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EXTRACTION OF Cu?t, Zn2t
AND Ni?* CATIONS FROM INDUSTRIAL
WASTEWATER BY IONITE KU-2-8

Koliehova A,
Trokhymenko H.,
Magas N.

O6’ckmom docnioxncerms € MOOCIbHI POSUUHU CTNIUHUX 600 MA NPOMUBHUX 600 MeMAL000POOII0EANLHUX NIONPU-
EMCME, WO MiCMAmb ionu Midi, Hikeao ma wunky. OOnuMm 3 HaUbiALUL NPOOICMHUX MICUL € e, WO HeOOCAMHbO
susueni npouec copouyii kamionie mioi, HiKeno ma YUHKY Ha cuivHokuciomuomy xamionimi KY-2-8 npu eucoxux
KOHUeHmpauii memaris.

B po6omi 6yno eusueno npouecu copbuii ma decopbuii ionie Cu’*, Zn’* ma Ni** na xamionimi KY-2-8
¢ H™-popmi, suxopucmosyiouu MoOoesvii posuumu Cyavpham mMemanis 3a sUcokux konuenmpauii. fociiou nposoouiu
6 i0n006Minniil Koronyi diamempom 2 cym? i3 3asanmanicenum kamionimom 06’emom 20 cym®. Y npoyeci nposedens
00CAIONHCEHD BUMIDIOBANU KOHUCHMPAUTIO MEMAILE MUMPOMEMPUUHUMIUL, (DOTMOMEMPUUHUMU | IHCPYMEHTNATLOHUMU
memodamu (Konuenmpayii ionie Mioi, YuUMKY i HiKeI0, KUciommuicmo, ayxcruicmo, pH). Modeavui posuunu ionie
saxckux memanie Cu’*, Zn’* i Ni** xonyenmpauiero 10, 20 ma 50 mez-exe/om> nponyckanu uepes ionim KY-2-8
y H'-popmi. Emnicmo ionimy npu copbuii 0,01 1 modenvnux posuunis y cepednvomy docsazanra 2073 mz-exs/ oM,
npu 0,02 1 — 2140 mz-exe /0> i npu 0,05 1 — 2100 mz-exe/0m>. Y pobomi nicis uyuens Memanie 3 MOOIbHUX
PO3UUNIE Ma NOBHO20 HACUYeHHs ioHimY 6YI0 sueueHo ymoeu pezenepayii kamionimy ¢ Cu?*, Zn’* ma Ni**-gopmi
posuunamu 5, 8 ma 10 % cipuanoi xucromu. Epexmusnicmo decopbuii ionie deyxearenmnux memanis 3 ionimy

ckaadana matixnce 100 % .

Hayxosa nosusna pobomu noiseae 6 momy, wo 6y.io nposedeno copouiio ionie memanis npu xonyenmpaisx 10,
20 ma 50 mz-exe/0M> 6 nepepaxynxy na meman ma ix decopbuiro 5, 8 ma 10 % cipuanoro kuciomoio 3 Kamiorimy.
ITicais npoeedenns docnidie 6Yn0 3aNPONOHOBAHO CXEMY OUUUWCHHS NPOMUBHUX 600 3G 00NOMO2010 T0HHOZ0
06Miny ma erexmponisy, w0 0acmo 3mozy Ha NIONPUEMCMBAX 2aTbBAHIYHUX BUPOOHUUME 0P2AHI308YBAMU KO0~

2iuno-6e3neuni npoyecu 06poOKU Memais.

Kmouosi cnosa: sascki memanu, ionnuil 00Min, copouis i01ie Memanis, cmiuna 600d, 2a1b8aHIuHe BUPOOHUYMEO.
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1. Introduction

An increase in the technogenic load on nature by a factor
of hundreds occurred in the twentieth century as a result
of the rapid development of scientific and technological
progress. As a result, about 30 million tons of minerals are
extracted annually from the bowels of our planet; 1.5 %
of this raw material is the form of the product consumed,
and about 98 % is industrial waste that is toxic to humans.
Scientists have calculated that if production continues to
grow at a similar pace, iron will last 250 for mankind, tin
for 35, and copper for 29 years. By 2500, mankind will
exhaust all the reserves of metals on Earth [1].

According to the International organization Global Foot-
print Network, mankind today has exhausted natural resources,
namely water, air, soil, which the planet can restore in a year
(resource use is 1.75 times higher than restoration) [2].

