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Abstract. In this paper, the combined effect of active silica fillers of technogenic
and natural origin and polycarboxylate superplasticizer on the structure of the
cement matrix was investigated in order to increase its microporosity. It was
found that the dispersion of filler particles, the amorphization of the structure
and components, are due to the effect of chemical energy on the molecular and
surface crystallization structure of binder particles. Studies on the combined
introduction of silica and plasticizer in the composition of mortar mixtures
make it possible to increase the content of the pozzolanic additive to 15% of the
binder weight, which helps to reduce cement consumption, while
simultaneously optimizing the microstructure of the cement stone and further
obtaining concrete with high construction and technical characteristics. As part
of the study, a detailed microstructural study of the cement stone was carried
out to analyze the hydration products in the presence of polycarboxylate
plasticizers and active silica fillers. The obtained results show that the
introduction of 10-15% of plasticizer and silica filler into the mortar mixture
leads to a decrease in the content of portlandite in the cement system, a
decrease in the size of its crystals, filling of the intergranular space, as well as
compaction and strengthening of the structure of the cement stone. Thus, the
proposed approach ensures the effective use of pozzolanic additives, increasing
the operational properties of concrete and reducing the consumption of
expensive cement.
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Introduction

Increasing the durability and improving the operational reliability of cement stone are among
the priority areas of modern research in the field of materials science. These goals can be achieved
by reducing the microporosity of the structure to minimize water filtration through cavitation
channels. In this regard, an active search for effective materials continues, including polymer
compositions with high resistance to aggressive environmental influences. However, the use of the
proposed polymer compositions is often associated with the use of expensive chemical
components, which limits their widespread implementation in the construction industry [1]. One
of the most accessible and promising areas for regulating the construction and technical properties
of concrete, as well as reducing material and energy costs, is the introduction of various additives
into their composition, which are often considered in the scientific literature as modifiers of the
structure and properties of cement systems. The optimal dosage of such additives is determined
by their minimum amount, ensuring the achievement of the required regulatory indicators [2] and
technological or technical efficiency without deterioration or with an acceptable decrease in other
quality characteristics of concrete or mortars. Depending on their origin and functional purpose,
additives are divided into chemical and mineral.

Chemical additives, including organic and inorganic compounds, are introduced into cement
systems (concretes and mortars) in relatively small quantities (usually within 0.02-2% of the
cement mass). However, despite the low concentration, they have a significant effect on the
hydration processes of clinker minerals and the structure formation of cement stone. The use of
such additives allows for targeted modification of the properties of hardened mortars and
concretes, ensuring their compliance with specified operational requirements [3].

Mineral additives are dispersed inorganic materials of natural, technogenic, or artificial origin,
which are introduced into concrete and mortar mixtures in quantities from 5 to 20% or more.
Using them allows cement consumption and aggregate consumption to be reduced, and the
production of high-density concrete to be produced with minimal binder consumption. In addition,
mineral additives increase the resistance of concrete to external influences and serve as an
effective means of recycling industrial waste, such as ash and slag from thermal power plants, ash
and slag from the combustion of solid municipal waste, blast furnace granulated slag and other
industrial by-products [4].

It should be noted that complex modifying additives containing various organic and mineral
components not only provide wide controllability of the rheological and technological properties
of mortar and concrete mixtures, but also help to optimize the microstructure of cement stone.
This, in turn, makes it possible to obtain concrete with improved construction and technical
characteristics, including strength, durability and resistance to external influences. [5].

