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06’ckmom docnioncenns € nPOMUGHI CIiUIL 600U 2ANbEAHIUHUX SUPOOHUUME, WO MICTAMb KAMIOHU BANCKUX Me-
manie. HaiiGinvur nowupeni peazenmmui Memoou OUUCKY 2a1b8aANMHUX CMOKIE He 3a6e3nevyomb HeoOXiOnuti cmyniiy
OUUUEeHHS 800U, CYNPOBOONHCYIOMBCS EMPAMOI0 YIHHUX KOMNOHEHMIE | YMEBOPEHHIM SHAUHUX 00 EMI8 MOKCUUHUX
wamie. lownuil 0OMin € nepcnekmusHUM 6 CMEOPEHHL MEeXHOL02I OUUCTKU CINIYHUX 600 2a1b8AHIYHUX GUPOOHULME.

001010 3 Hatibinvw 20706UX NPOOIEM I0HOOOMINIOL MEXHO0ZIL € NPOUECU Pezenepauii ionimis, a, 30Kpema, ymunida-
uii sionpauposanux pezenepauiunux posuunis. Hailbinvul nepcnekmusHum npu 6i0H06LeHHT Pe2eHepAuiiHUX PO3UUNIG
¢ enexmpoximiunuil memoo. IIpome, erexmpoexcmpaxyis YUHKY ma HiKe0 NPAKMUUHO HEMONCIUBA 3 KUCIUX PO3-
uuHi6 6e3 posoiientst eneKmpoonozo npocmopy memopanoro. Kpim mozo, cmoxu eanveaniviux upoOHuyme micmsamo
cymiui ionie saxckux memanis. Ile ycxkaaomuioe npouec ouUcmKu Cmivnux 600 ma NOBEPHEHHS UIHHUX KOMNOHEHMIE
Y BUPOOHULMEBO.

B x00i docnidacenist suxopucmosysanu curvroxuciomuui xamionim KY-2-8 ¢ Na*-gopmi 0ns susuenns npo-
yecie cymicnoi copouii ionie eaxckux memanie. Pezenepayiio kamionimy npoeoounu po3uunamu Cipuanoi ma consnoi
xkucaom. Eexmpoexcmpaxuiio yunxy ma nixeao 3 KUCIUX Pe2eHepauitinux po3uunis 30iiciiosaiu 8 060XKaMePHOMY
enexmponizepi 3 anionoooMminno memopano MA-41.

Ompumano pesyavmamu, SKi C6i0UamMb, W0 8 YMOBAX KOHUEHMPYBANHHI BANCKUX Memanie na kamionimi KY-2-8
docsznymu eexmueozo po3oinenis ix nemoxcauso. Bemarnoeneno, wo ionu saxckux memaiie copbosani inoueioyanvio
16 CYMIULaxX 3 IHUUMU TOHAMU BANCKUX MEMATLIB eeKmuU6Ho 0ecopOyiomvCs PO3UUHAMU CIPUANOT Ma CONSAHOT KUCLOM.

Buxopucmanis 060xKamepozo eiexmpoizepa, na 6iominy 6id nposedenis npouecis eiexkmponisy 6e3 posoiienis
eNeKMPOOH020 NPOCMOPY, 00360UNO NPAKMUYHO NOBHICIIO GUNYUUMU I0HU UUHKY WA HIKEI0 3 KUCIUX Pe2eHEPAUIUHUX
PO3UUNIE. A MAKONC OMPUMAMU POIUUH CIPUAHOT KUCIOMU 6 anoOuill kamepi 6 Konuenmpauii 239—651 mz-exe /0.

Kmiouosi cnosa: ounwenis cmiunux 600, eACKMpPOeKCMpPaKyis Kamionie 6anicKux Memanie, Memoo ionnozo o6 miny.

1. Introduction accumulation of significant amounts of them and their
violation by the influence of natural geochemical cycles

The issue of pollution of natural water bodies refers of the matter cycle.
to global environmental problems. It is known that the Among the most common highly toxic substances in
toxicity of the aquatic environment is formed due to the fresh water bodies, one of the leading places is occupied by
receipt of harmful substances of anthropogenic origin, the heavy metals. A characteristic feature of these ions is that
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they do not collapse under natural conditions, but only
change the form of finding, gradually accumulating in
various components of the ecosystem. They are pollu-
tants of reservoirs of increasing importance, which is due
to their stability in the external environment and high
biological activity. For example, Cd, Pb, Hg are able to
accumulate by organisms of hydrobionts and to biomagnify
behind trophic chains.

