrogen. At the same time, both the cathode and anode chambers were filled with
sodium chloride solutions with a concentration of 150 and 200 g/dm?. Hydrogen was drained from the cathode
chamber into a container, which accumulated, displacing water from the measuring cylinder. The active chlorine was
absorbed by a 20 % NaOH solution (100 cm®) placed in a measuring flask (absorber). The concentration of active
chlorine in the absorber and anolyte, as well as the chloride content in the electrolyte, was periodically measured. The
results are shown in Fig. 2.

As can be seen from Figure 2, active chlorine accumulates in the electrolyte and the absorber. With a current
density of 4.17 A/dm?, the concentration of active chlorine in the electrolyte reached 340 mg-eq/dm? in 6 hours, and
224 mg-eq/dm® in the absorber. The current output of active chlorine generally reached ~70 %. The chloride
concentration decreased from 2480 mg-eq/dm® to 1870 mg-eq/dm?>. At the same time, the total number of chlorides
decreased by 159 mg-eq/dm?. The number of synthesised active chlorine reached 110 mg-eq/dm’. Obviously, a
significant number of active chlorine is released with hydrogen from the catholyte, which leads to significant losses.

Similar results were obtained using a sodium chloride solution with a concentration of 200 mg-eq/dm? (Fig. 3).
The anodic current density in this case reached 12.5 A/dm?. At the same time, the concentration of active chlorine in
the electrolyte reached 4350 mg-eq/dm in 10 hours?, in the absorber — 410 mg-eq/dm?. The output of active chlorine
by current reached 73-74 %.

If we recalculate the concentration of active chlorine taking into account its conversion into sodium hypochlorite,
the mass of hypochlorite reached 162 g/dm3 or ~16%. In the absorber, the concentration of sodium hypochlorite
reached 16.6 g/dm? or 1.6 %. The formation of hypochlorite in the electrolyte proceeded according to the following
scheme: chlorine was released at the anode. Hydroxide anion was formed at the cathode.
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Fig. 2 — Dependence of the concentration of active chlorine (1), chlorides (2) in the anolyte, active
chlorine in the absorber (3), current output of active chlorine (4), degree of chloride extraction (5) on the
electrolysis time of sodium chloride solution (C(NaCl) = 150 g/dm?®) in a two-chamber electrolyzer
(UPM-20 membrane) at a current density of j = 4.17 A/dm? (pH = 7.0)
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Fig. 3 — Changes in the concentration of active chlorine (1), chlorides (2) in the anolyte, active chlorine
in the absorber (3), and active chlorine current output (4), degree of chloride extraction (5) with the time of
electrolysis of sodium chloride solution (C(NaCl) = 200 g/dm?) in a two-chamber electrolyzer
(UPM-20 membrane) at a current density j = 12.5 A/dm? (pH = 6.0-7.0)

Alkali was formed with sodium ions, which interacted with active chlorine. But a significant number of active
chlorine was removed from the electrolyte into the absorber during degassing with hydrogen. This should lead to
alkalinisation of the solution. After all, hydroxide anions can be oxidised at the anode, which leads to the neutralisation
of the solution:

With the total number of active chlorine produced at 1172 mg-eq, the number of chloride decreased by 1250 mg-
eq. This indicates that ~78 mg-eq of Cl, was lost due to its degassing from the cathode region. The current yield of
the generated hydrogen was close to 100%.
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The disadvantage of the process is the degassing of chlorine from the catholite, which can be captured with an
alkali solution, and the high mineralisation of the resulting sodium hypochlorite due to the significant residual sodium
chloride content, which reaches ~93 g/dm?.

When using an anionic membrane in a two-chamber electrolyzer, the anode chamber was filled with a solution
of sodium chloride, and the cathode chamber with 1 N NaOH. Volatile products of chloride oxidation were removed
from the anode chamber and hydrogen was removed from the cathode chamber. The content of active chlorine in the
catholyte and absorber and the content of chlorides in the anolyte were periodically monitored. As can be seen from
Figure 4, during electrolysis at a NaCl concentration of 120 g/dm?3, a significant number of active chlorine was
removed from the anolyte and sorbed in the absorber.