Studies devoted to the combined effect of amorphous silica and superplasticizer in the
composition of powder concrete [6] are of particular interest. These concretes are characterized
by high compressive strength (up to 150 MPa), as well as increased crack resistance and water
resistance. According to P.A. Rebinder, the presence of surface-active substances (SAS) contributes
to an increase in the filler activity. The dispersion of its particles, amorphization of the structure
and components are due to the influence of chemical energy on the molecular and surface
crystallization structure of the binder particles. The introduction of SAS into the system prevents
the aggregation of highly dispersed microfiller particles, protecting the structure from the
aggressive effects of the external environment and helping to maintain the activity of the material
during storage. [7].
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The purpose of this study was to investigate the microporous structure in the cement-filler
system and the effect of active silica fillers of technogenic and natural origin on the structure of the
cement matrix. As part of the work, an analysis of the influence and mutual action of a complex
modifier in various percentage ratios in filled cement systems was carried out. The calculated
content of the mineral component of the solution mixture was determined with the identification
of factors contributing to the formation of a densely packed structure of the material and,
accordingly, an increase in its performance characteristics. It has been established that the
increase in the density of cement composites at the optimal level of filling with mineral
components is due to a number of factors. These include the orienting effect of filler particles on
cement hydration products in the presence of polycarboxylate chains and the formation of cluster
structures, the use of materials with a similar crystal-chemical structure, the formation of
additional chemical bonds when introducing pozzolanic additives, and a reduction in the porosity
of the material [8].

Table 1. Chemical composition of portland cement (according to LLP Shymkentcement [9])

Chemical composition, wt.%

Cement
Manufacturer
brand Naz0 | SO3 MgO Fe203 | CaO Al203 SiO2

CEM 1 Shymkentcement

425N LLP 0.57 0.65 0.92 4.05 64.79 | 5.11 23.91

Portland cement grade CEM I 42.5N, which meets the established requirements [9], was used
as a hydraulic binder. Cement was produced by Shymkentcement LLP, located at the following
address: Shymkent, St. Koikeldi Batyr St., 22. The characteristics of the cement used and the results
of experimental tests of its properties are shown in Tables 1-2.

Table 2. Mineral composition of Portland cement clinker (according to LLP Shymkentcement

[10]
Mineral content in clinker, %
Cement brand
C4AF C3A C2S C3S
CEM142.5N 10.56 6.86 11.69 60.99

Analysis of the obtained test results showed that the studied cement complies with the
requirements of [10]. Natural sand mined in the Akdala quarry, located at the following address:
Asar-2 microdistrict, Syrym Batyr Street, 175/2, was used as fine aggregate for the mortar part.
The properties of the sand were tested using the methods described in [11]. The results of the fine
aggregate tests are presented in Table 3, and the chemical composition is presented in Table 4.
Interms of clay and dust impurity content, granulometric composition and radiatio n-hygienic
assessment, this sandmeets the established requirements [11]. Mixing water meets the
requirements of [12]. The water does not contain sulfates over 2700 mg/] (in terms of SO4), all
salts over 5000 mg/], oil sludge and scale, organic matter content less than 12 mg/l, pH 7.7 and no
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color
Table 3. Sand test results (according to Akdala quarry [11])

Sand characteristics
Specific
True Bulk effective Content of
Manufacturer . Fineness . activity of clay and
density, density,
kg/m? modulus kg/m? natgral . dust.
radionuclides, | particles, %
Bq/kg
Quarry 2610 2.45 1470 71.3 1.7
"Akdala"

The products of NEOCHIM LLP, located at the address: Shymkent, Enbekshinsky district, block
264, building, were used as a superplasticizer. In terms of its consumer properties, the additive
"NEOCHIM" meets the requirements [13].

Table 4. Chemical composition of sand (according to LLP Joint Venture "Southern Mining and
Chemical Company" [11])

Manuf Main oxides, %
anufacturer Si0z | Al03 | Fe203 | CaO | MgO | SOs | K20 | Naz0 | p.pp.
Limited Liability
Partnership "Joint
Venture "Southern 709 | 16.37 | 2.68 |2.49 |0.69 |0.01 |3.29 |2.77 |1.09
Mining and Chemical
Company"

The additive "NEOCHIM" is a plasticizing and water-reducing additive based on a mixture of
polyoxylene derivatives of polycarboxylic acids, surfactants. The standardized physical and
chemical indicators are presented in Table 5.

Table 5. Physicochemical properties of the additive (according to NEOCHIM LLP [13])

Name of the indicators Hyperplasticizer "NEOCHIM"

Appearance homogeneous aqueous solution
PP of light brown color

Density at 20°C, g/cm3, not less than 1.05 1.05

Hydrogen ion activity index (pH), not less than 4.2 4.2

Mass fraction of chlorine ions, %, not more than 0.1 0.1

It is used for the production of self-compacting commercial concretes that harden under
normal conditions or with the use of electric heating. Dust waste (MKU-95) produced by LLP "Tau
Ken Temir", registered at the address: Karaganda, Oktyabrsky district, accounting quarter 018,
Building 133, was used as a reaction-chemical pozzolanic additive.

