
INTRODUCTION

Treating industrial wastewaters is closely
related to environment protection, and is today’s
urgent problem. One of the main tasks of preserving
the ecosystem of the Kuban River is decreasing
the anthropogenous load, and decreasing
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ABSTRACT

The study is aimed at developing and using co-precipitated hydroxides (CPH) of aluminum
and magnesium as sorbents, in order to reduce the negative impact of oil-containing industrial
wastes on natural and artificial waterways. A new method of synthesizing a modified sorbent has
been developed, featuring high sorption capacity to a wide range of pollutants in low-acid, neutral,
and low-alkaline environments, able to extract complex compounds. A possibility to use this
sorbent has been shown, and its sorption capacity has been studied. Sorption parameters have
been defined. It has been shown that the value of the maximum achievable concentration efficiency
in extracting the said ions on a co-precipitated sorbent is about ten times higher than
the corresponding values that characterize sorption on analogous sorbents. In performing analytical
studies, standard methods were used, as well as modern methods of physical and chemical
analysis: x-ray phase, x-ray fluorescent, atomic absorption, spectral, chemical, thin layer
chromatography, and chromato-mass-spectrometry. The specific surface of the samples was
defined by the temperature of nitrogen absorption, using the chromatographic method, followed by
processing the obtained results using the Brunauer-Emmett-Teller method. Porosity was defined
using mercury porometry. The performed research has made it possible to obtain new highly
efficient sorbents and assess their economic efficiency. The performed research will make it
possible to resolve ecological and social problems by preventing the damage caused by
environmental pollution with anthropogenous wastes.

Key words: Sorption capacity, Modified sorbents, Filtration, heavy metal ions,
Oil-containing water, treating, co-precipitation, impurities, toxicity.

discharge of insufficiently treated wastes,
especially of Krasnodar and major cities in the
Krasnodar territory. So the Northern Industrial Area
of Krasnodar contains an industrial complex that
annually discharges over 3 mln. m³ of insufficiently
treated wastes containing highly toxic substances.
The main sources of pollution of waterways in
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the Krasnodar territory are agricultural, chemical,
petrochemical and construction enterprises. An
urgent problem of urban sewage treatment facilities
are “salvo” discharges of highly toxic substances
(petroleum products, chlorinated hydrocarbons,
phenols, heavy metals), which lead to malfunctions
in the treatment facilities.

Today, there still exists a necessity to
develop the legislation in the area of ecological
safety and its regulation. By the resolution of the
Legislative Assembly of the Krasnodar Territory
dated 24.05.2012 No. 3258-P a concept was
approved for treating industrial and consumption
wastes in the Krasnodar territory till 2020.

The strategic goal of treating wastes is
creating an efficient waste management system in
the territory, which would ensure ecological safety
and create conditions in which the companies in
the Krasnodar territory will be advantageous to use
alternative technologies.

According to the data of monitoring in
2013, the water in rivers in the Kuban basin
belonged to third and fourth quality classes,
“polluted” and “very polluted”1.

Increased concentrations of heavy metals
were found in the Kuban River, namely: the content
of copper compounds amounted to 18 MPC
(maximum permissible concentration), for iron, the
total was 4 MPC, for phenols – 5 MPC, and for zinc
- 11 MPC.

The average concentration of oil products
in 2013 in the delta of the Kuban River amounted to
0.06 - 0.09 mg/dm³. The maximum value was 0.10
mg/dm³ (2 MPC). The potential sources of oil
products’ ingress into the waterways are surface
rain waters and small boats.

Dissolved mercury in the delta of the Kuban
River was monitored only in the area of Temryuk. In
2013, traces of mercury were detected in 6 samples
out of 24. Presumably, mercury enters the Kuban
River by transit from upstream and with surface
runoff.

Also, the Krasnodar territory is one of the

oldest oil-producing regions of Russia. It has 98
deposits of hydrocarbons (63 oil, 24 oil-and-gas,
and 11 oil-and-gas condensate) with the total oil
productive capacity in the category of 57.76 mln.
tons [1].

In order to determine hazards to the
environment, sludge hazard classes were
calculated. Allocating sludge to a particular
environment hazard class is possible on the basis
of indicator (K), which characterizes the level of
environment hazard caused by the component of
the wastes. The waste component hazard (Ki) is
calculated as a function of its concentration in the
wastewater (Ci) with a coefficient of hazard to the
environment (Wi).