The bulk of the active chlorine was accumulated in the anolyte. In total, 127 mg-eq of active chlorine (sodium
hypochlorite) was formed and remained there. The absorber accumulated 9 mg-eq of sodium hypochlorite, and a total
of 136.5 mg-eq of active chlorine was formed. The concentration of chlorides decreased by 70 mg-eq. The average
pH in the anode area was 7.0-7.5.

No significant accumulation of alkali in the anolyte occurred due to the oxidation of hydroxide anions at the
anode. The current yield of active chlorine, as in the previous case, reached ~ 73 %. Thus, the number of active
chlorine formed in 5 hours at a current density of 8.33 A/dm? reached 136.5 mg-eq, and the decrease in the number
of chloride reached 70.2 mg-eq.

Similar results were obtained during the electrolysis of a NaCl solution with a concentration of 120 g/dm? at a
current density of 12.5 A/dm? (Fig. 5). In this case, in 5 hours, the concentration of active chlorine in the anolyte
increased to 1445 mg-eq/dm?, and in the absorber to 165 mg-eq/dm?. In total, 204.35 mg-eq of active chlorine was
obtained. The decrease in chloride concentration reached only 70 mg-eq.

Obviously, at high anode current densities, chloride oxidation does not stop at the production of Cl,. Hypochlorite
is oxidised to ClO, ", and then in the presence of Cl, Cl0O; is formed, which is released from the anolyte and dissolved
in NaOH solution in the absorber, or in the anolyte to form sodium chlorate and chlorite.
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Fig. 4 — Dependence of the concentration of active chlorine in the anolyte (1) and absorber (2),
the concentration of chlorides (3) and the current output of active chlorine (4) on the electrolysis time
of sodium chloride solution (C(NaCl) = 120 g/dm?) in a two-chamber electrolyzer (MA-41 membrane)

at a current density of j = 8.33 A/dm?, (catholyte 1H NaOH), (pH = 7.0-7.5)

Thus, oxidised chlorine compounds with oxidation degrees of Cl ** and Cl 3" accumulate mainly in the anolyte
and partially in the absorber.
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Fig. 5 — Dependence of the concentration of active chlorine in the anolyte (1) and absorber (2),
the concentration of chlorides (3) and the current output of active chlorine (4) on the electrolysis time
of sodium chloride solution (C(NaCl) = 120 g/dm?) in a two-chamber electrolyzer (MA-41 membrane)

at a current density j = 12.5 A/dm?, (catholyte 1H NaOH), (pH = 6.5-7.0)

With a decrease in the concentration of sodium chloride in the anolyte to 30-45 g/dm?, the yield of active chlorine
decreased at a current density (j) of 4.167 A/dm? to 56-65 %, at a current density of 8.33 A/dm? to 43-46 %, and at a
current density of 12.5 A/dm?, the yield of active chlorine by current decreased to 32-40 % (Figs. 6-8).

At a current density of 4.167 A/dm? (Fig. 6), the concentration of active chlorine in the anolyte reached 350 mg-
eq/dm? after 5 hours of electrolysis, and in the absorber — 75 mg-eq/dm?. The total number of active chlorine obtained
reached 53 mg-eq/dm?®. At the same time, the decrease in chloride concentration was only 19.5 mg-eq/dm?. It is
obvious that in this case, along with hypochlorite, sodium chlorite and chlorate were obtained.
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Fig. 6 — Dependence of the concentration of active chlorine in the anolyte (1) and in the absorber (2),
and active chlorine yield by current (3) on the time of electrolysis of NaCl solution
(C(NaCl) = 780 mg-eq/dm?) in a two-chamber electrolyzer (M A-41 membrane) at a current density
j =4.167 A/dm?, (catholyte 1H NaOH), (residual CI - concentration= 630 mg-eq/dm)3
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Fig. 7 — Dependence of the concentration of active chlorine in the anolyte (1), in the absorber (2),
the output of active chlorine by current (3) on the electrolysis time of NaCl solution (C(NaCl) = 36.9 g/dm?)
in a two-chamber electrolyzer (MA-41 membrane) at a current density of j = 8.33 A/dm?,
(residual CI - concentration = 320 mg-eq/dm?), pH = 7.0-7.2
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Fig. 8 — Dependence of the concentration of active chlorine in the anolyte (1) and absorber (2),
chlorides (3) and active chlorine yield by current (4) on the time of electrolysis of NaCl solution
(C(NaCl) = 30 g/dm?) in a two-chamber electrolyzer (MA-41 membrane) at a current density

