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Baoicki memanu nompannsaiomo y 6000UMU 8 pe3ybmami npu-
POOHUX MA AHMPONOZEHHUX NPOUECI8, HAKONUUYIOUUCH Y TPYHMI,
QoHHUX BIOKIIAOEHHAX, WINAMAX, MOJNCYMb 0 Mizpyeamu 6 nio-
3emni i nogepxnesi 600u. OcnosHuMu Ocepesamu HA0X00XHCeHHA
BAICKUX MEeMAJli6 Y NPUPoOHi 6000UMU € HEOOCMAMHBLO OHUULCHL
cmiuni 600u 6azamvox 2anyseii npomucaosocmi. Ile pooumv axmy-
aAbHOI0 NPOGNEMY BUOANCHHS BANCKUX MemMANié 13 cmivHux 600
0na 3anobizanis Hadmiprnozo 3abpyonennsa 60doum. Cepeo icnyro-
qUX Memo0ie ouuueHHs 600U 610 10HIB BANCKUX MEMAi6 NPU 3HAY -
HUX 00CA2aX NPOMUCTIOBUX CIIMHUX 600 00CUNL NEPCREKMUGHU-
Mu € enexmpoximivni memoou. Ilepesazoro memooy € moscaugicmo
nepepooésamu 6ionpaupboeaii pezenepauitini pouunu 3 ompuman-
HAM Memaie, AKi npuoamui 011 NO6MOPHO20 BUKOPUCMAHHAL.

ITpuseodeni pesyromamu docaioxcenv npouecie eneKxmpoximiv-
H020 BUOANEHHS KAMIOHIE BANCKUX MEMAJI8 8 00HO- MA 060XKA-
MepHux eaexkmponizepax iz possedenux 600Hux pozuunis. Ilpu
nposedenni 00caioceHb 8 0BOKAMEPHOMY eNleKmpoizepi Kamoo-
Ha i anoona odacme 6yau po3odiieni anionoooMinH010 MeMOPanoo
MA-40. Busueno 3anexcricmo enaugy scopcmrocmi, pH posuunis,
aHOOHOT WILHOCMI CMPYMY Ma 4acy eneKmposisy Ha eexmus-
Hicmob eudanenns ionie easckux memanis. Iloxazano, wo ionu
UUHKY, MI0I Ma C6UHUIO ePEeKMUBHO BUNYHAIOMBCS 3 B0OHUX PO3-
YUHIB 3 BUKOPUCMAHHAM eJIeKMpPOJli3Yy Npu NoUamKoeill KOHUeH-
mpauiii 10 mz/0m>. Bcmanoeneno, wio npu Hu3bkux koHueHmpauiax
10Hi8 6UXi0 3a CMpYMOM npu 6i0H06NeHHi Memanie cseae (4—20)
10-4 % i mano 3mintogascs 3 xonyewmpauiero. Busnaueno, wo
epexmusnicmv ouuwenns 600U 6i0 i0HI6 BANCKUX MeMAi6 eJleK-
mponizom 3pocmae i3 nidsuuennam pH cepedosuwa ma i3 3nu-
HCEHHAM Jcopcmrocmi 600u. B deoxamepnux enexmponizepax
dani haxmopu npaxmunno He enausaronv Ha epexmusHicms ouu-
wenns. Bcmanosneno nepcnexmusy uKopucmanus eiexkmponizy
0151 CeNeKMUBH020 BUOAIEHHSA BANCKUX MEMAIE 13 6000NP0OBIOHOT,
nom’axuenoi ma npupoonoi 6odu. lanuit memoo ouucmxu 00360-
JLA€ He MiTbKU 000MUWYBAMU CIIMHI 600U 00 2PAHUMHO 00NYCMU-
MUx KoHuenmpauiil, aje i 0a€ MONCIAUBICM OHUUAMU 00Y 3 NPU-
PooHuX dvcepent 00 AKOCME NUMHOL 600U

Knrouoei cnosa: cmiuni 600u, easicki memanu, owucmra 600u,
JHcopcmricno 600U, 6UXI0 3a CMPYMOM, AHIOHOOOMINHA MemOpana,

esleKkmpoJiizep, e1eKmpoexcmpaKuis
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Heavy metals, as well as other chemical contaminants,
penetrate the human environment as a result of a series of
processes. These include not only natural events (volcanic
eruptions, geochemical anomalies, etc.), but mostly those of
anthropogenic nature. The content of heavy metals in the
environment is growing rapidly as a consequence of the in-
tensive industrial development, unsustainable use of natural
resources, and the urbanization of society [1].