The unit of measurement of wastes’ hazard
coefficient is conditionally accepted as mg/kg. The
results of calculating the environmental hazard
indicator of oil sludge from an oil sludge tank (K)
are shown in Table 1.

The indicator of waste’s environmental
hazards K=282. Basing on the value of the
environmental hazard indicator in the table “Criteria
for classifying hazardous wastes by environmental
hazard”, its hazard class was defined: 103>282>102;
therefore oil sludge from oil sludge tanks belongs
to the 3d hazard class; and therefore it can be used
as a secondary raw material2.

Wastewater was discharged into natural
waterways of the Krasnodar territory in 2013 by 238
respondents with access to discharging wastewater
into natural waterways. In 2013, over 2,677.86
million m³ of wastewater were discharged into the
natural waterways of the Krasnodar territory (in 2012
– 3,105.91 million m³). Out of these, normatively
clean (without the need for treatment) – 1,715.29
million m³, and those requiring treatment -
962.57 million m³. Discharge was: polluted (without
treatment water) - 712.75 million m³, insufficiently
treated - 126.56 million m³, and normatively purified
at the treatment installations - 123.25 million m³ [1].

The share of each pollutant in the overall
pollution of natural waterways in the Territory has
certain negative consequences. For the Krasnodar
region and Russia as a whole, the problem of
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industrial and consumption wastes management
is a priority.

Efficient treatment of wastewater from
industrial enterprises has been successfully dealt
with by Russian and foreign specialists for a long
time [3-5]. However, there is no consensus on this
issue, unfortunately. The task of reducing the level
of influence of the industrial wastewater remains
urgent.

In general, in the existing situation, new
wastewater treatment technologies should be
developed, and existing technologies should be
upgraded. One of the promising methods of treating
wastewater is sorption with the use of effective
efficient sorbents.

Methodology
For the synthesis of co-precipitated

hydroxides of magnesium and aluminum we used
1.0 n solutions of magnesium and aluminum
nitrates, mixed in the molar ratio Mg(NO3)2:Al(NO3)3

4:1 (e.g., 40 g and 10 g) that were considered the
best by the results of experimental data. Vigorously
stirred, they were poured into five volumes of water,
while adding a 1 n. solution of sodium hydroxide.

The solution was mixed with a magnetic
stirrer, the speed of the reactants fusion was 2-3 ml
per minute with controlling the pH of precipitation
at 8.9. The precipitation was then washed with
distilled water using the method of decantation, after
which it was pressed and subjected to consequent
modification with polyhexamethylenguanidine and
1,8-dioxynaphthalene-3,6-disulfonic acid, with the
pH of modification being 8. It was found that as

early as after the single treatment of CPH (co-
precipitated hydroxide) with 10 ml of a 0.1% solution
of PHMG, complete coverage of the surface of the
CPH with PHMG macromolecules was achieved,
with achieving full sorption capacity of the sorbent.
After the modification, the materials were
granulated by drying at 120 °C. The main fraction of
the granulated materials was 2.5-3 mm particles.

Linear polyhexamethylenguanidine was
chosen as polymeric polyamine:

where X is an anion of organic or organic acid; n =
30-90.

RESULTS AND DISCUSSION

Low soluble non-organic compounds may
be considered as the basis for synthesizing
materials capable of absorbing a wide range of
ions from aqueous solutions. Table 2 shows the
sorbents based on oxides and hydroxides of metals
that can be used as sorbents6. The data in Table 2
show that there is a wide range of tasks resolved
with the use of non-organic ion-exchange materials.
Let us note the two main advantages of non-organic
ion-exchange materials: these materials feature
much higher radiation stability, as compared to ion-
exchange resins, and in the number of cases their
thermal stability is higher than the same
characteristic for ion-exchange resins7, 8, 9. Therefore,
reviewing selective properties of non-organic

Table 1: The results of calculating the environmental hazard
indicator of oil sludge from an oil sludge tank (K)

Item No. Components of the waste Wimg/kg Cimg/kg Ki

1 Iron oxides 7,413.1 19,718.75 2.67
2 Manganese 18,197 449 0.025
3 Lead 2,138 179.2 0.084
4 Copper 10,000 622 0.23
5 Chrome 5,754 132.5 0.062
6 Petrochemicals 2,951.2 822,900 278.8
7 Total 282
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sorbents shows that this material may be considered
as an efficient addition to modern methods of ion
separation.