j =12.5 A/dm?, (residual CI - concentration= 30 mg-eq/dm?), pH = 7.0-7.2

At a current density of 8.33 A/dm? (Fig. 7), the concentration of active chlorine in the anolyte reached
552 mg/dm?, and in the absorber — 85 mg-eq/dm?. In just 5 hours, 72 mg-eq were formed in the anolyte and 8.5 mg-eq
in the absorber, a total of 80 mg-eq of active chlorine. At the same time, the chloride content decreased by 40 mg-eq,
which confirms the possibility of chlorite and chlorate formation. The yield of active chlorine by current was in the

range of 43-46 %.
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With an increase in current density to 12.5 A/dm? at a NaCl concentration of 30 g/dm?, the concentration of active
chlorine in the anolyte reached 650 mg-eq/dm?, and in the absorber — 140 mg-eq/dm?>. In just 5 hours, 98.5 mg-eq of
active chlorine was obtained, with a decrease in chloride concentration by 53.3 mg-eq.

Obviously, in this case, chlorites and chlorates were formed and a significant number of current was consumed
for the electrolysis of water. The output of active chlorine by current reached only 32-40 %.

Conclusions

1. As a result of experimental studies using the UPM diffusion membrane, it was determined that active chlorine
accumulates in the electrolyte and the absorber. It was found that the current output of active chlorine generally
reached ~ 70 %. At the same time, the total number of chloride decreased. The number of synthesised active chlorine
reached 110 mg-eq/dm?>. Obviously, a significant number of active chlorine is released with hydrogen from the
catholyte, which leads to significant losses. When using a higher concentration of sodium chloride solution, the current
output of active chlorine reached 73-74 %.

2. During the electrolysis of NaCl solution, a significant number of active chlorine was removed from the anolyte
and sorbed in the absorber. The bulk of the active chlorine was accumulated in the anolyte. No significant
accumulation of alkali in the anolyte occurred due to the oxidation of hydroxide anions at the anode. The current yield
of active chlorine, as in the previous case, reached ~ 73 %.

Prospects for further research

In the course of the experimental study, it can be said that when using two-chamber electrolyzers with diffusion
and anionic membranes, the bulk of oxidised chlorine compounds was concentrated in the anolyte. Therefore, the use
of a two-chamber electrolyzer with a cationic membrane is more promising.
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Tomena M. /1., Kpusicanoecvka A. I1., Ilnauyx A. M.
OTPUMAHHS AKTUBHOTI'O XJIOPY TA I'IMIOXJIOPUTY HATPIIO B 3AKPUTOMY EJIEKTPOJII3EPI

