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One of the urgent challenges is to clean up indus-
trial wastewater from toxic and heavy metal ions in
a more efficient and environmentally friendly way.

Bentonite montmorillonite, bentonite red, zeo-
lite and diatomite of the Almaty region were select-
ed as the materials of the study.

In this study was investigated the adsorption
properties of natural minerals by physico-chemical
methods for the sorption treatment of wastewater
Jfrom Pb*?, Ni*?, Zn*? ions.

X-ray phase analysis determines the chemical
composition of the materials studied. The main
component of diatomite is Si0y, in zeolite — Laumo-
ntite composition Ca,AlgSii;045-14H,0 (51.3 %).
The base of bentonites is bedellite — montmoril-
lonite, which has an amorphous structure. The
method of atomic absorption spectrometry was
used to investigate the sorption of heavy metal
ions (Pb*?, Ni*?, Zn*?) by the natural adsor-
bents under investigation. Bentonites, Mukra and
Medium Tentec have the best sorption properties.
Here, the content of lead, nickel and zinc ions is
reduced by an average of 82-85 %. In the case
of diatomite, the ion content of the same metals
is reduced by approximately 74-76 %, and for
zeolite by 64 %. Generally speaking, the adsorp-
tion properties of these minerals are expected to
be achieved by the high porosity in the case of
diatomite and zeolite or the penetration of ions
into the interpackage space between the bentonite
layers. Mixing adsorbents, increasing their mass
percentages and increasing the mass of the mix-
ture leads to increased efficiency of the degree of
cleaning from these ions.

In conclusion of the study, natural minerals of
the Almaty region have sorption properties that
can be used for practical purposes, in particular for
wastewater treatment
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1. Introduction

With the development of the industrial sector, the issue
of industrial wastewater treatment and waste disposal is
increasingly raised. The environmental situation is deteriorat-
ing, forcing firms to tighten their requirements for disposal of
waste and sewage. It is important to find new approaches to
the treatment of wastewater containing metals. Heavy metal
ions are the main pollutants in industrial wastewater. The
substantial use of heavy metal ions in production leads to their
accumulation in the environment and poses a danger [1, 2].
As it is known, almost no enterprise can operate without
waste and sewage. When designing production a few years
ago, the formation of wastewater, their further recycling and
treatment were not taken into consideration. As a rule, it was
solved in an increasingly simple way, the sewage was drawn to
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the nearest point of reception or to the relief (waterway). The
effects of the discharge of wastewater were not calculated.

To date, the situation with the discharge of wastewater is
changing. The search for and development of the most effec-
tive solutions in the field of industrial wastewater treatment
is required.

With the emergence of modern wastewater treatment
methods, the problems of sewage treatment have begun to
find their solutions [3, 4]. The diversity of the composition
of sewage determines the breadth of choice of different
technological schemes and equipment for their treatment.
The range of industrial wastewater treatment equipment
includes equipment from different industries, adapted to the
required requirements. The existing range of wastewater
treatment equipment is constantly expanding with the emer-
gence of new, more efficient technologies.
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The main type of galvanic waste is washing water con-
taining a large amount of heavy metal ions [5]. An analysis
of existing methods of treatment of natural and heavy
metals wastewater has shown that one of the promising is
the sorption method using natural inorganic materials as
sorbents [6-8].

Therefore, the physico-chemical research of the adsorp-
tion properties of natural minerals for the sorption treatment
of wastewater from heavy metal ions is relevant.

2. Literature review and problem statement

The authors of the work [9] studied the characteristics
of processes of treatment of water from oil and petroleum
products with oil sorbents, filtering materials and activated
coals. The adsorption capacity of activated coals is due to
their developed surface and high porosity. However, the
effective extraction of dissolved organic compounds by the
sorbent is only possible if the parameters of its porous struc-
ture correspond to the size of the molecules of the extracted
impurities. The average molecular size of petroleum products
is 1.8 nm, so the use of microporous types of activated char-
coal to remove these contaminants from the water is often
not sufficiently effective because of the spherical inaccessi-
bility for them micropores.

