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In order to modify the surface, thermal acid activation of the zeolite of the Chankanai deposit
was conducted. It was found that the treatment of the mineral with acid at high temperature leads
to a decrease in the content of Ca, Al and Sr in its composition. Adsorption of chitosan on the
surface of thermoacid-activated zeolite was also studied. Processing of the adsorption isotherms
according to Langmuir and Freundlich models showed that the maximum adsorption of chitosan
on the zeolite surface is 30.1 mg/g and the Freundlich constant 1/n is 0.75. On the IR-spectra of
chitosan-modified zeolite, a certain shift to the higher frequencies of the peak was found at the
oscillation frequency of 1638 cm™, which can be explained by the contribution of amino groups
adsorbed on the surface of the mineral. The shift to the left of the peak at 581 cm?, typical for
aluminosilicate groups, is also an evidence of their interactions with chitosan. When studying the
effect of chitosan concentration on the wetting of the modified zeolite powder, it was found that
at concentration of 2110 base mol/L, an increase in the wetting angle from 10° to 47° occurs
due to surface overcharging. According to the data of adsorption, IR spectroscopy and wetting
of the surface, the main mechanism for binding chitosan to the zeolite surface was due to the
electrostatic interaction of polymer amino groups with silicate and aluminosilicate groups of the
mineral, stabilized by hydrogen bonds between the OH-groups of the polymer and =Si-O-groups
of the solid phase.
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Betti eHpey MmakcatbiHAa LUaHKaHah KeH OpPHbIHbIH, LEOAUTIH TEePMOKbILWKbINAbIK,
aKTMBauuAanay Kyprisingi. Mofapbl TemnepaTypafa MMUHepangbl KblWKbIIMEH eHaey
OHbIH, KypambiHAafbl Ca, Al kaHe Sr yneciHiH TemeHaeyiHe anapaTbiHAbIFbl AHbIKTaNAbI.
TepMOKbILWKbINAbI b6enceHAipinreH uLeonnt bHeTiHAe XMTO3aHHbIH agcopbuusacbl 3epTTengi.
Afcopbuma manimerTepiH JleHrMmiop KaHe PpeHannx mogenbaepi 6olbiHWa eHaey LeonuT
beTiHAeri XMTO3aHHbIH MaKCcMManabl afcopbumacbiHbii, MaHi 30,1 mr/r, an 1/n KOHCTAHTACLIHbIH,
0,75-Ke KeTeTiHAiriH KepceTTi. XuTo3aHMeH eHaenreH ueonutTiH, UK-cnekTpiHae 1638 cm™
Tepbenic KuiniriHaeri  WbIHHbIH, YKOFapPbl KUWiNiri aHbiKTanabl, 6yn XaluT muHepan 6eTiHae
apcopbumnanaHfaH aMmuH TONTAPbIHbIH Y1ECIMEH Herizaenai. ANtoMoCMAMKaTTbl TonTapFa ToH 581
cM? aliMaFblHAAFbI WbIHHbIH 4@ COM XKaKKa blfbICYbl 0NapAblH XMTO3aHMEH 63apa apeKeTTecyiHiH,
Aaneni 6onbin Tabblnagbl. XMTO3aH KOHLEHTPALMACHIHbIH, LLEONUT YHTafFblHA CYy TaMLWbINAPbIHbIH,
JKYFyblHa acepiH 3epTTey 6apbicbiHAa noaumepgid, 2:10% Heri3-moib/A KOHUEHTpaumacbiHAa
XKYFy OypbiwbiHbiH, 10°-TaH 47°-Ka AeliH apTybl 6aiikanabl KaHe 6yn e3repictep 6eTTiH
Tepic 3apadblHblH, OH, 3apAagKa aybicybimeH Herizgenai. Apcopbuma, WK-cnekTpockonus,
CKaHep/eylwi 3N1eKTPOHAbIK MUKPOCKOMMUA XKIHE JKYFYy ManimeTtepi 6oWbIHWA XMTO3aH
MaKpOMOJIeKyNanapbiHblH, LeoauT 6eTimeH 6ainaHbICybIHbIH, HEri3ri MexaHM3mi noumepaiH
aMWH TONTAPblHbIH, MWHEPanAblH CUAMKATTbIK KJHE aJIlOMOCUAMKATTbIK TONTapbiMeH
3NEeKTpOCTaTUKaNbIK apeKkeTTecyi 6onbin Tabblnagbl, 6yn apekeTtTecy nonanmepaid, OH-TonTapbl
MeH KaTTbl dasaHbiH =Si-O- TonTapbl apacbiHAafbl H-6altnaHbicTapMeH TypaKTaHAbIpbl/IFaH.