38 Ne4(153)/ 2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



Study of the structure of hydration products of cement stone with hyperplasticizer and silica
microfillers

This dust from electrostatic precipitators of ferrosilicon production has particle sizes of 5-50
microns. Under the influence of high temperature, silica microparticles are transformed into glassy
amorphous dust. The qualitative characteristics of microsilica MKU-95 are presented in Table 6.

Table 6. Qualitative characteristics of microsilica grade MKU-95 (according to LLP "Tau Ken
Temir"[14])

Name of indicators Quahtatlv.e .
characteristics
Mass fraction of silicon dioxide, %, not less than (Si02) 95.06
Mass fraction of phosphorus oxide (P20s), %, not more than, 0.12
% .
Mass fraction of magnesium oxide (Mg0), %, not more than 0.6
Mass fraction of aluminum oxide (Al203), %, not more than 0.17
Mass fraction of iron oxide (Fe203), %, not more than 0.19
Mass fraction of sulfuric anhydride (SO3), %, not more than 0.41
Mass fraction of calcium oxide (Ca0), %, not more than 0.41
Mass fraction of free alkalis (Na20, K20), %, not more than 1.71
Mass fraction of water, %, not more than 0.29

In terms of its properties, microsilica "MKU-95" meets the requirements of [14].
Opoka containing silica particles from the Taskalinskoye deposit was studied as the second
active filler. The opoka from this deposit has the following chemical composition (Table 7).

Table 7. Chemical composition of opoka from the Taskalinskoye deposit (according to
Taskalinskoye deposit [15])
Components SiO2 Al203 Fe203 Ca0 MgO SOs3

Opoka 87.02 10.58 3.84 4.73 2.45 1.90

Amorphous-siliceous opoka is composed in the overwhelming majority of amorphous silica,
provided in the form of globules and spicules of sea sponges, radiolarians, shells, etc. The
characteristics of opoka, which opoka must meet as an additive-filler, are indicated in Table 8.

Table 8. Characteristics of the flask (according to the Taskalinskoye deposit [15])

Indicator Indicator Value
Minimum Maximum Average
Specific weight, N/m3 22.27-103 24.13-103 23.15-103
Density (in a piece), kg/m3 1050 1665 1240
Water absorption, % 15.34 41.00 25.00
Compressive strength, MPa, in
the state:
Dry 6.239 14.09 9.49
Water-saturated 449 11.47 6.61
Frost resistance 25 37 31
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In terms of its properties, the Opoka of the "Tascalinskoye deposit" meets the requirements of
[15]. The Opoka selected for testing was subjected to preliminary grinding until a specific surface
of 1700-1850 cm?2/g was achieved in a laboratory ball mill BS-BALLMILL-I with a rotation range
of up to 200 rpm.

The methodology

A series of tests were conducted using Professor Okamura's method to determine the cone
spread with an initial water to binder ratio of 0.4 and 1% superplasticizer from the amount of
binder with different dosages of mineral additives. The ratio was obtained experimentally by
determining the cone spread of cement paste with different Water/MDS ratios. The dependence of
the cone spread and the Water/MDS ratio is expressed through the ratio of the "final" spread area
to the "initial" area, called the "relative" spread area. (Figure 1).

100
70

——]

60

final area initial area

Figure 1. Truncated cone for determining the spread of cement paste (Okamura H., Ozava K.
Mix design for self-compacting concrete // Concrete Library of the JSCE. 1995. Ne 2. P. 107-120)

The task was to obtain a mixture of water, binder, and superplasticizer, which during testing
would show a flow cone of 244-246 mm, the flow time through the funnel of 9-11 seconds [16].

