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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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USE OF OIL AND BITUMINOUS ROCKS AND WASTE FROM THEIR
PROCESSING IN CREATION OF COMPOSITE SILICATE MATERIALS

Abstract. The article considers the issues of technology of silicate materials of dense and cellular structure with
usage of oil bituminous rocks and waste from their processing, in particular: the optimization of the ratios of the raw
components of a silicate materials mixture, the development of optimal technological parameters for the production
of silicate materials, and the technological aspects of the production of the above materials.

The optimal compositions of binders with use of waste products from OBR are studied in this work as an
activating component of lime or cement. The stability of the samples was studied in various media with a low and
high content of basic calcium hydrosilicate. If they contain insoluble silicates and aluminosilicates containing silica,
they are acid resistant. Alkali-resistant rocks containing oxides corresponding to strong bases are combined with
oxides corresponding to weak acids, for example, calcium and magnesium carbonates.

As a result of the experimental work, technological processes for the manufacture of silicate materials (of dense
and cellular structure) based on the OBR and waste from their processing are substantiated and developed. The paper
reveals the chemical-mineralogical and the structural features of oil bituminous rocks and waste from their
processing. The optimal ratio of the waste mixture of oil and bituminous rocks with lime and the technological
parameters that ensure the grade of lime-sand binder from 400 to 500 are established. Silicate materials based on this
mixture have high physical and mechanical properties and comply with the requirements of the ST standards of the
Republic of Kazakhstan for silicate brick and GOST state standard for aerated concrete.

Thus, the compositions and conditions for the preparation of these binders with high resistance in large
temperature, pressure and aggressive environments are proposed in this work.

Key words: oil bituminous rocks and waste from their processing, structure, mechanochemical activation,
silicate materials, binder, cellular concrete, durability.

Introduction. One of the problems of the global scale of the twenty-first century is the human impact
on the environment. In this regard, the utilization of oil bituminous rocks (hereinafter - OBR) and waste
from their processing is given special attention [1].

The solution to the above problem is the creation and development of non-waste environmentally
friendly and mobile technology in creating systems of silicate composite materials and technology for the
synthesis of artificial stone, energy-saving and low-energy-consuming man-made products.

The presence of a large number of deposits of the OBR and bitumen-containing sands (hereinafter
referred to as the Kir) in Kazakhstan, and as a result, replenishment of scarce oil products, determines the
organization of the processing of the OBR with the receipt of 15-30% of bitumen and 70-85% of the
mineral part of the sandy type feldspar-quartz, clay and carbonate composition. Currently, more than
50 deposits have been examined and developed only in the western regions of Kazakhstan and reserves of
more than 20 million m3 have been determined [2].
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The mineral part of the OBR under the microscope is represented by isometric grains of a darkish
color, angular and low-rounded, 0.10-0.15 mm in size, which indicates fine grain size. The specified type
of raw material contains up to 70% quartz, 24% feldspars, 3% calcite, single grains of sulfides, apatites,
and barite. Voidness - 42%, average density - 1290 kg / m3. The chemical composition is presented in
table 1.

Table 1 - chemical composition (%) of the mineral part of the OBR processing

Product name SiO2 AlO3 Fe> Ca M K2 Na SO C I1
Mineral part of the 82,6 9,3 2,0 1,3 0,3 1,8 1,2 0,8 - 1,4
OBR processing

The OBR processing waste is a group of calcareous-siliceous materials that are dispersed systems of
insoluble particulate matter of an amorphous or submicrocrystalline structure with a significant amount of
free kinetic energy sufficient for the mutual attraction of the macroparticles with the formation of water-
resistant structural bonds. This makes it possible to minimize fuel and energy processing costs, to carry
out directional regulation of structure formation in materials hardening without heat treatment, thereby
intensifying the technological process for the production of silicate materials and products based on them
[3].

The physicochemical, mineralogical, and structural features of the OBR and mineral waste from their
processing are represented by two main groups - siliceous materials containing more than 50% SiO; and
limestone-siliceous materials containing 20-50% CaO and 20-50% SiO,.

Materials and methods. In this work, we studied the optimal composition of binders using waste
from the OBR processing as an activating component of lime or cement. To obtain comparative data,
natural sand was used, the composition of which is identical to the waste of the OBR processing, i.e.
quartz-feldspar mineralogical composition.

Mechanochemical activation was applied by co-grinding the components of the mixture [4].
Shredding of waste from the OBR processing occurs more quickly than its natural counterpart. This is
facilitated by the presence of defects on the surface of the grains of the waste of the OBR processing;
surface melting and deeper cracks along the cleavage of feldspar crystals and others in the process of heat
treatment of the rock while removing bitumen.

Lime and sand binder. Obtained by co-grinding the waste from the processing of OBR with lime, to
a specific surface of 300 m?/kg. The optimal ratio of lime and waste from the OBR processing are in the
range from 0.5:1 to 1:1, at which the activity of lime-sand binder has the highest rates, i.e. strength of 42-
50 MPa.

The properties of samples of calcareous-sand binders, depending on the composition and conditions
of hardening, vary significantly - samples subjected to autoclaving have a higher strength than samples
steamed and hardening under ordinary conditions. It is possible to note the linear nature of the dependence
of strength values in the direction of increase, with a corresponding increase in the content of lime in the
composition of binders [5].

We studied the possibility of using OBR processing waste as an additive to cement. An evaluation
criterion for mechanical activation was the heat of hydration of the activated mixture from the waste of the
OBR and the strength of the composite materials based on it - binders with the addition of waste from the
OBR are at the same level as with the addition of blast furnace clinker [6].