TyiliH ce3aep: LEeOoNUT; XMTO3aH; eHAeY; aAcopbLMA; TEPMOKbIWKbIIABIK aKTUBALUA.
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C uenbio moanduKaLmMm NoBEPXHOCTU NpPoBeAEeHa TEPMOKUCIOTHAA aKTUBaLMA LEeonuTa
YaHKaHaAWCKOro MecTopoXAeHWUA. YcTaHOBMeHO, YTo obpaboTka mMuHepana KuUcCnoTol npwu
NOBbIWEHHOM TemnepaType MPUBOAMUT K CHUXeHWUto copepkaHua Ca, Sr u Al B ero cocTase.
M3yyeHa apcopbuma xuTo3aHa Ha MOBEPXHOCTU TEPMOKMC/IOTHO-aKTUBMPOBAHHOIO LLEONUTA.
ObpaboTka AaHHbIX agcopbuun no JleHrmiopy u ®PpeliHANMXY MOKasana, 4YTO 3HavyeHue
MaKCMManbHoW agcopbumMm xuTo3aHa Ha NOBepXHOCTM ueonuTa coctasaset 30,1 mr/r, a
KOHCTaHTbl 1/n - 0,75. Ha MK-cnekTpax moandULMPOBaHHOro XMTO3aHOM LLeonnTa o6Hapy)<eHo
HeKoTopoe CMelLeHNe BNEBO NUKA NpK YacToTe KonebaHuit 1638 cm?, 4To 06BACHEHO BKNAZOM
amuHOrpynn, aAcopbupoBaHHbIX Ha MOBEPXHOCTU MUHepana. CMelleHWe BNEBO MWKa Npu
581 cm?, XxapaKTepHOro ANA aNtOMOCUAUKATHBIX FPYNM, TaKKe ABNAETCA CBUAETENbCTBOM UX
B3aMMOAENCTBUA C XMTO3aHOM. [1pU U3yYeHUU BANAHUA KOHLEHTPALLMM XUTO3aHa Ha CMaynBaHmne
NOpOLLIKa LLeoAnTa YyCTaHOBAEHO, YTO NPW KOHUEHTpauuu 2:10° 0CHOBO-MOAb/A NPOUCXOAUT
yBeAuyeHue yrna cmaumsanua ot 10° go 47°, obycnoBneHHOE Nepe3apanKoi NOBEPXHOCTH.
Ha ocHoBaHWM AaHHbIX agcopbumm, UK-cnekTpockonum n cMaymMBaHUA NOBEPXHOCTU cAeNaHo
3aK/t04eHMe, YTO OCHOBHbIM MeXaHW3MOM CBA3bIBAaHMA XMTO3aHa C MNOBEPXHOCTbIO LLEOaUTA
ABNAETCA 3/1eKTpOCTaTUYeCcKoe B3aMMOAENCTBME aMWUHOrPYnn NoOAMMEpPa C CUAUKATHbIMU
1N aNlOMOCUAMKATHBIMK TPynnamu  MUHepana, ctabunmsmposaHHoe H-ceasamu mexay OH-
rpynnamu noammepa u =Si-O- rpynnamu Teepaoin dasbl.

Kniouesble cnoBa: LEONUT; XWUTO3aH; MO,D,Md)MKaLI,VIH,‘ a,ﬂ,COpGLl,MFI,‘ TEPMO-KUCNOTHaA
aKTuBauua.
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1. Introduction

Clay minerals are the most widely used natural raw
materials, ranging from building materials to enterosorbents [1-
5]. Among them, zeolites, so-called “molecular sieves”, are
particularly distinguished, due to their ability to adsorb
molecules smaller than 10 A. Along with high adsorption
capacity, they also have ions-exchange properties [6-8]. The use
of zeolites for purification of gases was also reported [9]. The
high porosity and the ability to control particle size by dispersion
in the
development of composite materials: in construction chemistry

determine the prospects for using this mineral

by combining with other minerals, in biotechnology as carriers
of enzymes, microorganism cells to create selective biosorbents
and biocatalysts. However, as natural minerals, zeolites have a
negative charge on their surface. Most microbial cells are also
negatively charged. For combination with other minerals and
microbial cells, the modification of the zeolite surface with
positively charged polymers and surfactants is needed. The
well-known cationic polymers and surfactants such as
polydimethyldiallylammonium chloride, polyvinylpyridinium
chloride, cetylpyridinium bromide and chloride can have toxic
effects on enzymes and microbial cells. Among cationic
polymers, chitosan obtained from chitin is most harmless to
living organisms and environment [10,11]. However, there is no
information in the literature about the use of chitosan to
regulate the surface properties of clay minerals. In this regard,
the aim of this study was to modify the surface of the zeolite
using chitosan.

