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Abstract. This study examines the physico-chemical properties of the Chankanai
deposit zeolite and its potential as an additive in the production of modified concrete.
The focus is on the investigation of the structural characteristics of zeolite, its chemical
composition, and its modifying ability. Zeolites are aluminosilicate minerals with high
adsorption capacity, and their use in building materials has the potential to enhance
the strength, durability, and environmental friendliness of final products. X-ray
diffraction (XRD) and scanning electron microscopy (SEM) methods were applied to
analyze the structure and morphology of zeolites. The XRD methods allowed for the
determination of the crystal structure and phase composition of zeolite samples,
revealing the presence of dominant mineral phases and their spatial arrangement.
Using SEM, the microstructure and morphological features of zeolite particles were
investigated, enabling an assessment of their porosity and distribution within the
material. As a result of the experiments, it has been found that zeolites exhibit a high
sorption capacity, well-developed porous structure, thermal stability, and resistance to
chemical substances, making them promising raw materials for manufacturing cement
composites, concrete, and other building materials. Additionally, the potential of
enhancing the performance of these materials through the use of zeolites as well as the
environmental and economic benefits associated with them have been discussed.
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Anparna. byn sepmmey Yankanaii keH OPHbIHLIY YEOTUMIHIY PUIUKA-XUMUSLTLIK
Kacuemmepin XcaHe OHblH MOOUUKayuALaHean 6emoHOapovl oHOIpyee apHanaH
Kocna pemiHOe2i Nepcnekmusanapviih Kapacmuipaovl. Lleonummiy KYpolibiMObIK
epexulenikmepit, OHbIY XUMUANBIK KYDAMbIH JCoHe Moougurkayus Kabiremin
3epmmeyee baca Hazap ayoapuliaovl. Lleonummep-scoeapovl adcopoyusniblk Kabinemi
bap anoMuHUll CUTUKAMMAPbL HCIHE 01apObl KYPbLIbIC MAMEPUAIOapblHOa KOJIOaHy
COHEbl OHIMHIH OepikmiciH, OepiKmiciH JHcoHe MYPAKMbLIbIRbIH aAPMMmMulpa andobl.
Lleonummepoiy KypbiibiMbl MeH MOPHOIOUACLIH MANOAY YUliH peHmM2eHOIK (ha3anblk
manoay (XRD) owcone cxamepneywi s1ekmporovl mukpockonus (SEM) adicmepi
KO10aHbLI0bl. Penmeenoik ghazanvik 20ic yeorummepoiy KpUCMAaLoblK KYpbliblMbl MeH
Gazanvix Kypamvln anvikmayed, 0acvimM MuHepanoapobly OONYbIH JHCIHE ONaAPObIH
KeHIiCmIKmMIK YUbIMOACMbIPBUIYbIH AHLIKMAYyed MYMKIHOIK 6epoi. SEM kemecimen
yeonum OOaUEKMEPIHIY MUKPOKYPBIILIMbL MeH MOpQonousicvl 3epmmendi, Oy
0n1apobly KeyeKkminiei MeH mamepuanoazel 6Oenulekmepoiy mapanybliH 6a2anay2a
MYMKIHOIK  OepOi. DOxcnepumenmmep HIMuUNceCiHOe Yeoqummepoiy — Hoeapbl
copboyusanvly Kadinemi, 0amvlean Keyekmi KYpbliblMbl, bICIbIKKA MO3IMOLNiel HcoHe
XUMUATLIK peaceHmmepoil acepine meo3iMOoinici aHblKmanovl, OY1 0aapobl YemeHm
KOMRO3ummepiHn, 0emoHObl JHcaHe 0acKa KYpbliblc Mamepuaioapvlh 6HOIpyze
nepcnexmusanvl wuxizam emeodi. ConviMen Kamap, yeonummepoi natoaniany apKbiivl
KYPbLIbIC MAMepuanioapbiibly OHIMOLNICIH dcakcapmy MYMKIHOIKmepi, coHoaill-ak
011apOblH IKOJIOLUSNIIK HCIHE IKOHOMUKALBIK APMBIKULLLIBIKMAPb MATKLIIAHAObL.