Results of research. Studies of the impact of additives from OBR processing waste showed that the
compressive strength of samples depends on the hardening conditions - for samples with composition:
70% cement clinker and 30% of OBR processing waste hardening under ordinary conditions, compressive
strength in 28 days is 46, 0 MPa. After autoclaving, the samples show composition: 50% cement clinker
and 50% OBR processing waste, compressive strength is 50.0-53.8 MPa. This composition is optimal and
the obtained results on compressive strength are objectively approximated with a normal density value of
27.3%, which is one of the smallest. Hence, it can be considered that the waste of the OBR processing is
an active additive and increases the grade of cement.

Considering the fact that most of the known deposits of OBR are located near oil producing regions
where cement with special properties (grouting) is used, the one in contact with various mineralized

— g4 ——



ISSN 2224-5286 2.2020

waters, accompanied by high temperature conditions and pressure, the possibility of OBR processing
products as active additives to obtain special cements was reviewed.

Studies of the stability of binders in solutions of magnesium sulfate, sodium sulfate, magnesium
chloride and sodium, in natural mineralized waters typical of Kazakhstan (sulfate-chloride and chloride-
sulfate), resistance to atmospheric conditions and alternate freezing and thawing [7]. The mineralogical
composition, structure and dispersion of the siliceous component have a great influence on the resistance
of autoclaved materials to the aggressive action of sodium and magnesium sulfate solutions [8].

Lime-sand samples made from mineral wastes from OBR processing turned out to be more resistant
than cement-sand samples made from traditional raw materials. But in sodium sulfate solutions, the above
calcareous samples turned out to be less stable. Therefore, impurities of feldspar rocks in sands are not
only acceptable, but also desirable, especially if the products are used under conditions of further exposure
to magnesium-sulfate corrosion. The durability of lime-sand products can be increased by increasing the
dosage of lime in lime-sand mixtures. The resistance of lime-sand products containing sodium salts can be
increased by introducing a certain amount of ground sand [9]. The stability of the samples was studied in
various media with a low and high content of basic calcium hydrosilicate. If they contain insoluble
silicates and aluminosilicates containing silica, they are acid resistant. Alkali-resistant rocks containing
oxides corresponding to strong bases are combined with oxides corresponding to weak acids, for example,
calcium and magnesium carbonates.

We performed a series of experiments in which the test samples of cement containing up to 50% of
the waste of the OBR processing were closed with a 5% solution of Na>SOs in one case, and in the other
with a 3% solution of MgSOa4. The experimental results are shown in table 2.

Table 2 - Influence of aggressive environments on the change in bending strength (MPa)
of cements with the addition of OBR processing waste

Materials and conditions of Hardening conditions Storage in 5% Na2SO4 for Storage in 3% MgSO4 for
preparation lday | 6day | 12day | 1day | 6day | 12day
cement with 50% of waste under normal conditions 3,6 2,7 1,6 3,6 2,9 1,1
from OBR processing and steaming at 75°C 4.4 4,1 3,3 4.4 4,0 3,0
sealed with water
autoclaving at 175°C 5,2 4.6 4.2 5,2 4.8 5,0
cement with 50% waste from | under normal conditions 4.0 3,6 3,8 4.6 4.4 4.4
the processing of OBR and steaming at 75°C 6,3 6,4 7,0 6,3 6,0 6,6
sealed with 5% solution of autoclaving at 175°C 7,4 7,6 7.8 7.4 7,6 7,8
Na2S04
cement with 50% waste from | under normal conditions 4.2 4.8 4.4 472 49 4.6
OBR processing and cured steaming at 75°C 5,8 5,5 5,8 5,8 5,9 6,0
with 2% MgSO4 solution autoclaving at 175°C 6,2 6,4 6,6 6,2 6,5 6,8

After molding, part of the samples hardened under ordinary conditions, the other was steamed at
75 °C, and the third part was autoclaved at 175 °C. Hardened samples were placed in solutions of sodium
sulfate and magnesium. After the expiration of the storage period, they were subjected to a strength test.

Mixing with sulfate solutions, increasing the temperature of the hardening conditions, storage in
aggressive solutions - all these improves the strength of the samples. In particular, samples made from a
mixture inoculated with a 5% sodium sulfate solution and hardened under conditions of steaming at 75 °C,
after 12 months of storage in solutions of 5% Na2SO4, and 3% MgSO04, reduced the strength by 5% (table
3.2.1) and the samples made from the mixture, sealed with a 3% MgSO4 solution and solidified under the
same conditions, after storage in a 5% sodium sulfate solution and after the same test periods, not only did
not reduce the strength, but, on the contrary, increased it by 5%, and when stored in 3% MgSO4, these
same samples reduced strength by 4% [10] .

It should be noted that samples hardened in hydrothermal conditions at 175 °C have absolute
resistance, which not only does not decrease, but, on the contrary, increases in aggressive sulfate solutions.

From this it follows that when using cements with the addition of waste products of the OBR
processing used for laying boreholes, sulfate resistance can be improved by introducing sulfate salts into
their composition. This mechanism of action, conventionally called the “affinity” of the composition of
cement with the test medium, can be common for other types of binders and aggressive environments [11].
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Silicate materials with a cellular structure. We studied silicate materials of a cellular structure
based on OBR and waste from their processing. The ratio of cement to lime was established on
experimental basis: the ratio of the waste of the processing of OBR and binder (50% lime and 50%
cement) is accepted - 1.5: 5 and 1.75: 1 and they correspond to a water-hard ratio - 0.45 and 0.44. Under
these conditions, the compressive strength of the samples is 5.1 and 5.2 MPa, with a density of 730-742
kg/m3. When the ratio of the waste of processing OBR and binder (60% lime and 40% cement) is 1.5: 1
and 1.75: 1, the density of the samples is 738-742 kg / m3, and the compressive strength is 5.2 and 5, 1
MPa. Data strength characteristics of these compositions are presented in table 3.