2. Experiment

Zeolites of Chankhanai deposit (Almaty region) were used.
Zeolite samples were crushed to particle size of 10-30 um, then

washed twice with distilled water and dried at 200°C. However,
zeolite particles with long-term exposure in the aqueous
medium increased the optical density of suspensions due to
leaching of fine particles of impurities, which complicated their
analysis. In this respect, the method of treatment with mineral
acid and high temperature was used, which is widely used for
purification of clays from impurities [12, 13]. 50 g of zeolite were
mixed with 250 mL of 15% (w/w) H,SO,, boiled for 4 h at 100°C
on a water bath. Then the mineral was washed with distilled
water, pH of which was brought to 7 by 0.1 M NaOH. The
purified zeolite was dried at 200°C for 2 h.

Zeolite composition was determined using X-ray
fluorescence spectrometer Focus 2M (Russia) using Fe-radiation
in the range from 2 V to 37 V with a measurement accuracy 3%.
The intensity of the diffraction maxima was estimated by an
analytical method in a tetragonal singoniya. Experiments were
carried out at 25+0.2°C.

Chitosan purchased from Sigma Aldrich (USA) was used for
the modification of zeolite. The concentration of chitosan was
varied in the range of (0.1-1.0)'102base mol/L. For this purpose,
100 mL of a solution containing 0.16 g of chitosan was prepared.
Then 1 mL of the solution was mixed with 9 mL of distilled water.
Other solutions were prepared in a similar way. For modification
of the zeolite surface, 1 g of mineral sample was put in 20 mL
chitosan solution with a concentration of (0.1-1.0)-10 base
mol/L for 2 h. Adsorption of chitosan on the zeolite surface was
calculated by the formula: A=(C-C}V/m, where C, and C, -
initial and equilibrium concentrations of chitosan, base mol/L;
V —solution volume, L; m — zeolite mass, g.

Determination of chitosan concentration was performed
using UV-=7504 (Shanghai, China) spectrophotometer with a
measurement accuracy *2%. Analysis was based on the
dependence of the optical density of polymer solutions on the
concentration. Experiment was carried out in cuvettes with an
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absorbing layer thickness of 1 cm. The dependence of the
optical density of the chitosan solution with concentration of
1:102 base mol/L on a wavelength in the range of 200-800 nm in
10 nm increments was obtained. The maximum optical density
corresponded to a wavelength of 210nm. Then, at this
wavelength, a concentration dependence of the optical density
of chitosan was obtained. Range of polymer concentration from
10 base mol/L to 10 base mol/L was used. For analysis, the
linear range of the curve was used.

FTIR-spectroscopy studies were performed using the
Fourier-transform infrared spectrometer Avatar 370-Csl
(Thermo Nicolet, USA) in tablets with KBr. For this, the samples
of thermal-acid-activated zeolite, chitosan powder, and zeolite
treated with 1-102base mol/L concentration solution of
chitosan were used. Each of them was individually pressed with
KBr at the ratio 2:250 (mg/mg). Studies were conducted in the
frequency range from 400 to 4000 cm™.

KBr with quality “pure for analysis” (ChemPlus, Russia) was
used during FTIR analysis for the preparation of tablets. Dried
sample of KBr was used.

The wetting angle was determined by applying water
droplets to the powder of zeolite samples modified with chito-
san solution with concentration from 0.1:10?to 1.0-10” base
mol/L, and drawing the tangents to the images of droplets.

