KomnnekcHoe Mcnonb3oBaHne MuHepanbHoro Cbipbsa. Ne2(333), 2025

ISSN-L 2616-6445, ISSN 2224-5243

[=
g2 Crossref

DOI: 10.31643/2025/6445.

14

Engineering and Technology

©

creative
commons

Research on the production of sorbent based on bentonite clay for wastewater

treatment from chemical industries

*Ishanova M.N., Kadirbayeva A.A., Sarypbekova N.K.

M. Auezov South Kazakhstan University, Shymkent, Kazakhstan

* Corresponding author email: ishanova.marzhan@mail.ru

Received: March 12, 2024
Peer-reviewed: April 4, 2024
Accepted: May 4, 2024

ABSTRACT

In our country, the problem of water purification remains urgent, with the growth of external
factors contributing to this, which can include an increase in the number of industrial enterprises,
the development of agriculture, urban growth and others. To solve the problem of water
purification it is economically advantageous to create new sorbents, with the available resources
in our country.For the processing of of bentonite clay under experimental conditions, instrumental
test methods were chosen using a scanning electron microscope (SEM) of the Jeol JSM-6490I V
brand, a multi-parameter portable cyberscanner (PCD 650 Eutech) and a Q-1500 Derivatograph.
In this article, we studied the bentonite of the Darbaza deposit. For physico-chemical analysis of
clay from the Darbaza deposit, a specially selected sample was crushed, and sieved and its
chemical composition was determined. Results. Based on the results of instrumental studies, the
elemental and mineralogical composition of bentonite clay from the Darbazinsky deposit was
determined using a scanning electron microscope JSM-6490I V (Jeol, Japan) using the energy-
dispersive method. The resulting sorbent based on bentonite clay has a high sorption capacity and
is recommended for use in the treatment of wastewater from chemical industries. The resulting
sorbent based on bentonite clay from the Darbaza deposit makes it possible to purify wastewater
from phosphate production from phosphate and other ions up to 60%. The developed sorbent
based on bentonite clay has environmental and economic efficiency and connections with the use
of local natural resources. Thus, it should be noted that for adsorption treatment of wastewater
from chemical industries with a high degree, it is possible to use effective sorbents based on
bentonine clays from the Darbaza deposit. It should also be noted that the use of bentonite clays
for water purification by the sorption process is an effective and affordable alternative to
adsorbents that show high adsorption capacity for various compounds.
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Introduction

The problem of wastewater treatment, since the
second half of the 20th century, is relevant for all
countries of the world. From the colloid-chemical
point of view, wastewater is a heterogeneous
mixture of dissolved, colloidal and suspended-in-
water impurities of organic and inorganic nature.
One of the main pollutants of natural waters is heavy
metal ions coming with the wastewater from
galvanic shops, mining, ferrous and non-ferrous
metallurgy, and machine-building plants.

There are quite a lot of purification methods, but
the simplest and most effective methods of water

purification are adsorption methods [[1], [2], [3],
[4]]. The advantages of these methods are high
efficiency, possibility to treat wastewater containing
several substances, as well as recovery of these
substances. The efficiency of adsorption purification
reaches 80-95 % and depends on the chemical
nature of the adsorbent, the size of the adsorption
surface and its availability, the chemical structure of
the substance and the chemical form of its presence
in the medium. Kazakhstan is famous for its rich
deposits of various minerals, as well as natural clay -
bentonite, the properties of which will be
investigated in this article. The diverse application of
bentonite is conditioned by its physical and chemical
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abilities. The greatest use of bentonite clay is in
medicine, drilling, metallurgy, foundry,
construction, agriculture, environmental programs,
adsorbents, fillers, etc [[5], [6], [7], [8], [9]].

The world bentonite reserve is 5.5 billion tons,
45% of which is accounted for by China, and 15% by
the United States, the remaining reserve is
accounted for by Russia, Turkey, Greece, India, etc.
Kazakhstan has large reserves of bentonite clay, only
in South Kazakhstan there are more than 6 deposits
of bentonite, Keles, Darbaza, Lenger, Andreevs,
Dzerzhin, lldersay, etc., in East Kazakhstan there are
known such deposits as Tagans, Dinosaur,
Manraksk, etc. The total reserve of bentonite clay is
more than 150 million tons [10].