Poorly treated wastewater gets into natural bodies of
water, where heavy metals accumulate in the water and bot-
tom sediments, thereby becoming a source of secondary pol-
lution. Compounds of heavy metals spread relatively quickly
throughout an aqueous object. Part of them forms a sedi-
ment in the form of carbonates, sulphates, they partly adsorb
on mineral and organic sediments. As a result, the content of
heavy metals in the sediment is constantly increasing. When

the adsorption capacity of sediments is exhausted, heavy
metals penetrate water. This leads to setting a dynamic equi-
librium and to maintaining a stable concentration of metals
even when their supply from wastewater decreases [2].

The main sources of penetration of heavy metals into
natural water bodies is the wastewater from chemical, met-
allurgical industries. The wastewater from enterprises of ex-
tractive industry (mines’ water), nuclear and thermal power
plants, machine-building enterprises (galvanic production),
agricultural runoffs (mineral fertilizers) is also an important
source of heavy metals [3]. Heavy metals that act as bio-
microelements are involved in the biochemical processes in
plants and animals, as well as people [4].

Given the above, the task of purification of wastewater
from ions of heavy metals is particularly relevant and neces-
sitates the modernization of existing technologies of water
purification and the search for new, more efficient, techno-
logical processes of water treatment.




2. Literature review and problem statement

At present, there are many methods for cleaning waste-
water from heavy metals: reagent, diaphragm, electrochem-
ical, sorption, ion exchange, biological methods, and others
[5, 6]. An important task of wastewater purification is the
application of the most energy-efficient methods, as well as
returning the metals removed from wastewater back into
production.

A traditional procedure of reagent water purification is
based on the use of coagulants and flocculants [7]. The coag-
ulants used are the salts of aluminum, iron, and compounds
[8, 9]. The advantages of the reagent method include the
ease of extraction of toxicants and affordability of deposition
reagents, the simplicity of equipment and the ease to control
the process. The disadvantages are an incomplete removal
of contaminants, the irreversible loss of valuable substanc-
es with sediments, the problem of disposal of the obtained
sediments [10].

Common methods of wastewater treatment are sorption
methods. The advantages of this method include cost effec-
tiveness, simplicity of hardware design and the capability to
carry out deep cleaning of water, low-concentrated in terms
of the ions of heavy metals. The authors of work [11] consid-
ered a method for obtaining a composite sorbent and studied
its sorption properties in relation to heavy metals’ ions. The
effectiveness of treatment at a starting concentration of
10 mg/dm? for copper amounted to 80 %.

Sorption methods are more cost-effective only if the
sorbents are used many times. The regeneration of sorbents
is followed by the creation of a large amount of highly toxic
and highly-concentrated eluates that must be exposed to
additional neutralization and disposal. In addition, there is a
problem on the disposal of the used sorption material.

Increasing attention has been given to purification
methods that are based on ion exchange using natural and
synthetic materials. Such methods make it possible to not
only remove heavy metals’ ions from wastewater, but also to
reuse wastewater in a circular water supply [12, 13].

The main disadvantage of the ion-exchanging method is
the necessity to feed the ion-exchanging plants with waste-
water that was pre-purified from suspended substances,
cyanides, iron ions, petroleum products, and other organic
substances, with a low temporary hardness. In addition, the
disadvantage is the formation, following the regeneration, of
highly toxic and highly-concentrated eluates, which must be
exposed to additional decontamination [14].

