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ABSTRACT

Introduction. In Russia, the focus of scientific research in the construction industry is on the development of new materials with
high functionality, durability, and strength. These materials also have various unique properties that make them suitable for a wide
range of applications. Fine dispersed additives are used in the binder, for the construction of objects that require increased strength,
or for repair work where early strength gain of the repair mixture is important. To improve the physical and mechanical properties
of the hardened cement paste, which contains finely dispersed additives, it is necessary to consider the issue of uniform distribu-
tion of submicron particles in the volume of the cement composite. The study of this issue is one of the objectives of this study.
Materials and methods. Fine dispersed zeolite, which has high ion-exchange, sorption, catalytic properties, was selected as the
object of study, and the possibility of its introduction into the cement composition in the form of a stabilized suspension instead
of mixing water was assessed/ Zeolite suspension with concentration of 10, 30, 50 g/l was prepared by mechanical stirring with
a magnetic stirrer and ultrasonic dispersion under thermostatted conditions. The time of mechanical and ultrasonic treatment of
suspensions was 20 min. Suspensions were prepared in two dispersion media — water and water-polymer (water + plasticizer).
Physicomechanical tests of samples were carried out in accordance with current national and international standards and methods.
Results. Studies of sedimentation stability of suspensions showed that the most stable suspension was stabilized by ultrasonic treat-
ment and plasticizer. The sedimentation velocity of suspension particles in the first period was (3.43+3.83)«10° m/s, in the second
period - (0.98+1.17)-10° m/s. The study of zeolite particle dispersion in suspensions showed that ultrasonic dispersion leads to
a more significant shift in particle dispersion downwards from 25 um to 3 um, both in aqueous and aqueous-polymer suspensions
with a concentration of 10-30 g/I. The conducted physical and mechanical tests of the samples showed that the introduction of an
ultrasonic-stabilized aqueous-polymer zeolite suspension into the cement composition results in an increase in the initial and grade
strength by 3.3 times and 51%, respectively. The analysis of the results for compressive strength showed the greatest efficiency when
introducing a zeolite suspension into the cement composition instead of mixing water in an amount of 10-30 g/I. Conclusion. The
studies conducted have shown the effectiveness of using ultrasonic treatment in combination with a plasticizer to stabilize the
zeolite suspension. Stabilized zeolite particles, uniformly distributed in the volume of the cement matrix, act as a substrate for the
nucleation and growth of crystal hydrate phases, thereby intensifying the process of hydration and formation of a crystal hydrate
framework with a dense and strong structure of cement stone. Thus, the feasibility of considering zeolites as components of com-
posite materials is a promising direction in solving multifaceted problems in the construction industry.
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AHHOTALMA