The main criterion for selecting non-
organic oxides as matrices for sorbent synthesis is
their availability.

Unlike polymeric organic matrices, non-
organic sorbents do not feature swelling; therefore,
no special treatment of sorbents is required before
the process of sorption concentration followed by
determination7.

Table 3: Indicators of filtering
material’s chemical resistance

Medium Oxidizability, Oxidizability, mg/
mg/dm³ dm³maximum

allowable
 parameters

NaOH 9.37 10
HCl 9.68 10
NaCl 8.49 10

Table 4: Adsorption and structural characteristics of the samples

Sample Specific surface, m²/g Pore volume, cm³/g Effective pore radius, A0

Total Small

sorbent 160 0.83 0.100 50-75, 1,150-1,400

mg/l Copper Cadmium Zinc Nickel Lead 
Comp.,  

mg/l 
ξ, % Comp, 

mg/l 
ξ, % Comp, 

mg/l 
ξ, % Comp, 

mg/l 
 

ξ, % Comp, 
mg/l 

ξ, % 

1 0.00 100.0 0.00 100.0 0.00 100.0 0.00 100.0 0.00 100.0 

5 0.01 100.0 0.01 99.9 0.00 100.0 0.01 99.9 0.01 100.0 

10 0.03 99.9 0.03 99.9 0.04 99.8 0.09 99.1 0.11 99.2 

20 0.07 99.8 0.12 99.6 0.33 98.4 4.41 78.1 7.51 62.7 

50 0.44 99.2 2.98 93.98 6.78 86.6 34.31 31.3 36.01 28.2 

100 1.34 98.8 17.98 83.0 34.51 65.6 80.02 20.2 85.01 15.1 

Table 5: Efficiency of HMI extraction by CPH

Table 6: Adsorption and structural characteristics of samples

Sample Specific surface, m²/g Pore volume, cm³/g Effective pore radius, A0

Total Small

CPH 160 0.83 0.100 50-75, 1,150-1,400
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Fig. 1: Macromolecule of the sorbent

The absence of the phenomenon of
sorbent particles abrasion in the process of intensive
stirring in static mode and compaction during
sorption in the dynamic mode is defined by
mechanical strength of the particles9.

From the literature it is known that another
criteria for selecting non-organic sorbents as
matrices for synthesis of co-precipitated oxides
(CPO) is chemical activity of the their surface due to
the availability of many surface hydroxyl groups,
which are used for fixing organic reactants.

The nature of hydroxides of metals has
been studied in many papers; however, there no
consensus on this issue has been reached until
now.

For a long time, there have been different
views on the nature of hydroxides in the literature.
Various approaches to explaining the nature of
hydroxides were due to the fact that the problem of
the nature of water in them was solved in different
ways.

One of the most generalized research in
the area of metal hydroxides chemistry was research
by V. P. Chaly24, who studied regularities of formation,

the composition, the structure and the properties of
precipitated hydroxides of 26 metals and 26
hydroxide systems with one, two, three, four and
five components, in relation to obtaining important
inorganic materials, namely, sorbents, catalysts,
and ferrites.

There is a method of obtaining sorbent for
wastewater treatment that includes alkaline co-
precipitation of hydroxides of metals from a solution
of magnesium and aluminum salts in the proportion
of 2:1 at pH 9.6-10.0, formation of precipitation,
granulation, and drying the granules with a size of
not more than 2.5-3 mm, at 115-120°C (patent
RU No. 2343120) [2].

The known method ensures obtaining an
oxide solid phase that can be used as a carrying
agent. However the disadvantage of this method is
using an expensive material, silica gel, as a carrying
agent for the sorbent.

There is a method of obtaining a modified
sorbent for wastewater treatment, including
consecutive modification of oxide carrying agent
with polyhexamethylenguanidine (PHMG) and 1,8-
dioctonaphtalene-3.6-disulphonin acid
(chromotropic acid) – (patent RU 2380152)25.
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The disadvantage of this method is
obtaining a sorbent with insufficiently high sorption
capacity for ions of heavy metals; moreover, the
state of the sorbent (operating appearance) is not
indicated.