When there are large volumes of industrial waste-
water, it is advisable to employ at treatment plants the
electrochemical and membrane water purification methods
(electroflotation, electrolysis, ultrafiltration, nanofiltration,
reverse osmosis). For the maximum efficiency of wastewater
treatment, it is necessary to build combined systems: reagent
pre-treatment, electroflotation, filtering, sorption, mem-
brane concentration, vacuum evaporation [15].

The best variant when removing heavy metals from
washing waters of galvanic production is the application of
ion exchange and the electroextraction of heavy metals while
processing regeneration solutions [10]. In this case, the cat-
ionites concentrate the cations of heavy metals, while during
electroextraction restored metals are obtained from the used
regeneration solutions metals in the form of a powder and
solutions of acids that are suitable for reuse [16]. However,
when using two- and three-chamber electrolyzers, when ac-

ids are concentrated in the anodic or intermediate chamber,
and metals are recovered on the cathode, there is an issue
related to deep purification of catholyte.

In the investigated processes of electroextraction, authors
achieved a decrease in the content of ions of heavy metals
to 10-300 mg/dm?. That would suffice for the one-chamber
electrolyzers because sulfuric acid forms in catholyte, which
is repeatedly used for regeneration. However, in the case of
two- and three-chamber electrolyzers, there is problem on the
disposal of solutions with low concentrations of heavy metals’
cations. One of the directions to resolve this issue is to prolong
the duration of electrolysis in order to achieve permissible
concentrations for the ions of heavy metals.

In [17], authors examined cathode processes of electroex-
traction of lead from a trilonate electrolyte. It was established
that the maximum output for current for lead is implemented
in the alkaline medium with pH=10. Note that the concentra-
tion of electrolyte for the lead ions must be maintained at a
level of 40 g/dm?®. Authors in [18] investigated performance of
the electrocoagulation using six iron electrodes for the simul-
taneous removal of heavy metals: Cu, Ni, Zn, and Mn, from
wastewater. The results revealed that at a starting concen-
tration of 250 mg/dm? for each metal, the removal achieved
reached the level of 96 %, and for Mn - 72.6 %.

Similar studies were undertaken by authors in [19, 20]
using an electrocoagulation method on aluminum electrodes
for the removal of heavy metals at a starting concentration of
50-800 mg/dm?. The residual concentrations of metals were
at the level of 2 mg/dm3 and higher.

Thus, results of an analysis of the scientific literature
allow us to conclude that these are the simple processes of
electrolysis that have not been explored in detail, those that
are implemented without the use of expensive membranes
and without additional reagents. Many authors studied the
processes of electrochemical removal of heavy metal ions
at high starting concentrations. However, the processes of
electroextraction of heavy metals from water at low initial
concentrations have remained almost unexamined up to
now. And this is particularly important not only for the
post-purification of technological solutions, but also to clean
natural waters that contain traces of heavy metals.

3. The aim and objectives of the study

The aim of our study was to determine the effectiveness
of removal of heavy metals’ cations from diluted aqueous
solutions via electrolysis in one- and two-chamber electro-
lyzers. In addition, the ultimate goal was to estimate the
prospects of a method for cleaning and post-purification of
tap and waste water, as well as circulating waters from gal-
vanic production.

To achieve the set aim, the following tasks have been
solved:

— to explore the processes of electroextraction of ions of
copper, zinc and lead in the one-chamber electrolyzers from
low-concentrated solutions;

- to determine the effect of medium’s pH and hardness
on the efficacy of electroextraction of ions of heavy metals
from diluted solutions in the one- and two-chamber elec-
trolyzers;

— to assess the efficiency of extraction of heavy metals’
ions from diluted solutions by an electrolysis method in the
two-chamber electrolyzers.



4. Materials and methods to study the removal of copper
from aqueous solutions using an electrochemical method

We used one- and two-chamber electrolyzers (with a
volume of the chamber being 100 ¢cm?), which included a
cathode made of the stainless steel 12H18N10T and a tita-
nium anode covered with ruthenium oxide. The area of the
electrodes and the membrane area is 0.11 dm?. Electrolysis
was carried out at a current of 0.1-1 A, a voltage of 5-33 V.