BBepeHue. [1na pa3suTtna cTpouTteNibHol oTpacnum B Poccuiickon Oepepauun yaensetcsa 60sblioe BHYMaHe pa3paboTke HOBbIX
MaTepuranos, 06afaoLmx BbICOKOW GYHKLMOHANbHOCTBIO, AONTOBEUYHOCTbIO, MPOYHOCTbIO, @ TaKXKe MMEIOLMX Pa3fInyHble YHU-
KanbHble XapakTepucTukn. [1na Bo3BefeHns 06bekToB, TPeOyoLUX MOBbILLIEHHON MPOYHOCTY, UV NPOBEEHUs PEMOHTHbIX paboT,
rae MeeT 3HayeHMe paHHUA Habop NPOYHOCTY PEMOHTHOW CMeCH, MPUMEHSIOTCA B COCTaBe BAXKYLLEro MaTepuana pasfnyHble
TOHKoAKWCNepcHble fob6aBku. [ina obecneyeHns NoBbllLeHUA GU3NKO-MEXaHNYECKMX XapaKTePUCTVK 3aTBEPAEBLLEN LLEMEHTHOW
nacTbl, coflep»<alleli B CBOEM COCTaBe Takune Ao6aBKU, HE06X0ANMO paccMaTpuBaTb BONPOC PaBHOMEPHOCTW pacnpeaeneHus
yacTuL, CyGMUKPOHHOIO YPOBHS B 06beMe LIeMEHTHOro KomMrno3suTa. MiccnegoBaHue 3Toro Bonpoca ABAAeTcs OAHON 13 3ajay Ha-
cTosLero nccneposaHus. Matepmuanbl  MeTogpl. B kauecTBe 06beKTa MCCeoBaHA BbIOPAaH TOHKOAUCTEPCHbI LIEOSIUT, KOTOPBbII
obnagaet BbICOKUMY MIOHOOOMEHHBIMU, COPOLNOHHBIMY, KaTannTUYeCKMN CBONCTBAMU, U OLleHEHA BO3MOXKHOCTb €ro BBeAeH s
B COCTaB LieMeHTa B BUAe CTabUnn3npoBaHHON CyCcneH31mn BMeCTo Bofbl 3aTBOpeHUs. LleonutoBas cycneHsuns ¢ KOHUeHTpauuvei
10, 30, 50 r/n rotoBMNacb NOCPEeACTBOM MeXaHNYECKOro NnepemellBaHmA C MOMOLLbIO MarHUTHOW MeLasK1 1 ynbTpa3ByKOBOro
AMCMEepPrmpoBaHnsa B TEPMOCTAaTUPOBAHHbIX YCIOBUAX. Bpema MmexaHnuecKkol 1 ynbTpa3ByKoBol 06paboTKM CycreH3unii CocTaBuio
20 MuH. CycneH3nm roToBUNnCh B ABYX AUCMEPCUOHHBIX Cpeflax — BOAHOW 1 BOAHO-MONMMepHo (Boaa + nnactudurkartop). dusu-
KO-MeXaHnYecKre UCMbITaHUs 06pa3LoB NPOBOAMANCE B COOTBETCTBUM C AeCTBYOLWUMY HALMOHANbHBIMY 1 MEXIOCYAapCTBEH-
HbIMW CTaHAAPTamMn 1 MeToankamu. PesynbraTbl. ViccnegoBaHuaA ceiMEHTaLNOHHOW YCTOMYMBOCTI CYCMeH3ni nokasanu, Yto
Haubonee ycToliurBa CycrneH3us, CTabunmsnpoBaHHas ynbTPa3BYKOBOM 06paboTkol 1 nnactudrkatopom. CKOpoCTb ocefaHus
yacTuL, CycneH3nmn B NepBblii nepuog coctaBnseT (3.43+3.83):107° m/c, Bo BTopoli nepwuog — (0,98+1,17):107° m/c. ccnepoBaHue
ANCNEePCHOCTY YacTuWL, LIeonnTa B CyCNeH3UsX MoKas3asno, YTo yNbTpa3ByKOBOE AVCNEePrMpoBaHue NpuBoguT K 6onee 3HaunTenbHOMY
CABUTY ANCMNEPCHOCTM YaCTUL, B CTOPOHY YMEHbLUEHMA C 25 MKM [0 3 MKM KaK B BOAHbIX, TaK 1 B BOAHO-MONIMMEPHbIX CYCNeH3nAX
C KoHUeHTpauuen 10-30 r/n. MNpoBefeHHble GU3NKO-MeXaHUYEeCKre UCMbITaHUA 06pa3L0B NOKa3anu, YTo Npu BBeeHN B COCTaB
LileMeHTa BOAHO-MOJIMMEPHON LIeONIMTOBON CyCneH3nm, CTabrn3npoBaHHON ynbTpa3ByKoBol 06paboTKol, HabnogaeTca yBenu-
YeHue HayasbHOWM 1 MapOYHON NPOYHOCTY B 3,3 pa3a 1 Ha 51%, COOTBETCTBEHHO. AHanm3 pe3ynbTaToB MO MPOYHOCTU Ha CXKaTne
nokasas Han6onbLuyo 3PpGEeKTUBHOCTb NPV BBEAEHNM CYCMEH3M LIeONINTa B COCTaB LIEMEHTa BMECTO BOAbl 3aTBOPEHMS B KONnJe-
ctBe 10-30 r/n. 3aknioueHue. [lpoBefeHHble NCCNeA0BaHMA NoKa3anu 3GbeKTVBHOCTb NPUMEHEHUS YNIbTPa3ByKOBO 06paboTKy
B KOMIJIeKCe C MacTnoUKaTopom K ctabumnmsaumm LeonutoBo cycrneHsunn. CTabnnnsmpoBaHHble YacTULbl LLleosinTa, PaBHOMEPHO
pacnpegensacb B 06beme LLeMEHTHOI MaTpHLibl, BBICTYMAIOT B KQUeCTBE NOAJSIOKKN AN1A 3apPOXKAEHUA U POCTa KPUCTANIOMMAPaTHbIX
bas3, TeM cambIM MHTEHCUULMPYA NpoLecC rmgpaTauum u GopMUPOBaHMA KPUCTAIOrMAPATHOrO Kapkaca C NMIOTHON 1 MPOYHOIA
CTPYKTYPOW LLEMEHTHOTrO KaMHs. TakM 06pa3om, LienecoobpasHOCTb PaCCMOTPEHNA LIeOSITOB B KaueCTBe KOMMOHEHTOB KOMMO-
3MLNOHHbIX MaTePUanoB ABMAETCA NePCNeKTUBHbIM HaMpaB/ieHNEeM B pPeLLeHM MHOTOMIaHOBbIX 3afay CTPOMTENbHOM OTPac/u.