We aim at developing a method of
obtaining a modified sorbent for wastewater
treatment, and expanding the range of methods of
similar nature.

The technical result is creating modified
sorbents with high sorption capacity for a wide
range of aliovalent ions in low-acidic, neutral and
low-alkaline environments, with the ability to extract
elements.

The technical result is achieved due to the
fact that in the method for producing a modified
sorbent for wastewater treatment, including
sequential modification of the oxide carrying agent
with polyhexamethylenguanidine and 1.8-
dioxynaphthalene-3,6-disulphonic acid, co-
precipitated hydroxides of magnesium and
aluminum were used as the oxide carrying agent.
Such hydroxides had been obtained by co-
precipitation of salts magnesium and aluminum in
the alkaline environment in the ratio of 4:1, at pH of
8.9; pH being 8-9 at the stage of modification, and
after the modification, granulation was performed
by drying, with obtaining 2.5-3 mm fractions at 115
to 120°C. Magnesium hydroxide’s ability to
condensate stepwise with formation of mechanically
stable structures made it possible to eliminate the
phase of adding binders.

Here, precipitation pH was controlled
within 8.9. Then, the obtained co-precipitated
hydroxides of metals were consequently modified
with polyhexamethylenguanidine and 1,8-
dioxynaphthalene-3,6-disulfonic acid, the pH of
modification being 8-9. After modification, the
materials were granulated by drying at 115-120°C.
The main fraction of the granulated materials was
2.5-3 mm.

In choosing the sorbent, technical
requirements were taken into account, such as:
specific fractional composition, mechanical
strength, chemical stability of the material to filtered

water. The mechanical strength of the filtering
materials is characterized by wearability and
grindability. The material with grindability not
exceeding 4%, and wearability ùà 0.5% is
considered mechanically strong. It is established
that grindability of the sorbent synthesized is 1.42
%, and abrasion is 0.31 %. Stability of the sorbent
in different reaction media was studied. The results
are shown in Table 3.

Thus, the material obtained meets the
regulatory requirements by all parameters.

The most common characteristic of the
sorbent is its specific surface defined by the total
volume and pores size.

The specific surface area was determined
by low temperature nitrogen adsorption using the
chromatographic method of analysis with
subsequent data processing according to the
Brunauer–Emmett–Teller surface area equation.
Adsorption and structural characteristics of the
sample at 120°C are shown in Table 4.

The obtained data show that the examined
sample meets requirements to sorption materials.

The main criteria for choosing PHMG for
creating an intermediate layer between the surface
of the inorganic oxide and the complex-forming
reactant is convenient spatial arrangement of the
primary amino groups in the guanidine group, which
creates favorable conditions for formation of
hydrogen bonds and makes it possible to have
primary amino groups that are not bonded to the
surface hydroxyl groups.

PHMG is a polyelectrolyte, a stronger
organic base (pKa~13.5) as compared to
polyethyleneimine (pKa~10). Therefore, in a wide
range of pH solutions, amino-groups of PHMG are
protonated, which leads to forming hydrogen bonds
with hydroxyl groups of the surface of CPO, as well
as to electrostatic interaction with sulphate groups
of reactants.

Fixation of PHMG on any hydroxilated
surface is possible without any chemical processes.
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PHMG is well soluble in water, belongs to
the 4th group of toxicity, therefore, it is safe in work.
PHMG belongs to light preparations manufactured
at an affordable price.

Sulphonic derivatives of organic complex-
forming reagents were chosen as organic reagents
for creating supramolecular assemblies on the
surface of inorganic oxides. The structure of the
surface layer of aminated CPH (co-precipitated
hydroxide) puts restrictions to using organic
reactants capable of forming supramolecular
assemblies. The main requirement to organic
reagents, beside their complex-forming properties,
is the necessity of the presence of negatively
charged groups in the composition of the organic
reactant, through which organic reactants are fixed
on the aminated surface.

Organic reactants are fixed due to the
electrostatic interaction between the negatively
charged groups of the organic reactant and
protonated primary amino groups of PHMG not
involved in forming hydrogen bonds with hydroxyl
groups on the CPH surface.