The authors of the work [10] studies showed that of
all the filtering materials tested — PPU, STGN, AAA,
peat and AU — the most effective on oil products retention
are PPUs, STRGNs and activated coal. The disadvantage
is the difficulty of fixing the material in the filter, there is
no possibility of its regeneration. Thus, for the deep treat-
ment of ship oil-containing waters after their preliminary
mechanical (or chemical) treatment for the first phase of
sorption, it is recommended to load from PPU and activat-
ed charcoal.

On the other hand, activated carbon is widely recognized
as the primary adsorbent for various adsorption processes
due to its remarkable properties such as large surface area
and excellent adsorbing ability. However, it is a relatively
high cost and the need for periodic regeneration creates cer-
tain problems. This has prompted the search for alternative
adsorbents that are readily available and cost-effective. As
a result, research is actively looking for new adsorbents to
replace activated charcoal.

The authors of the work [11] used sorbents from second-
ary raw materials to extract heavy metal ions from waste-
water. A comparative characteristic of cellulose-containing
sorbents compared to activated carbon and cation exchange
resins is given. The processing of cellulose-containing ma-
terials for the production of sorbents from them is quite
expensive, and the cost of the resulting sorbents is close to
the price of activated charcoal, although inferior to them in
efficiency and absorption capacity. Usually these sorbents
are not subject to regeneration.

The authors of the work [12] justifies the possibility of
using modified sorbent Akdolit Kesselburger Pelm Gran
CM3 (Akdolit-Gran) to neutralize wastewater containing
ions of heavy metals Cu (II), Ni (IT) and Zn (II), gives
a summary characterization of the proposed Sorbent,
physico-chemical and sorption properties, determines
the mineralogical composition of the sorbent on the ba-
sis of data of X-ray structural and thermogrammetric
analysis. Akdolit-Gran is an alkaline material prepared

from selected dolomite breeds and has undergone thermal
modification. This sorbent is produced in Germany. All
described methods are developed using foreign raw mate-
rials and expensive modifying reagents, many of which are
difficult to implement.

The authors of the work [13] considered variants of
modification of natural aluminum silicate and carbon min-
eral raw materials of Kazakhstan. For the study, the ceolite
from the previously unexplored field of Kusmurun and the
shungite of the Coxa field were selected. It is proposed to
modify natural sorbents with a mixture of Tributylphostate
and di-2-ethylhexylphosphoric acid in kerosene, phospho-
rous acid and polyacrylamide mixture, a technogenic raw
material. It has been found that when treating both zeolite
and shungite with a mixture of phosphoric acid and acid
and polyacrylamide, the mechanical strength of the sam-
ple is increased, and the mixtion of extractors (di-2-eth-
ylhexylphosphate and Tributylphosphatate) in kerosene
contributes to the decrease of its value. The possibility of
using technogenic raw materials — phosphorus salts — as
modifiers of natural minerals has been demonstrated. How-
ever, the labor-intensive modification process is a deterrent
to the widespread use of sorbents obtained by this method.
Thus, the disadvantages of the described methods are the
complexity of implementation, the high cost and the use of
deficient reagents.

Natural and synthetic zeolites have found application
for the adsorption of organic and inorganic compounds in
aquatic environments due to their special physico-chemical
properties and the cheapness of the process. The authors of
the work [14] presented various parameters for studying the
mechanisms of adsorption of organic and inorganic pollut-
ants using zeolites. The main adsorption processes using
zeolites as adsorbents include chelation, surface adsorption,
natural processes, diffusion, electrostatic interaction and
complex formation. It is an excellent adsorbent due to its
large area, various surface functions and porosity. Never-
theless, the disadvantage of zeolite is its high cost of prepa-
ration and regeneration and, as a consequence, its limited
adsorption capacity. However, the latest scientific literature
shows that zeolites have been very effective in the treatment
of liquid sewage [15].

The authors of the work [16] studied sorbents obtained
on the basis of montmorillonite and waste mining enrich-
ment combinate, for adsorption treatment of wastewater
from zinc ions. The adsorption properties of manufactured
modified sorbents on contaminated wastewater with zinc
ions under different conditions were studied. In order to
be used as sorbents, clay must be activated by chemical
and thermal means to increase and regulate the porosi-
ty of their structure, change the chemical nature of the
surface.