Table 3 - The effect of the ratio of the mixture components
on the density and strength of samples with a cellular structure

) The composition of the binder The composition of the binder
The ratio ) (50% lime and 50% cement) (60% lime and 40% cement)
(products of processing OBR: . . . .
astringent) W/H | Density, Compressive W/H Density, Compressive
kg/m? strength, MPa kg/m? strength, MPa
1:1 0,48 720 4,01 0,46 730 3.8
1,25:1 047 723 4,6 0,47 733 4,3
1,5:1 0,45 730 5,1 0,45 738 5,2
1,75:1 0,44 736 5,2 0,44 742 5,1
2:1 0,43 740 3,38 0,44 750 3,6

The structural properties of cellular concrete indicators and a number of its properties are influenced
by the amount of blowing agent [13]. The compressive strength of the samples increases with the
consumption of aluminum powder of 0.058 by weight of the dry components for the mixture, where the
ratio of the components of the waste of the processing of OBR and binder is 1.5: 1, and with a ratio of
1.75: 1, the optimal consumption of aluminum powder is 0.060%.

Thus, the waste of OBR processing both in milled and not in milled form is suitable as a siliceous
component for the production of silicate materials with a cellular structure that meet the requirements of
the standards with respect to its properties [14].

In order to reduce water absorption and increase the hydrophobic properties of cellular concrete,
natural OBR is introduced into the mixture in an optimal dosage of 10%. Natural OBR contained in the
mixture up to 10% ensures the hydrophobicity of products: reduces water absorption by 25%, vapor
permeability by 45%, shrinkage by 20%, adsorption moisture by 2.2 times. In addition, it contributes to
the modification of the capillary-porous structure in the intergranular space of the material and the
creation of fine crystallinity and fine porosity, which leads to a decrease in deformation stresses by
4.3 times compared to materials without additives. Samples made from a mixture with the addition of 10%
OBR are more frost-resistant than those without the additive — they withstood up to 100 cycles without
destruction [15].

Silicate materials of dense structure. Dense silicate materials based on OBR and their waste were
studied. To increase the activity of the interaction of the components, the raw material was partially milled
(to activate it) and introduced into the mixture from 10 to 20%. A positive effect of the addition of the
ground part of the OBR processing waste on the strength of pressed silicate samples was observed.
Combined grinding of waste products from OBR and lime significantly contributes to an increase in the
strength of the samples - up to 30 MPa, with a binder content of 22-25%.

With a constant ratio of binder and waste processing OBR, equal to 1: 3, with an increase in press
pressure increases the density of the samples and at the same time decreases water absorption [16].

With a constant composition of a mixture of a binder -25% and non-ground product of processing
OBR - 75% and a pressure of 20.0 MPa, with increasing humidity of the mixture, the density of the
samples increases, and the compressive strength increases to a certain value of the moisture of the mixture
- 7-9%, in which the density and strength are respectively 1810 and 1826 kg / m; 24.84 and 25.1 MPa.
With increasing temperature of the processed medium, the strength of the samples increases. Strength and
density indicators of the tested samples are shown in table 4.
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Table 4 - the Effect of hardening conditions on the properties
of silicate material based on waste processing OBR

Mixture composition, % Hardening conditions Density, kg/m? Compressive

Binding OBR processing waste strength, MPa
25 75 steaming at 80°C 1830 10,8
25 75 steaming at 120°C 1840 16,4
25 75 autoclaving 175°C 1858 25,0

Frost resistance of pressed samples after 25 cycles of alternate freezing and thawing, in general, meets
the requirements of GOST 379-2015 [17] on silicate stones and bricks: compressive strength - 29.7 MPa;
density - 1870 kg / m; water absorption - 9.2%; frost resistance - 25 cycles; brand - 250.

Thus, as a result of the tests we were able to establish the technological aspects of obtaining silicate
materials based on OBR and waste from their processing.

The quality of silicate products is closely related to the composition and structure of the neoplasms
represented by CSH (1) and tobermorite, the structure of which varies from gel to fine crystalline.

The parameters of the microporous structure of phase-forming calcium hydrosilicates vary from the
hardening conditions and determine the operational properties of the material. The less porous and more
homogeneous structure that takes place during hardening of samples under wet conditions or by steaming
corresponds to the highest strength and frost resistance of materials [18].

The strength of the samples both after molding and after hardening increases with increasing
pressure. The strength of samples after molding intensively increases by more than three times with an
increase in pressing pressure from 5.0 to 20.0 MPa, then with a further increase in pressure from 30.0 to
40.0 MPa, the strength of samples after molding increases by 19%.

The increase in the strength of the samples with increasing pressure is due to the fact that during
compaction by pressing, “constrained” conditions are created under which the interacting particles are
significantly closer to each other, the solvated solid phase is densely packed, and the polarization
interactions of the particles of the components are greatly enhanced. With less pressure, the distance
between the particles is greater meaning that the concentration of the solid phase decreases and the
solvated particles of the components are disconnected, and the water contained between them has thick
interlayers, which leads to a weakening of the polarization interaction and reduces the rate of formation of
cement substances [19].

On the basis of non-ground waste from the processing of OBR, it is possible to manufacture cellular
concrete products with a density of 700-728 kg / m3 and compressive strength of 5.4 - 5.9 MPa. In the
manufacture of cellular concrete with the addition of 10% natural OBR, the hydrophobicity of products is
achieved up to 85%.

According to their physical and mechanical properties, pressed silicate materials and products meet
the requirements of standards: stamp 75 to 250, density 1810-1920 kg / m, water absorption 7-10%, frost
resistance 15-50 cycles. Silicate brick based on the non-ground product of processing OBR and lime-sand
binder during autoclaving has the brand name “200”, and with the addition of an additional 5% cement,
the autoclave treatment can be replaced by steaming.