The main source of heavy metals entering the reservoirs
is the waste water of electrochemical plants, which are
present at virtually every machine-tool and instrument-
making enterprise. In addition, to a large extent, the entry
of heavy metals into water bodies, along with other indus-
trial enterprises, is affected by nuclear power plants [1, 2].
These industrial facilities are characterized by a high level
of thermal pollution and large volumes of sewage discharged
into water bodies. Enterprises of ferrous and non-ferrous
metallurgy, mining and processing complexes, enterprises
for the extraction of solid and liquid fuels are also pol-
luting the environment by heavy metals.

Cations of heavy metals, in particular zinc and nickel,
are included in the group of the most dangerous metals-
toxicants. Nickel, for example, refers to the most common
and dangerous environmental pollutants that affect the
normal course of physiological, ecological and biochemical
processes, the growth and development of all constituent
biota. In high concentrations for animals, nickel is toxic,
and for humans, its toxicity level is 20 mg/day. The maxi-
mum permissible concentration of nickel compounds in
water, air in populated areas and working areas is 0.1 mg/I,
0.00002 mg/m?, 0.005 mg/m?, respectively [3].

It should also be noted that the typical urban water
treatment plants do not provide for the stage of extraction
of heavy metal ions from sewage. In this regard, a necessary
and important issue is the development of technologies for
local wastewater treatment from heavy metal ions in the
treatment plants of enterprises to prevent the accumulation
of hazardous toxicants in surface water bodies. Therefore,
it is relevant to study in the field of non-waste technolo-
gies for sewage treatment of galvanic plants.

2. The ohject of research
and its technological audit

The object of research is model solutions containing ions
of heavy metals — analogues of waste waters of galvanic
industries. The extraction of heavy metal ions from aqueous
solutions by the ion exchange method is not a diffi-
cult problem. Strongly acid cation exchangerr KU-2-8,
in particular, has a high sorption capacity that is to metal
cations. However, the wastewater from the galvanic plants
contains mainly mixtures of heavy metal ions in its compo-
sition. In addition, ion-exchange technologies are advisable
in the case when problems of regeneration of ion exchan-
gers and recycling of regeneration solutions are solved.
It is known that the use of solutions of hydrochloric
and sulfuric acids makes it possible to achieve fairly high
degrees of regeneration KU-2-8. The known methods for
recycling of regeneration solutions of ion-exchange heavy
metal extraction from washing waters of galvanic industries
are neutralization and precipitation of metal hydroxides,
solution evaporation, electrodialysis and electrolysis. The
latter are the most promising, since they make it pos-
sible to remove metals and allow reuse of regeneration
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solutions. But since waste waters of galvanic industries
contain mixtures of heavy metal cations, the extraction of
these ions from galvanic rocks by the ion exchange method
and subsequent electrochemical processing of regenera-
tion solutions leads to a mixture of metals. Therefore, it
is important to study the processes of joint sorption of
heavy metal ions on the strongly acid cation exchanger
and processes of their desorption by solutions of sulfuric
and hydrochloric acids. Electrochemical extraction of cop-
per and cadmium ions is not a difficult problem and has
been considered sufficiently in previous publications [4, 5].
Therefore, it is important to study the conditions of elec-
troextraction of zinc and nickel from acid regeneration
solutions to ensure the repeated use of acid in the re-
generation of ion exchangers.

3. The aim and ohjectives of research

The aim of research is development of an efficient ion-
exchange technology for the extraction of heavy metal
ions from waste water from galvanic plants.

To achieve the aim it is necessary to solve the fol-
lowing tasks:

1. To determine the mutual influence of heavy metal
ions on sorption on strong acidity cation exchanger KU-2-8
when extracted from aqueous solutions — analogues of
washing waters of galvanic industries.

2. To determine the efficiency of desorption of cations
of heavy metals from ion exchangers when treated with
solutions of sulfuric acid, depending on the type of sorbed
cations.

3. To determine the efficiency of desorption of nickel
and zinc ions by the strongly acid cation exchanger KU-2-8
using solutions of hydrochloric acid.

4. To determine the conditions for electroextraction of
zince and nickel from sulfuric acid solutions in a two-cell
electrolyzer in order to obtain metals in free form and
acid solutions in concentrations suitable for reuse.