3. The aim and objectives of the study

The aim of the scientific work is to identifying the ad-
sorption properties of natural minerals by physico-chemical
methods for the sorption treatment of wastewater from Pb*?,
Ni*2, Zn*2 ions.

To achieve this aim, the following objectives are accom-
plished:

—to study the chemical composition and structure of
natural adsorbents by X-ray phase analysis;



—to use an atomic absorption spectrometer to conduct
analyses for the content of heavy metal ions in wastewater
before and after their treatment;

— to study the kinetics of metallic ions sorption by absor-
bent mixtures.

4. Methods and materials

The object of the study is environmentally sound tech-
nologies.

The hypothesis of the study is possibility of treatment of
galvanic plant wastewater containing ions Pb*?, Ni*2, Zn*2
with natural sorbents.

The materials of this research are the waste water of
the accumulator plant of «Kynar AKB», natural sorbents:
diatomite (Ilyan), zeolite (Mytobe), bentonite-montmoril-
lonite (Tentek) and red bentonites (Mukra).

The accepted assumptions include the use of a chemically
resistant sorption material that allows for a high concentra-
tion of sulfuric acid (pH=1).

The adopted simplifications involve the use of modeling
solutions modeling the composition of sulphate-containing
washing waters of galvanic production.

Atomic absorption spectrometry. For the analysis of the
content of heavy metal ions in wastewater before and after their
treatment, the atomic absorption spectrometer MGA-915MD
was used.

The principle of operation of the
spectrometer is based on the use of the
method of Zeeman polarization spec-
troscopy with high-frequency modu-
lation, which is one of the options of
selective atomic-absorption analysis.

The basis of the method used is
that the atomizer is placed in a trans-
verse magnetic field with a voltage of
about 7.5 kE. Modulated at a frequen-
cy of 50 kHz by polarization radiation
from the resonance source installed
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Preliminary X-ray processing to determine the angle po-
sition and intensity of reflexes was carried out by the Fpeak
program. The analysis was carried out using the PCPDF-
WIN program with the PDF-2 diffractometric database.

Objects of investigation. Diatomite is a white-grey pow-
der. Diatomite of Ili field. Diatomite density is 1.4 g/cm®.
Bentonite red is a clay of brown or red color. Mukry field.
Density is 0.03 g/cm®. Bentonite montmorillonite — clay,
dark gray colour, in touch resembling soap. Middle Tentek
field. Density is 1.8 g/cm3.Ceolite is a dark brown powder.
The Maitobe field. Density: 1.9 g /cm?.

5. Results of physico-chemical methods for studying
wastewater treatment using natural adsorbents

3. 1. Results of X-ray analysis of natural adsorbents

Research on the treatment of wastewater from heavy
metal ions requires knowledge of the chemical composition
and structure of the potential adsorbents used. For this pur-
pose, X-ray phase analysis was carried out on the data of the
minerals, which visually demonstrates the qualitative and
semi-quantitative composition of the tested minerals [17-19].

Fig. 1 shows a X-ray of the diatomite (Ili field). Prelim-
inary X-ray processing to determine the angle position and
intensity of reflexes was carried out by the Fpeak program.
The analysis was carried out using the PCPDFWIN pro-
gram with the PDF-2 diffractometric database.

d=3.3463
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in the working position of the revolv-
er, gets into the atomizer, where the
horizontal component of polarization
(parallel to the lines of the magnetic
field) is absorbed by the identifiable
atoms, interfering molecules and aero-
sols, and the vertical (perpendicular
to the magnetic field lines) — only the
molecule and the aerosol, i. e. atomic
absorption for it is practically absent.
At the same time, non-selective absorp-
tion for both polarizations is the same. The result is a differ-
ential signal with a frequency of 50 kHz, proportional to the
concentration of atoms.

Limit of the relative average square deviation of the
output signal of the spectrometer at the input of the control
solution 6 %.

X-ray phase analysis. The X-rays of the samples were ob-
tained on the diffractometer DRON-3 in digital form using
copper radiation. The sampling modes are as follows: voltage
on the X-ray tube 30 kV, pipe current 30 mA, movement step
of the goniometer 0.05° 26 and intensity measurement time
at the point — 1.0 sec. During the shooting, the specimen was
rotating in its own plane at a speed of 60 rpm.
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Fig. 1. Diatomite X-ray (lli field)

On the basis of X-ray, a semi-quantitative analysis of this
mineral was made, the data of which are given in Table 1.