KJTIOMEBDIE CJIOBA: LieonnToBasn CycneHsus, LeMeHTHasa cuctemMa, ANCnepcHOCTb, YCTOMUMBOCTb, YNbTpa3ByKoBasa 06paboTka,
MexaHnyeckaa ob6paboTka, nnacTmoukaTop, NPOYHOCTb

ana uMTUPOBAHUA:

Camuenko C.B., Koznosa W.B., CnHotosa M.B., BoueHckuin [1.H., CupotkuHa K.A. iccnegoBaHue yCTONYMBOCTM LLIEONIUTOBBIX CYCMEH3UMN
ANA LeMeHTHbIX cuctem. HaHomexHonoauu 8 cmpoumesnscmae. 2025;17(3):224-234. https://doi.org/10.15828/2075-8545-2025-17-
3-224-234. - EDN: ZQIZZV.

INTRODUCTION

In the Russian Federation, much attention is paid to the
development of new materials for the development of the
construction industry. It is necessary to strive to obtain
materials that would have high functionality, durability,
strength, and would also have various unique propertires.

Numerous scientific studies are being conducted in this
area on the territory of our country, the properties of ma-
terials of natural and man-made origin are being studied,
including active work related to the disposal of industrial
waste [1—4].

For the construction of objects requiring increased
strength (foundations, walls, ceilings, columns, beams,
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etc.), or for carrying out repair work where the early
strength gain of the repair mixture is important, various
fine dispersed additives are used in the composition of the
binder material [5—7].

To ensure an increase in the physical and mechanical
properties of the hardened cement paste containing such
additives in its composition, it is necessary to consider the
issue of uniformity of the distribution of submicron par-
ticles in the volume of the cement composite [8—9]. With
instability of the distribution of fine dispersed components
in the matrix system, a deterioration in the strength of the
cement stone is observed [10]. The study of this issue is
one of the objectives of this study.

To determine the dosage of fine dispersed materials
in the cement system, the water-cement ratio is adjust-
ed. Such manipulations allow for a reduction in cement
consumption and an increase in the strength of the final
product [11].

The introduction of pozzolanic additives into the
composition of cement, which impart specific properties
to the material (increased water resistance, resistance to
the aggressive effects of mineralized and fresh water, etc.),
leads to a decrease in early strength and an increase in
late strength when used in optimal proportions [12—14].
A type of pozzolan is zeolite, which is an aluminosilicate
with a skeletal structure that has nanoscale cavities filled
with alkali and alkaline earth metal cations and water
molecules that can be freely removed and absorbed. The
processes occurring in the zeolite structure lead to ion
exchange and reversible dehydration, while the zeolite
structure itself does not change [15, 16].

The physicochemical properties of zeolites depend
on the geometry of their porous structure, framework
chemistry and the nature of extra-framework structures
[17, 18]. Due to this, they have high ion-exchange, sorp-
tion, and catalytic properties, which are highly valued
in the construction industry. There is a positive trend in
obtaining various zeolite-based building materials with
unique performance properties [19—22].

An example is the analysis of experimental data pre-
sented in [15]. The authors showed that with an increase
in the concentration of zeolite to 17%, used as a filler, the
strength of concrete at the initial stage increases, since
a dense framework of the structure is formed. With a fur-
ther increase in the concentration of zeolite, there is a de-
crease in strength, which corresponds to the polystruc-
tural theory of composite building materials developed by
Academician V.I. Solomatov. The authors [23] argue that
with the help of natural zeolites it is possible to produce
“green” concrete, significantly reducing the consump-
tion of cement. In [24], the efficiency of using zeolite in
multicomponent fine-grained concrete for construction
3D printing was proven. It is proposed to introduce zeo-
lite in an amount of 5—15%, which ensures a reduction
in setting time by 1.0—1.20 hours and an increase in the

strength of samples. An interesting technological solution
for using zeolite was given by Indonesian colleagues in
[25]. They proposed to use zeolites for desalination of sea
water with subsequent mixing of it into concrete due to
the shortage of fresh water. It was found that the increase
in the zeolite content for desalination of sea water corre-
lates with the decrease in salinity, thereby increasing the
compressive strength of concrete. The work [26] shows
the technology of production of heat-insulating material
from foam glass ceramics containing zeolite rock by the
extrusion method, which is capable of increasing the bulk
density of the material to 220 kg/m? thermal conductiv-
ity to 0.078 W/(m °C), which indicates the possibility of
its use for road construction in difficult geocryological
conditions. The considered examples confirm the expedi-
ency of using zeolites in the creation of building materials,
which is relevant for solving multifaceted problems of the
construction industry.

Thus, we are faced with the task of continuing the
study of the properties of zeolites in the composition of
cement systems. Fine dispersed zeolites and their possibi-
lity of stabilization for introduction into the composition
of cement in the form of a stabilized suspension instead of
mixing water are proposed for consideration.