Conclusion. Based on the results of the work, technological processes for the manufacture of silicate
materials (dense and cellular structure) based on OBR and the waste from their processing are
substantiated and developed. The chemical-mineralogical and structural OBR and waste from their
processing have been identified [20], namely:

— OBR of semi-dark color contains up to 15% of the organic part and up to 85% of the mineral part,
including 70% of quartz and 30% feldspar minerals. The structure of grains along cracks, cleavages and
surface grooves is saturated by the organic components (bitumen);

- waste from OBR processing consists of a fine-grained sandy substance of feldspar-quartz
composition.

The surface of the grains of quartz and feldspar is darkly colored, slightly melted, has numerous
defects and cracks along the cleavages. In terms of chemical composition, in addition to silicon dioxide,
aluminum oxides and alkali metals are present [21].

It was determined that the optimal ratio of the mixture of waste from OBR processing with lime and
the technological parameters ensure that the lime-sand binder is 400 to 500 grit. Silicate materials based
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on it have high physical and mechanical properties and meet the requirements of ST for silicate brick and
GOST for cellular concrete.

In addition, the presence in OBR system of up to 15% bitumen does not significantly affect the phase
composition of hydrated components having less crystallinity, a more gel-like structure; promotes the
formation of a thin film on the surface of the interacting particles, reducing the speed of their interaction.
Hydrated neoplasms in the studied materials have a microporous structure. These factors have a positive
effect on the strength characteristics of the material.

Silicate materials of a cellular structure made on the basis of OBR in an amount of 10% in a mixture
of waste from OBR, lime or cement achieve significant hydrophobicity, which positively affects the
reduction of water absorption by 25%, sorption moisture by 2.2 times, shrinkage by 20%, vapor
permeability up to 2 times, which significantly improves the performance of products.

Cementing materials based on wastes from processing of OBR in a mixture with lime or cement, have
low heat and in heat-moisture conditions they intensively gain the required grade, have high sulfate
resistance, in conditions of elevated temperature and hostile environment, which simulates working
conditions when drilling boreholes. The compositions and conditions for the preparation of these binders,
which are highly resistant under conditions of high temperature, pressure and aggressive environment, are
proposed.

T.K. Kyar6aesa!, )K. T. Hammmupanuesn',
3. M. Kambakuna', M. I. Bpysko?, A. T. Opbinosa’
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MYHA BUTYMUHO3/IbI ’KBIHBICTAP MEH OJIAP/IbI OHJIEYITH
KAJJIBIKTAPBINAJAJIAHBIT KOHE OHJIEN CUJIMKATTBI MATEPHAJIJIAP/IBIH dKACAY

AHHOTanusi. Makanana MyHail OMTYMHHO3/BI JKBIHBICTApJbl JKOHE OJlap/bl KaWTa OHIEY KaJIBIKTapblH
KOJIZIaHa OTBIPBIIL, THIFBI3 JKOHE YSIIBIKTHI KYPBUIBIMAAFbI CHIIMKATTHl MaTepHaJap TEXHOJIOTHICHI, aTall aiTKaH/Ia:
CHJIMKATThl MaTepuajiap KOCIACHIHBIH HIMKI3aT KYPaMAacTapbIHbIH apaKaTbIHACHIH OHTAMIAHIBIPY, CHIIMKATTHI
MaTepHalIapIbl JalbIHAAYIBIH OHTAMIIBI TEXHOJIOTHSIIBIK IIapaMeTpIIepiH a3ipiiey, KoFaphla aTajlFaH MaTeprasiap
OHJIIPICIHIH TEXHOJOTHSUIBIK aCTIEKTiIepi Maceenepi KapacThpbUIFaH.

MyHaif OMTYMHHO3/bI JKBIHBICTAp MEH OJIapJbl KalTa eHJeY KalIbIKTapbIHBIH XHMUSUIBIK-MHHEPAIOTHSUTBIK
JKOHE KYPBUIBIMABIK EpeKIIemiKTepi aHbIKTanApl. IMKIi3aTThIH XUMUSUIBIK-MHHEPAJIOTHSIBIK KYPAMBIH, OHBIH
KOHTAKTLTi-KOHACHCAIMSIIBIK, KACHETTEPIiH Ha3apFa ajia OTHIPHIIL, )KYMBICTa OKTiH HEMece IIEMEHTTIH aKTHBTCHAIPYIITi
komnoHeHTi peringe MBXK Kaiita eHIEY KalABIKTaphIH MaiifanaHa OTHIPHI TYTKBIP 3aTTapIblH OHTAMIBI KYpambl
3eprrengi. TYTKeIp KacueTTepAi alKpIHAAY JKOHE KYIISHTY YINiH KOoclla KOMIIOHEHTTEpiH 0ipre ycakray »OJIbIMEH
MEXaHHUKAIBIK-XUMISUIBIK aKTUBALMSUIAY KOJIIAHBUIABL. JMCTIEPCHSUIBIKTBIH JKOFaphlIaybl *KOHE COHBIMEH Oipre
IIMKI3aTThIH OCJICEHALTIN KOl JOPEeKEe JKOFaphl KATTHUIBIKIICH CHIATTAJATBIH MaTepUagapasl Oipre yHTakray
Ke3iHze OaiiKanabl.