4. Research of existing solutions
of the prohlem

When recovering ions of heavy metals, reagent, sorp-
tion, baromembrane and ion-exchange methods are used.
Each of the methods has advantages and disadvantages.
When cleaning wastewater from galvanic plants, it is always
important to return valuable components to production.
Heavy and non-ferrous metals can be isolated as indi-
vidual compounds or in metallic form by ion exchange
methods, chemical and electrochemical reduction [6, 7].
Of course, the efficiency of reduction of metal ions in
wash wastewater at low concentrations is very low. It
is more expedient to concentrate the ions by the ion ex-
change method and then electrochemically isolate them
from concentrated regeneration solutions, in comparison
with waste water. It is ion exchange [8] that is promising
in the creation of closed systems for washing parts in
galvanic plants. This makes it possible to use demineralized
water for washing parts and effectively removes cations
of heavy metals and chromates from water. In addition,
in closed systems for washing parts, the concentration of
heavy metal ions should not be more than 10 mg/dm?,
whereas when discharging water into the sewage system,
this figure is reduced to 0.5 mg/dm?.
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Simplicity of operation, the possibility of wastewater
treatment with specified concentrations, low energy costs,
concentration of pollutants of a degree that provides the
possibility of further recycling, controllability of the pro-
cess allow successfully solving the tasks of creating closed
cycles of washing parts in galvanic plants. It is possible
to use local ion exchange units with replaceable filters. It
is known that the strongly acid cation exchanger KU-2-8
is characterized by a high capacity for cations, including
cations of heavy metals. This cation exchanger has a high
capacity when used in both salt and acid form. This makes
it possible to use this cation exchanger to remove heavy
metals in weakly alkaline, neutral and acid media [9]. With
equal selectivity of ion exchangers for different ions, the
main factor affecting the ion-exchange recovery of heavy
metals from water is the level of their concentrations and
the content of hardness ions in water. At low concentrations
of heavy metal ions, withdrawing them from water with
a high level of rigidity will be ineffective [10]. An important
issue in the application of ion-exchange technologies is the
possibility of regeneration of ion exchangers and proces-
sing of regeneration solutions. It is known that solutions
of sulfuric and hydrochloric acids are better than reagents
for the regeneration of cation exchangerrs from nickel and
zinc ions [11, 12]. Recycling of regeneration solutions is
possible by electrochemical reduction of heavy metals [13].
It is known that heavy metal ions, such as copper, lead and
other metals in the series of activity after hydrogen, as well
as cadmium, due to overvoltage of hydrogen evolution from
the surface of a given metal, electrochemical, even from acidic
solutions, are easily restored. Metals such as zinc and nickel
are reduced from acidic solutions only at high concentrations
(>90-100 g/dm?), and at a concentration of <50 g/dm?,
these metals are not reduced from acidic solutions. Usually
the concentrations of heavy metals in acid regeneration
solutions do not exceed 30-35 g/dm? [14]. Under such
conditions, zinc and nickel are almost impossible to remove
from these solutions by electrolysis. And at neutralization
of a regenerative solution they can’t be reused for regenera-
tion of an ion exchanger. Recycling of spent regeneration
solutions by other methods is another difficult problem.

Thus, the results of the analysis allow to conclude that
the processes of joint sorption of heavy metals from aqueous
solutions have not been sufficiently studied. As well as
the unresolved issue of electrochemical processing of acid
regeneration solutions containing zinc and nickel ions, in
order to separate metals in free form and obtain

acid solutions suitable for reuse. 70 1

60 1
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was studied under dynamic conditions by pas- 10 A
sing solutions containing mixtures of heavy me- 0

tal sulfate ions in various combinations. The 0,6

concentrations of copper ions in the mixture
were maintained at 31-35 meq/dm?, cadmium
16-20 meq/dm?, zinc 14-35 meq/dm?, nickel
22-42 meq/dm3. The volume of ion exchanger
was 10-20 cm?3. The flow rate of water under
dynamic conditions through an ion exchange
column 2 c¢m in diameter was 10—15 c¢m3/min.
Regeneration of the ion exchanger was carried