3. Results and discussion

There are two large zeolite deposits in Kazakhstan:
Tayzhuzgen (East Kazakhstan Region) and Chankanay (Almaty
Region). The zeolites of the Chankanay deposit are smaller than
the Tayzhuzgen ones. In addition, the latter contain quartz in
their composition, which compicates their grinding. Thermal-
acid treatment improves the quality of clay sorbents, however,
it significantly changes their composition. It was found that
thermal-acid treatment of the Chankanay deposit zeolite results
in the decrease of the amount of Ca, Al, Ti, Mn and Sr in the

composition of the mineral, and the decrease in the content of
Ca, Al and Sris particularly observable (Figure 1, Table 1). The Ca
contentin the initial sample decreased from 8.9 wt% to 1.8 wt%
after treatment; the Sr content decreased from 2.1 wt% to
0.5 wt%. In the case of Al, a decrease of content from 24.3 to
16.6 wt% was observed. At the same time, there is a significant
increase in the amount of silicon and iron. This change in the
composition of zeolite indicates that Ca, Mn, and Sr compounds
in the composition of the mineral are presented as impurities,
which can be easily removed by thermal-acid treatment. The
decrease of Al content can be explained by specific
decomposition of mineral structure. An increase in the amount
of Si and Fe can be associated with an increase in their specific
contribution to the mass of zeolite upon dissolution of other
elements. It also follows from these data that Ca, Al, Ti, Mn and
Srions play the role of exchange cations, and atoms of Si and Fe,
being the main components of the crystal lattice of the mineral,
will play a decisive role in the adsorption of other substances on
the zeolite surface.

Table 1 — Effect of thermal-acid activation on the composition
of the zeolite

30 1+
25 | * Experimental data
—Freundlich
20 - —Langmuir
2 15
[sT4]
€
< 10
5 .
0 T
0 2

Base Mass content, %
elements Natural zeolite Thermal-acid activated zeolite
K 4.7 5.0
Ca 8.9 1.8
Si 18.4 29.1
Fe 40.0 45.8
Al 24.3 16.6
Ti 1.1 0.9
Mn 0.5 0.3
Sr 2.1 0.5
T T )
4 6 8

C, base mmol/L

Figure 1 — Adsorption isotherm of chitosan on the surface of thermal-acid activated zeolite, T=25°C
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Figure 2 — FTIR spectrum of thermal-acid activated zeolite (1), chitosan (2) and zeolite-chitosan system (3)

Studies on the surface modification of zeolite particles
after thermal-acid treatment were aimed at determining the
optimal concentration of the modifying agent (Figure 1). The
isotherm of chitosan adsorption on zeolite has the form of a
rising curve. The data of adsorption were described using
Langmuir and Freundlich models [14]. To do this, Langmuir’s
equation was transformed into the straight-line equation:

(1)

The intercept was equal to m , and the slope was
equal to 1/A
on the surface of zeolite according to Langmuir model was
30.1 mg/g, which is close to the values of adsorption of low-
molecular surfactants on the surface of clays [15]. To calculate
the Freundlich constants, the adsorption data A=KF-Cl/" were
represented graphically as a function of IgA=f(lgC). The
intercept was equal to /gK,, and the slope was equal to 1/n. The
value of constant K, indicates the adsorption capacity of
adsorbent, and 1/n indicates the affinity of the adsorbed
substance to the adsorbent, i.e. the intensity of interaction of
an adsorbate-adsorbent. If the value of 1/n is in the range
of 0.6-0.8, the adsorbent is considered favorable for
adsorption [16,17]. In the case of chitosan adsorption on zeolite,
1/n was equal to 0.75 meaning that it is within this interval.

The value of maximum adsorption of chitosan

max®

The adsorption isotherms constructed using Langmuir and
Freundlich constants coincide with the isotherms obtained
from experimental data. The values of the determination
coefficient R? were 0.98 for the Langmuir model and 0.99 for the
Freundlich model (Table2). It follows that both models
satisfactorily describe the process of adsorption of chitosan on
the zeolite surface.

FTIR-spectroscopic studies were conducted to obtain
information on the mechanism of zeolite-chitosan interaction.
The data of FTIR-spectroscopic measurements of zeolite before
and after chitosan modification are shown in Figure 2. In the
case of the initial zeolite, the greatest adsorption bands were
recorded at the frequencies of vibration of 3435 cm™®, 2488 cm*?,
1635 cm™, 1024 cm™, 856 cm™ and 581 cm™. Fluctuations in the
range from 1600 to 3600 cm™ can be caused by deformation
vibrations of OH-groups of water molecules and SiOH-groups of
mineral. The peak at 1024 cm™ can be provided with deformation
vibrations of Si-O-Si groups, and the peak at 581 cm™ is due to
the presence of Si-O-Si and Al-O-Si groups in the zeolite [18,21].

