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EXTRACTION OF Cu2+, Zn2+  
AND Ni2+ CATIONS FROM INDUSTRIAL 
WASTEWATER BY IONITE KU-2-8

Об’єктом дослідження є модельні розчини стічних вод та промивних вод металооброблювальних підпри-
ємств, що містять іони міді, нікелю та цинку. Одним з найбільш проблемних місць є те, що недостатньо 
вивчені процес сорбції катіонів міді, нікелю та цинку на сильнокислотному катіоніті КУ-2-8 при високих 
концентрації металів.

В роботі було вивчено процеси сорбції та десорбції іонів Cu2+, Zn2+ та Ni2+ на катіоніті КУ-2-8  
в Н+-формі, використовуючи модельні розчини сульфат металів за високих концентрацій. Досліди проводили 
в іонообмінній колонці діаметром 2 см2 із завантаженим катіонітом об’ємом 20 см3. У процесі проведення 
досліджень вимірювали концентрацію металів титрометричними, фотометричними і інструментальними 
методами (концентрації іонів міді, цинку і нікелю, кислотність, лужність, рН). Модельні розчини іонів 
важких металів Cu2+, Zn2+ і Ni2+ концентрацією 10, 20 та 50 мг-екв/дм3 пропускали через іоніт КУ-2-8  
у Н+-формі. Ємність іоніту при сорбції 0,01 н модельних розчинів у середньому досягала 2073 мг-екв/дм3, 
при 0,02 н – 2140 мг-екв/дм3 і при 0,05 н – 2100 мг-екв/дм3. У роботі після вилучення металів з модельних 
розчинів та повного насичення іоніту було вивчено умови регенерації катіоніту в Cu2+, Zn2+ та Ni2+-формі 
розчинами 5, 8 та 10 % сірчаної кислоти. Ефективність десорбції іонів двухвалентних металів з іоніту 
складала майже 100 %.

Наукова новизна роботи полягає в тому, що було проведено сорбцію іонів металів при концентраціях 10, 
20 та 50 мг-екв/дм3 в перерахунку на метал та їх десорбцію 5, 8 та 10 % сірчаною кислотою з катіоніту.

Після проведення дослідів було запропоновано схему очищення промивних вод за допомогою іонного 
обміну та електролізу, що дасть змогу на підприємствах гальванічних виробництв організовувати еколо-
гічно-безпечні процеси обробки металів.

Ключові слова: важкі метали, іонний обмін, сорбція іонів металів, стічна вода, гальванічне виробництво.
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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 

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 object of research  
and its technological audit

The object of research is model solutions of metal ions – 
Cu2+, Zn2+ and Ni2+. For sorption of these metals, KU-2-8  
cation exchanger was used in Н+ form with a volume of  
20 cm3. Ionite is placed in an ion-exchange column (Fig. 1), 
where sorption and desorption of heavy metal ions are 
performed.

Fig. 1. Ion-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/dm3. 

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 objectives of research

The aim of research is studying the processes of sorp­
tion and desorption of heavy metal cations – Cu2+, Zn2+ 
and Ni2+ 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 problem

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/dm3. 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 
the kinetics of sorption of copper, 
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.

Washing box

Water Sludge To the drain

Technological boxProducts
Water treatment 

plants

Reagents

Fig. 2. The traditional scheme of industrial wastewater treatment
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The authors of [19] develop a me- 
thod for purifying acidic wash water 
from pickling shops from metal ions 
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.

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].

Thus, the results of literature ana­
lysis allow to conclude that KU-2-8  
cation exchanger can be used for 
wastewater treatment of metal pro- 
cessing enterprises in various con­
centration ranges. Ionite is also easi­
ly regenerated by acids and can be 
used repeatedly.

5.  Methods of research

A cation exchanger with a volume  
of 20  cm3 was placed in an ion-
exchange column (Fig. 1) with a dia- 
meter of 2 cm. The flow rate of the 
model solution during sorption was 
10–15  cm3/min, and the flow rate 
of the solution during desorption of 
metal ions was 2–5  cm3/min.

As model solutions, copper sul­
fate, zinc sulfate and nickel sulfate 
dissolved in distilled water were used. 
Sorption and regeneration were car­
ried out one at a time in a model so­
lution on cation exchanger at concen­
trations: Cu2+ – 10, 20, 50 meq/dm3;  
Zn2+ – 10, 20, 50  meq/dm3 and 
Ni2+ – 10, 20, 50  meq/dm3. Dur­
ing sorption, samples with a vo­
lume of 100–500  cm3 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  cm3. 
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.