Conservation and restoration of water resources are one
of the most pressing issues of our time with a lack of clean
water or its unsatisfactory quality in developing countries. Of
the total surface of the Earth (an area of 510 million km),
water occupies about 71 %. But more than 98 % of all
water reserves of the Earth are waters with high salinity,
which are not very suitable for consumption. The share of
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fresh water that is suitable for household consumption is
only 4.2 million km (0.3 % of the total hydrosphere) [3].

One of the main sources of water pollution is industrial,
municipal and agricultural wastewater, oil and oil products,
surface runoff and precipitation. The largest amount of pol-
luted wastewater from industrial effluents, have a diverse
composition of pollutants. But the most toxic wastewater
is considered to be wastewater from industries using non-
ferrous metals and expensive chemicals.

Wastewater (washing and spent concentrated solutions)
of galvanic plants to a large extent contains heavy metal
ions [4], which are not only highly toxic, but also valuable
components. Indeed, in our time, for Ukraine and other
countries, the problem of the loss of valuable metals and
their removal from wastewater from galvanic plants is be-
coming urgent. One of the main tasks is the development
of new methods of treatment, disinfection, neutralization
and disposal of contaminated wastewater from industrial
enterprises.

So, the purification of industrial effluents from heavy
metal ions is very relevant for Ukraine and other countries
of the world. This problem can be solved by introducing
low-waste technologies for the extraction of valuable metals
from industrial wastewater [5].
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2. The ohject of research
and its technological audit

The object of research is model solutions of metal ions —
Cu?, Zn** and Ni?**. For sorption of these metals, KU-2-8
cation exchanger was used in H* form with a volume of
20 ¢cm?. Tonite is placed in an ion-exchange column (Fig. 1),
where sorption and desorption of heavy metal ions are
performed.

Fig. 1. [on-exchange column for purifying
water from heavy metal ions:
1 — funnel; 2 — dropping funnel; 3 — ion exchange column;
4 — collecting beaker glass for sampling; 5 — a layer of a model
solution above the ion exchanger; 6 — ion exchanger;
7 — ring stand support; 8 — screw clamp

Regeneration is carried out with sulfuric acid at a con-
centration of about 1000, 1600 and 2000 meq/dm?.

This cation exchanger is highly selective for doubly
charged metal cations, which allows the purification of
washings and their regeneration, as well as the creation
of complex low-waste technologies for wastewater treat-
ment from metal cations.

There are many methods for extracting heavy metals
from wastewater, but they all have both disadvantages
and advantages [6—8].

Fig. 2 presents the traditional scheme of treatment of
wastewater in Ukraine [9].

The main disadvantage of such a galvanic draining
treatment scheme is the use of expensive reagents and
a large amount of sludge is formed that must be disposed
of, which also requires energy. The untreated wastewater
discharges into the environment and has a negative effect
on both living organisms and humans.

Therefore, the main task is improvement of the puri-
fication schemes of wash water containing heavy metal
ions to create low-waste production at galvanic plants.

3. The aim and ohjectives of research

The aim of research is studying the processes of sorp-
tion and desorption of heavy metal cations — Cu®*, Zn?*
and Ni?* from highly mineralized wastewater using ion
exchange under dynamic conditions.

To achieve this aim, the following objectives are set:

1. To investigate the efficiency of sorption of copper,
zinc and nickel ions on KU-2-8 cation exchanger in the
H* form by the ion-exchange method with highly mine-
ralized wastewater and wash water.

2. To study the processes of cation exchange regenera-
tion from ions of copper, zinc and nickel with the help
of sulfuric acid.

3. To determine the efficiency of ion exchange for highly
saline wastewater containing heavy metal ions.

4. Research of existing solutions
of the prohlem

The most promising methods for the extraction of heavy
metal ions from wastewater of various origins are ion ex-
change [10] and electrolysis, which make it possible to
organize closed (drainless) water use cycles and ensure
the creation of low-waste processes for processing waste
regeneration solutions [11].

The efficiency of extraction of heavy metal cations by
various methods from wastewater from electroplating plants
decreases at low concentrations of these ions. Therefore,
the use of ion exchange methods is more promising for
ion concentration [12] for the further reduction of metals
by electrochemical methods.