Table 9. Effect of the amount of microsilica additive MKU on the rheology of cement-sand
mixture

Main Cement, | Quantity  of | Quantity of | Quantity of | Flow Flow
composition | kg microsilica microsilica superplastici | (mm) time, sec
* from cement | from cement | zer, kg

mass, % mass, kg
Sand-900 kg, 600 0 0 6 265 7
Water-0.4 570 5 30 6 261 8
from cement 540 10 60 6 253 9
510 15 90 6 245 10
480 20 120 6 237 12
420 30 180 6 231 14

*All data are given based on the number of components per 1 m3 of concrete or mortar

mixture
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Microstructure study:

To analyze the microstructure of the material, studies were carried out on grinding samples
aged for 28 days. The study was carried out using a ZEISS Axio Vert.A1 microscope (Germany)
using the reflectivity microphotography method at a magnification of x500. In addition, X-ray
phase analysis (XRD) was used to study the phase composition of the cement stone hydration
products and assess the content of minerals. The analysis was carried out on a D2 PHASER powder
X-ray diffractometer from Bruker, made in the USA. The analysis was decoded using DIFFRAC.EVA
software, which provides tools for rapid analysis of one-dimensional and two-dimensional
diffraction data. It supports all Bruker detectors and X-ray scanning types. EVA functionality covers
a wide analytical spectrum from data processing, basic scan evaluation and presentation, detailed
peak analysis, phase identification and quantitative analysis to crystallinity and crystallite size
determination [17].

Table 10. Effect of the amount of flask additive on the rheology of cement-sand mixture

Main Cement, Quantity of Quantity of | Quantity of | Flow (mm) Flow
composi kg opoka from opoka from | superplastici time, sec

tion* cement mass, cement zer, kg

% mass, kg
Sand- 600 0 0 6 265 7
900 kg, 570 5 30 6 246 9
Water- 540 10 60 6 232 12
0.4 from 510 15 90 6 227 14
cement 480 20 120 6 213 17
420 30 180 6 205 20

*All data are given based on the number of components per 1 m3 of concrete or mortar

mixture

Table 11. Compressive strength indices of mortar samples with microsilica MKU and opok O
at the ages of 1 day and 28 days

Cem Quantity | Quantity MKU- MKU- 0-1 0-28 Without Without
of filling, | of filling, lday 28 day | days | additive-1 | additive-28
ent
% kg days

600 0 - - - - - 11.2 37.7
570 5 30 - - 11.5 38.1 - -
540 10 60 - - - - - -
510 15 90 12.8 40.7 - - - -

Generalized data on the rheological properties of the solution using different quantities of two
silica fillers are given in Tables 9-10.

From the tables reflecting the rheological characteristics of the obtained solutions, it is evident
that the best effect is achieved by replacing 15% of the cement with microsilica.

Then, from the mortar mixtures that showed the required values of cone spread and flow
through the funnel, samples were formed, which were tested for compressive strength according
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to [18] after 1 day and 28 days. The results of the compressive strength tests of mortar samples
with microsilica, opokal and metakaolin at the ages of 1 day and 28 days are presented in Table 11.

The strength characteristics of the mortar samples show that the best effect is achieved by
replacing part of the cement with 15% microsilica, which is consistent with the studies of Kaprielov
S.S. and Sheinfeld A.V., where the recommended consumption of microsilica is 15-20% of the mass
of the binder per 1 m?® of concrete [19].

Findings/Discussion
As a result of studying the microstructure of the samples using a ZEISS Axio Vert.Al electron
microscope using the reflection method, the following data were obtained.

Figure 2 shows an image of the fracture microstructure of a control sample made of pure
cement.

\ o 0
Figure 2. Microstructure of the fracture of a control sample made of pure cement

Figure 2 shows that the structure of cement stone is not monolithic and has a block structure.
It is represented by weakly crystallized layers of highly basic metastable hydrosilicate particles
(CaO SiO; H,0) with molar ratios CaO/SiO, > 1.5 (C,SH>).

Figure 3. Microstructure of a fracture of a cement stone sample containing Opoku from the
“Tascalinskoye deposit.”

These new formations, which have increased basicity, are prone to coagulation; water
molecules retained by adsorption processes are located inside their structure. Evaporation of both
adsorbed water and water located in the crystal lattice is accompanied by shrinkage of the system,
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which corresponds to the data presented in [20]. Figure 3 shows that the hydraulic activity of the
opal-chalcedony gaize causes chemical interactions of the amorphous silica included in its
composition with the hydroxide components formed during cement hydration as a result of
hydrolysis of 3Ca0 SiO; according to the equation:

2(3Ca0 Si0,) + 6H,0 — 3Ca0 2Si0, 3H,0 + 3Ca(OH)s,.