While conducting a study in the two-chamber electro-
lyzer, the cathode and anode regions were separated by the
anion-exchanging membrane MA-40 (Ukraine). The cath-
ode chamber contained a working solution of metal with a
concentration for the ion of heavy metal of 10 mg/dm?. The
anode chamber contained a 0.5 N solution of sulfuric acid.
The study was carried out using the distilled and tap water
from the city of Kyiv. In addition, we conducted a study
using the tap water, which was preliminary softened with a
soda solution. When using distilled water, NaySO4 was add-
ed to the solution in a concentration of 100 and 200 mg/dm?
in order to increase the conductivity of the solution.

During electrolysis, we controlled in equal time intervals
the residual concentration of the metal, the alkalinity in a
cathode chamber, and the acidity in the anode chamber.

The degree of removal of heavy metal ions from solutions
was calculated from formula:

Zzb.mo%y )
C

s

where Cy is the starting concentration of metal ions; C, is the
residual concentration of metal ions.

The output for current was computed as a ratio of the
theoretical amount of electricity to the amount of electricity
that is used to transport an equivalent of a substance [21].

B=2s.100%="2.100%, 2)
q[ mt

where ¢ is the amount of electricity that is actually used to
transport an equivalent of a substance; ¢; is the theoretical
amount of electricity, which is used to transport a substance;
m, is the amount of an actually transported substance; m; is the
theoretically determined amount of a transported substance.

The actual amount of a transported substance was deter-
mined by a change in its concentration in the full volume of a
solution.

The theoretical amount of a transported substance was
determined according to the Faraday’s law:

m =K, I-t, ()

where K, is the electrochemical equivalent; I is the amperage,
A; tis time, h.
Characteristics of tap water are:
H=5.2 mg-equiv./ dm?;
A=5.1 mg-equiv./dm?;
C17]=73.5 mg/dm?
SOi’] =57 mg/dm?;
pH=7.272.
Characteristics of softened water are:
H=1.75 mg-equiv./dm?;
A=31 mg-equiv./dm?;
[CI7]=72 mg/dm?;

[SO? ]=55.7 mg/dm?

pH=10.3.

The concentration of ions of heavy metals was deter-
mined by the method of inverse chronopotentiometry [22].

5. Results of research into electrochemical removal of
heavy metals from water

5. 1. Processes of electroextraction of heavy metals
in the one-chamber electrolyzers from low-concentrated
solutions

During the electrolysis of solutions of sulfates of copper
and zinc in distilled water in the presence of sodium sulfate
at a starting concentration of ions of metals of 10 mg/dm?,
we observed a gradual reduction in concentration over the
period of electrolysis (Fig. 1). In this case, the process is
more efficient in the case of zinc ions, as in the electrolysis
of a solution of copper sulfate. In the first case, over 4 hours
the concentration of zinc decreases to 1.63 mg/dm?, while
that of copper - only to 3.18 mg/dm?3. That may be due to
the higher power of current in the case of zinc. Although
we observed for the latter slightly higher output values for
current than those for copper.

In general, the process differs from electrolysis from the
more concentrated solutions [10], where the extraction of
copper proceeds more efficiently. It should be noted that
due to the low concentrations of ions and the course of
the competing reaction of electrochemical decomposition
of water with the evolution of hydrogen and oxygen, the
outputs for currents were very low in both cases. At the
same time, while the output for current in the concentrat-
ed solutions, when recovering these metals, amounted to
50-90 % and dramatically decreased with a decrease in the
concentration of metals, in the diluted solutions it reached
(4-20)-10"* % and changed little with a change in concen-
tration. This is due to the fact that the concentration of
ions was so low that the bulk of electric power was used for
competing processes — mainly on the electrolysis of water.
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Fig. 1. A change in the concentration of copper (1) and zinc
(2), in the output for current (3; 4) in a solution of distilled
water over the duration of electrolysis at initial pH of the
solution 5.94 (1; 3) and 7.17 (2; 4), voltage 31V (1; 3) and