Since the problem of water purification from
various pollutants remains urgent, and our country
is rich in the presence of many deposits of bentonite
clay, which in composition is not inferior to
Wyoming bentonite (USA), it is economically
advantageous to use it for water purification. Of the
many known methods of purification, sorption
methods of purification are economically
advantageous and effective, as the efficiency of
sorption can reach 80-90% depending on the nature
of the adsorbent used [11].

Natural clay minerals are widely used as
sorbents. They have good physical and chemical
characteristics as well as high absorption capacity.
Adsorption properties of bentonites can be
regulated both by methods of physical action and by
chemical activation.

From a practical point of view, bentonite
occupies a special place among clay minerals. One of
the areas of bentonite use is wastewater treatment
from chemical contaminants, where it is used as a
sorbent.

Experimental part

The initial sample of clay with sorbing
properties was selected in the South Kazakhstan
region, Saryagash district, Darbaza deposit.

The following methods of physical and chemical
analysis were used to study the structure and
structure of clay: scanning electron microscope, FTIR
spectrometer and X-ray phase analysis. The
chemical composition of bentonite was determined
using a JSM6490LV scanning electron microscope.
The IR absorption spectra were taken on a
ShimadzulRPrestige-21 FT-IR spectrometer with a
Miracle total internal reflection (TIR) attachment by
PikeTechnologies.X-ray phase analysis was carried

out on a Bruker D8ENDEAVOR diffractometer
(Germany).

Differential-thermal analysis of the initial
sample of bentonite clay of Darbazin deposit,
selected on the floodplain of the Keles River was
performed on a Q-1500 derivatograph in the
laboratory "Sapa" of M. Auezov SKU. For physico-
chemical analysis of clay from Darbaza deposit, a
specially selected sample was crushed, and sieved
and its chemical composition was determined.
Figure 1 shows bentonite samples in the original and
pulverized form.

Bentonite clay is a complex rock, the base of
which is montmorillonite, which has the formula
SigAl4020(0OH)4 x NH,0, where silicon can be replaced
by various cations (aluminum, iron, zinc,
magnesium, calcium, sodium, potassium, etc.).
Montmorillonite has a three-layer crystalline
structure, the outer layers are silicon-oxygen
tetrahedrons, with silicon in the middle and
associated hydroxyl groups or oxygen at equal
distances from it. The middle layer is represented as
octahedrons with oxygen atoms or hydroxyl groups
in the tops and aluminum, iron or magnesium atoms
between them [[12], [13]].

Figure 1 - Bentonite samples in initial and crushed form
of Darbaza deposit

In order to study the composition of bentonite
clay, the result of a scanning electron microscope
(SEM) was obtained (Figure 2), and the elemental
composition of the initial clay sample of the Darbaza
deposit was determined (Table 1).
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Figure 2 — Microstructure and elemental analysis of
bentonite clay of Darbaza deposit
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Table 1 - Elemental composition of bentonite clay of
Darbaza deposit

Elemental composition of clay

Weight %
18|18 |6 |2 ) |s |¢
z = < @ X © = g
1.48 | 2.61 | 14.87 | 51.4 | 2.66 | 1.29 | 0.80 | 9.98

The elemental composition of the sample shows
that the bentonite of the Darbaza deposit contains
large amounts of silicon, aluminum and iron
compounds, which explains the adsorption capacity
of the studied object, it should also be noted the
content of associated metal compounds in the form
of oxides, hydroxides, carbonate and sulfate salts,
which reduce the adsorption capacity of the object.
In practice, to improve adsorption properties
bentonite is subjected to activation, which in turn is
divided into chemical and acidic [14].

To determine the mineral composition of the
clay of the Darbaza deposit, IR spectroscopy and X-
ray phase analysis were performed (Figure 3,4).
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Figure 3 - IR spectrum of bentonite from Darbaza deposit

Decoding of spectra shows that in bentonite of
Darbaza deposit small peaks in the region of 1600-
1700cm™ and 3600-3700cm™ are observed, which
are characteristic for Na-O and O-H groups. The
presence of peaks in the region of 950-1050 cm™
confirms the presence of the main group Si-O, which
is one of the main constituents of bentonite. Peaks
in the region of 740-800 cm® which are
characteristic of Al-O are observed.