Figure 4. Microstructure of a fracture of a cement stone sample containing microsilica MKU-
95

As a result, low-basic calcium hydrosilicates of the C-S-H (B) type, hydroaluminates
3Ca0*Al203*6H20 and calcium hydroferrites CaO*Fe203 *nH20 are formed. The new formations
have the appearance of thin fibers, plates and petals of irregular shape [21].

Figure 4 shows that cement stone with the addition of microsilica MKU-95 has a pronounced
homogeneous structure in comparison with cement stone without additives. The reaction of the
hydration products of clinker minerals and active microsilica is a compound of Ca(OH), with active
Si0,, resulting in the formation of a structure composition with the densest packing of crystals,
forming elements of low-basic calcium hydrosilicates of the CSH (B) type, for example
(Cas(0OH),Sig016°4H,0 (Ca0/Si0O, < 1.5)), which is confirmed by the theoretical provisions set out
in [22].

Sample ID: kontr, Sawple name: kontr, Temp: 23.0°C
Date: 01/23/21 07:28 Step : 0.020° Integration Time: 1.000 sec Vert. Scale Unit: [CPS]
Range: 4,000 - 70.000° Step Scan Rate: 1.200 [*/min] Morz. Scale Unit: [deg]

Figure 5. Control sample without mineral additive
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Next, to assess the influence of mineral additives on the phase composition of cement stone
hydration products, the X-ray phase analysis (XPA) method was used using a D2ZPHASER powder
X-ray diffractometer from Bruker, manufactured in the USA (Fig. 5-7).

ampLe i1, le name: 1, Temp: 25.0°C
Date: 01/22/21 23:04 Step : 0,020° Integration Tine: 1,000 sec Vert. scale Unit: [¢BS)
Range: 4.000 - 70.000° Step Scan Rate: 1.200 [*/nin] Horz. Scale Unit: [deg)

600.)

Figure 6. Sample with replacement of part of the cement with microsilica MKU

Using the DIFFRAC.EVA software, an analysis of the obtained diffraction patterns was
performed, which confirmed the formation of low-basic hydrosilicates present in the studied
samples, as shown in Tables 12-13.

Sample ID: 5, Sample name: 5, Temp: 25.0°C
Date: 01/23/21 04:40 Step : 0.020° Integration Time: 1,000 sec Vert. Scale Unit: [CPS]
Range: 4.000 - 70.000% Step Scan Rate: 1.200 [*fmin] Horz. Scale Unit: [deg]

<

600

Figure 7. Sample with replacement of part of the cement of the Opoka of the “Tascalinskoye

deposit”
Table 12. Phase composition of cement stone at the age of 28 days of normal hardening
Composition Cement stone Phase composition of cement stone, %
No C3S C2S Ca(OH)2 Degree of
hydration

1 Control 19.6 8.8 21.6 75

2 PC+MKU 14.7 7.4 16.8 82

3 PC+0 14.2 7.2 16.3 78
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Analysis of the phase composition showed that partial replacement of cement with microsilica
(composition 2) promotes the intensification of hydration processes and the binding of the
resulting Ca (OH), hydroxide with microsilica. As a result, a decrease in the content of minerals
C3S and C,S is observed compared to composition 1, with this degree of hydration increasing from
70% to 82%. When replacing part of the cement, the flask (composition 3) occupies an
intermediate position between the control composition 1 and composition 2 in terms of the degree
of hydration and phase composition of new formations. This also indicates a reduced content of
minerals C3S and C,S, which leads to compaction of the structure of the cement stone and an
increase in its strength [23].

Analysis of the diffraction pattern shows the general theory outlined in [24] and [25] that a
significant amount of highly stable low-base hydrosilicates and hydroaluminates are formed when
using active mineral additives. A special feature is that in the control sample No. 1, containing only
cement, the formation of only three low-base hydrosilicates was recorded, whereas in the samples
with active mineral additives (No. 2 and 3) their number increased to 5-6 (Table 13).