out with a 3-10 % solution of hydrochloric acid and a
5 % solution of sulfuric acid. The rate of regeneration
solution is 1-3 cm?®/min. The concentration of copper,
cadmium, zinc and nickel, and the pH of the medium were
monitored in samples of purified water or a regeneration
solution [15, 16]. To investigate the conditions for elec-
troextraction of metals, a two-cell electrolytic cell with a
stainless steel cathode and a titanium anode coated with
ruthenium oxide was used. The cathode and anode space
were separated by an anion exchange membrane MA 41.
The cathode chamber contained a sulfate solution of nickel
sulfate or zinc sulphate. In the anode chamber is a solution
of sulfuric acid with a concentration of 50 meq/dm3. As
model solutions, separately used solutions of nickel sulfate
and zinc sulfate in various concentrations of heavy metal
ions ([Ni*']=126-134 meq/dm?, [Zn?"]=120-128 meq/
dm?) and sulfuric acid [HySO4]=98-540 meq/dm?).

6. Research resulis

Since the cation exchanger KU-2-8 is characterized
by a large capacity of double-charged metal cations, it
was interesting to investigate the joint sorption of heavy
metal ions on KU-2-8 in Na*-form. As the results of the
experiment indicate, this cation exchanger effectively re-
moves heavy metal ions from solutions containing mixtures
of metals (Fig. 1, 2). The cation exchanger capacity for
cadmium and zinc, cadmium and nickel, zinc and nickel,
cadmium and copper cations amounts to ~2000 meq,/dm?,
When controlling the concentration of separately copper
ions and ions of other metals, it was shown (Fig. 2), the
cation exchanger KU-2-8 has a close efficiency for copper,
nickel and zinc ions. However, according to cadmium ions,
ionite has a lower selectivity compared to copper ions. As
can be seen from Fig. 2 (curve 4), in the first stage of
sorption, cadmium and copper ions were absorbed almost
completely. This is due to the fact that the capacity of
the ion exchanger at this stage was not completely filled.
However, in the future, with the passage of 800—1000 cm?
of the solution, copper continued to be sorbed, whereas
cadmium ions were displaced from the ion exchanger.

This led to an increase in the concentration on the
initial cadmium sorption curve (curve 4) to 31-35 meq,/dm?.
Obviously, this is possible only due to the desorption of
previously sorbed cadmium ions, they were displaced from
the ion exchanger by copper ions.

——1
-2
——3
——4
—%—5
—6

x >

200 400 600 800 1000 1200 1400 1600 1800 2000

V, cm?
Fig. 1. Dependence of output concentrations:

1 — cadmium and zinc; 2 — cadmium and nickel; 3 — zinc and nickel; 4 — cadmium
and copper; 5 — copper and zinc; B — copper and nickel from the volume of solutions
containing ions in concentrations, meg/dm3; 1 — Cd®* — 18.0, Zn®* — 30.0; 2 - Cd%* - 16.0,
Ni®* — 42.0; Zn®* — 14.0; 3 — Ni** — 22.0; 4 — Cu®* - 32, Cd** - 18.0; 5 - Zn®* - 14,
Cu?* — 33; 6 — Cu®* — 32, Zn?®* — 35. (Complete exchange dynamic capacity, meq/dm®:
1-2041; 2 - 1997; 3 — 2153; 4 — 2037; 5 — 2099; 6 — 2286) by filtration through

the cation exchanger KU-2-8 in Na*-form (Vi = 20 cm®)
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Fig. 2. Dependence of output concentrations:

1-3 — copper; 4 — cadmium; 5 — zinc; 6 — nickel from the volume of solutions containing mixtures of ions: 1, 4 — copper and cadmium; 2, 5 — copper
and zinc; 3, 6 — copper and nickel in concentrations, mg/dm®: 1, 4 — Cu?* — 1016, Cd?* - 1012; 2, 5 — Cu?" — 1000, Zn?* - 933; 3, 6 — Cu?" — 1000,
Ni®* — 1033 through the cation exchanger KU-2-8 in Na*-form (Vi=20 cm?®). (Total exchange dynamic capacity, meq/dm®: 1 — 1841; 2 — 1147; 3 — 955;

4 - 197, 5 -952; 6 - 1332)

Later, when the bulk of sorbed cadmium ions were dis-
placed, their concentration in the initial solution decreased to
an initial level of 18 meq/dm?. The total exchangeable dyna-
mic capacity of copper ion exchanger reached 1841 meq/dm?®.
However, the difference in the selectivity of cation ex-
changer KU-2-8 from the cations under study in the range
of investigated concentrations was insufficient to effectively
separate them during sorption.