Organic and inorganic (mineral) ion exchangers are
most often used for ion exchange [13]. The most practi-
cal value for the desalination of wastewater was found to
be artificial organic ion exchangers with a large sorption
surface. KU-2-8 cation exchanger is one of such ion ex-
changers; it has a large exchange capacity, mechanical and
chemical resistance to media [14]. KU-2-8 brand ionite is
widely used for desalination of water in various ranges of
cation concentrations, including the extraction of heavy
metals [15, 16]. In these works, the high absorption capacity
of this cation exchanger to divalent cations is shown. This
is due to the presence of one type of fixed ions — the
sulfo group. At the same time, working both in salt and
acid forms, cation exchanger is easily regenerated by both
acids and salt solutions, and it allows creating a wide
range of complex technologies for the purification of waters
contaminated with ions of heavy metals.

In [17], the sorption of copper ions on KU-2-8 cation
exchanger is studied under static and dynamic conditions
at a concentration of 1 to 30 mg/dm?. The research re-
sults show that under dynamic conditions, sorption occurs
more efficiently than under static conditions, while the

capacity of the ion exchanger
increases.

In [18], a series of experi-
ments are carried out to study

v
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Fig. 2. The traditional scheme of industrial wastewater treatment

zinc, and cadmium on synthesized
cation exchangers of the KU-2-8
grade. These works show its high
selectivity to the ions of these
metals.
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The authors of [19] develop a me-

thod for purifying acidic wash water

from pickling shops from metal ions

CM 2+
mg-Eq/dm?3

Cu, Zn, Ni, and Cr at concentrations

in the range from 3 to 250 mg/ml.

The components contained in the
wastewater are concentrated on se-

lective sorbents and then separated

by chromatographic methods.

O—=NWEAUAIOO—IN

The ion exchange capacity of ion
exchangers decreases with an in-
crease in the rate of passage of the
solution in the ion exchange column,
as well as with a decrease in the
concentration of heavy metal ions,
which is explained by the formation
of stable aquacomplexes [20].

0 05 1

1.5 2 25 3 35375 4 42545475 5 52555

V, dm?

Fig. 3. The dependence of the concentrations of sorbed copper ions ([Cu?*]=10 meg/dm®) (1), pH (4);
zinc ions ((Zn**]=10.5 meq/dm®) (2), pH (5); nickel ions ([Ni**]=10.4 meq/dm® (3), pH (B) of model
solutions of the passed volume through the KU-2-8 cation exchanger in the H* farm (V=20 cm®)
(TEDC (1)=2087.5 meq/dm®, TEDC (2)=2059 meq/dm® TEDC (3)=2072 meg/dm®)

Thus, the results of literature ana- & 25 5 =
lysis allow to conclude that KU-2-8 &2 e
cation exchanger can be used for SHE 20 -4
wastewater treatment of metal pro- 2 -1
cessing enterprises in various con- 15 r3 w2
centration ranges. lonite is also easi- 10 s -3
ly regenerated by acids and can be =>4
used repeatedly. 5 | =5

AI—IJ o
0 T T T T T O
5. Methods of research 0 05 1 L5 2 225 275 3 325
A cation exchanger with a volume V, dm3

of 20 cm® was placed in an ion-
exchange column (Fig. 1) with a dia-
meter of 2 em. The flow rate of the
model solution during sorption was
10-15 ¢cm?/min, and the flow rate

Fig. 4. The dependence of the concentrations of sorbed copper ions ([Cu?*)=20 meg/dm®) (1), pH (4);
zinc ions ((Zn%*)=20 meg/dm®) (2), pH (5); nickel ions ((Ni**)=21 meq/dm? (3), pH (6) of model
solutions of the passed volume through the KU-2-8 cation exchanger in the H* form (V=20 cm®)

(TEDC (1)=2107.5 meq/dm®, TEDC (2)=2190 meqg/dm? TEDC (3)=2120 meg/dm®)

of the solution during desorption of Tg 60 5o
metal ions was 2—5 cm®/min. Kk 45 =
As model solutions, copper sul- © 4, >0 -4
fate, zinc sulfate and nickel sulfate & 40 -3.5
dissolved in distilled water were used. -3 -l
Sorption and regeneration were car- 30 2.5-.-2
ried out one at a time in a model so- ) 3
lution on cation exchanger at concen- 20 4 e 1,5—)(-4
trations: Cu®* — 10, 20, 50 meq/dm?; 1 s
Zn%* — 10, 20, 50 meq/dm® and 10 i 0_5-.-6
Ni%* — 10, 20, 50 meq/dm?. Dur- 0 ‘ ‘ 0
ing sorption, samples with a vo- 0 01 02 03 04 05 06 07 08 09 1 11 12

lume of 100-500 c¢m?® were taken
and analyzed for copper content by
spectrophotometry [21], zinc and
nickel by trilonometry taking into
account copper concentration [21].
Acidity and pH were also monitored
in the samples.