Tyiiin ce3nep: yeorum, Yankanaii ken opusvi, 032epmineen bemonoap, aocopoyus
Kabinemi, bepixmici, mypaKmoiivlavl, QUUKATLIK Kacuemmepi.
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AHHOTAUMA. B 0aHHOM UCCed08anuu paccmampugaromcs QuauKo-xumuyecKue
ceolicmea yeoauma mecmopoxcoeHuss Yanxkanaii u e2o nepcnekmussbl 8 Kaiecmee
000asku 0151 NPou3B00CmM8a MooupuyuposanHvlx bemonos. OchoeHoe GHUMAHUE
VOeNeHO U3VYeHUI) CMPYKMYPHLIX OCOOEHHOCmel UYeonumad, e20 XUMUYeCcKO20
cocmasa u cnocobHocmu Kk moougpuxayuu. Lleonumsr - 3mo anomocuruxamol ¢
8bICOKOU AO0COPOYUOHHOU CNOCOOHOCMbIO, U UX UCNOTb30BAHUE 8 CHPOUMNENbHBIX
Mamepuanax Modxcem NnO8bICUMb HPOYHOCHb, O0N208€YHOCMb U IKOJIO2UYHOCb
KOHeuHo2o npodykma. [[na awnanusza cmpykmypsl u Mopghonocuu yeoaumos Owvliu
UCNONB308AHLI  MemOoObl penmeenogazoeoeo auanuza (XRD) u ckanupyrowei
anekmpouHou  muxkpockonuu (SEM).  Penmeenoghazoswviti  memoO  no36o.nun
onpeodenums KPUCMAIIULECKYIO CIMPYKMYpY U (hazo8bviil cOCMaAg Yeoaumos, 6bia6uUes
Hanuyue OOMUHUDVIOWUX MUHEPANo8 U UX NpocmparHcmeenHyto opeauusayuio. C
nomowvio SEM Ovinu uzyueHvl MUKpOCMPYKMypa u MOpghono2us yacmuy yeoiumad,
YUMo NO380NUN0 OYEHUMb UX NOPUCMOCIb U pacnpedeleHue yacmuy 6 mamepuaie. B
pesyavmame 3KCHePUMEHMOE OblI0 BbIAGNIEHO, YMO YeoIumsl 001a0aiom 6biCOKOl
CcOpOYUOHHOUL CnocobHOCMbIO, pazeumotu nopucmotu CMPYKMypot,
MepMOCMOUKOCMbIO U CIOUKOCIbIO K 8030€UCMBUI0 XUMUYECKUX PeazeHmos, 4mo
oenaem ux nepcneKmMuBHuIM colpbem OJisl U32OMOBLEHUSl YEMEHMHbIX KOMHO3UMO8,
bemoHna u Opyaux cmpoumenvbHvlx mamepuanos. Kpome moco, obcyxcoaromes
B03MONCHOCIU YIIYUUEHUS IKCHIAYAMAYUOHHBIX XAPAKMEPUCTNUK CMPOUMENbHBIX
Mamepuanog 3a cuem UCNONb308AHUSL YEOaUmMos, a Maxdce ux 5KoaocudecKue u
9IKOHOMUYECKUE NPeUMyUiecmaa.

KiroueBble cioBa: yeonum, mecmopodicoenue Yankanail, moouguyuposanmuie
Oemonvl,  A0COPOYUOHHASL ~ CNOCOOHOCMb,  00N208EYHOCMb,  IKOJLOSUYHOCHID,
Puzuueckue ceolicmaa.
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1 INTRODUCTION

In recent years, the construction industry has been increasing interest in the use of natural
zeolites to create modified concretes with improved physical and mechanical properties. Zeolites are
natural aluminosilicates with a microporous structure, which gives them unique sorption and catalytic
properties. Due to these qualities, zeolites can significantly improve the properties of concrete, such
as strength, durability and resistance to aggressive environments.

The Chankanai deposit, located in the Almaty region of Kazakhstan, is one of the promising
sources of natural zeolite. The study of the physico-mechanical characteristics of zeolite from this
deposit, as well as its potential as an additive for the modification of concrete mixtures, is an urgent
task for the construction science and industry of Kazakhstan. The introduction of zeolite into the
composition of concrete can not only improve its performance properties but also reduce the
environmental impact by reducing the need for traditional cement components.

The purpose of this study is to study the properties of the zeolite of the Chankanai deposit and
assess its effect on the characteristics of modified concrete, which will allow the development of more
stable and efficient building materials.