25V (2; 4) at amperage 0.4 A (1; 3) and 1.57 A (2; 4)

Similar results were obtained during electrolysis of solu-
tions of lead chloride in distilled water (Fig. 2). In this case,



at a starting concentration of lead of 10 mg/dm?, its residual
concentrations decreased to 2.01-2.21 mg/dm?, and at a
starting concentration of 5.89 mg/dm?, its residual concen-
tration was 0.12 mg/dm?. The output for current was also
the same as for copper and quite low for zinc.
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Fig. 2. A change in the concentration of lead (1; 2; 3; 4; 5), in the
output for current (6; 7; 8; 9; 10) over the duration of electrolysis
of a solution of lead chloride in distilled water (1; 2; 3; 6; 7; 8) at
concentration of Na;SO,4 100 mg/dm3 (1; 6) and 200 mg/dm? (2; 3;
7; 8) , tap (4; 9) and softened tap water (5; 10) at initial pH 5.81
(1;2;3;6; 7; 8); 7.15 (4; 9); 10.31 (5, 10) and amperage 0.012 A
(1; 6); 0.040 A (2; 7); 0.14 A (3; 8); 0.06 A (4; 9); 0.156 A (5; 10)

The extraction of ions of lead in tap water (Fig. 2) also

occurs quite effectively, similar to this process in softened
water.

Similar results were obtained during electrolysis
of copper sulfate in tap water and softened tap water
(Fig. 4). It is obvious that this is due to an increase in
pH in tap water, as well as a reduction of the negative
impact of hardness ions, which, during hydrolysis on
the cathode, reduce the electrical conductivity of the
system. Note that the output for current is not sig-
nificantly affected because this indicator is very low
at the expense of a concentration factor.
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5. 2. Influence of pH of the medium on the effective-
ness of electroextraction of ions of heavy metals from
diluted solutions

Solutions had a starting pH value at the level of 5.81.
When increasing the pH of solutions, lead removal effi-
ciency increased (Fig. 3). At pH 7.58 and 8.58, the con-
centration of lead decreased over 4 hours from 10 mg/dm?
to 0.50 and 0.31 mg/dm3, respectively. At pH=10.27, the
concentration decreased to 0.155 mg/dm3.
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Fig. 3. A change in the concentration of lead (1; 2; 3; 4) and
pH (5; 6; 7; 8) of the solution of distilled water, containing
200 mg/dm? of Na,SO, due to the duration of electrolysis at
a voltage of 20 V at initial pH 7.5 (1; 5); 8.5 (2; 6); 9.5 (3; 7);
and 10.5 (4; 8)
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Fig. 4. Dependence of the residual concentration of
copper ions (1; 2; 3; 4; 5) and amperage (6; 7; 8; 9; 10)
during electrolysis of the solution of copper sulfate in
softened tap water (1; 2; 3; 4; 6; 7; 8; 9) and tap water
(5; 10) at initial pH: 10.30 (1; 2; 3; 6; 7; 8); 8.00 (4; 9);

7.15(5; 10)

5.3. Removal of ions of heavy metals from diluted
solutions using an electrolysis method in two-chamber
electrolyzers

It should be noted that in a two-chamber electrolyzer
the efficiency of removal of ions of heavy metals increases,
independent of pH of the medium and the concentration of
hardness ions (Fig. 5). Thus, the concentration of copper
ions in tap water at pH=6.82 decreases over 4 hours from
10 to 0.28 mg/dm3, whereas in softened water at pH=10.3
it reduces from 10 to 0.67 mg/dm?. The concentration of
zinc is reduced to 0.07 mg/ dm?3, below the permissible
norms for discharge into sewage, in drinking water or nat-
ural water for domestic purposes.