Table 13. Content of calcium hydrosilicates in the studied samples of modified cement stone
at the age of 28 days of normal hardening

Sample Conventional Calcium hydrosilicates
designation
Control 1 Tobermorite CazH3011Si3

Klinotobermorite CasHg021Si¢
Katoite Al,CasH12012Si3
PC+MK 2 Gergeyite CasH2K2025S6
Katoite Al;CazH12012Si3
Tobermorite CazH3011Si3
Klinotobermorite CasHg021Si¢
Killalaite CazHe011Si3
Phoshagite CasH2011Si3

PC+0 3 Katoite Al,CazH12012Si3
Calcium hydroferrite 4CaOFe;03n+3H,0
Lumontite Al4Ca;H150533Sis
Klinotobermorite CasHg021Sis
Rosenhanite CazH,10Sis

This indicates an intensification of hydration processes in the cement stone, as well as a more
active crystallization of the colloidal system in the active components SiO, and Al,03-2SiO0.

Conclusion

Based on the results of the tests, the following conclusions can be made:

1) The mixture with partial replacement of cement with opal-chalcedony opoka is the least
homogeneous structure, which contains both calcium hydrosilicates and hydroaluminates and
hydroferrites, which is confirmed by the data of differential thermal analysis (DTA) and
microstructural studies. The revealed heterogeneity can negatively affect the operational
reliability of concrete and lead to a decrease in its strength characteristics due to the uneven
distribution of hydration products and a possible increase in local zones of increased porosity.

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 45
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



I. Abdraimov, K. Musa, Yu. Pukharenko, M. Sailygarayeva

2) The mixture with microsilica demonstrated a more homogeneous microstructure, and low-
basic hydrosilicates of the CSH(B) type are widely represented here. This effect is due to the
complex influence of the microfilling of the system, which leads to optimization of the grain
composition and a decrease in the defectiveness of the structure, as well as high pozzolanic activity
of microsilica. It binds calcium hydroxide, Ca (OH),, and increases the degree of hydration of
cement minerals, which contributes to the formation of a denser and stronger structure of cement
stone. 3) The introduction of active mineral fillers leads to an increase in the number of fine
particles in the cement paste, which contributes to the formation of a denser microcapillary
structure of cement stone and a significant decrease in the volume of micropores, reducing its
permeability. During the hydration process, capillary pores are gradually filled with new
formations, which allows for an increase in the volume of gel pores while simultaneously reducing
the total pore space and average pore diameter. As a result, the viscosity of the concrete mixture
increases, which has a beneficial effect on its workability. In addition, the use of active mineral
additives helps to increase the compressive strength of concrete, reduce the number and size of
large portlandite crystals at phase boundaries, and moderately reduce the total porosity, which
can ultimately improve the performance characteristics of concrete.
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HU.A6apaumoBl, K.Mycal, 10.IlyxapeHko?2, M.CaiisibirapaeBa3”

1 Myxmap dye306 ambiHdarsl O4ymycmik Kazaxcmah ynueepcumemi, llleimkenm, Kazakcmau
2Cankm-IlemepGypz memaekemmik cay/1em-Kypbulasic yHugepcumemi, Cankm-IlemepGype, Peceii
dedepayuscovi
3Ka3ak yammulK azpapvik 3epmmey yHugepcumemi, Aamamel, Kazakcman

I'mnepniacTupuKaTOpMeH XK9He KpeMHe3eM/[iKk MUKPOTOJ/IThIPFbIIITAPMEH LIEMEHT
TaCbIHbIH, T'HApPAaTaLMA 6HiMAepiHiH KYPblJIBIMbIH 3€pPTTEyY