2 LITERATURE REVIEW

Concrete is one of the most common building materials for civil and military use due to its high
mechanical stability and durability. However, its production has a significant impact on the
environment since the production process of Portland cement, the main hydraulic component of
concrete is accompanied by CO2 emissions amounting to approximately 6% of global emissions of
this gas (Hefni et al., 2018). Over time, concrete structures are exposed to various factors of
destruction, such as shrinkage, freezing, and exposure to chlorides and sulfates, which reduce their
durability. It is also important to take into account the costs of maintenance, protection, repair and
restoration of existing concrete structures. Several practical solutions have been proposed to solve
these problems. The first is to improve concrete’s mechanical structure and durability during the
production process. The second is to reduce the consumption of Portland cement in the production
process. These two approaches can be implemented by optimizing the packing density of particles in
concrete (Kurda et al., 2019) and partially replacing Portland cement with natural pozzolans and/or
by-products of industrial production of pozzolan materials, such as crushed granular blast furnace
slag (GGBFS), fly ash, or silica fume (Eskandari et al., 2015; Markiv et al., 2016; Nuruddin et
al., 2014; Shariq et al., 2016).

Zeolites are hydrated aluminosilicates that are mainly composed of four-, five- and six-
membered rings formed by silicon-oxygen tetrahedra. Some of the silicon atoms in these rings can
be replaced by aluminum (Zhdanov & Yegorova, 1968; Rabo, 1980; Zhdanov et al., 1981; Pekov
et al., 2004). In the intercrystalline space, there is a system of interconnected channels that contain
micro-cavities. These cavities are filled with exchange cations and water molecules. Zeolite is a
nanoscale material that forms an ordered structure when molecules and ions are embedded into its
framework. This creates a unique material with specific properties (Kryuchin et al., 2010). Due to
their strictly defined pore sizes and intercrystalline cavities, both natural and synthetic zeolites are
excellent sorbents - molecular "sieves" (Breck, 1976) capable of selectively absorbing and releasing
molecules of various substances. After dehydration, zeolites can have a porosity of up to 50% or
more, and their crystal structure is formed by fragments of tetrahedral anions [SiO4]* and [A104]>-
combined into a three-dimensional framework with cavities and channels of 0.2-1.5 nm scale.

Natural zeolite is becoming an increasingly popular component in concrete production due to
its pozzolanic properties and positive effect on environmental friendliness. The addition of zeolite as
a supplementary cementing material reduces CO- emissions by decreasing the amount of Portland
cement required while improving the performance of concrete. However, research shows that the
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impact of zeolite on mechanical properties and durability depends on several factors, including the
composition of the zeolite, level of replacement, and testing conditions.

The incorporation of natural zeolite into concrete has led to a significant improvement in its
mechanical properties. Uzal and Turanli (Uzal & Turanh, 2012) studied cements containing a high
concentration of zeolite and found that the strength of the cement stone increased due to the formation
of additional C-S-H phases. This is because of the pozzolanic reaction, in which zeolite reacts with
calcium hydroxide to produce additional hydrated phases, reducing porosity and increasing the
density of the material. However, when a large proportion of cement is replaced with zeolite (more
than 30%), the strength gain may be slowed in the early stages. This can be a disadvantage for
applications that require rapid strength development.

Pezeshkian et al. (Pezeshkian et al., 2020) examined the impact of natural zeolite on ultra-
high-performance concrete (UHPC) and observed a decrease in autogenous shrinkage. This decrease
helps lower the likelihood of cracking by enhancing water retention and reducing the rate of heat
release during hydration. Nevertheless, the delayed hydration process could be problematic for
applications where quick strength development is essential. Similarly, Ranjbar et al. (Ranjbar et al.,
2013) reported that the addition of zeolite improved the rheological properties of self-compacting
concrete by minimizing water bleeding and increasing water retention, resulting in a more
homogeneous mixture. However, they also noted that when a high percentage of cement was replaced
with zeolite, the initial strength of the concrete decreased due to the lower reactivity of the zeolite.
Several researchers have investigated the durability of concrete containing zeolite. While zeolite can
improve the properties of concrete, it is important to consider each project’s specific conditions and
requirements when deciding whether to use it.