MATERIALS AND METHODS OF RESEARCH

During the research, zeolite from the Kholinskoye
deposit with a predominant particle size of 25 um
(Fig. 1), Portland cement Eurocement CEM 1 42.5N,
and plasticizer Sika ViscoCrete-226 P were used as fine
dispersed mineral additives. Tables 1 and 2 show the
chemical and mineralogical composition of the cement,
and Table 3 shows the chemical composition of the Kho-
linskoye zeolite.

For the studies, a zeolite suspension with a concentra-
tion of 10, 30, 50 g/1 was prepared by mixing mechanical
with a magnetic stirrer and ultrasonic dispersion (UD)
on a UZDN-1 device at a frequency of 44 kHz under
thermostatted conditions (t = 252 °C) (Fig. 2). The time
of mechanical and ultrasonic treatment of the suspen-
sions was 20 min. The suspensions were prepared in two
dispersion media — water and water-polymer (water +
plasticizer). The dispersion of zeolite particles in suspen-
sions was determined on a Fritsch device. Particle Sizer.

Physical and mechanical tests of samples were carried
out in accordance with current national and interstate
standards and methods.

EXPERIMENTS AND DISCUSSION OF RESULTS

In this work, the dispersion of fine dispersed zeolite
particles with a predominant particle size of 25 um in
aqueous and aqueous-polymer suspensions prepared by
mechanical mixing and ultrasonic exposure was investi-
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Fig. 1. Distribution curve of zeolite particles in powder
Table 1. Chemical composition of cement clinker
Components Ca0, % SiOz, % AI203, % Fe, 0, % MgO, % SO, % R,0 (Na,0), %
Clinker 66.1 21.2 5.1 4.2 0.77 0.55 0.57

Table 2. Mineralogical composition of cement clinker

Content minerals, %
C,S CA
8.3 6.5

s
68.4

C,AF
12.6

gated. Studies were also conducted to study the sedimen-
tation stability of the prepared suspensions for a prelimi-
nary assessment of the uniformity of the distribution of
zeolite particles in the volume of the cement matrix.

To establish the sedimentation stability of zeolite
particles in suspension, the prepared suspensions were
poured into 100 cm? cylindersand the process of zeolite

Table 3. Chemical compound zeolite

particle sedimentation was observed. Having measured
the height of the column of settling particles and the time
of their settlement, the rate of particle settlement in the
suspension was calculated.

The settlement of zeolite particles occurred in 3 stages:
1 — the beginning of sedimentation, the largest particles
settle; 2 — sedimentation of particles of a finer fraction;
3 — complete sedimentation of particles. Studies have
shown that even with mechanical mixing after 7 days,
complete sedimentation of zeolite particles in an aque-
ous dispersion medium was not observed, therefore it was
decided to neglect the 3" period of particle sedimentation,
and to limit ourselves to the 2nd period of sedimentation
for assessing the sedimentation stability of particles in

Content of components in zeolite, %

. . loss on
Sio, TiO, ALO, | FeO, FeO CaOo MgO | Na,0 K,0 MnO SO, el
67.7 0.09 11.97 0.78 0.26 1.37 0.42 2.53 3.63 0.17 0.04 11.39
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Fig. 2. Ultrasonic disperser UZDN-1

a suspension, in which it is assumed that ?/, of the zeolite
particles have undergone sedimentation.

The establishment of the optimal dosage of plasticizer
for the preparation of water-polymer suspensions was
carried out by determining the sedimentation stability of
suspensions in cylinders with a volume of 100 cm?. In the
experiment, suspensions with the maximum zeolite con-
tent, ie 50 g/1, were considered, which contained a plas-
ticizer with a concentration of 1.0 to 5.0 g/1 (Table 4).

During the studies it was established that the plasti-
cizer concentration from 3.0 g/I and higher ensures sedi-
mentation stability of suspensions with a zeolite content of
50 g/l in the first period of sedimentation up to 2.5 hours
with mechanical mixing and 12.5 hours after ultrasonic
treatment. In this regard, in further studies it was decided
to use a plasticizer concentration of 3.0 g/I.

The sedimentation rate of zeolite particles in a sus-
pension prepared by mechanical and ultrasonic treat-
ment in the presence of a plasticizer and without it in the
It and 2" periods of particle sedimentation is shown in

Nanob%

Fig. 3. It is evident from the graphs that the particle set-
tling velocity is the highest during mechanical treatment,
especially where there are 50 g of zeolite particles per 1
1 of suspension (Fig. 3a). The particle settling velocity in
the first period of settling is (283+455)-10-°m/s; in the
second period — (21.1+26.1)-10-*m/s. The most stable
suspension is that stabilized by ultrasonic treatment and
a plasticizer (Fig. 3d). The particle settlement velocity of
the suspension in the first period is (3.43+3.83)-10°m/s,
in the second period — (0.98+1.17)-10°m/s.