MyHalOUTYMHHO3/1bI KBIHBICTAP MUHEPAIJIAPBIHBIH KOFapbl epiriliTiri ojap/blH OKIIEH e3apa SpeKeTTecyiH
Gerncenaipesni. OKTaCTBI-KYM/Ibl TYTKBIP MaTepuaiap YJITrUIepiHiH KacueTTepi, KypaMbl MEH KaTaro >KaraaiyiapblHa
OalaHBICTBl alTapibIKTail e3repeji - aBTOKJIABTHI OHJEYAEH OTKEH YJrinep OyNaHIbIPBUIFaH J>KOHE oNeTTeri
JKaFaiilapaa KaTaTelH yiruiepre KaparaHna OepikTiri skorapbl 0oJiaibl. balaHBICTBIPFBIN KYpPaMBIHIAFEl 9KTac
MOJIIICPiHIH THICTI YIFAlOBIMEH OCpIKTUTIK MOHAEPIHIH YIFar0 >KaFblHA TOYENIUITIHIH CBHI3BIKTHIK CHIATHI
OenrineHeni. MyHail OWTYMHHO3MIBI JKbIHBICTApAbl KaiWTa OHAEY KAIIBIKTAp KOCHACBIHBIH OKTACIeH OHTAIIIBI
apakaThIHACHI KOHE TEXHOJOTHAJIBIK MTapaMeTpiIep aHbIKTAJIIbI, OJIap 9KTAaC-KYM/bl TYTKBIPFBIITHIH MapkackiH 400-
nen 500-re neiiiH KaMTaMachl3 eTyre MyMKIiHJIIK Oepei.

MBX xaiiTa eHIey KaJABIKTapBIH [IEMEHTKE KOCTa PeTiHAe MaijanaHy MYMKIHIIT] 3epTTenai. MexaHuKaJbIK
aKTUBTEHIIpyniH Oaramay kputepuiti MBXK kaiiTa eHAey KanJbIKTapblHAH OEJICEHAIPUIreH KOCHAHBIbIH
THIIPATAIMSIIAY JKbUIBUIBIFBI )KOHE OHBIH HETI31HIET! KOMIIO3UIUSIIBIK MaTePHALIAPIbIH OCPIKTIri OOJIBII TaObLIAIbI
- MBX kaiiTa eHjiey KaJJbIKTapbl KOCBUIFaH OaijlaHbICTBIPFBILI JOMHA KOJKbIH KOCKaHarbI1all eHrenie 0omasl.

Ceirbutyra OepikTiri OOWBIHIIA aJIbIHFAH HOTIDKENep €H a3/lapblHbIH Oipi OoJbIll TaOBLIATBIH KaJIBIITHI
KOIOJIBIKTBIH MOHIMEH OOBEKTHMBTI TYpIE amnpoKCUMalusuiaHaabl. MeHnrikri Oeri a3 MyHaidl OWTyMHMHO3.bI
JKBIHBICTAP/IBI KalTa OHJIEYIiH KyMIbl OHIMJIEpiH KOCKaH Ke3Je HEeMEHT YJTUIEpiHiH )XyKa ycaKTayra KaparaHjaa
OepikTiri >xorapbl 0oiysl THic. MyHall OMTYMHHO3/BI XBIHBICTApABIH KaliTa ©HAENTeH MEHIIIKTI OeTi a3 KymJIbl
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OHIM/IEPIH KOCKAH Ke3/e IEMEHT YJriiepl ycak MailjajaHraHmapra KaparaHaa OepikTiri skorapbl 0oabl. MyHbI
CYCIEH3UsIaFbl MaTepHasblH ipi (pakumsinapbl pH-opTaHblH MOHIH TOMEHIETETiHI TYCIHIIpedi, Oy LEeMEeHT
CHSIKTBI CUITUI peakiusichl Oap apajnac 0aiIaHbICTBIPFBILITHIH THIPATAlUsIChl MEH THIPOJIU3IH JKEAENJeTyre bIKIall
ereni. MyHnall MeXaHU3M LEMEHTTIH MYHalOMTYMHHO3/bI JKbIHBICTAp/bl KaiTa eHIEYAiH KYMIbl ©HIMIepiMEeH
KBIIIKBUIBIK-HET3IiTIMEH ©3apa opekerTecyine HerizzenreH. MBXX kaiita eHuey KanablKrapbl OenceHal Kocra
0O0JIBIIN TaOBUIA/IBI XKOHE IEMEHTTIH MapKaJIbIFBIH apTThIPa/ibl, COHJal-aK XbUTy OHJEITeH ATIOMUHOCHINKAT KYPaMbl
ca3bl, KYJ-LIbIFapy, LUIAKTap >KoHe Oacka Ja TEXHOTeHIIK 3aTTrap TypiHAeri NHPOTeHAl eHiMIepMeH
CaJIBICTBIPBUIATHIH O€JICeH 1 Kocma OoubIn TabbuTazpl, OyI1 oylapJaH MyHal eHIMAEPIH ally NMPOLeCciHIeri TePMUSIIBIK
ocepMeH TyciHaipinmeai. MyHaliOUTYMHHO3IBI JKBIHBICTAPABIH ONTili KeH OpBIHAAPHIHBIH OackiM Oeliri apHaibl
KacueTTepi Oap (aybIpiaTbUTFaH, TY3Fa TO3IMIi, BICTBHIK MEH TY3Fa TO3IMAl, TaMIIOHAKIBIK) HEMEHTTep KOl
MeJIepAe  TYTHIHBUIATBIH ~ MyHalh  OHAIPYIII  ayJdaHAapra JKakblH OpHAJacKaHBIH  €CKepe  OTBIPHII,
MYHaOUTYMUHO3IbI JKBIHBICTAP/IbI KaliTa OHJEY OHIMIEpIH apHaibl LEMEHTTep aily YIIiH OeJjceHnai Kocmanap
periniie  maijanaHy ~— MyMKIHAINT  KapacTelpbuiabl.  KanblMifiH  TOMEH  JKOHE  JKOFapsl  Heriszeri
THIPOCHIMKATTAPBIHBIH YIITLIEP] TYPIIi opTajapaa Te3IMILIIri 3epTTeIIi.