Natural zeolite has been shown to have a positive effect on the durability of concrete, enhancing
its resistance to various aggressive factors. Studies by Cryptavicius et al. (Kriptavicius et al., 2023)
and Singgu et al. (Sinngu et al., 2024) have demonstrated that the addition of zeolite to concrete can
improve its resistance to chloride and sulfate attack. Zeolite reacts with calcium hydroxide in the
concrete to form additional calcium silicate hydrate (C-S-H) gels, which help to seal the
microstructure of the concrete and reduce its permeability. This, in turn, reduces the risk of chloride
and sulfate penetration, leading to increased durability.

The effectiveness of zeolite in improving concrete durability is dependent on several factors,
including its chemical composition, physical characteristics such as particle size, and mineralogical
composition. It is important to carefully select and use zeolite that is suitable for the specific
application in order to maximize its benefits. Despite the obvious advantages of using natural zeolite
in concrete, there are several challenges associated with its use. One of the main problems lies in the
variability of zeolite composition, which can affect its pozzolanic activity and, consequently, the
properties of the concrete. Uzal and Turanli (Uzal & Turanli, 2012) noted that excessive amounts of
zeolite can slow down strength gain due to its slow reaction in the early stages of hydration, limiting
its use in applications requiring rapid strength development.

Several number of researchers emphasized the importance of optimizing zeolite replacement
levels in concrete. Improper composition selection can lead to decreased strength and reduced
durability. To achieve optimal results, it is crucial to consider the specific application requirements
and characteristics of the selected zeolite.

In conclusion, while the use of zeolite has many benefits, it also presents challenges that must
be addressed. By carefully considering these factors, engineers can optimize concrete formulations
and ensure successful outcomes in various applications. Natural zeolite is a promising component for
concrete modification that offers several advantages, including improved mechanical properties and
increased durability. Its use can reduce the amount of Portland cement used, leading to a reduction in
CO: emissions and lower costs. However, to effectively utilize zeolite, it is important to consider its
chemical composition, level of replacement, and operating conditions.

3 MATERIALS AND METHODS
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Zeolite was received from Chankanai deposit (Almaty region, Kazakhstan, LTD Taza Su). The
zeolite was grinned, ground, and sieved to 200 mesh (or 105 np) in size. The certified chemical
composition of natural zeolite is provided in Table 1. To determine the elemental composition, the
sample was subjected to X-ray spectral analysis at the Superprob 733 device (Japan), and to determine
the mineral composition to X-ray phase analysis at the DRON - 3 device (USSR), and a Scanning
electron microscope JEOL (Japan) was used to determine the microstructure.

Table 1

Chemical composition of the studied zeolite, mass % (author’s material).
Oxides o, % Oxides o, %
SiO; 67.38 Na,O 1.08
Al,O4 16.67 K,0 1.57
FeO 3.62 TiO; 0.6
CaO 6.3 MnO 0.17
MgO 2.60 Total 100

4 RESULTS AND DISCUSSION

It is known that zeolites are nanoporous crystalline aluminosilicates containing water molecules
and exchangeable cations such as K+, Na+, Ca>+ and Mg+, which neutralize excess negative charges
arising from the isomorphic substitution of Si** with AI**. The primary structural unit of zeolites is
conventionally taken to be the TO4 tetrahedron, where T is a silicon or aluminum atom Tetrahedra,
connecting with each other, form cuboctahedra (sodalite cells), from which the elementary cells of
zeolite are built from three-, four-, five- or six-membered rings that make up its crystalline framework
(Nisbet, 1997; Sweeck et al. 1990). The cuboctahedra are connected to each other by channels, the
accessibility of which is determined by the free cross-section of the entrance holes (windows) formed
by rings of interconnected tetrahedra.

The sorption properties of zeolite rocks are significantly influenced by both the mineral
composition and the structural characteristics of the mineral (Figure 1). Zeolites possess a
microporous structure, and zeolite-containing rock is a mixture of zeolite and other impurity minerals.
As a result, meso- and macropores are formed between zeolite particles and the surrounding rock
matrix, which aids in the interdiffusion of exchangeable ions within the sorbent—sorbate system
(Mamytbekov et al., 2024). Impurity minerals, such as layered aluminosilicates like montmorillonite
and occasionally halloysite, may also be present.
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Figure 1 — General zeolite structure (Nisbet, 1997; Sweeck et al. 1990).
4.1 SEM ANALYSIS
The microstructural characteristics of the zeolite samples were evaluated using Scanning

Electron Microscopy (SEM), which provided valuable insights into the morphology, particle size
distribution, and surface texture, as demonstrated on Figure 2.
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Figure 2 — SEM images of Zeolite (a) (b) and elemental analysis (c) (author’s material).