Table 1
Results of semi-quantitative analysis of diatomite (lli field))
Formula %
SiO,-Cristobalite 95.7
SiOy-Quartz 4.3

The diatomite under investigation is silicon oxide, which
is present in various forms. Cristobalite is a high-tempera-
ture modification of SiO, quartz. Cristobalite occurs in the



form of spherolites or grapes (balls up to 1 mm in size) in
obsidian (volcanic glass), as well as in voids. Sometimes with
grown plates of tridimite on crystals of crystobalite, in grain
clusters of correct octahedra, rarely in the form of complex
cellular structure, pseudo-cubic crystals (spherical crystals),
massive forms. It usually has a color ranging from milky-
white to yellowish and light brown. It has a high hardness
of 6-7, a specific weight of 2.32-2.36 g /cm?.

Thus, high mechanical hardness, resistance to the action
of high temperature, as well as aggressive environments
of diatomite is ensured by its composition. The adsorption
properties of diatomite are mainly due to its high porosity.

X-ray (Fig. 2) and Table 2 show the main composition of
the ceolite (Maitobe field).

As can be seen from the X-rays and the table, cam ceo-
lite is a rather complex mixture of natural minerals, which
have their own characteristics and composition. For ex-
ample, lamontite belongs to the group of zeolites based on
aqueous calcium aluminosilicate. It has a hardness on the
Moose scale of 3.5-4, with a density of 2.23-2.41 g/cm?,
while it is quite fragile. Heylandite is a mineral, a frame
silicate from the group of zeolites. Albite (lat. albus —
white) is one of the most common species-forming minerals,
white sodium field spat of magmat-
ic origin of the silicate class, alumi-
nosilicate of the plagioclasic group.
Augustine (from the Greek adyn —
“shining, shine”) is a species-forming
mineral from the clino-pyroxene group
Ca(Mg,Fe,AD)[(Si,Al)20¢]. Coloring
from green to black. Hardness 5—6.5.
It is part of andesite, basalt, diabasis
and other erupted mountain species
of predominantly basic nature. Hema-
tite is a common iron mineral, FeyOs,
one of the main iron ore. Synonyms:
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shown in Fig. 3. For this sample, semi-quantitative analysis
is virtually impossible due to its low crystallization. Ben-
tonite refers to layered clay, therefore in its structure there
are no pronounced crystals, i.e. it is an amorphous material.

In general, the main component of the tested bentonite is
bedellite or otherwise — montmorillonite. It is a clay mineral
belonging to the subclass of layered silicates. This mineral
has a strong ability to swell due to its structure and has pro-
nounced sorption properties.

Table 2
Results of semi-quantitative analysis of zeolite (Maitobe field)
Formula %
Ca AlgSiiq048-14H,O — Laumontite 51.3
Ca(Si7Al)O45:6H,0 — Heulandite-Ca 16.1
(Na,Ca)Al(Si,Al)30g — Albite 10.1
N(CaO-(Mg,Fe)O-2Si0,)-(Al,Fe),03 — Augite 7.6
SiOy — Quartz 6.6
CaCOj3 — Calcite 6.2
Feo)O3 — Haematite 1.9
Mg3SisO19(OH)y — Vermiculite 0.2
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red iron, iron gloss (star.) has a hard- 5 10

ness of 5.5-6.5. It’s fragile. Densi-
ty 4.9-5.3. Vermiculite is a mineral
from the group of hydrohumans, hav-
ing a layered structure, hardness on a
mineralogical scale of 1-1.5, density of
2.4-2.7 g /cm? (0.065-0.130 g /cm?).
Vermiculite is biologically stable —
is not susceptible to degradation and ro-
tation under the action of microorgan-
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Fig. 2. X-ray of the ceolits (Maitobe field)
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into a three-dimensional frame, perme-
ated by cavities and channels (winders)
of the size 2—15 angstrom [20, 21].