Figure 4 - XRF of Darbaza bentonite

Analysis of the data obtained by XRF showed
that the bentonite clay sample from Darbaza deposit
has three intense and several non-intense
diffraction maxima: - d equal to 5.02; 3.342; 1.55 are
characteristic of the phases of muscovite, which has
the formula K,0-3Al,03-6S5i0,:2H,0;

-dequalto 3.21; 2.77; 2.227; 1.995; 1.560; 1.49;
1.292 are characteristic phases of potassium
feldspar, which has the formula Na;0-Al,03-6Si0;

- d equal to 4.47; 3.42; 3.06; 2.60 are
characteristic of phases of montmorillonite, which
has the formula SigAl4020(OH)4 x nH,0;

- d equal to 3.85; 2.291; characteristic of
kaolinite phases, Al,05:25i0,*2H,0.

The presence of minerals, bentonite muscovite
explains the sorption properties of the studied
bentonite sample. Graphical dependences of DTG
and DTA curves on temperature are shown in Figure
5.
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Figure 5 - DTA of Darbaza bentonite

Analysis of the obtained graphical data showed
that the studied sample is characterized by two
pronounced and one insignificant endo-effects and
four exo-effects. Endoeffect at T=180°C indicates the
removal of surface moisture and at 550 °C partial
desulfatization of iron-containing impurities. The
exoeffect at 870°C is characteristic  of
decarbonization of magnesium and calcium
carbonates. Insignificant exo-effects at 280-450°C
are characteristic of burnout of organic impurity
components. Exoeffects at 525-530 °C indicate the
burnout of sulfur impurities of bentonite clay.

Activation [15] of bentonite clay is carried out as
follows: A certain mass of bentonite clay is
suspended in a water-sprite solution (ratio 1:1.5
cm?, temperature 80-100 °C) for 60 minutes and at
the same time a modifier solution is prepared by
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dissolving octadecylamine in aqueous-alcohol a
solution containing an equimolar amount of
hydrochloric acid (up to pH = 7.0) at the same
temperature. A solution of octadecylammonium
chloride salt is added in portions to the bentonite
clay suspension with continuous stirring throughout
the entire period of the activation process. After
dosing of the modifier solution is completed, the
suspension is stirred for an additional 30 minutes
and cooled to room temperature.

To separate unbound activated bentonite clay, it
is centrifuged repeatedly, washed with a hot
aqueous-alcohol solution, and then with distilled
water [16]. The completeness of washing is assessed
by the residual content of chlorine ions by adding a
few drops of a 5% silver nitrate solution to the
mother solution. The resulting product is dried at a
temperature of 80°C in a vacuum to constant weight.
The cation exchange capacity of bentonoite clay is
90 mEq/100 g with an average silicate platelet
diameter of ~75 nm. To determine the functional
groups of the resulting activated bentonite clay,
spectral analysis was carried out with an IR Fourier
spectrometer (Zhimadzu IR Prestige-21). The result
of IR spectroscopy after the activation process is
shown in Figure 6.
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Figure 6 — IR absorption spectra of Darbaza bentonite
clay after activation

According to the results of the IR spectra it was
revealed that Darbaza activated bentonite clay
appears absorption bands in the region of 2924 and
2854cm™ related to stretching vibrations of the
methylene group and also corresponds to the
asymmetric bending vibration of methyl groups in
the region of 1458cm™. The absorption bands at
1712-1735 cm? are characteristic of stretching
vibrations of acrylate groups. Pendulum vibrations
of methylene groups in the region of 798 cm™ are
also observed. There is a slight increase in the
absorption band with a peak at 1010 cm™ (1100-837
cm™?) corresponding to the stretching vibrations of
the Si-O-Si group.