Aran aiiTkanna, KypamblHIa MyHail OUTYMHHO3/IbI JKBIHBICTAp/bl KaiTa eHAEYIIH KyMIbl KaJABIKTapbl Oap
ChIHAJIATBIH LIEMEHTTEP MAarHWi MeH HaTpuilliH Cyib(aTThl epiTiHAUIEpIHE CalbIHBIN, ABTOKJIAB >KaraaiblHIa
KaTalThUIFAaHHAH KeWiH Cynb(arThl epiTiHaiiepae cakraimsl. JKacanFaH YJATUIEp OCBI arpecCUBTI epiTiHIAUIEpae
a0CoMIOTTI TO3IMALTIKTI KepceTTi. bysl opekeT MexaHM3Mi LIEeMEHT KypaMbIHBIH NalajgaHy OpTachIMEeH "TYBICTHIK'
JIeTl IapTThl TYple aTaiblK. KepceTiireH Karuaa TYTKBIp MaTepHajJap MEH arpecCHBTI opTanapiblH Oacka
TypiepiHe KONIAaHBUTYBl MYMKiH. KypampiHma kpemHe3eMm Oap epiMEWTiH CHIIMKAaTTap MEH aJIOMOCHIINKATTap
OoxraH KaFmalia oJap KBINKBUIFa Te3iMai Ooipim TaObutaapl. JKypri3ireH SKCHEPUMEHTANIBIK SKYMBICTAP
HoTmkecinge MBX xoHe omapzpl kaifTa eHaey KalAbIKTaphl HETi3iHAE CHIIMKATTHl MaTepHaNIAapbl (THIFBI3 JKOHE
YALIBIKTBL  KYPBUIBIMABI) JQHbIHAQYABIH TEXHOJOTHSIIBIK HPOLECTepi HeTi3fenmi >koHe o3ipyeHnl. MyHait
OWTYMHHO3/BI JKBIHBICTAPIbIH KalTa ©HIENIeH TEXHOTeHOl MHHEpalIblK ©HIMAepi YHTaKTalFaH, COHJAAH-aK
YHTaKTaJIMaraH TYpiHAE KacueTTepi OOHBIHINA CTAaHAAPT TAJaNTapblHA CAil YAIIBIKTHI KYPBUIBIMAAFBI CHIMKATTHI
MaTepUalapAbl OHIIPY YUIIH KPeMHE3eMIiK KOMIIOHCHT PETiHIE jKapaMibl 00Jbin TaObutaabl. CHIIMKATTH KOCIIara
TaOUFK MyHail OMTYMUHO3/bI KBIHBICTBIH 5% - Fa NeliHri Kocnackl OyHbIMAapIbIH TUIPOQOOHSIIBIFBIH KAMTaMAChI3
eTeni: cy ciHipinyin 25% - ra, Oy oTki3riwuTirid 45% - ¥a, aAcOpOLMSUIBIK BUIFAIIBUIBIKTHI 2,2 ece, KalWUIPIIbl COpY
7 ece, as3ra te3imuunikTi 100 mukire neiin asadragpl. CHIMKAT KOCHACHIHA MYHAWOUTYMHHO3IBI JKBIHBICTEI KOCY
KalMUBIPIbI-KeyeKTI KYPBUIBIMABI MOIU(UKAIMAIAyFa JKOHE YCaK KPUCTAIIBUIBIKTHI KOHE YCAaK KEyeKTi Kypyra
BIKIIAJI ETEe.

OKk Oap MyHalf OWTYMHHO3IBI OKBIHBICTApAbI KalWTa ©HJAEY KaIJbIKTAPbIHAH aJIBIHFAH OK-KYMIIbI
0aiIaHBICTHIPFRIN HETI3IHAETI CHIIMKATTHl MaTepHAIIAPIBIH JKOFaphl (DU3UKAIBIK-MEXaHUKAJIBIK JKOHE Maiiianany
KacueTTepi Oap >kKoHe oJlap CHIIMKATTHI KipIINI ITeH YSIMIBIKTE OeTOHFa KOWBUIATHIH HOPMATUBTIK TaJllaliTapFa coHKec
KeNesi.

Tyilin ce3mep: MyHalf OWTYMHHO3ABI SJKBIHBICTAD MEH ONapAsl OHJCYIIH KaJIABIKTApbl, KYPBUIBIM,
MEXaHOXUMHUSIBIK aKTUBTCHIPY, CHIINKATTB MaTepUaIap, TYTKBIP, YSUIbl OETOH, OEPIKTIK.
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HNCIIOJIb30BAHUE HEOTEBUTYMHUHO3HbBIX NIOPOJ 1 OTXO/JJOB UX IEPEPABOTKH
B CO3JJAHUHN KOMITO3UIIMOHHBIX CUJIMKATHBIX MATEPHAJIOB

AHHoOTanus. B cTaThe paccMOTpeHB! BONPOCH! TEXHOJOIMM CHJIMKATHBIX MaTepHalIOB IJIOTHOM M SYEHCTOM
CTPYKTYpPBI C IPUMEHEHHEM HE(PTEOMTYMHHO3HBIX MOPOJ U OTXOJOB MX MEePepabOTKH, B YACTHOCTHU: ONTHMHU3ALIUS
COOTHOIIICHUH  CHIPHEBBIX COCTABIIONIMX CMECH CHIIMKATHBIX MaTepHAllOB, pa3padOTKa ONTUMAIIbHBIX
TEXHOJIOTUYECKUX [apaMeTPOB M3rOTOBJICHUSI CUIMKATHBIX MAaTepUAIOB, TEXHOJIOIMYECKUE aCIEKThl MPOU3BOACTBA
BBIIICYKAa3aHHBIX MaTEPHUAIIOB.