A similar X-ray analysis was per-
formed with two bentonites. The first
bentonite-montmorillonite X-ray is

WMIN 3 bentonite
4Si02-Quartz - 46-1045 )
MCaCO3 - 85-0849 (A)

[+INa0.61AI4.70Si7.32020(0OH)4 - 47-0197

Fig. 3. Bentonite-montmorillonite sample X-ray (Middle Tentek field)



Three-layer package (2:1): two layers of silica tetrahedrons,
facing their tops to each other, cover a layer of alumihydroxyl
octahedres on both sides. In this connection, the connection
between the packets is weak, the interpackage distance is
large and it can contain ions and water molecules. Because of
this, the mineral when soaking is very swollen. The presence
of isomorphic substitutions, a large specific surface area (up
to 600-800m?/g) and the ease of ion penetration into the
interpackage space result in a significant cation exchange ca-
pacity (80—150 mmol equivalent/100 g).

A similar composition is found in the fourth specimen,
which is the red bentonite (Mukry field) (Fig. 4). The sample
contains the same Beidellite-12A — montmorillonite, as in the
previous case. But the content of this smectite here is less.

As shown in Table 3, the treatment of waste water with
limestone milk is quite effective. After cleaning, the content
of metal ions decreases. However, according to the permissi-
ble concentration limits of pollutants in sewage, wastewater
levels after limestone treatment exceed the maximum al-
lowable concentration for these lead and nickel ions. Thus,
for nickel ions the maximum permissible concentration ac-
cording to this regulatory document is 0.008 mg/I, for lead
ions — 0.01 mg/1, and for zinc — 0.053 mg/1.

The use of milk of lime for waste water treatment by the
battery plant is based on the neutralization of acidic waste-
water with alkali calcium oxide hydrate Ca(OH),. In most
cases, when Ca(OH), reacts with acids, insoluble calcium
salts are formed, which, precipitating, can clog sewer net-

works. Therefore, after the neutralizers, sludge-fillers

1000] © o are provided, in which sludges are defended and the
g ] % N wastewater is further tempered.
3 < < N At the plant, the waste water treatment is carried
& 1S i) o ° out in step-by-step pools, at the bottom of which the
E _ 2 g é’ el g % g ;§© sludge islflepositfed. But as th«}el data show, such cleans-
) 1yl = by NNG — o © ing is still not effective enough.
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E e © © Ly o o "o samples of each adsorbent (2g) were mixed with 100 ml
- . = L of wastewater taken before treatment. The resulting mix-
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Fig. 4. Red bentonite X-ray (Mukry field)

Thus, the X-ray phase analysis gave a complete picture of
the chemical composition of the materials studied. General-
ly speaking, the adsorption properties of these minerals are
expected to be achieved due to high porosity in the case of
diatomite and ceolite or the penetration of ions into the inter-
package space between the bentonite layers.

5. 2. Results of the atomic-absorption study of the
sorption properties of natural minerals before and after
the treatment of wastewater from Pb*2, Ni*2, Zn*2 ions

Spectroscopic studies of waste water before and after
treatment were carried out to study the adsorption properties
of these minerals. Before studying the adsorption properties, it
was necessary to analyze wastewater prior to treatment [22].
Since the wastewater under investigation is waste from the
galvanic production of lead batteries, it is assumed that it
contains ions of lead, zinc, nickel and other heavy metals. The
main types of metal ions examined in the present paper for
technical purposes are lead, zinc and nickel. Table 3 shows the
content of these ions in wastewater before treatment and after
treatment with limestone milk by battery plant technology.

Table 3

Results for heavy metal ions in sewage

Metal ions Ni*2, mg/dm?|Pb*2, mg/dm?|Zn*? mg/dm?
Wastewater before 1801 2465 1347
treatment
Wastewater after 0.018 0.073 0.015

treatment
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[a]Kaolinite 1A - 80-0885 (C)

ture was kept for 3 hours, with periodic mixing to improve
the sorption process. After this, the filter was separated
from the sediment and then diluted 100 times, depending
on the contamination. Data are presented in Table 4.