The KU-2-8 cation exchanger was regenerated with
5, 8, and 10 % sulfuric acid in the ion-exchange column
(Fig. 1). The volume of samples taken was 20-50 cm?®.
The samples also controlled the concentration of cations,
acidity, alkalinity and pH.

6. Research results

The results of sorption of copper, zinc and nickel ions
on the cation exchanger under dynamic conditions are
presented in Fig. 3-5.

V, dm?

Fig. 5. The dependence of the concentrations of sorbed copper ions ([Cu?*]=50 meg/dm®) (1), pH (4);
zinc ions ((Zn?*)=50 meg/dm®) (2), pH (5); nickel ions ([Ni**]=49 meq/dmS (3), pH (6) of model
solutions of the passed volume through the KU-2-8 cation exchanger in the H* form (V=20 cm®)

(TEDC (1)=2100 meg/dm®, TEDC (2)=2105.5 meg/dm?, TEDC (3)=2093 meq/dm’)

As studies have shown (Fig. 3), the total exchange
dynamic capacity (TEDC) of the ion exchanger reaches
an average of 2073 meq/dm?® when passing 0.01 n model
solutions. 2.5-3 dm? of model solutions were passed to
the breakthrough of heavy metal ions in the analyzed so-
lution, and 5-5.5 dm® had to be skipped before the ion
exchanger was completely saturated, as can be seen from
the graphs in Fig. 3.

When passing model solutions with a concentration
of 0.02 n, the total exchange dynamic capacity of the ion
exchanger reached an average of 2140 meq/dm3. The volume
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of missed model solutions before

the breakthrough of heavy metals

was approximately 1.5 dm?. For

complete saturation of the cation
exchanger, it was necessary to skip

about 3.25 dm? of heavy metal

-1

solutions (Fig. 4).

-2

When transmitting 0.05 n mo-
del solutions, the exchange capacity 0

-3

of cation exchanger was an average
of 2100 meq/dm?3. The complete
saturation of the cation exchanger
occurred when 1.2 dm? of the solu-
tion was passed through; 0.6 dm?
of the solution was passed into the
metal breakthrough, as can be seen
from Fig. 5.

T T T T T 1
[e)) <t N <t (o)) <t
— (o] N N cn <t

21.5 4
26.5 4
31.5
36.5 1
41.5 4

q,, cm’/cm?

Fig. 6. Dependence of the desorption degree of copper (1), zinc (2) and nickel (3) ions
on the specific consumption of 5 % Hp504 (cm®/cm®) through the KU-2-8 cation exchanger
in Cu?*, Zn®* and Ni®* forms (V;=20cm®) with the mass of sorbed ions, meq:

41.8 (1), 42.11 (2) and 41.86 (3)

From the presented graphs 120
(Fig. 3-5) it is seen that the pH of
the samples increased with decreas- 100

ing acidity, while the KU-2-8 ion
exchanger was saturated with Cu?,

-1

Zn%* and Ni**cations. In general,
the sorption of metal ions occurred N

-2

quite efficiently, as expected. 40
In order to evaluate the ef-

&3

purification from heavy metals, it

fectiveness of ion-exchange water 20 /

is necessary to take into account
not only the sorption capacity, but
also the degree of regeneration of
cation exchanger.

4 5 6 85 11 135 16 185 21 235

qp, cm¥/cm?

Therefore, after studying the
sorption of heavy metals on cat-
ion exchanger, sulfuric acid was
regenerated.

The results of ion exchanger
regeneration in Cu®*, Zn* and Ni%*
forms are shown in Fig. 6-8.

During the desorption of metal
ions with 5 % sulfuric acid (Fig. 6),
the concentration of Cu®*, Zn%*
and Ni?* cations in the first sample
averaged 583 meq/dm?, and in the
last sample reached 0 meq/dm?®.
In this case, the acidity increased
on average from 298.3 meq/dm?
to 998.3 meq/dm?, and the pH of
the samples decreased.