Cb0200Hi yM08ax edenHs GiliHu NOCMILHO 8i00Y8AEMbCSL TOKAIbHE 3a0PYOHEHHS O0BKILIA 6HACIOOK BUKOPUCTNAHHS
BUOYXOBUX PEUOBUH, NOHCENC, PO3TUEY NATUBHO-MACTULLHUX Mamepianie mowo. [[[JooHs, nebe3neka 30inbuyemucsa
npuU NOWKOONCEHHT CUCmeM 80008i08e0eHH PIZHOMAHIMHUX NIONPUEMCME, MAKUX K 6UO0OYEHI RIONpUEMCMEdA,
00’exmu eHepeemuKu, Memanypeii, XiMiuHOIL, HAGMOXIMINHOI NPOMUCIOBOCHI, UWIAMOCXO8ULY BUCOKOMOKCUUHUX
6i0x00is. Ilopyu i3 yum icHye i macumadyemvcsi npodrema 6UCOKOePEKMUBHO20 OUUUEHHST 800U, HACAMNEPEO
numuoi. Bracnioox suuwenns Kaxosecvkoeo eodocxosuwa y 2023 poyi pizko 3aeocmpuiace npobiema ymunizayii
WaxXmuux 600, SIKi XApakmepusyomvCs GUCOKUM Di6HeM MIHepanizayii, 3HAYHUM @MICMOM 3a1i3d, Map2anyw ma
[HWUX MOKCUKaumis. B 0anomy eunaoky Hemae 600OHUX pecypcig O/isi PO36eOeHHs. WAXMHUX 800 nepeo ix CKuooM.
Hessaowcarouu na snauny Kinekicme po3pobOK 6 2any3i KOHMPONIO AKOCMI 800U, MEXHON02il 800004 UUeHHS, PO
npoobaem 8 OaHOMY HANPAMKY 3aIUULAIOMbCA Hegupiuwenumy. Icnytoui mexnonoe2ii Heegpekmueni npu nepesuLyeHHi
pisnie minepanizayii ma sicopcmkocmi 600u. Moesa iide npo nigdenni obaacmi nawoi xKpainu ma Jonbac. Y
Muxonaesi nicis 3uudiCenHs: azpecopom 60003a6opy Ha J[HInpi, 8 yeHmparizoeauiti cucmemi 6000NOCMAYANHS
nooaroms CONOHY8amy 800y 3 AUMaHy. Bidomo, wjo KonyeHmposani convosi po3uunu, Kompi ymeopowmscs i 6ce
maxu npucymmi nopyu iz npobremami, OnUCAHUMU 6uwje, NPAKMUYHO He nepepobisiomvcs. Ix ckudarome y
Oinbuwocmi UNAOKI8 y NOBEPXHESi B00OUMU HABKOTUUHBO20 NPUPOOHBO2O CEPedosUwld, WO CYMMEBO NOZIPULYE CIAH
600HUX exocucmem Yrpainu. Cumyayiss no2ipulyemscs mum, wjo 3HAYHA YACMUHA WAXIMHUX 600 NPUOAMHUX O
BUKOPUCMAHHS, Yepe3 npobaemy Ymunizayii KOHYeHMmpamis He BUKOPUCTNOBYEMbCSL, A CKUOAEMbCS Y O0GKILIA NICs
po3eedenns, abo, Hagimbv, 6€3 pO36eOeH s, MA OYUWEHHS, MAK K PECypCy HA PO36E€OeHHs. NPOCMO HEMAE 6 peaiax
cvoeoodenns. Came momy, npobiema nepepoOKu KOHYEeHMpamie O6apoMemMOPAHHO20 OYUWEHHS 3 OMPUMAHHAM
BMOPUHHUX KOPUCHUX NPOOYKMIE OY1a Memoio 00Cioxcelsb danoi pobomu. Jleghiyum pecypcie npicnux 600 6 Ykpaini
OCMAHHIM YACOM KOMNEHCYEMBbCA BUKOPUCMAHHAM APME3IAHCLKUX 800, NOBEPXHE8UX 800 Ma WAXMHUX 800 i3
niosuujeroro Minepanizayiero. Buxopucmanus maxux 600 8 KOMYHANbHUX 20CNO0APCMEAX, NPOMUCIOB0CI MOXHCIUBE
Jauwie nicia ii onpicHenHs. 1 0106HUM MemMOOOM ONPICHEHH MAKUX 800 € 360POMHILL OCMOC MA HAHOPINLINPYBAHHA.
3acmocysanns 6apomemOpanHux mMemooie 8 3HAUHIU MIpi 0OMeNHCYEMbCS CKIAOHICMIO nepepobru ma ymuuizayii
KOHYeHmpamie, wjo ymeoprwomscs npu ouuujeHHi 600u. Bpaxosyrouu eenuxi 06’emu 8i0X00i8 pO3UUHIE XA0pUOY
Hampiio 6 Yrpaini ma oegpiyum peazenmie OJisi 3He3APANCEHHS 800U, 0e3IHpeKyil iHuux cepedosuny, 8i00LTIOEAHHS
yemono3u, nanepy, MKAHUHY, OOYITbHUM € BUKOPUCTNAHHA OQHUX Gi0X00I8 015l OMPUMAHHS AKMUBHO20 XA0DY,
2inoxnopumy nampiro mowo. 30asaiocs ou, ye ne cKiadHo. Addce, MexHOI02H OMPUMAHHA AKMUBHO0 XJIOPY, THUUX
OKUCAEHUX CHOAYK XJA0py OOCKoHano eionpayvosano. OOHax, npu 6UpoOHUYMSI OKUCIEHUX CHROJVK XA0pYy
BUKOPUCTNOBYIOMbCS. HACUYEHT, YUCI pO3UUHU XT0PpUOY HAmMpiio 3 Konyenmpayicio > 100 2/om’. Birvwe mozo, npu
OMPUMAHHI OKUCTIEHUX CNOJIYK XJI0pY He CMoimb 3a0aua NO8HO20 BUNYYEHHS XA0pudie 3 600u. Ak npasuno npoyec
8€0YMb 3 MEMOoI 00CACHEHHS MAKCUMATLHO20 8UX00Y 3a CMPYMOM OMPUMAHO20 AKMUBHO20 XA0PY ab0 2inoxiopumy