Angartna. Bysi KyMbICTa TEXHOTEHJIK >KoHe Tabufd TeKTi OeJsiceHJli KpeMHe3eM/iK
TOJTBIPFBIIITAPABIH,  K9He  MOJUKApOOKCUIATThl  CyNnepHjacTUPUKATOPAbIH  LEeMEeHT
MaTpHUILACBIHbIH KYPbLJIbIMbIHA OHbIH MUKPOKEYEeKTI/IriH apTThlpy MaKcaTbIH/a bipJiecKkeH acepi
3epTTenpi. ToOATBIPFBI O6JILIEKTEePAiH [AUCIEePCUSCh], KYpbLIbIMbBI MEH KOMIIOHEHTTEpiHiH
amop¢u3anuackl O0alJIaHbICTBIPYLIBI MaTepuas OeJilleKTepiHiH MoJIeKyJia/bIK oHe OeTTiK
KPUCTa/IZJaHy KypblJIbIMbIHA XUMUSJIBIK 3HEPTUAHbBIH 9CepiHeH 60/1aTbIHbI aHbIKTaAAbl. EpiTiHai
KOCHaJIapblHbIH, KypaMblHA KpPeMHMW [JUOKCUJI MeH IIacTuPUKaTopAbl OipikTipin eHrisy
O0MbIHIIA 3epTTeyJiep MYLL0/1aH/AbIK KOCIIaHbIH KYpaMbIH 6alJIaHbICTBIPFbILI MaccacblHbIH 15%
JlelliH apTThIpyFa MYMKiH/iK 6epe/ii, Oy/1 IleMeHT LIbIFbIHbIH a3alTyFa KeMeKTece/i, COHbIMEH
O6ipre 1UeMeHT TacCblHbIH, MHUKPOKYPBUIBIMbIH OHTaWJIaH/JbIPY/Abl 9He KeHiHHEeH >XOFaphl
KYPbLJIBbIC >K9He TeXHHUKaJ/IblK CUNaTTaMajsapbl 6ap 6eTOH/Jbl OHAIpYJi KaMTaMachli3 eTeji.
3epTTey afCblHAA NOJUKApPOOKCUIATTBHI MJacTUPUKATOpJAap MeH OesiceH[i KpeMHe3eMJiK
TOJITBIPFBIIITAP/AbIH, KAaThICYybIMEH FUpaTaluda eHiMAepiH Tanjay MakKcaTblH/Aa LJeMeHT TacCblH
erKeu-TerKenai MHUKPOKYPBUIBIMABIK 3€epTTey KYprisinzi. AJbIHFaH HOTHXKeJiep epiTiHAi
KOCNacbIHbIH, KypaMmbiHa 10-15% nuiacTuduKaTOp MeH KpeMHe3eM/i TOJTBIPFBIIITBl €Hri3y
LeMeHT »>KyHecCiHZeri NOPTJaHAUAT MeJIlepiHiH, TeMeH/JeyiHe, OHbIH KpUCTaIJapbIHbIH
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MeJIlIepiHiy a3arblHa, TYUipLIiKapaiblK KeHICTIKTIH TOJTBIPbIIYbIHA, COHBIMEH KaTap LeMeHT
TaCblHbIH, KYpPBLIBIMBIH HBIFbI3/layFa »OHe HBbIFAWTyFa oKeJeTiHIH Kepcetegi. OcplLiania,
YCbIHBUJIFAaH TACL1 NYyLOJAHABIK KoclajapAbl THIMZI NaijasaHyAbl, O€TOHHBbIH, NaijajaHy
KacueTTepiH XkKaKcapTy/bl 2Ko9He KbIMOAT IeMeHTTi TYThIHY/ibl a3alTyAbl KAMTAaMacChbI3 eTeJ|.

Ty#iH ce3aep: runepniacTuduKaTop, KpeMHe3eMiK MUKPOTOJITBIPFBIITAD, FUApaTalusa
eHiM/iepi, leMeHT TacChl, LiIeMeHT KYpPbLJIbIMBbL.

U.A6apaumoB?, K.Mycal, 10.Ilyxapenko?, M.Caiisibirapaesa3”

1 [0scHo-KazaxcmaHckull yHugepcumem umenu M. 0. Ayazoea, Illvimkenm, Kazaxcmah
2Cankm-IlemepGypacKuil 2cocydapcmeeHHblil apXxumeKmypHo-cmpoume.ibHbulii yHugepcumem, CaHkm-
Ilemep6ype, Poccuiickaa Pedepayus
3Kazaxckuii HayuoHaasHsill AzpapHbiii Hccaedosameasckuii yHugepcumem, Aamamel, Kazaxcmah