BEIsBIIEHBI XUMHKO-MIHEPAJIOTHYECKUE U CTPYKTYpHBIE 0COOEHHOCTH HE(PTEOUTYMHHO3HBIX TIOPOJ U OTXOJIOB
ux mepepabotku. [IpumHMMas BO BHHMaHHE XHMHKO-MHHEPAIOTHYECKAH COCTaB CHIPhA, €ro KOHTAaKTHO-
KOH/ICHCAIIHOHHBIE CBOWCTBA, B paboTe WCCIENOBAIUCH ONTHMANBHBIE COCTaBBl BSOKYIIMX BEHIECTB C
HCTOJBh30BaHUEM OTX010B mnepepadoTkn HBII, kak akTHBHM3MPYIOMIEr0 KOMIIOHEHTa W3BECTH WJIM IeMeHTa. J{ist
MIPOSIBJIICHUS M YCUJICHHS BSDKYIIHMX CBOMCTB ObUIa MPUMEHEHA MEXaHOXMMHYECKAs! aKTHBAIUS ITyTEM COBMECTHOTO
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W3MENbUCHNsI KOMIIOHEHTOB cMecH. IIoBBIIIEHHE OUCHEPCHOCTH W BMECTE C TEM AKTUBHOCTU CHIPhSI B OOJbLICH
CTEIICHN OTMEYAeTCs IIPH COBMECTHOM ITOMOJIE MaTEPHAIIOB, XapaKTEPH3YIOIINXCS TOBBIIIEHHON TBEPIOCTHIO.

[ToBbIlIEHHas: paCTBOPUMOCTh MHHEPAIOB HE(PTEOMTYMHHO3HBIX MOPOJ AKTUBH3HPYET MX B3aUMOJCHCTBHUE C
n3BecThlo. CBOicTBa 00pa3L0B N3BECTKOBO-IIECUAHBIX BSDKYIMX MaTepHaIoB, B 3aBUCUMOCTH OT COCTaBa U yCJIOBHI
TBEpJICHUS, M3MEHSIOTCS B 3HAUMTENBHBIX IIpeliesiaXx - 00pasipbl, MPOUICANINe aBTOKJIABHYI0 OOpabOTKYy, MMEIOT
Oosiee BBICOKYIO IIPOYHOCTb, 4YeM 0Opaslbl, NMPONAapeHHbIE M TBEPACIONINE B OOBIYHBIX ycioBHAX. OTmeuaercs
JUHEHWHBI XapaKTep 3aBUCUMOCTH 3HAYEHUI MPOYHOCTH B CTOPOHY YBEIUYEHHUsS, C COOTBETCTBYIOILUM
YBEJIMYEHUEM COAEPIKAHUS U3BECTU B COCTABE BSKYIIUX. Y CTAHOBIIEHO ONTUMAJIBHOE COOTHOIIEHUE CMECU OTXO/0B
nepepaboTKn HEPTEONTYMHHO3HBIX MOPOA C M3BECTHIO M TEXHOJOTWYECKHE ITapaMeTphl, KOTOPHIE IO3BOJISIOT
00ecreuyuTh MapOYHOCTh H3BECTKOBO-TIECYaHHOTO BsDKyIIero ot 400 mo 500.

Wzydanace BO3MOXXHOCTh HCIOJB30BaHUSA O0TX0H0B nepepadoTku HBII xak modaBku k meMeHTy. OLEHOYHBIM
KPUTEpUEM MEXaHWYECKOW aKTHBAI[MM SIBWJIACh TEIUIOTa THAPATAlMM aKTHBU3MPOBAHHOW CMECH M3 OTXOZIOB
nepepabotkn HBII u mpoYHOCTE KOMITO3WIIMOHHBIX MAaTEPHAJIOB Ha €€ OCHOBE - BSDKYIIHE C JOOAaBKOH OTXOIOB
nepepabotku HBII, HaxosaTcs Ha TOM ke ypOBHE, UTO U IIPpH J0OaBKe TOMEHHOTO nuiaka. [lomydeHHbIe pe3ynpTaThl
[0 TPOYHOCTH Ha CXKaThue, OOBEKTHBHO alPOKCHMHPYIOTCS CO 3HAY€HHEM HOPMAaJbHOW T'YCTOTBI, SIBJISFOLMICS
oJHOHM u3 HauMeHbluX. [Ipu 106aBKe NecyaHbIX MPOYKTOB MepepaboTKu HEPTEOUTYMHUHO3HBIX MOPOJ C MEHbILICH
Y/IeNbHON TOBEPXHOCTBIO LIEMEHTHBbIE 00pa3libl MMeNld 0osiee BBICOKYIO MPOYHOCTh, YeM IpU Oojiee TOHKOM
M3MENbUCHUU. DTO 0OBICHSIETCS TEM, UTO OoJiee KpyITHbIe (PpaKLIMK MaTepralla B CyCIICH3UN CHIKAIOT 3HaueHne pH
Cpenbl, YTO CIOCOOCTBYET YCKOPEHHIO THApATalud M THAPOJIN3a CMEUIAHHOTO BSDKYIIETO, UMEIOIIEro IIEIOYHYI0
peaknuio, Kak W IEeMEHT. Takoi MeXaHW3M OCHOBAaH Ha KHCIOTHO-OCHOBHOM B3aMMOJCHCTBHM IIEMEHTa C
MECUYaHBIMU TPOAYKTAMH TIepepaboTKH HePTeOMTYMHHO3HBIX Topoa. OTcioa MOXHO CYHTaTh, YTO OTXOMBI
nepepadotku HBIT sBisfoTcst ak THBHOHM 100aBKOI M MOBHIIIIAIOT MAPOYHOCTH IIEMEHTA, a TAKXKE SBITIOTCS aKTHBHOMN
J00aBKOH, CPaBHUMOI ¢ MUPOT€HHBIMH MTPOLYKTaMH THIIA TEPMOOOPaOOTAHHBIX TJIMH aJIOMOCHIMKATHOTO COCTaBa,
30JIbI-yHOCA, [IUIAKOB M APYTUX TEXHOT€HHBIX BEILIECTB, YTO OOBSICHSIETCS] PE3yIbTaTOM TEPMHUYECKOTO BO3ICHCTBUSA
B IIPOLIECCE U3BIIEUCHUS U3 HUX HEPTEIPOIYKTOB.