The regeneration of KU-2-8
ion exchanger under dynamic con-

Fig. 7. Dependence of the desorption degree of copper (1), zinc (2) and nickel (3) ions
on the specific consumption of 8 % H,50, (cm®/cm®) through the KU-2-8 cation exchanger
in Cu?*, Zn®* and Ni** forms (V,=20 cm®) with the mass of sorbed ions, meq:

40.34 (1), 41.18 (2) and 41.43 (3)

-1
40 -2

20 -3
0 / T T T T T T T T
0

1 2 3 4 5 6 7 8

105 13 155 18

q,, cm¥/cm?
Fig. 8. Dependence of the desorption degree of copper (1), zinc (2) and nickel (3) ions

on the specific consumption of 10 % Hz504 (cm%/cm®) through the KU-2-8 cation exchanger
in Cu?*, Zn® and Ni%* forms (V;=20cm®) with the mass of sorbed ions, meq:

ditions of 8 % H,SO, is shown
in Fig. 7.

The graphs show that the efficiency of metal desorp-
tion reaches 100 %. The concentration of metals in the
first sample was, on average, 808 meq/dm?; in the last
sample, on average, 0 meq/dm?. Acidity also increased,
and the pH of the solutions decreased.

The desorption of heavy metal ions by 10 % acid shows
greater efficiency than the regeneration of 5 or 8 % sulfuric
acid, as can be seen from the graphs in Fig. 8. The concentra-
tion of cations in the first samples averaged 836.4 meq/dm?,
in the last — 0 meq/dm?, while the acidity increased with
each breakdown.

41.74 (1), 42.75 (2) and 42.3 (3)

The experiments show a rather effective regeneration
of the ion exchanger with 5, 8 and 10 % sulfuric acid.
At 10 % H3SOy, the desorption of metal ions was more
effective than with 5 and 8 % acid regeneration.

After obtaining regeneration solutions of metal mixtures,
it is advisable to carry out their electrolysis, which is the
next step in the treatment of wastewater contaminated
with heavy metals [5].

After carrying out the studies, a flow chart was pro-
posed for purifying wash water from heavy metal ions,
including copper, zinc and nickel (Fig. 9).
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Washing boxes
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KU-2-8 cation-
exchange filter in
H' form

¥ J

HzSO4
solution

Wash water Collecting
tank regenerant tank

Electrolyzer Pure metals

\

H,SO4

Fig. 9. Schematic diagram of the treatment of washing water in galvanic plants using ion exchange and electrolysis

Waste rinse water containing metal cations enters the
cation exchanger, where ion-exchange on the KU-2-8 ion
exchanger takes place. After that, regeneration solutions
containing a high concentration of metal and sulfuric acid
enter the electrolyzer, where the electrochemical separation
of metal and acid takes place. The pure acid from the
electrolyzer returns again to the regeneration of cation
exchangers. Thus, it is possible to organize waste-free pro-
cesses for the extraction of metals from the washing water
of galvanic plants, which are environmentally friendly and
economically viable.

7. SWOT analysis of research resulis

Strengths. KU-2-8 brand ionite in acid form is highly
selective for divalent metal cations (Cu?*, Zn%*, Ni**) and
the degree of desorption by ion exchangers reached almost
100 % on average. Therefore, its use for the concentra-
tion of metals in the treatment of washing wastewater
is quite effective.

Weaknesses. Tt is known that in the washing, regeneration
and waste waters of metalworking industries are mixtures
of heavy metal ions. Therefore, for an objective study and
creation of integrated technologies for the purification of
these waters, it is necessary to conduct experiments with
a mixture of heavy metals.

Opportunities. After the desorption of metals on the
formation of KU-2-8 ion exchanger, the formation of re-
generation solutions is advisable to be processed by the
electrochemical method in a single-chamber electrolyzer,
which allows returning valuable components to production.

Threats. Sorption methods for concentration of heavy
metal ions on cation exchanger take a lot of time, and
the rate of sorption of ions is proportionally dependent
on the transmission rate of wastewater.

1. Sorption of heavy metal ions (copper, zinc, nickel)
on the strongly acidic cation exchanger KU-2-8 in the
H* form is carried out. It is determined that the sorp-
tion of metals on the cation exchanger occurs efficiently
and the selectivity of this cation exchanger is almost the
same for these metals. Also, the exchange capacity of
ion exchanger varied from metal concentrations in model
solutions.

2. The results of the regeneration of a mixture of me-
tals on the KU-2-8 ion exchanger in the Cu?*, Zn?* and
Ni2* forms at 5, 8 and 10 % sulfuric acid showed that
regeneration occurs almost 100 %.

3. It has been established that after sorption and de-
sorption of heavy metals on cation exchanger it is advis-
able to conduct electrolysis of these metals.

A flow chart of the treatment of washing water from
galvanic plants using ion exchange and electrolysis is pro-
posed, which will allow the creation of closed systems for
the treatment of wastewater contaminated with heavy
metal ions.
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