The results show that the content of heavy metal
ions in waste water after treatment with the adsorbents
under investigation is reduced compared to waste water
before treatment. Comparing adsorbents among them-
selves, it is possible to say that in this series bentonites
manifest themselves better. Here, the content of lead,
nickel and zinc ions decreases by an average of 82—85 %. If
diatomite is used, the ion content of the same metals decreases
by approximately 7476 %. It’s worse for zeolite. In this case,
the ion concentrations detected in waste water after treat-
ment with this adsorbent were 36 %, i. e. 64 % extraction. It
should also be noted that for all adsorbents lead ions are ex-
tracted to a greater extent than other ions. This is due to the
high content of this ion in the original wastewater solution.

Probably, the manifestation of higher sorption properties
in bentonites is associated with their more amorphous struc-
ture, which facilitates the process of penetration of ions into
the interpackage space [23].

Compared to limestone-treated waste water, the indi-
cators shown in Table 4 for natural adsorbents were not as
effective as expected.

Table 4
Co-retention of heavy metal ions in sewage by adsorption

Adsorbents/metals |C(Pb*?), mg/I|C(Ni*?), mg/1{C(Zn*?), mg/I
Diatomite 0.614=0.098 | 0.448+0.071 | 0.33520.053
Bentonite red 0.423%0.067 | 0.309+0.049 | 0.231+0.037

Zeolite 0.893+0.143 | 0.652+0.104 | 0.488+0.078
mofter;l(t)‘r’i'ﬁf;ite 0.4350.069 | 0.318+0.05 | 0.238+0.038

5. 3. Results of the kinetics of metal ion sorption by
absorbent mixtures

In order to improve the quality of purification, a study
of kinetics of nickel ion sorption by adsorbent mixtures was



carried out. Three adsorbents were taken — diatomite, red
bentonite and bentonite-montmorillonite in different ratios.
The first mixture contained 30 % of diatomite and 35 %
of bentonites each, and the second mixture had the same
composition, but the content of diatomite was reduced to
10 % and bentonite was increased to 45 %, respectively. In
addition, kinetic curves should show whether the sorption
process improves over time. Fig. 5 shows the results.

C(Ni(IT), mg/l)
2
1,6

1,2 °

0,8

0,4

0 1 2 3 4 5

® | - mixture ® 2 - mixture

Fig. 5. Ni*2 ion sorption kinetics by adsorbent mixtures: 1 — mixture
of composition: 30 % diatomite and 35 % red bentonite and 35 %
bentonite-montmorillonite; 2 — mixture of composition: 10 % diatomite
and 45 % red bentonite and 45 % bentonite-montmorillonite

The dependency of the concentration of nickel ions in
the sewage after its treatment with the adsorbent mixture
decreases over time to the limits that are achieved when two
phases are in contact during the day. Fig. 5 shows that the
adsorbent mixture with a higher bentonite content shows
lower nickel ion content. Naturally, an increase in the number
of bentonites, which exhibit higher sorption capacity, leads to
an increased degree of nickel extraction. An intense change in
the concentration of nickel ions for both mixtures is observed
in the first 3 hours, then the curves go to constant values. Ac-
cording to the kinetic curve obtained, it can be said that prac-
tically holding the waste water with the adsorbent mixture for
3 hours is sufficient to pass the main sorption process. In prin-
ciple, in 2.5-3 hours are usually physico-chemical sorption.

The next stage of the research was to test the effect of the
mass of the adsorbent mixture on the efficiency of the cleaning
process. For this purpose, the weight of adsorbent mixtures
was increased to 4 grams. The ratio of the composition of the
adsorbents remained the same. The data obtained are present-
ed in Fig. 6, in the form of comparative charts of indicators
of concentration of lead, nickel and zinc ions after treatment
of waste water with individual types of adsorbents and their
mixtures. As shown in Fig. 6, the lead ion content of waste
water after treatment with adsorbent mixtures is reduced
to 0.335mg/1 for a single mixture and to 0.268 mg/1 for a
two-mixture where the bentonite content is higher. These
concentrations of Pb*? are the lowest in the range of adsor-
bents used. For example, compared to the indicators for zeo-
lite, these values are 2.5-3 times smaller. They are less than
indicators for diamond almost 2 times. The adsorbent mixture
is more effective in cleaning the waste water from lead ions
than pure bentonites. Here, cleaning efficiency is achieved