In parallel with the establishment of the sedimenta-
tion stability of the suspensions, the size of the zeolite
particles in the suspension was determined. The results
of the determinations are presented in Fig. 4.

Differential particle distribution curves showed that in
aqueous and aqueous-polymer suspensions with a zeolite
concentration of 10 g/1, prepared by mechanical mixing,
the predominant particle size is 10-12 um withd Q / dr =
4.1—4.2 (blue and orange curves in Fig. 4a).

With a concentration of 30—50 g/1 in the same sus-
pensions, it is quite difficult to establish the predominant
size; a polyfractional distribution of particles is observed
within 3—25 um at dQ / dr = 3.0—3.5 (blue and orange
curves in Fig. 4 b, ¢).

Under the influence of ultrasound in aqueous and
aqueous-polymer zeolite suspensions with a concentra-
tion of 10—30 g/1, the predominant particle size is 3 um
with dq / dr = 4.6—5.2 (gray and yellow curves in Fig. 4
a, b). With an increase in the zeolite concentration in the
aqueous suspension to 50 g/1, a polyfractional composi-
tion is observed with predominant particle sizes of 1, 5,
32 um with dQ /dr =2.2; 6.7; 3.1, respectively (gray curve
in Fig. 4c). When studying the yellow curve in Fig. 4c,
which is responsible for the distribution of the zeolite
particle size in the aqueous-polymer suspension subject
to ultrasonication, a predominant particle size of 3 um
with dQ / dr = 5.2 was revealed.

In summary, it can be concluded that ultrasonic disper-
sion leads to a shift in particle dispersion downwards from

Table 4. Sedimentation stability of zeolite suspension with different plasticizer content

Lo Cylinder No.
Name indicator
1 2 3 4 5 6 7
Concentration plasticizer, g/l 1.0 1.5 2.0 25 3.0 4.0 5.0
f;‘(’)f;'lve number of suspension 5, 100 | 225 | 400 | 625 | 900 | 1600 | 2500
Sedimentation stability of zeolite suspen-
sion in the first period of particle sedimen- | 1-00 1-20 1-50 2-10 2-30 2-30 2-40
tation without ultrasonic treatment, h-min
Sedimentation stability of zeolite suspen-
sion in the first period of particle sedimen- | 6-00 8-00 10-00 11-30 | 12-30 | 12-30 12-30
tation after ultrasonic treatment, h-min
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Fig. 3. Sedimentation stability of zeolite suspension: a) mechanical processing; b) ultrasonic processing;
¢) mechanical processing + plasticizer; d) ultrasonic processing + plasticizer

25 um to 3 um, both in aqueous and aqueous-polymer
suspensions with a concentration of 10—30 g/1. An aqueous
suspension containing 50 g/I of fine dispersed zeolite par-
ticles is more difficult to ultrasonicate, due to the fact that
in a more concentrated suspension the number of collisions
between particles is higher than in a diluted one. This leads
to coagulation processes. When a plasticizer is introduced,
zeolite particles are stabilized, which allows minimizing the
coagulation processes in the suspension.

During mechanical processing, a slight shift in particle
dispersion towards a decrease is also observed (from 25 to
10—15 um), but it is insignificantly expressed; to a greater
extent, such particle distribution is of a polyfractional
nature.

Based on the data obtained in the study of sedimen-
tation of fine dispersed zeolite particles, it can be con-

cluded that the use of ultrasonic treatment for aqueous
and aqueous-polymer zeolite suspensions allows obtain-
ing sedimentation-resistant suspensions that can be uni-
formly distributed in the volume of the cement matrix and
contribute to an increase in the physical and mechanical
properties of the hardened cement paste. In this regard,
20x20%20 mm cubes were molded and maintained in
air-humidity conditions. In modified samples, the zeolite
suspension was introduced into the cement composition
instead of mixing water. Results The results of the tests
are shown in Fig. 5.

The analysis of the obtained results showed that with
the introduction of the zeolite suspension, a significant
increase in the initial stages of hardening is observed (by
70%), and at the grade age, the strength increases with
an additive containing zeolite in the amount of 10 g/1
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was 10.6%. With the introduction of a plasticizer into the
zeolite suspension, an increase in strength is observed
at all stages of hardening: on the 2" day, the strength
increased by 2.2 times, at the grade age — by 29%. With
ultrasonic treatment of the zeolite suspension, an increase
in strength is observed at the initial stages for all modified
samples by an average of 2.2 times, at the grade age with
the addition of zeolite 10—30 g/1 — by 23—29%, with the
addition of zeolite 50 g/I the strength is comparable to
the sample without additives. With the introduction of
a complex additive, a maximum increase in the initial and
grade strength is noted by 3.3 times and 51%, respectively.
Analysis of the results on compressive strength showed the
greatest efficiency when introducing a zeolite suspension
into the cement composition instead of mixing water in
an amount of 10-30 g/1.