Table 2 — Physico-chemical and mechanical properties of
sorbents based on bentonite clay

Name Density, Specific surface
g/cm?3 area, cm?/g
2.07 1380
Bentonite clay Average Strength,
from the Darbaza granule, MPa
deposit mm
10-13 4.4
Density, Specific surface
g/cm3 area, cm?/g
Activated 2.30 1445
bentonite cl
entonite cay Average Strength,
from the Darbaza
. granule, MPa
deposit
mm
10-13 5.25

From Table 2 it follows that the physico-
chemical and physico-mechanical parameters of
acid-activated bentonite clay are higher than those
of a conventional bentonite clay sample and can
increase the mechanical strength of sorbents to 5.25
MPa, which facilitates repeated use for wastewater
treatment.

Determination of the physicochemical and
mechanical parameters of the sorbent based on
bentonite clay before and after activation was
carried out by GOST 28177-89 [[17], [18]].

The discussion of the results

The obtained results of elemental analysis in
Table-1 confirm that the bentonite clay of the
Darbaza deposit belongs to the alkaline earth group.
Since its complex consists of calcium and magnesium
cations. Bentonite has a porous structure, due to
porosity - high swelling, which determines their
optimal sorption characteristics. The mechanism of
sorption of bentonite clays is that sorbates are
introduced between planes, while the structure the
layers themselves remain unchanged. It should be
noted that scientists [19] have concluded that the
sorption process on bentonite clay is predominantly
a physical process, includes ion exchange and is
controlled by diffusion in the solution film.

The resulting sorbent based on bentonite clay
has a high sorption capacity and is recommended for
use in the treatment of wastewater from chemical
industries.

The sorption capacity and the dependence of
the process on the time and temperature of the
resulting sorbent are shown in Figure 7.
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Figure 7 - Dependence of adsorption on process time.

From Figure 7 it follows that the adsorption
capacity of the resulting sorbent increases by 10-
15% after activation. The studies were carried out on
a laboratory installation with software control of a
liquid flow rate of 3.5-4.0l/min, in the temperature
range of 20-40°C. In laboratory studies, we used
wastewater from the mineral fertilizer plant (MFP)
of LLP «Kazphosphate», characterized by the
presence of the following chemical compounds, %:
P,0s-2,0-2,1, SOs-0,6-0,8, Ca0-2,8-3,1, K,0-0,6-0,8,
MgO -0,8-1,1, A1,03-0,8-0,9, Fe,03-0,3-0,4.

After using the sorbent, the chemical
composition of the wastewater has the following
composition, %: P,0s-1,1,0-1,2, SO3-0,3-0,33 CaO-
1,5-1,7, K,0-0,2-0,2,5 MgO -0,3-0,4, A1,0-0,3-0,4,
Fe203—0,1-0,15.

The composition of wastewater before and after
the sorption process was determined according to
GOST 26449.1 [20].

Based on the results of the experimental studies,
it can be concluded that the resulting sorbent based
on bentonite clay from the Darbaza deposit makes it
possible to purify wastewater from phosphate
production from phosphate and other ions up to
60%.

Conclusions

Based on the results of instrumental studies, the
elemental and mineralogical composition of
bentonite clay from the Darbazinsky deposit was
determined using a scanning electron microscope
JSM-64901 V (Jeol, Japan) using the energy-
dispersive method. Differential thermal analysis was
used on a bentonite clay sample to monitor changes
in the raw material that occur as a result of heat
treatment. Based on X-ray phase analysis, the phase
composition of bentonite clay was determined. IR
spectroscopic analysis was also carried out to
determine the structural features of the starting raw
materials and the finished product.

The developed sorbent based on bentonite clay
has environmental and economic efficiency and
connections with the use of local natural resources.
Thus, it should be noted that for the adsorption
treatment of wastewater from chemical industries,
it is possible to use effective sorbents based on
bentonine clays from the Darbaza deposit to a high
degree. It should also be noted that the use of
bentonite clays for water purification by the
sorption process is an effective and affordable
alternative to adsorbents that show high adsorption
capacity for various compounds.
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Xumua eHAipiciHiH, aFbIHAbI CyNapbiH Ta3anay ywiH 6eHTOHUT ca3bl HerisiHae

copbeHT any aaiciH 3epTrey

MwaHoBa M.H, Kagup6aesa A.A., Capbin6ekoBa H.K.