YuureiBas TO, 4TO 6OJ'II)IHI/IHCTBO HU3BCCTHBIX MeCTOpO)KHeHI/lﬁ He(l)T66l/ITyMl/IHO3HI)IX opoJa HaxXoAATCA B6J'Il/131/1
He(TeNOOBIBAIONINX PAHOHOB, TA€ MOTPEONSIOTCS B OOJBIIMX KOJMYECTBAX IIEMEHTHI CO CICIHATBLHBIMHU
cBOWCTBaMH (YTSDKEJICHHBIE, COJIECTOMKHE, TEPMOCOJIECTOWKUE, TaMIIOHAXKHbIE), paccMaTpUBajach BO3MOXXHOCTH
UCIIOJIb30BaHM HPOIYKTOB IiepepabOTKM HE(PTEOMTYMHHO3HBIX IIOpOJ B KadeCTBE AKTHBHBIX J00aBOK JUIst
MOJYyYEHHs] CIIEHHUalbHBIX IeMEHTOB. l3ydanace CcTOHKOCTh 0O0pa3loB B pa3iMuHBIX Cpelax HU3KO-U
BBICOKOOCHOBHBIX THJPOCHUIMKATOB KajblMA. B 4acTHOCTH, HCHBITBIBAEMBIE LIEMEHTHI, COAEPIXKAIIHME IMECUaHbIe
OTXOABI MepepaboTKn HEe(PTEOMTYMHUHO3HBIX ITOPOA, 3aTBOPSUIM CyJNb(GAaTHBIMH PacTBOpaMH MarHWs W HaTpws, C
MOCJIEAYIOIINM TBEPACHHEM B aBTOKJIABHBIX YCJIOBHSX W HOCJIEAYIONIMM XpaHEHHEM B CyJib(aTHBIX pacTBOpax.
IMToxydennsie 00pa3ubl UMeTH aOCOMIOTHYIO CTOHKOCTD B 3THX arpeCCHBHBIX PACTBOPAX. DTOT MEXaHU3M ICHCTBUS
HaMH{ Ha3BaH YCIIOBHO «POJCTBEHHOCTBIO)» COCTaBa LIEMEHTA C CPEOH IKCIUTyaTaluy. Y Ka3aHHBIA IIPUHINI MOXKET
OBITH pPACHpPOCTPaHEH HA JAPYTMe BHIBl BSDKYIIMX MaTE€pPHUAIOB M arpecCUBHBIX cpex. lIpy Hamuuum B HHUX
HEPaCTBOPHMBIX CHIIMKATOB U aTFOMOCHUIINKATOB, COEP)KAINX KPEMHE3EM, OHH ABIISIFOTCS] KUCIOTOCTONKUMH.

B pesynbraTte NpoBENEHHBIX JKCIIEPUMEHTAJIBHBIX PabOT O0OOCHOBaHBI M pPa3padOTaHBl TEXHOJOTMYECKUE
MPOLIECCHI N3TOTOBJICHHSI CHJIMKATHBIX MaTepHajIoB (IUIOTHOM M siueucTol cTpyKTyphl) Ha ocHoBe HBII 1 oTx010B MX
nepepabotku. TexHOreHHbIE MUHEpaIbHbBIE MPOIYKTHI MepepadoTKH He(TEOMTYMHUHO3HBIX MOPOJ KaK B MOJIOTOM,
TaKk U B HEMOJIOTOM BHUJE SIBIAIOTCSA MPUTOJHBIMU B Ka4eCTBE KPEMHE3EMHUCTOIO KOMIIOHEHTa AJIs NPOU3BOACTBA
CHJIMKAaTHBIX MaTE€PUAIOB SYEUCTOH CTPYKTYpBI, 10 CBOWCTBaM OTBEYarOUIMM TpeOoBaHUsM cTaHaapra. /lo6aBka B
CHIIMKAaTHYI0 CMech 10 5 % mpupomHoi HepTeOMTYMHHO3HOW MOpoasl oOecreunBaeT THAPO(OOHOCTh H3AEIHIL:
YMEHBIIIAeT BOAOIMOIJIOMCHNE Ha 25 %, maponpoHHnaeMocTs Ha 45 %, ancopOIMOHHYIO BIAQXXHOCTh B 2,2 pasa,
KaMWULIPHBIA Toicoc B 7 pa3, Mopo3ocToikocts 1m0 100 mmkioB. [loGaBka HEPTEOMTYMHHO3ZHOW IOPOIBI B
CHJIMKAaTHYIO CMeCh CIIOCOOCTBYeT MOIMGHLIMPOBAHUIO KAIMIUIAPHO-TIOPUCTOH CTPYKTYphl U CO3JAHHUIO
MEIKOKPUCTAININYHOCTH U MEJIKOIOPUCTOCTH.

CunukaTHbIE MaTepHalbl HA OCHOBE H3BECTKOBO-TIECYAHOTO BSIKYILET0, MOJTy4YEHHOIO U3 OTXOJO0B IepepadoTKU
He(l)Te6l/ITyMl/IH03H]>IX nopoxa € U3BECTbIO, UMCHOT BBHICOKHE (1)1/13I/IKO-MCX8.HI/I'-IGCKI/IC 1 3KCILUTyaTalMOHHBIC CBOMCTBA U
COOTBETCTBYIOT HOPMAaTUBHBIM TPEOOBAaHHSIM K CHIIMKATHOMY KUPIIUYY U STYEHCTOMY OETOHY.

KaioueBbie ciioBa: HehTeOMTYMHUHO3HBIE TTOPOJ M OTXOJbI UX NepepaboTKH, CTPYKTypa, MEXaHOXUMHUYECKast
AKTHBALVSL, CHIIMKAaTHBIE MaTepUalIbl, BXKYILEE, STYEUCTHIH OETOH, J10JITOBEYHOCTb.
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