The expediency of using ion exchange essentially de-
pends on the regeneration processes of ion exchangers
and recycling of regeneration solutions. It is known [17]
that solutions of sulfuric acid work quite efficiently when
regenerating cation exchanger KU-2-8. Mixtures of ions
of heavy metals during acid regeneration are washed out
of cation exchanger KU-2-8 no worse than from ion ex-
changers sorbed by one type of ions.

As the results confirm, are shown in Fig. 3, it is better to
remove cadmium, zinc and copper ions, a mixture of copper
with zinc and nickel, from the cation exchanger KU-2-8. At the
same time, in general, regeneration efficiency was high, and
the degree of desorption of metals reached 81-99 %.

It should be noted that the difference in the selectivity
of the cation exchanger KU-2-8 in double-charged cations
of heavy metals was not so significant that they could be
separated during the regeneration of the cation exchanger.
This is evident from the desorption curves of copper and
cadmium (Fig. 3, curve 1, 4). Copper and cadmium were
washed out of the cation exchanger almost simultaneously
in quantities equivalent to the amount of sorbed ions.

Fig. 4, 5 presents the results of desorption of zinc
and nickel ions by solutions of hydrochloric acid. The

700 1
600
500
400
300

C, meq/dm?

200
100

concentration of hydrochloric acid was changed from 3
to 10 %. In all cases, the efficiency of regeneration in-
creased with increasing concentration and consumption
of the acid solution. With a specific consumption of an
acid solution (g,) of 5 volumes per 1 volume of ion ex-
changer, a complete reduction of the ion exchanger capac-
ity was achieved using a 10 % solution of hydrochloric
acid. The degree of desorption was 100 %. For 3 % acid,
7Z=82 % for nickel and 84 % for zinc. For 5 and 8 %
solutions of HCI, the desorption degree of both metals
exceeded 92 %.

It has already been mentioned earlier that removal
of metals from waste regenerative solutions of electri-
cal extraction is a promising method. The efficiency of
the process depends on the conditions of electrolysis. It
is known that the nickel is recovered with high current
output only in a weakly acid medium (pH=3-4) [18].
Thus, the authors [19] largely solved the problem of re-
moving nickel from acidic regeneration solutions containing
nickel sulfate. But the problem was that the composition
of regeneration solutions changed with the use of borax
and boric acid, which negatively affected the processes
of regeneration of cation exchangers, with the reuse of
these solutions. The use of quaternary salts in regenera-
tion solutions is inadmissible, since they will be efficiently
sorbed on the cation exchanger, reducing its capacity by
metal cations. The authors [4] investigate the processing
of hydrochloric and sulfuric acid solutions of heavy metal
ions in single-chamber and two-chamber electrolytes, and
it was shown that the energy consumption of electrical
extraction increases with increasing acidity of solutions.

0 T T T T
0 20 40 60 80

=
140

T T

100 120
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160 180 200

Fig. 3. Change in the initial concentration of ions:
1-3 — copper; 4 — cadmium; 5 — zinc; 6 — nickel from the volume of the 5 % solution of sulfuric acid passed through
the cation exchanger KU-2-8 in: 1, 4 — Cd%*, Cu®’; 2, 5 — Cu?*, Zn®*; 6 — Cu®*, Ni®*-form (Vi=20 cm®)
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Fig. 4. Dependence: 1-4 — the initial concentration of nickel ions and 5-8 — the degree of their desorption from the cation exchanger KU-2-8
in the Ni?*-form (V=20 cm®) from the consumption of the hydrochloric acid solution by concentration, %: 1, 5 -3 2,6 -5; 3,7 - 8; 4,8 - 10
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Fig. 5. Dependence: 1-4 — the initial concentration of zinc ions and 5-8 — the degree of their desorption from the volume of the solution of hydrochloric
acid in the concentration, %: 1,5 -3 2,6 - 5; 3, 7 — 8; 4, 8 — 10 from cation exchanger KU-2-8 in Zn®**-form (Vi=20 cm®

When switching from single- or double-cell electrolyzers,
energy costs increase 2—3 times. However, the efficiency
of extraction of metals from eluates in two-chamber elec-
trolyzers is more than one-chamber. Therefore, the choice
of the design of the electrolyzer is connected with the
prospects of using the products of electrical extraction.