M. dye3o08 ameiHOaFbl OHMycmik KasakcmaH yHusepcumemi, LeimkeHm, KazaxcmaH

Makana kengi: 12 Haypei3 2024
CapantamapgaH eTTi: 4 cayip 2024
KabbingaHapl: 4 mameip 2024

TYWIHAEME

bi3giH, enimizge cyapl TasapTy maceneci e3ekTi 6onbin Kana bepedi. ByFaH eHepKacinTik
KCiNOpbIHAAP CaHbIHbIH, Kebeti, ayblN LWapyaLUbIIbIFbIHBIH, AaMybl, KananapapliH, ecyi xaHe T.6.
CbIpTKbI pakTopnapablH, ecyi biknan eteai. Cyapl TazapTy MaceneciH wely ywiH 6i3aiH enimisge
6ap pecypctapgaH kaHa copbeHTTep asy SKOHOMMKanbIK TypFblaaH TMiMai 6onbin Tabbinagpl.
JKCNepUMEHTTIK KaFaannapaa 6eHTOHWUT casblH eHaey ywiH Jeol JSM-64901 V ckaHepneywi
3NEKTPOHAbI MMKpocKon (SEM), ken napameTpi noptaTueTi Knbep ckaHep (PCD 650 Eutech) xaHe
Q-1500 pepuBatorpadbl apKblabl acmanTblkK —CbiHAK aAicTepi TaHganabl. 3epTreynepain,
HaTUKenepi BGOMbIHWA 3Heprua-aucnepcuansik agicned JSM-64901 V  (Oxeon, Xanowus)
CKaHepneywi 3NeKTPOHAbl MMKPOCKONTbIH, KemerimeH [lap6a3a KeH OpHbIHAAFbl GEHTOHWUT
Ca3blHbIH, 3N1EMEHTTIK KaHe MUHEePaNoruANbIK Kypambl aHbIKTanapl. AnbiHFaH 6EHTOHUT BanlbiK
HerisiHaeri copbeHT Kofapbl COPOUMANBIK KabineTke ue KaHe XMMUA BHEPKICIBiHiH, aFbiHAbI
CynapblH Ta3apTyaa KONAaHyFa yYCbiHbINaabl. [lapbasa KeH OpHbIHAH anblHFAH GEHTOHUT Ca3blHbIH,
HerisiHae anbiHFaH copbeHT docdaTt eHAipiciHiH, aFbiHAbI cynapbiH docdatraH xaHe backa
noHaapaaH 60%-fa aeWiH TasapTyfa MYMKIHAIK 6epepi. BeHTOHUT casbl HerisiHAe »acanfaH
copbeHT KepriniktTi Tabufu pecypcTapapl nNaiAanaHblIFAHABIKTAH  KONOMUANDBIK  XKaHe
3KOHOMMKanbIK Tuimai 6onbin Keneai. COHbIMEH, XMMMA OHEPKICIBiHIH, afblHAbl CyNapblH
aacopbumanbik TasapTy ywiH [apba3a KeH OpHblHbIH GEHTOHUTTI ca3 HerisiHgeri Tuimai
copbeHTTepai Kofapbl Aapexene KongdaHyfa 6onatblHAblFbl  aHblkTanabl.  CoHpaii-ak,
copbuMANbIK NPOoLECcC apKbiabl CyAbl Ta3apTy YWiH GeHTOHWT casgapbliH NaiganaHy apTypAi
KOCbI/IbICTAp YLUiH »Ofapbl aacopbumanbiK KabineTiH KepceTeTiH agcopbeHTTepre TMIMAi KaHe
KomKeTiMAi 6anama 60bin TabblNATbIHbIH aTan OTKEH YKeH.