6

by increasing the mass of adsorbent mixtures. It would be
possible to further increase the mass of adsorbents, however,
an increase in the percentage weight of the absorbent material
is not desirable, as this proportionally increases the weight of
sludge, which is also undesirable in technological processes.
Analysis was performed with nickel ions. As shown
in Fig. 6, the content of nickel ions in sewage after its treat-
ment with adsorbent mixtures is reduced to 0.25 mg/1 for a
single mixture and to 0.21 mg/1 for a two mixture
where the bentonite content is higher. Here too, as
with lead ions, the relative content of Ni*? is signifi-
cantly reduced compared to zeolite and diatomite.
The same pattern is observed for zinc
ions (Fig. 6). Here the Zn*? content in the treated
waste water in the case of adsorbent mixtures is
0.25 mg/l and 0.21 mg/1. These data show that the
mixtures are the best in this range of sorbents. But
once again it is necessary to add that the improve-
ment of the sorption process is due not only to the
composition of adsorbents, but also to their mass.
A more clear demonstration of the effective-
ness of adsorbent mixtures is Table 5, where the
¢ obtained data were used to calculate the degree
of extraction of metal ions by all of the above
7 adsorbents. The highest recovery rates are noted
for lead and nickel ions when mixtures are used.
The increase in the degree of extraction for the
first mixture reaches 86 % and for the second mix-
ture — 89 % for lead ions. The degree of extraction
is 86 % and 88 % for nickel ions. And for zinc ions,
these values reach 84 %. Thus, mixing adsorbents,
increasing their mass fractions and increasing the
mass of the mixture leads to a more efficient result. However,
the achieved values are not sufficient for the treatment of
these wastewaters, as they exceed the norms of the maxi-
mum allowable concentration.

t, hour

Table 5
Degrees of extraction of metal ions by adsorbents and their
mixtures
Degree of | Degree of | Degree of
Adsorbents extraction | extraction | extraction
(Pb*?), % | (Ni*?),% | (Zn*?),%
Zeolite 63.77 63.8 63.77
Diatomite 75.09 7512 7513
Red bentonite 82.84 82.84 82.85
Bentonite montmorillonite 82.35 82.34 82.33
1-mixture 86.41 86.12 84.11
2-mixture 89.12 88.34 84.78

Studies conducted in the work on the selection of effective
natural adsorbents for the treatment of wastewater have shown
that the natural materials used in the works, fields of Almaty
region, have sorption capacity. The highest sorbent properties
of anumber of the objects studied are the bentonites, the Mukry
and the Middle Tentek fields. The predominant sorption of
heavy metal ions (Pb*2, Ni*2, Zn*?) is likely to be associated
with the increased ion exchange capacity of these clay minerals,
due to their amorphous structure and high inflatability, which
contributes to the rapid penetration of ions into the interpack-
age space. The lower sorption activity observed in zeolite and
diatomite is probably due to the fact that the rigid frame-band
structure of these minerals contains less ion-exchangeable ions.
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Fig. 6. Concentrations of heavy metal ions by adsorbents and
mixtures: a — Pb(ll); 6 — Ni(ll); ¢ — Zn(ll);
1 — before cleaning, 2 — zeolite, 3 — diatomite,
4 — bentonite red, 5 — bentonite-montmorillonite,
6 — 1-mixture, 7 — 2-mixture

Studies of the kinetics of nickel ion adsorption in ad-
sorbent mixtures showed that an increase in the bentonite
mass ratio leads to an increased sorption. Significant
changes in the concentration of Ni*? in the test solutions
occur within 3 hours, after which values decrease less
sharply.

6. Discussion of the results of a study of wastewater
treatment using natural sorbents

In general, the adsorption properties of these minerals
are expected to be achieved by the high porosity in the case
of diatomite (Fig. 1, Table 1) and zeolite (Fig.2, Table 2)
or by the penetration of ions into the underpackage space
between the layers of bentonites (Fig. 3, 5).