49 m—



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy». 2024. No 4 (23)

HaAmMpil0 3 4aCMKOBUM BUTYHEHHAM XA0PUOie 3 600U,  NIOMPUMYIOYU 6 eleKmpOoizepi KOHYeHmpayiio Xaiopuoy
HamMpilo Ha 3a0aHOMY DIGHI 34 PAXYHOK PO3YUHEHHS CYX020 peazenmy y peaxyiuniu cymiwi. Ilpu nepepooyi
8I0NPAYLOBAHUX DO3UUHIB NpOYeci8 3HeCONeHHA 600U, Hacamnepeo, CMoOimMb 3a0a4a MAKCUMATLHO NOBHO20
BUTYUEHHSI XTOPUOY HAMPIIO 3 600U 3 OMPUMAHHAM KOPUCHUX PEYOBUH I MOMY OOMPUMYBAMUCH YMOG KAACUUHUX
npoyecie OMmpumMaHHs CROJYK OKUCTIEHO20 XI0PY NPOCMO HeMOXCIUB0. Kpim moeo, npu 3uudicenHi emicmy xnopuodie y
6001, GUXIO 30 CMPYMOM OKUCIEHUX CROIYK XJOPY CYMMEBO 3HUNCYEMbCA. Tomy, Hamu Oyau 6usyeHi npoyecu
OKUCEHHA X0pUOi8 Y OB0OKAMEPHOMY eleKMPOi3epi 3 GUKOPUCMANHAM Ou@y3iinol, anionnoi (MA-41) ma kamionnoi
(MK-40) membpan. [Ins 3anobicanns 3uaunum empamam xaopy y euensnoi Cl; ma CIlO> npu oOeeazayii
BUKOPUCMOBYBANU 2epMEeMUYHUL eleKmpoaizep. 3 aHOOHOT Kamepu 8I0800UNU OKUCTIEHI CROJVKU XA0PY, 3 KAMOOHOT
Kamepu 6i0800uu 600eHb. lpu suxopucmanui KaAmMioHimogoi MemMopany napaieIbHo i3 AKMUBHUM XJIOPOM 8 AHOOHIL
Kamepi ompumy8aiu po3yuH 1y2y ¢ KamioHHil Kamepi.

Kniouogi cnosa: 3neconenns 600u, nepepooxa 8idx00ie 80000YUWEHHS, AKMUBHULL XJ0p, 2INOXIOpUm Hampiio,
eNeKMpPOoNi3, Kamonim, anoaim, yibmpaginempayiuna memopana, aHioHo0OMinHA MeMOpana, WitbHICMbL CMpymy,
enekmpodizep, abcopbep
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