As studies have shown (Fig.  3), the total exchange 
dynamic capacity (TEDC) of the ion exchanger reaches 
an average of 2073  meq/dm3 when passing 0.01  n model 
solutions. 2.5–3  dm3 of model solutions were passed to 
the breakthrough of heavy metal ions in the analyzed so­
lution, and 5–5.5  dm3 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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Fig. 3. The dependence of the concentrations of sorbed copper ions ([Cu2+] = 10 meq/dm3) (1), pH (4); 
zinc ions ([Zn2+] = 10.5 meq/dm3) (2), pH (5); nickel ions ([Ni2+] = 10.4 meq/dm3 (3), pH (6) of model 

solutions of the passed volume through the KU-2-8 cation exchanger in the H+ form (Vi = 20 cm3)  
(TEDC (1) = 2087.5 meq/dm3, TEDC (2) = 2059 meq/dm3, TEDC (3) = 2072 meq/dm3)

Fig. 4. The dependence of the concentrations of sorbed copper ions ([Cu2+] = 20 meq/dm3) (1), pH (4);  
zinc ions ([Zn2+] = 20 meq/dm3) (2), pH (5); nickel ions ([Ni2+] = 21 meq/dm3 (3), pH (6) of model 
solutions of the passed volume through the KU-2-8 cation exchanger in the H+ form (Vi = 20 cm3)  

(TEDC (1) = 2107.5 meq/dm3, TEDC (2) = 2190 meq/dm3, TEDC (3) = 2120 meq/dm3)
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Fig. 5. The dependence of the concentrations of sorbed copper ions ([Cu2+] = 50 meq/dm3) (1), pH (4);  
zinc ions ([Zn2+] = 50 meq/dm3) (2), pH (5); nickel ions ([Ni2+] = 49 meq/dm3 (3), pH (6) of model 
solutions of the passed volume through the KU-2-8 cation exchanger in the H+ form (Vi = 20 cm3)  

(TEDC (1) = 2100 meq/dm3, TEDC (2) = 2105.5 meq/dm3, TEDC (3) = 2093 meq/dm3)
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of missed model solutions before 
the breakthrough of heavy metals 
was approximately 1.5  dm3. For 
complete saturation of the cation 
exchanger, it was necessary to skip 
about 3.25  dm3 of heavy metal 
solutions (Fig.  4).

When transmitting 0.05 n mo­
del solutions, the exchange capacity 
of cation exchanger was an average 
of 2100  meq/dm3. The complete 
saturation of the cation exchanger 
occurred when 1.2 dm3 of the solu­
tion was passed through; 0.6  dm3 
of the solution was passed into the 
metal breakthrough, as can be seen 
from Fig.  5.

From the presented graphs 
(Fig. 3–5) it is seen that the pH of 
the samples increased with decreas­
ing acidity, while the KU-2-8 ion 
exchanger was saturated with Cu2+, 
Zn2+ and Ni2+cations. In general, 
the sorption of metal ions occurred 
quite efficiently, as expected.

In order to evaluate the ef­
fectiveness of ion-exchange water 
purification from heavy metals, it 
is necessary to take into account 
not only the sorption capacity, but 
also the degree of regeneration of 
cation exchanger.

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

The results of ion exchanger 
regeneration in Cu2+, Zn2+ and Ni2+ 
forms are shown in Fig.  6–8.

During the desorption of metal 
ions with 5 % sulfuric acid (Fig. 6), 
the concentration of Cu2+, Zn2+ 
and Ni2+ cations in the first sample 
averaged 583 meq/dm3, and in the 
last sample reached 0  meq/dm3. 
In this case, the acidity increased 
on average from 298.3  meq/dm3 
to 998.3  meq/dm3, and the pH of  
the samples decreased.

The regeneration of KU-2-8 
ion exchanger under dynamic con­
ditions of 8  % H2SO4 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/dm3; in the last 
sample, on average, 0  meq/dm3. 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/dm3,  
in the last – 0  meq/dm3, while the acidity increased with 
each breakdown.

The experiments show a rather effective regeneration 
of the ion exchanger with 5, 8 and 10  % sulfuric acid. 
At 10  % Н2SO4, 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).

Fig. 6. Dependence of the desorption degree of copper (1), zinc (2) and nickel (3) ions  
on the specific consumption of 5 % H2SO4 (cm3/cm3) through the KU-2-8 cation exchanger  

in Сu2+, Zn2+ and Ni2+ forms (Vi = 20cm3) with the mass of sorbed ions, meq:  
41.8 (1), 42.11 (2) and 41.86 (3)
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Fig. 7. Dependence of the desorption degree of copper (1), zinc (2) and nickel (3) ions  
on the specific consumption of 8 % H2SO4 (cm3/cm3) through the KU-2-8 cation exchanger  

in Сu2+, Zn2+ and Ni2+ forms (Vi = 20 cm3) with the mass of sorbed ions, meq:  
40.34 (1), 41.18 (2) and 41.43 (3)
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Fig. 8. Dependence of the desorption degree of copper (1), zinc (2) and nickel (3) ions  
on the specific consumption of 10 % H2SO4 (cm3/cm3) through the KU-2-8 cation exchanger  

in Сu2+, Zn2+ and Ni2+ forms (Vi = 20cm3) with the mass of sorbed ions, meq:  
41.74 (1), 42.75 (2) and 42.3 (3)
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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 results

Strengths. KU-2-8 brand ionite in acid form is highly 
selective for divalent metal cations (Cu2+, Zn2+, Ni2+) 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. It 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.

8.  Conclusions

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 Cu2+, Zn2+ 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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