In the FTIR-spectrum of chitosan, the peak at 3432 cm?
can be due to OH-groups of water molecules. In addition, it can
be attributed to the NH,-groups of the polymer. The adsorption
band at 2881 cmcan be attributed to the vibrations of C-H
bonds of the hydrocarbon chains of chitosan, and band
at 1632 cm™ is caused by NH.- groups. The wide adsorption
band at the 1067 cmfrequency can be explained by the skeletal
vibrations of the C-O groups [19,20].

Table 2 — The comparison of models of chitosan adsorption on the surface of zeolite

Temperature, Langmuir model Freundlich model
System oc ; ;
K, L/mg A mg/g R 1/n K, mg/g R
Zeolite-chitosan 25 0.18 30.1 0.98 0.75 4.18 0.99
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Figure 3 — Effect of chitosan concentration on the wetting of zeolite particles surface

In the FTIR-spectrum of the modified zeolite, all
characteristic bands of the initial zeolite were observed (Figure
3). Some shifts to the higher frequencies of the peak at 1638 cm™?
can be explained by the contribution of amino groups adsorbed
on the surface of the mineral. The shift to the left of the peak at
581 cm?, typical for aluminosilicate groups, is also evidence of
their interaction with chitosan. Vibrations at 856 c¢cm™ and
921 cm™ can be assigned to Si-O-Si bonds [21, 22].

Based on the FTIR-spectroscopy data it can be assumed
that the adsorption of chitosan on the zeolite surface takes
place due to the electrostatic interaction of amino groups
of the polymer with the silicate and aluminosilicate groups of
the zeolite, stabilized by hydrogen bonds between the OH,
NH,-groups of chitosan and the oxygen atoms of the silicate
groups.

Studies of the wettability of the surface of mineral particles
were also conducted to confirm the fact of modification of the
zeolite surface with chitosan solution (Figure 3). Water droplets
instantly spread on the surface of the initial mineral with a

wetting angle of 10°. After modification, there is a sharp increase
in the wetting angle due to the adsorption of macromolecules
of the cationic polymer on the zeolite surface. At concentration
of 2103 base-mol/L, the contact angle increased to 47°. When
changing the polymer concentration from 4:10°to 1-102 base-
mol/L, the contact angle values were within 60° indicating the
high hydrophilicity of the zeolite surface [23]. The hydrophilicity
of the mineral surface covered with the polymer can be caused
by the presence of OH-groups along the macromolecules of
chitosan. In addition, some of the polymer amino groups can
remain free, without participating in electrostatic interaction
with the zeolite surface. Such phenomenon takes place in the
case of excessive amount of polymer in the system in relation to
the solid surface. In fact, electron micrographs of zeolite after
modification show a tendency to increase the particle size
(Figure 4), which can result from the flocculating action of the
adsorbed polymer. Thus, the polymer adsorption leads to a
recharge of the surface or change of the charge from negative
to positive.

Figure 4 — Electron microscopic images of the thermal-acid activated zeolite before (a)
and after modification (b) by chitosan (x 30000)
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4. Conclusions

Thus, using the adsorption of chitosan on the surface of
thermal acid-activated zeolite, the modification of its surface
was conducted. It was shown that the surface modification
leads to a change of the negative charge of the mineral to
positive. The main forces responsible for the adsorption of
chitosan are electrostatic interactions and hydrogen bonds.

In order to increase the adsorption capacity of the zeolite,
thermal-acid activation has been proposed. Modification of
thermal-acidactivated zeolite surface with a negative charge by
adsorption of cationic polymer chitosan conducted, and the
maximum adsorption of chitosan on the zeolite surface was
found to be 30.1 mg/g. Modification was proved using FTIR
analysis. It was found that the modification of the surface leads
to change of negative charge of the mineral to a positive. Shift
of the frequencies from 1635 cm™ to 1638 cm™ is the evidence
of presence of positive charged amino groups of the zeolite
surface. Changing of the peak at 581 cm?, characterizing
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aluminosilicate groups, is also evidence of their interaction
with chitosan.

The main forces responsible for the adsorption of chitosan
on the zeolite surface are electrostatic interactions and
hydrogen bonds. Studies of the wettability of the surface of
mineral particles showed that the contact angle was increasing
with the increase of concentration of the polymer and the
maintenance of the high hydrophilicity of the surface
of zeolite.

These results can be used for sorbents preparation in
sewage treatment, for the development of effective biocatalysts
and biosorbents in biotechnology, for targeted changing of built
materials hydrophilicity in construction.
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