Based on the above, it follows that the use of ultrasonic
treatment to stabilize the zeolite suspension allows increas-

ing the strength both at the initial stages of hardening and at
the brand age. This indicates that the fine dispersed zeolite
is uniformly distributed in the matrix of the cement stone,
concentrates hydrate new formations around itself, thereby
intensifying the nucleation and growth of crystal hydrate
phases that compact and strengthen the hardening con-
glomerate, which is confirmed by the microphotographs
of the samples presented in Fig. 6.

They show a pore in the structure of the cement stone
at the age of 2 days without additives and a sample sealed
with ultrasonic treatment-stabilized zeolite suspension.
When examining the pores in the structure of cement
stone, it is noted that with the same increase in the
sample with the addition of zeolite, it is more intensively
overgrown with hexagonal hydrosilicates and calcium
hydroaluminates, which have good reinforcing capacity,
which confirms the compaction and strengthening of the
structure of cement stone in the early stages of hardening.
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Fig. 5. Dependence of strength on hydration time: a) mechanical processing; b) mechanical processing + plasticizer;
¢) ultrasonic processing; d) ultrasonic processing + plasticizer
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Fig. 6. Electron microscopic images of samples after 2 days of hardening: a) control sample; b) zeolite suspension
with a concentration of 10 g/I, stabilized by ultrasonic treatment

CONCLUSION

To establish the uniformity of distribution of fine dis-
persed zeolite particles in the composition of the cement
matrix, studies were conducted to determine the sedi-
mentation stability of suspensions, and the dispersion of
zeolite particles was determined after mechanical and
ultrasonic treatment in aqueous and aqueous-polymer
dispersion media.

During the research, the optimal dosage of anionic
plasticizer for the preparation of water-polymer suspen-
sions of zeolite was established. It was 3.0 g/1.

Studies of sedimentation stability of suspensions
have shown that the most stable suspension is the one
stabilized by ultrasonic treatment and plasticizer. The
sedimentation rate of suspension particles in the first
period is (3.43+3.83):10-°m/s, in the second period —
(0.98+1.17)-10°m/s.

The study of the dispersion of zeolite particles in
suspensions showed that ultrasonic dispersion leads to
a more significant shift in the dispersion of particles to-
wards a decrease from 25 um to 3 um, both in aqueous
and aqueous-polymer suspensions with a concentration
of 10—30 g/1. An aqueous suspension containing 50 g/1
of fine dispersed zeolite particles is more difficult to ul-
trasonic treatment, due to the fact that in a more con-
centrated suspension the number of collisions between

REFERENCES

particles is higher than in a diluted one. This leads to the
occurrence of coagulation processes. When a plasticizer is
introduced, the zeolite particles are stabilized, which al-
lows minimizing the occurrence of coagulation processes
in the suspension.

The physical and mechanical tests of the samples
showed that the introduction of a water-polymer zeolite
suspension stabilized by ultrasonic treatment into the
cement composition resulted in an increase in the initial
and grade strength by 3.3 times and 51%, respectively.
Analysis of the results for compressive strength showed the
greatest efficiency when introducing a zeolite suspension
into the cement composition instead of mixing water in
an amount of 10—30 g/I1.

Based on the obtained data, it is possible to note the
efficiency of using ultrasonic treatment in combination
with a plasticizer to stabilize the zeolite suspension, which
indicates the uniformity of the distribution of zeolite par-
ticles in the matrix of cement stone. Stabilized zeolite
particles, acting as a substrate for the nucleation and
growth of crystal hydrate phases, intensify the process of
hydration and formation of a crystal hydrate framework
with a dense and strong structure of cement stone. The
studies conducted confirm the feasibility of considering
zeolites as components of composite materials, which is
relevant for solving multifaceted problems of the con-
struction industry.

1. Kiiko P.I., Chernykh T.N. The influence of iron-containing components in facade coatings on their ability to

self-clean. Cement And his application. 2024;1:60—63.

2. Demyanenko O.V., Kopanitsa N.O., Sorokina E.A. Influence of thermally modified peat additive on technological
properties of building mixtures for 3D printing. Bulletin of Tomsk State University of Architecture and Civil Engineering.
2018;20:4:122—134. https://doi.org/10.31675/1607-1859-2018-20-4-122-134

http://nanobuild.ru

232

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2025;17 (3): U/
HaHoTexHonorum B cTponTenbcTBe 224-234 NanObL" |

CONSTRUCTION MATERIALS SCIENCE

3. Larsen O.A., Bakhrakh A.M., Mashina T.Yu. Organomineral modifier based on sludge water for obtaining
high-strength self-compacting concrete. Technique and technology of silicates. 2024;31(4):365—376. https://doi.
org/10.62980,/2076-0655-2024-365-376