As hydrochloric acid provides high efficiency of desorp-
tion of nickel and zinc ions with strongly acidic cation
exchangers KU-2-8, it is expedient to study the electrolysis
processes of hydrochloric solutions containing nickel and
zinc ions. However, it is known that in the presence of
chlorides, electrodes are rapidly degraded during the process
of electrochemical reduction of heavy metals. In addition,
on the anode, the release of active chlorine occurs. Re-
moval of zinc, nickel and other metals displaces hydrogen
from aqueous solutions of acids in two- and three-chamber
electrolytes [5] from hydrochloric acid regeneration solu-
tions, is accompanied by the use of expensive membranes,
low reliability of the latter and significant energy costs.

Therefore, the processes of electrolysis of acid solutions
of nickel sulfate and zinc in a two-chamber cell are carried
out. The results are presented in Tables 1, 2.

It should be noted that, in contrast to the processing
of acidic solutions containing zinc ions, in single-cell elec-
trolyzers, in a two-cell electrolyzer, zinc is restored quite

efficiently (Table 1). At the first stage of the process, the
acidity in cation exchanger decreased to 30—60 meq/dm?
from 100-560 meq/dm3, and then zinc reduction takes
place. The maximum yield of zinc is reached only on
the 2nd-4th hours of electrolysis. This is due to the
competing process of hydrogen evolution at the cathode,
which is accompanied by the diffusion of sulfates into the
anode region. Only after the decrease in acidity in the
cathode area did the intensity of zinc reduction increase.
It should be noted that during electrolysis, as the zinc
is reduced and the sulfates are diffused into the anodic
region, the acidity of the anion exchanger increases and
reaches 239-641 meq/dm®. The extraction rate of zinc
by the 8:00 am electrolysis is 91-99 %.

A similar dependence is noted in the electrolysis of
acidic solutions of nickel sulfate in a two-compartment
electrolyzer (Table 2). In this case, nickel begins to be
efficiently reduced at acidity to catholyte at a level of
50-90 meq/dm3. Extraction rate is 99 %.

This approach is important only when analyzing mixtures
of metals. In addition, it is inapplicable in the purification
of water from heavy metal ions, when the problems of
concentrating metals and completely removing the lat-
ter from the eluates in the form of a metal powder are

highlighted [16].
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Tahle 1

Dependence of efficiency of zinc extraction in a two-cell electrolyzer (Membrane MA-41) from the time of electrolysis at a voltage of 25V
at the acidity of the solutions (Hp504), meg/dm3: 100 (I), 250 (II), 540 (1II)

K, meq/dm?

th . meg/dm’ LA Cation exchanger Anion exchanger B %

I II I I II I I I 111 I II I I II I
0.0 128 127 120 0.315 0.685 | 0.690 | 100 250 560 50 50 50 - - -
1.0 75 83 85 0.185 0.190 | 0.210 | 322 | 600 | BO.1 171 284 585 42.5 17.3 14.0
2.0 25 29 32 0.050 0.040 | 0.060 | 32.7 | 45.1 50.2 221 327 628 72.7 76.4 67.9
3.0 16 20 16 0.030 0.030 | 0.060 | 324 | 354 | 403 226 339 640 80.4 61.6 72.7
4.0 14 14 6 0.010 0.030 | 0.040 | 288 | 352 | 401 231 343 641 53.7 52.4 45.5
5.0 13 10 4 0.010 0.030 | 0.030 | 289 | 30.1 35.4 234 342 643 26.9 35.7 13.4
6.0 12.0 8 3 0.010 0.030 | 0.030 | 28.0 | 300 | 30.1 238 343 642 26.9 17.9 8.6
7.0 11.7 6 2 0.005 0.030 | 0.030 | 26.0 | 30.0 | 30.0 239 344 642 16.1 16.9 8.4
8.0 11.5 4 1 0.005 0.030 | 0.030 | 24.0 | 298 | 300 239 343 641 10.8 16.5 8.2

Table 2

Dependence of efficiency of nickel extraction in a two-cell electrolyzer (Membrane MA-41) from the time of electrolysis at a voltage of 25V
at the acidity of the solutions (Hp50,4), meg/dm®: 100 (I), 250 (II), 540 (IIN)