Atomic-absorption studies carried out in the selection
of effective natural adsorbents for the treatment of waste-

water of the accumulator plant of “Kynar AKB”, showed
that the natural materials used in the work of the fields
of the Almaty region have sorption capacity. Among the
objects studied, the highest sorbent properties are the ben-
tonites of the Mukra and Medium Tentec fields. The pre-
dominant sorption of heavy metal ions (Pb*2, Ni*2, Zn*?)
is likely due to the increased ionic metabolism of these
clay minerals due to their amorphous structure and high
swelling properties, which facilitates the rapid penetration
of ions into the underpackage space (Table 4). The lower
sorption activity observed in zeolite and diatomite is due to
the fact that the rigid frame-zone structure of these miner-
als does not contain such a large amount of ions capable of
ion exchange as previously shown in the work [7, 8].

A study of the kinetics of nickel ion adsorption in adsor-
bent mixtures showed that an increase in the mass percent-
age of bentonites leads to increased sorption. Significant
changes in the concentration of Ni*? in the test solutions
occur within 3 hours, after which values decrease less sharp-
ly (Fig. 6). Increasing the weight of the adsorbent by 2 times
increases the extraction of heavy metal ions from wastewater
solutions to 84—-89 % (Fig. 7, Table 5).

Studies have shown that natural minerals of the Almaty
region have sorption properties that can be used for practi-
cal purposes, in particular for the treatment of wastewater
of the accumulator plant of Kynar AKB. For practical use,
holding the sewage with the adsorbent mixture for 3 hours
is sufficient for the main sorption process. Increasing the
weight of the adsorbent by 2 times increases the extraction
of heavy metal ions from wastewater solutions. Natural
adsorbents from the Almaty field can be used in acidic
environment pH=1.

In the next phase of the research the authors are plan-
ning to bring the amount of sorption cleaning to the norm
of maximum permissible concentration and will study the
thermodynamic patterns of the sorption of ions of heavy
metals.

7. Conclusions

1. X-ray phase analysis was performed to determine the
chemical composition of the objects studied. A qualitative and
semi-quantitative analysis of minerals was done, according to
which the main component of diatomite is SiO,, in the zeolite —
Laumontite composition Ca;AlgSijgO45-14H50 (51.3 %). The
base of bentonites is bedellite-montmorillonite, which has
an amorphous structure. In addition to the specified sub-
stances in the composition of these minerals there are other
inclusions characteristic of mineral compounds of natural
origin (CE[COgy CaO, FGQOg, Mg35i4010(OH)2).

2. Atomic-absorption spectroscopy was used to inves-
tigate the sorption of heavy metal ions (Pb*?, Ni*2, Zn*?)
by natural adsorbents. The results show that the content
of heavy metal ions in waste water after treatment with
the adsorbents studied decreases compared to waste wa-
ter before treatment. Bentonites, Mukra and Medium
Tentec have the best sorption properties. Here, the con-
tent of lead, nickel and zinc ions decreases by an average
of 82—-85 %. If diatomite is used, the ion content of these
same metals decreases by approximately 74-76 %, and for
zeolite by 64 %. The predominant sorption of heavy metal
ions (Pb*2, Ni*2, Zn*?) is likely to be associated with the
increased ion exchange capacity of these clay minerals,



due to their amorphous structure and high inflatability,
which contributes to the rapid penetration of ions into the
interpackage space. The lower sorption activity observed
in zeolite and diatomite is probably due to the fact that the
rigid frame-band structure of these minerals contains less
ion-exchangeable ions.

3. A study of the kinetics of nickel ion adsorption in
adsorbent mixtures showed that an increase in the benton-
ite mass ratio leads to an increased sorption. Significant
changes in the concentration of Ni*? in the test solutions
occur within 3 hours, after which values decrease less
sharply. Increasing the weight of the adsorbent by 2 times
increases the extraction of heavy metal ions from waste-
water solutions. The increase in extraction rate for 1 mix-
ture (30 % diatomite, 70 % bentonite) reaches 86 % and for
2nd mixture (10 % diatomite and 90 % bentonites) 89 %
for lead ions. The extraction rate for these same mixtures
is 86 % and 88 % for nickel ions, respectively. And for zinc
ions, these values reach 84 %. Thus, mixing adsorbents,
increasing their mass percentages and increasing the mass
of the mixture leads to increased cleaning efficiency from
these ions.
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