H3y4yeHHe CTPYKTYPbI NPOAYKTOB rHAPATALMHU IEMEHTHOTO KAMHS C
TUIEPIUIacCTUPUKATOPOM M KPEMHE3eMUCThIMH MUKPOHANOJTHUTE/ISIMU

AHHOoTanMa. B jgaHHOM paboTe HCCIeLOBAaHO COBMECTHOe BJMSHHME aKTHUBHBIX
KPEeMHe3EéMUCThIX HAINOJIHUTEe/Jed TEeXHOMeHHOr0 M IpPUPOJHOr0 IPOUCXOXKAEHUA U
NOJIMKApOOKCUJIATHOTO CyllepIlacTUPUKATOpPa Ha CTPYKTYPY LieMEHTHOU MaTpHULbl C LeJblo
NOBBILIEHUSA e€é MUKPOIIOPUCTOCTH. Y CTAaHOBJIEHO, YTO AYCIIEPrUPOBAHUE YaCTUL, HAIIOJHUTEJIS,
amMmopdu3anusa CTPYKTYpbl U KOMIIOHEHTOB 00YCJIOBJIEHb]I BO3/IECTBUEM XUMUYECKOW 3HEPTUU
Ha MOJIEKYJIIPHYI0O U NOBEPXHOCTHYH KPHUCTA/JIM3alMOHHYI0 CTPYKTYpPY 4YacTHL, BSKYLIEro
MaTepuasa. McciefoBaHUs O COBMECTHOMY BBeJleHUIO KpeMHe3éMa U IacTUduKaTopa B
COCTaBe PAaCTBOPHBIX CMeCel MO3BOJIAIT YBEJHWYUTh COJepkKaHUe MyLL0JaHOBOW A006aBKU [0
15% oT Macchbl BSKYILEro, YTO CIOCOOCTBYeT CHMXKEHHIO pacxo/a LieMeHTa, OJHOBPEMEHHO
obecrneyrBasi ONTUMU3ALUI0 MUKPOCTPYKTYPbl LIEMEHTHOIO KaMHS U JajibHelllee MoJiyyeHre
OETOHOB C BBICOKMMH CTPOUTEJBHBIMHU M TEXHUYECKMMM XapaKTepUCTUKaMHU. B pamkax
UCCJIeIOBAaHUA ObLIO NMPOBEJEHO JeTaJlbHOe MUKPOCTPYKTYPHOe HCC/AeJj0BaHUEe L,eMEeHTHOIO
KaMHfl C LeJIbl0 aHa/u3a NPOAYKTOB THJpaTallud B NPUCYTCTBUM IOJHUKApOOKCUJIATHBIX
NJIaCTUPUKATOPOB U AKTHUBHBIX KpPEeMHE3eMHUCTBIX HamoJiHuTesel. [loslydeHHble pe3ysbTaThbl
nokKa3bIBalT, YTo BBeJeHUe 10-15% nuacTudukaTopa U KpeMHE3EMUCTOr0 HaloOJIHHUTeJS B
COCTaB pacTBOPHOM CMeCH NPUBOJUT K CHMKEHHUIO COJep>KaHHA MOPTJIaHAUTA B LieMEHTHOM
CUCTEMEe, YMEHbIIEHHUI0 Pa3MepPOB ero KpUCTA/IJIOB, 3alI0JIHEHUI0 MEeX3€PHOBOI'0 IPOCTPAHCTBA,
a TakXke K YIJIOTHEHUI0O U YNPOYHEHUIO CTPYKTYpbl LleMEHTHOro KaMHfA. TakuM o6pasom,
npeJJIoKeHHbIN 0AX0/, obecrieyrBaeT 3QpPeKTUBHOE UCII0JIb30BaHUe MYLI0JaHOBBIX 100aBOK,
NOBbIIIAS 3IKCIJIyaTallMOHHble CBOMCTBAa O€TOHAa M CHWXas NOTpebseHHe J0POrOoCTOSIIErO
[leMeHTa.

Kiro4yeBble c0Ba rumnepniacTUGUKaTop, KpeMHe3eMHble MHUKPOBOJIHBI, TNPOAYKTHI
ru/ipaTaliuy, LeMEHTHbIM KaMeHb, LleMeHTHas CTPYKTypa.
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