Eﬁ;, meg/dm® I A fi meq/dm® B, %

th Cation exchanger Anion exchanger

I I I I I 111 I II 111 I I 11 I I it
0.0 126 132 134 - - - 100 280 540 50 50 50 - - -
1.0 94 77.0 71 0.395 | 0.508 | 0.810 50 80 90 132 305 563 22.1 14.8 21.0
2.0 58 42.0 31 0.155 | 0.185 | 0.135 30 65 B5 193 355 619 62.1 508 80.2
3.0 27 16.0 14 0.105 | 0.080 | 0.065 32 60 50 221 386 639 79.5 86.7 70.8
4.0 7 6.0 4 0.085 | 0.060 | 0.060 30 60 50 243 395 651 64.5 45.5 448
5.0 2 1.0 1.3 0.030 | 0.050 | 0.040 28 55 50 250 398 657 446 26.9 33.3
6.0 1 0.5 1.0 0.010 | 0.010 | 0.010 29 50 40 250 397 658 26.9 13.4 8.1
7.0 0 0.4 0.6 0.010 | 0.004 | 0.005 28 50 40 251 398 657 26.5 9.1 8.0
8.0 - - 0.4 - - 0.003 - - 40 - - 657 - - 4.2

7. SWOT analysis of research resulis

Strengths. 1t is almost impossible to completely eliminate
zinc and nickel ions from acid regeneration solutions. The
degree of extraction is more than 90 %. This makes it
possible to return valuable components to production. In
addition, the acid concentration in the anion exchanger
increases to values that allow it to be used repeatedly in
regeneration processes. Thus, the results of the research
create the basis for the creation of low-waste ion exchange
technologies for the neutralization of waste waters from
galvanic industries.

Weaknesses. By carrying out the process of recovery
of acid regeneration solutions containing zinc and nickel
ions in two-cell electrolyzers, this leads to an increase
in energy costs when implementing such scheme for the
utilization of eluates. Since the processes of metal reduc-
tion and hydrogen reduction proceed in parallel.

Opportunities. Scraps of sewage waste from galvanic
plants often contain mixtures of heavy metal ions, it would
be advisable to investigate the electrochemical processing
of regeneration solutions after ion-exchange treatment of
such wastewater. This would allow the return of valuable

components to production and prevent the entry of harm-
ful toxicants into natural water bodies.

Threats. The use of electrochemical processing of re-
generation solutions at existing water treatment plants
will lead to an increase in production costs. As compared
to reagent methods, electrochemical processing has sig-
nificant energy costs.

This method is advisable to use for cleaning of sewage
effluents of galvanic industries, because it is unsuitable for
concentrating metals and completely removing the latter
from the eluates in the form of a metal powder.

1. Sorption of cations of heavy metals from solutions
containing their mixtures is carried out on the strongly
acidic cation exchanger KU-2-8. It is established that
the cation exchanger KU-2-8 has the highest selectivity
for Zn?*, Ni**, Cu?" ions in comparison with the Cd?*".
However, under the conditions of concentrating heavy
metals on cation exchangers, when cleaning galvanic rocks,
it is impossible to achieve an effective separation of these
cations. At 1800 meq of sorbed Cu?*, about 190 meq of
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the sorbed Cd? ions). The selectivity of ion exchanger
according to Zn**, Ni%*, Cu®" is approximately the same.

2. The desorption of cations of heavy metals by solu-
tion of sulfuric acid is investigated. It has been estab-
lished that heavy metal ions are sorbed individually and
in mixtures with other heavy metal ions are efficiently
desorbed by sulfuric acid, regardless of the ratio in the
sorption volume. Using a 5 % solution of sulfuric acid,
the degree of desorption of metals reaches 81-99 %.

3. The efficiency of desorption of zinc and nickel ions
with strongly acidic cation exchanger is studied using solu-
tions of hydrochloric acid. It is shown that at a specific
consumption of 5 volumes of acid per 1 volume of ion
exchanger, the degree of desorption of 100 % for cations
of nickel and zinc is achieved in the case of using a 10 %
solution of hydrochloric acid.

4. The process of electrochemical reduction of zinc and
nickel from acidic solutions containing sulfates of these
metals is studied in a two-cell electrolyzer. It is estab-
lished that the maximum yield of metals is reached for
2—4 hours of electrolysis. The degree of metal recovery in
8:00 of electrolysis is 91-99 %. The acidity of the anion
exchanger grows from 50 meq/dm?® to 239-641 meq/dm?.
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