In general, a given electrolyzer makes it possible to not
only post-purify wastewater to acceptable levels, but also
provides an opportunity to clean natural water to a drinking
water quality. In this case, water can be effectively purified re-
gardless of the level of water hardness and pH of the medium.
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Fig. 5. A change in the concentration of copper ions
(1; 2) and zinc (3), in the output for current (4; 5; 6) over
the duration of electrolysis of the solution of ions in tap
water (1; 4), softened tap water (2; 3; 5; 6) in a two-chamber
electrolyzer at initial pH 6.82 (1; 4) and 9.55 (2; 3; 5; 6) at
amperage 0.045 A (1; 4); 0.2 A (2; 3; 5; 6)

6. Discussion of results of studying the electrochemical
removal of heavy metals from water

As one can see from the results shown in Fig. 1, 4, 5,
in the course of electrolysis of aqueous solutions of heavy
metals we observed a decrease in the residual concentration
of metals over the duration of electrolysis. Though, as it is
known from [23], when determining heavy metals polaro-
graphically, the recovery on cathodes occurs at consider-
ably lower concentrations, to 10~ mg/dm3. However, in
this case specific electrodes are employed — mercury, silver,
gold, platinum. The electrodes are cleaned from impurities
in certain ways.

We used a standard electrode made of stainless steel,
which can be partially covered with the products of met-
al oxidation. In addition, the tap and partially softened
water always contain the hardness ions. As a result of
the medium alkalization on the cathode due to reaction
(4), they can deposit on the cathode in the form of metal
hydroxides (reactions 5; 6). This process leads to the pas-
sivation of the cathode and impedes the recovery of metals
in reaction (7).

2H,0-2¢—20H +H, T, (4)
Mg* +20H" — Mg(OH),, )
Ca” +20H" — Ca(OH),, (6)
M* +2¢ — M, (7)

where M2" are the ions of metals Zn2*, Cu?*, Pb2".

Removal of trace amounts of heavy metals can occur
by the hydrolysis on the cathode as well. In this case, there
are no visible deposits of a metal hydroxide or a free metal.
It is known that heavy metals’ ions pass into the state of
hydroxides at pH>8.5-9.5. However, when treating tap
water that contained lead in a concentration of 10 mg/dm3

with a solution of soda with the consequent taking the pH
to 10.5, settling and filtration, the residual concentration of
lead was 8.46 mg/dm3. That is, despite the high content of
carbonate and hydroxide ions in water, the bulk of lead re-
mained in the solution. That occurs even though the prod-
uct of solubility of PbCO3is 7.5:10"14, Pb(OH), — 1-10%4,

Similar results were obtained when using solutions of
sulfates of zinc and copper in softened water whose pH
was 9.53-10.35. In these solutions, the concentrations
of ions of copper and zinc reached =10 mg/dm®. Most
likely, the result of electrolysis was the reduction of heavy
metals’ ions regardless of the degree of hydrolysis, while
residual concentrations in water were determined by the
content of unhydrolyzed and hydrolyzed ions. This is con-
firmed by the results of post-purification of the solution
of lead chloride, treated in the electrolyzer, in softened
water at an ultrafiltering installation (Table 1). We used
the ultrafiltering membrane OPMN-P. The voltage was
6 V, the amperage was 0.1 A. A starting concentration
of lead was 10 mg/dm?, pH of the solution was 10.28,
H=1.2 mg-equiv./dm?, A=30 mg-equiv./dm?,

At the beginning, when the degree of recovery (removal)
of lead (Z) was 5.6 %, the residue of the metal in water was
in the hydrolyzed state and it was removed from the ultra-
filtering membrane by 99 %. Next, with an increase in the
degree of lead recovery to 85 %, its part in the ion state in
a solution increased to 0.85-1.015 mg/dm? or to 85-99 %,
while the degree of cleaning via electrolysis and ultrafiltra-
tion decreased to 90 %.

Even though at hydrolysis and ultrafiltration the
removal of lead ions occurs faster than that during elec-
trolysis, a given method has advantages. First of all, the
concentrates that are difficult to recycle do not form. In
addition, there is no need to wash the membranes and
there is a possibility to purify water under continuous
mode in a wide range of medium’s pH. Moreover, the ap-
plication of ultrafiltration to remove copper and zinc was
less effective.