4. Sarkisov Yu.S., Gorlenko NP, Samchenko SV, Bruyako MG Use of pulp and paper industry waste in the tech-
nology of binders and cement systems. Nanotechnology in construction: scientific online journal. 2024;16(4):301—-309.
https://doi.org/10.15828,/2075-8545-2024-16-4-301-309

5. Krivoborodov Yu.R., Lezhebokov D.A. Activation hardening of slag Portland cement. Technique and technology
of silicates. 2024;31(4):395—402. https://doi.org/10.62980/2076-0655-2024-395-402

6. Ushkov V.A., Kozlova 1.V., Surov O.V., Nalbandyan G.V. Influence of micro- and nanocrystalline cellulose on
the strength characteristics of repair mortar. Technique and technology of silicates. 2021;28(2):49—53.

7. Krivoborodov Yu.R., Kozlova 1.V., Zemskova O.V., Borisenkov N.S. Development of cement compositions
with fine dispersed perlite for injection soil stabilization. Technique and technology of silicates. 2023;30(3):272—280.

8. Samchenko S., Kozlova 1., Zemskova O., Zamelin D., Pepelyaeva A. Complex Method of Stabilizing Slag
Suspension. Advances in Intelligent Systems and Computing. 2019;983:817—827. https://doi.org/10.1007/978-3-030-
19868-8 80

9. Kulikova A.A., Kopanitsa N.O., Shekhovtsov V.V., Demyanenko O.V. Influence of nanosized silicon dioxide
on the properties of cement stone matrix: synthesis methods and experimental results. Russian Physics Journal. 2025.
https://doi.org/10.1007/s11182-024-03303-0

10. Samchenko S.V., Zemskova O.V., Kozlova 1.V. The efficiency of application of physical and chemical methods
on the homogeneous dispersion of carbon nanotubes in water suspension. Cement-Wapno-Beton. 2015;XX/LXXXII(5):
322-327.

11. Shakhova L.D., Kharchenko 1.Ya., Strokova V.V., Netsvet D.D., Kalatozi G.M. Particularly fine dispersed
binders (microcements) and their application in construction. Cement and its applications. 2023;2:30—36.

12. Strokova V., Ogurtsova Yu., Gubareva E., Nerovnaya S., Antonenko M. Multifunctional anatase—silica pho-
tocatalytic material for cements and concretes. Case Studies in Construction Materials. Journal of Composites Science.
2024;8(6):207. https://doi.org/10.3390/jcs8060207

13. Gordina A.F., Polyanskikh I.S., Zhukova N.S., Yakovlev G.I. Study of the influence of the pozzolanic com-
ponent on the structure and composition of modified sulfate matrices. Construction materials. 2022;8:51—58. https://
doi.org/10.31659/0585-430X-2022-805-8-51-58

14. Tsipinov A.S., Zhirikova [.A. Effect of pozzolanic additive on the strength of cement stone in building mortars.
Engineering Bulletin of the Don. 2024;6(114):723-730.

15. Makarov Yu.A., Tereshkin I.P., Lukashina S.V. Possibility of using natural zeolites as a mineral additive for
concrete. Scientific almanac. 2015;8(10):852—855. https://doi.org/10.17117/na.2015.08.852

16. Alexa-Stratulat S.M., Olteanu I., Toma A.-M., Pastia C., Banu O.M., Corbu O.C., Toma 1.0. The Use of
Natural Zeolites in Cement-Based Construction Materials — A State of the Art Review. Coatings. 2023;14(1):18.
https://doi.org/10.3390/coatings 14010018

17. Serykh A.1., Rozhdestvenskaya N.N. Photoluminescence proper-ties of indium-exchanged zsm-5 zeolite.
Journal of Physical Chemistry C. 2015;119(31):17612—17618.

18. Itzel-Hernandez G., Hernandez M.A., Portillo R., Petranovsky V.P., Pestryakov A.N., Rubio E. Hierarchical
structure of nanoporosity of Mexican natural zeolites of the clinoptilolite type. Bulletin of Tomsk Polytechnic University.
Georesources Engineering. 2018;329(10):107—117.

19. Morozova N.N., Kais H.A. Production of high-strength fine-grained concrete using natural zeolite. News of
the Kazan State University of Architecture and Civil Engineering. 2016;2(36):185—193.

20. Kays H.A., Morozova N.N. Properties of natural zeolite for obtaining high-strength fine-grained concrete.
Construction materials. 2017:6:63—68.