TyiiiH ce30ep: 6eHTOHUT, [apbasza KeH OpHbI, CyAbl Ta3apTy, MOHTMOPU/IOHUT, agcopbuus, aybip
meTangap.
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AHHOTALUMUA

B Hawei cTpaHe npobsema OYMCTKM BOAbl OCTAETCA aKTyaNbHOM, Mpuyem 3Tomy crnocobcrsyeT
POCT BHELWHMX GaKTOPOB, K KOTOPbIM MOYKHO OTHECTU YBEe/IMYEeHWE KONMYECTBA MPOMbILLAEHHbIX
npeanpuATUIA, Pa3BUTUE CENbCKOTO XO3AIMCTBA, POCT rOPOA0B U Apyrue. Ansa peweHuns npobaembl
OYMCTKM BOAbI SKOHOMMYECKM BbIFOAHO CO3JaHME HOBbIX COPOEHTOB, U3 UMEIOLLMXCA B HaLLen
cTpaHe pecypcos. 1A 06paboTKn BEHTOHUTOBOM MMMHbI B 3KCNEPUMEHTANbHbIX YCA0BUAX Bblan
BblOpaHbl WMHCTPYMEHTaNbHblE METOAbl WCMbITAHUM € UCMNO/Ib30BAaHMEM  CKaHMPYIOLLEro
3N1EKTPOHHOro MwuKpockona (COM) mapku Jeol JSM-64901 V, MHOronapameTpuyecKoro
nopratMeHoro KubepckaHepa (PCD 650 Eutech) u gepusatorpada Q-1500. Mo pesynbratam
MHCTPYMEHTa/IbHbIX WMCCNEfOBaHUI onpeaeneH 37eMeHTHbI U MUHEepasorMyeckuii coctas
6EHTOHUTOBOW NHbI M3 [JapbasMHCKOro MeCcTOpOXAEHUA C UCMONb30BAHUEM CKaHWPYHOLLEro
pPacTpoBOro 31EKTPOHHOrO MUKpockona JSM-64901 V (Jeol, finoHWA) 3Hepro-aAMCnepcUoHHbIM
MeToA0M. MoNyYeHHbI COPHEHT HA OCHOBE BEHTOHUTOBOM FMHbI UMEET BbICOKYIO COPOLMOHHYIO
CNocobHOCTb M PEKOMEHAYETCA NPUMEHATb MPU OYMCTKE CTOYHBIX BOS, XMMUYECKUX MPOU3BOACTB.
MonyyeHHbI copbeHT Ha OcHOBe BGEHTOHWTOBOM WHbI U3 [apbasnHCKOro MecTOpOXKAEHUA
No3BO/IAET OYUCTUTL CTOYHbIE BOAbI pochaTHOro Npon3soacTBa oT pocdaTHbIX 1 APYrMX MOHOB A0
60%. Pa3paboTaHHbIi cOpbeHT Ha OcHOBE GEHTOHMTOBOMN TNWHbI MMEET 3KONOTMYECKY U
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3KOHOMMUYECKYI0 3GEKTUBHOCTb, CBA3M C WMCMOb30BAaHUEM MECTHbIX MPUPOAHbLIX PECYPCOB.
Takum obpasom, cnepyet OTMETUTD, YTO A/15 3ACOPOLIMOHHOWM OUMCTKM CTOUHBIX BOA XUMUYECKUX
NMPOM3BOACTB C BLICOKOW CTEMEHbIO BO3MOMHO MCMO/b30BaHUE 3OPEKTUBHBIX COpbEHTOB Ha
0cHOBe 6EHTOHMHOBbLIX FMMUH U3 [Jap6asuHCKOro MecTopoXaeHus. Takxe cneayet OTMETUTb, UTo
MCMONb30BaHWE GEHTOHUTOBbLIX [AMH A/ OYMCTKM BOAbI MpoLeccom copbuun ABaseTcs
3pbEKTUBHON WM [OCTYNHOW anbTepHATMBON aAcOpbOEHTOB, KOTOpble MOKa3biBalOT BbICOKYHO
aACcoOPBLMOHHYIO EMKOCTb MO OTHOLUEHMIO K PA3/IMYHbIM COEAUHEHUAM.

Kntouessblie cnosa: 6eHTOHVIT, MecTopoXxaeHue ﬂ,apﬁasa, O4YMCTKa BOAbl, MOHTMOPUANOHUT,
a,u,cop6u,v1ﬂ, TAXeNble MeTaN/ibl.
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