Table 1

Dependence of purification efficiency of a lead chloride
solution on electrolysis duration

t, hours 0 1 2 3 4

1| 1027 | 1023 | 10.36 | 1046 | 10.55

pH II| 1027 | 1008 | 1020 | 1025 | 10.34
Cop,mg/ | 1| 1000 | 9.44 5.28 3.47 1.47
dm? II| 10.00 | 0.08 0.85 099 | 1.015
Homg- | 1| 120 1.18 1.08 1.02 0.99
equiv./dm? || 120 0.80 0.52 0.44 0.36
Purification | T | 0.00 560 | 47.20 | 6530 | 85.30
degree Z,% | 11| 000 | 99.48 | 9150 | 90.10 | 89.85

Note: I — after electrolysis; II — after electrolysis and ultrafiltration

When applying electrolysis at the concentrations of
heavy metals at the level of 10 mg/dm?, the degree of remov-
al in the one-chamber electrolyzers amounted to 68-89 %
for copper, 84 % for zinc, and 95-98.5 % for lead (Table 2).
In the two-chamber electrolyzers, the degree of removal of
zinc amounted to 99.3 %, lead — 97.2 %.



Dependence of the degree of extraction of heavy metals’ ions from aqueous

solutions in a one-chamber electrolyzer

backs of the method are the low values of the
output for current, due to the low starting
concentrations of solutions. That is why, when

Table 2

treating large volumes of solutions, such a

Purification degree Z, % method will be characterized by high energy
. | Water Distilled Tap Softened consumption. Effective application of a given
hours Metal | Zn | Cu b ca Il Pb | cu | Pb method can be considered appropriate only
when treating small volumes of solutions.
pH |717(598|6.82|7.58|8.51|9.44(10.3|7.16|7.10|10.32| 10.31
1 38.8(34.3| 83 |50.3|66.0|77.4|68.8]|50.6|40.6| 74.2 | 76.1
2 45.1(48.330.5|78.7 | 77.6 [91.390.0 | 64.4 | 80.4 | 76.0 | 94.2 7. Conclusions
3 71.0 [54.3|89.1|86.4 | 83.3|93.6|95.6 | 65.7 | 81.3| 86.6 | 97.1 1. It is shown that the degree of removal of
4 83.7(68.2]98.095.0(96.9|93.6|98.5|81.884.9| 89.4 | 97.1 | ions of zinc, copper and lead from aqueous solu-

It is interesting to note that during electrolysis, or elec-
trolysis and ultrafiltration, there occurs the partial softening
of water (Table 1).

In general, the effectiveness of water purification from
the ions of heavy metals via electrolysis increases with an
increase in pH of the medium and a decrease in water hard-
ness. In the two-chamber electrolyzers, these factors almost
do not affect the effectiveness of water purification.

The results obtained indicate the prospects of using a
method of electrolysis for the selective removal of heavy met-
als from tap water, softened, or natural water. This method
of purification will not only make it possible to post-purify
wastewater to the maximally permissible concentrations for
heavy metals’ ions, but also to purify water from natural
sources to the quality of drinking water. The main draw-

tion when using an electrolysis method at con-
centrations of 10 mg/dm? in one- and two-cham-
ber electrolyzers is from 68 % to 99.3 %.

2. It was established that the effectiveness of electro-
extraction of metals from aqueous diluted solutions in
one-chamber electrolyzers increases with a decrease in wa-
ter hardness and an increase in pH of the medium, and in
two-chamber electrolyzers it is high regardless of pH of the
medium and water hardness.

3. It is shown that at low concentrations of heavy metals’
ions in water (=10 mg/dm?) when removing using the meth-
od of electroextraction the output for current is low (=102
104%) and changes little over the duration of electrolysis
and at a change in the residual concentration of metals in
water, the efficiency of zinc extraction amounted to 99.3 %,
that of lead — 97.2 %.
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