21. Vijay Kumar S. A Study on the Mechanical Properties of Alkali Activated Concrete Using Various Types of
Synthetic Zeolites. Interantional journal of scientific research in engineering and management. 2023;07(12):1—13. https://
doi.org/10.55041/1JSREM27824

22. Tran Y., Lee J., Kumar P., Kim K.H., Lee S.S. Natural Zeolite and Its Application in Concrete Composite
Production. Composites Part B Engineering. 2019;165:354—364. https://doi.org/10.1016/j.compositesb.2018.12.084

23. Nguyen-Thoi T., Alemi N., Haido J.H., Shariati M., Baradaran S., Yousif S.T. Reduction of cement consump-
tion by producing smart green concretes with natural zeolites. Smart Structures and Systems. 2019;4(3):415—425. https://
doi.org/10.12989/ss5.2019.24.3.415

24. Puzatova A., Dmitrieva M., Leitsin V., Kogai A., Shinyaeva M. Prospects for the Use of Zeolite in Multicom-
ponent Fine-Grained Concretes. Proceedings of FORM. 2022. https://doi.org/10.1007/978-3-031-10853-2_27

http://nanobuild.ru 233 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.62980/2076-0655-2024-365-376
https://doi.org/10.62980/2076-0655-2024-365-376
https://doi.org/10.1007/978-3-030-19868-8_80
https://doi.org/10.1007/978-3-030-19868-8_80
https://doi.org/10.31659/0585-430X-2022-805-8-51-58
https://doi.org/10.31659/0585-430X-2022-805-8-51-58
https://doi.org/10.55041/IJSREM27824
https://doi.org/10.55041/IJSREM27824
https://doi.org/10.12989/sss.2019.24.3.415
https://doi.org/10.12989/sss.2019.24.3.415

Nanotechnologies in construction 2025;17 (3): U/
HaHoTexHonorum B cTponTenbcTBe 224-234 NanObL" ]

CONSTRUCTION MATERIALS SCIENCE

25. Aisyah, Erizal E., Putra H. Effectiveness of Zeolite to Desalinate Seawater as Concrete Mixture. Civil Engineer-
ing and Architecture.2024;12(3):1738—1748. https://doi.org/10.13189/cea.2024.120335

26. Ivanov K.S. Application of Yakutia zeolites for obtaining granulated thermal insulation material. News of Tomsk
Polytechnic University. Engineering georesources. 2021;332(8):160—167.

ADDITIONAL INFORMATION

The authors declare that generative artificial intelligence technologies and technologies based on artificial intelligence were not
used in the preparation of the article.

INFORMATION ABOUT THE AUTHORS

Svetlana V. Samchenko - Dr. Sci. (Eng.), Professor, Head of the Department of Construction Materials Science, National Research
Moscow State University of Civil Engineering, Moscow, Russia, samchenko@list.ru https://orcid.org/0000-0002-3523-593X

Irina V. Kozlova - Cand. Sci. (Eng.), Associate Professor of the Department of Construction Materials Science, National Research
Moscow State University of Civil Engineering, Moscow, Russia, iv.kozlova@mail.ru, https://orcid.org/0000-0001-8269-5624

Maria V. Sinotova - Postgraduate Student of the Department of Construction Materials Science, National Research Moscow
State University of Civil Engineering, Russia, Moscow, mashasinotova@gmail.com, https://orcid.org/0009-0009-1852-3962

Dmitry N. Vovchenskiy - Master’s student of the Department of Construction Materials Science, National Research Moscow
State University of Civil Engineering, Russia, Moscow, dobrov.dmitry2015@yandex.ru, https://orcid.org/0009-0003-4130-7834

Ksenia A. Sirotkina - Bachelors of the Department of Construction Materials Science, National Research Moscow State
University of Civil Engineering , Russia, Moscow, ks_sirotkina@mail.ru, https://orcid.org/0009-0001-1291-0429

CONTRIBUTION OF THE AUTHORS

S.V. Samchenko - scientific supervision; final conclusions.

1.V. Kozlova - scientific supervision; final conclusions, research concept; writing the original text.
M.V. Sinotova - research concept; writing the original text; conducting the experimental part.
D.N. Vovchensky - conducting the experimental part.

K.A. Sirotkina - conducting the experimental part.

The authors declare no conflicts of interests.
The article was submitted 06.05.2025; approved after reviewing 04.06.2025; accepted for publication 08.06.2025.

http://nanobuild.ru 234 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-3523-593X  
mailto:iv.kozlova@mail.ru
file:///E:/_WORKS-2/_%d0%9d%d0%a2%d0%92%d0%a1-2/97_(3)_2025/5_C%d0%b0%d0%bc%d1%87%d0%b5%d0%bd%d0%ba%d0%be/ 
https://orcid.org/0009-0009-1852-3962
https://orcid.org/0009-0003-4130-7834
mailto:ks_sirotkina@mail.ru
file:///E:/_WORKS-2/_%d0%9d%d0%a2%d0%92%d0%a1-2/97_(3)_2025/5_C%d0%b0%d0%bc%d1%87%d0%b5%d0%bd%d0%ba%d0%be/ 