Thus, in order to create surface
supramolecular assemblies with complex-forming
properties on the surface of non-organic oxides,
1,8-dioxynaphthalene-3,6-disulfonic acid was
chosen as the organic reactant:

The analysis of extraction shows that when
elements concentration in the solution is between
1 and 10 mg/l, complete (100 %) extraction of metals
from treated water is possible.

The result of the experiments in adsorbing
heavy metals from single-component solutions with
the modified sorbent should be a defined set of
active metals, which reflects the ability to absorb
some ions stronger than the others (the selectivity
phenomenon).

In the row, the sorbent has the highest
selectivity to copper ions and the lowest one to lead:
Cu2+>Cd2+>Zn2+>Ni2+ >Pb2+

It was found that during interaction of the
sorbent with these ions, substitution of magnesium

ions with the cations of extracted metals, as well as
chemical bonds opening on the surface of the
sorbent, formation of aqueous and
hydroxocomplexes, and complexes with organic
modifiers occur on the surface of the sorbent.

The most common characteristic of the
sorbent is its specific surface defined by the total
volume and pores size. The specific surface area
was determined by low temperature nitrogen
adsorption using the chromatographic method of
analysis with subsequent data processing
according to the Brunauer–Emmett–Teller surface
area equation. The obtained results suggest that
CPH may be used as an inorganic matrix for the
production of the modified sorbent. Adsorption and
structural characteristics of the sample at 120°C are
shown in Table 6.

Effectiveness of using the modified sorbent
for wastewater treatment and removing heavy metal
ions is confirmed by the tests performed with real
wastewater.

The sorption capacity of the sorbents was
calculated using the following formula:

ΔΔΔΔΔ=

where
a) Ci is the initial concentration of the adsorbate

in the solution, mg/l;
b) Cf is the final concentration of the adsorbate

in the solution, mg/l;
c) m is weighed amount of the sorbent, g; and
d) V is the volume of model solution, l.

Analyzing obtained data, one can come to
the conclusion that sorbents are characterized by
high sorption capacity to ions of copper, zinc, and
lower capacity - to nickel and lead. Effectiveness of
using sorbent for wastewater treatment with
removing ions of heavy metals is confirmed by the
tests performed with real wastewater. Effectiveness
of using the modified sorbent for wastewater
treatment and removing heavy metal ions is
confirmed by the tests performed with real
wastewater. Also, the obtained sorbent should be
used for treatment of oil-containing solutions.
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CONCLUSION

A new method of obtaining sorbents based
on CPH of aluminum and magnesium has been
developed, with consequent modification with
polyhexamethylenguanidine and organic complex-
forming reactant: 8-hydroxyquinoline-5-sulfonic
acid. It has been shown that the ratio of double-
and triple-charged cations makes it possible to
successfully use this sorbent for quantitative
sorption of cations.

Adsorption and structural characteristics
of CPH have been defined (specific surface area is
160 m²/g, total pore volume is 0.83 cm³/g), making
it possible to offer the synthesized sorbent as a
matrix of inorganic ion exchangers.

Optimal conditions for sorption
concentration of Cu(II), Cd(II), Pb(Il), Ni(II) and Zn(II)
on CPH with modified organic complex-forming
reactants have been defined.

It was found that in case of interaction of
the sorbent with ions of Cu2+, Zn2+, Cd2+, Pb2+, Ni2+,
magnesium ions are replaced with cations of the

extracted metals, chemical bonds on the surface of
the sorbent are opened, and aqueous and hydro-
complexes are formed on the surface of the sorbent,
along with complexes with organic modifiers.

The research makes it possible to offer a
synthesized sorbent for extracting and
concentrating ions of heavy metals from wastewater.
Efficiency of the sorbent for wastewater treatment
by removing ions of heavy metal is confirmed by
the tests performed with real wastewater24. Such a
trend makes it possible to decrease
the anthropogenous pressures on the surface and
the underground waterways. The economic effect
of introducing the developed technologies can be
achieved not only due to commercial effect of
introducing new products, but due to environmental
and social efficiency as well.

Besides, the complex of research is
certainly promising, and will allow to improve the
quality of life of living organisms and human health
due to significant improvement of consumed water,
and to reduce the influence of industrial wastewater
on natural and artificial waterways.
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