The images show irregularly shaped particles, which is typical for natural zeolites. The particles
have a granular texture and vary in size. At a magnification of 1500, agglomerations of small
crystalline particles can be distinguished, which form larger structures. Individual larger crystals are
also visible, probably with well-defined faces, which may indicate the presence of clinoptilolite or
other zeolite phases. The scale (10 um) shows that the particles range from sub microns to several
microns.

Fine particles can contribute to an increase in the total surface area, which has a positive effect
on the adsorption properties of zeolite. The visible crystals have a size of about 1-5 microns, which
is typical for natural zeolites used as adsorbents. The surface of the particles looks rough and porous,
which is an important characteristic of zeolites, since the porous structure provides a high specific
surface area. The presence of pores and the heterogeneous structure of the surface can be a
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confirmation of the high adsorption capacity of zeolite, which makes it suitable for use in water
purification processes or as a catalyst. The particles tend to agglomerate, which is typical for fine
crystalline minerals. Agglomeration can affect the effectiveness of zeolite application in industrial
processes, as it reduces the available surface.

SEM images of natural zeolite show that the sample consists of irregularly shaped particles
ranging in size from a submicron to several microns, having a highly developed porous surface. Such
structural features confirm the potential of zeolite for use in adsorption and catalytic processes.

4.2 XRD ANALYSIS

During the study, X-ray diffraction analysis (XRD) of a sample of natural zeolite was performed
to determine its mineral composition (Figure 3). Characteristic peaks are observed on the resulting
diffractogram, which make it possible to identify the main and secondary phases in the sample. Based
on a comparison of the values of interplane distances with the database of standard diffraction maps
(PDF), it is assumed that clinoptilolite dominates in the sample, which is confirmed by the presence
of peaks at 3.98 A and 3.34 A. The presence of mordenite is also likely (peaks at 9.02 A and 6.73 A),
which is typical for natural zeolites, often mixtures of several phases.

Natural zeolites are rarely found in their pure form, and peaks are also observed on the
diffractogram, which may correspond to impurities. For example, the peak at 3.34 A may be
associated with quartz, since this value is typical for this mineral.

XRD analysis showed that the studied sample of natural zeolite contains clinoptilolite and
probably mordenite, as well as impurities of other mineral phases such as quartz. These results are
important for understanding the properties of zeolite and can be used to evaluate its adsorption and
catalytic characteristics. Results of semi-quantitative X-ray phase analysis of crystalline phases:
Clinoptilolite — (Na, K, Ca)2.5AI3(Al,S1)2S113036*12H20 84.5%; quartz — SiO2 -10.2%; Albite
(Feldspar) — Na(AlSi3Os) — 5.3%.
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Figure 3 — XRD spectra of Zeolite (author’s material).
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5 CONCLUSIONS

During the study, the structural, chemical and morphological characteristics of natural zeolite
from the Chankanai deposit (Almaty region, Kazakhstan) were studied. The conducted analyses,
including SEM, X-ray diffraction and X-ray spectral analysis, allowed us to determine the basic
mineral composition and structural features of the sample. The results showed that the main mineral
is clinoptilolite with possible admixtures of mordenite and quartz, which is typical for natural zeolites,
often containing mixtures of several phases.

SEM analysis revealed that zeolite particles have an irregular shape and granular texture, and
their size varies from submicron to several microns. The surface morphology, represented by small
crystalline particles with a coarse, porous structure, confirms the high sorption capacity of zeolite.
These structural features make this material promising for use in adsorption and catalytic processes,
especially in water purification and industrial catalysis.

XRD analysis confirmed the presence of clinoptilolite as the main phase, while peaks
corresponding to quartz and possibly mordenite were found. This indicates a complex mineral
composition of the sample under study.

Thus, the study showed that zeolite from the Changkanai deposit has a high potential for
practical applications, such as water purification, due to its structural features, high specific surface
area, and excellent adsorption characteristics. In the future, research could evaluate the catalytic
properties of zeolite, study its durability, and develop optimization methods for various industrial
applications.
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