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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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PHYSICAL AND CHEMICAL STUDIES OF THE OIL SLUDGE
HYDROCARBON COMPOSITION AND THE PROSPECTS FOR THEIR
USE IN THE TECHNOLOGY OF EXPANDED CLAY PRODUCTION

Abstract. The article presents the results of gas chromatographic studies of the oil sludge hydrocarbon
composition, physical and chemical and heat-producing properties, which enabled to assess the potential of oil
sludge as raw materials, their assortment predisposition and possible manufacturability. It has been established that
the main physical and chemical characteristics of the organic part from the averaged samples of oil sludge are similar
in properties to raw materials for the production of kerosene-diesel fractions. The expediency of the use of oil sludge
and weakly bloating clay materials in the production technology of the popular construction material — expanded clay
is substantiated. The results of experimental studies on the development of light and porous heat insulating material
by granulation method are presented herein. It is shown that oil sludge from a high viscous state is transferred to a
loose conglomerate with a moisture content of 12—15% by co-mixing with finely dispersed sand dune, which ensures
uniform distribution when mixed with the basic mass. The peculiarities of granules burning according to a specially
developed mode without preliminary drying are considered. It has been established that the addition of oil sludge
increases the organic content in the mixture, thereby intensifying the process of combustion, gas generation and
bloating of the ceramic body, which will positively affect the technological parameters of obtaining a product. It is
found that the proposed technology allows to obtain marketable products, which can be used efficiently. At the same
time, the unconditional priority is given to waste-free technologies, as the most environmentally friendly.

Key words: oil sludge, expanded clay, loess-like loam, dune sand, porous microstructure.

Introduction. In the Republic of Kazakhstan, a leading role is given to the intensive development of
the oil and gas industry, since it forms the basis of the modern economy. However, the commercial
development of raw hydrocarbon deposits has a technological impact on the environment objects. For
example, in the process of extracting, pumping, storing oil, operating a sewage treatment plants, a
significant amount of oil wastes is generated, which belong to Grades 2-3 as per toxicity level and are
dangerous pollutants of surface and undergroundwaters, soil and air. At the same time, the hydrocarbon
part of the oil wastes is a valuable organic raw material [1] and it can be considered as a secondary raw
material resource. One type of such oil wastes is oil sludge, which is a fairly stable suspension of highly-
dispersive mineral particles, organic compounds and water. This is potentially a secondary oil resource
that can be brought up to the appropriate parameters and returned to the turnover.Processing of this
material can ensure profitability, which will allowconducting necessary environmental protection and
rehabilitation measures and preserving the financial stability of the oil production enterprise.

Solving the problem of oil sludge disposal has been the subject of many papers [2-6]. This indicates,
on the one hand, the importance and relevance of this problem, and on the other hand, its complexity and
the impossibility of anunambiguous solution. Therefore, it can be said that despite the diversity of existing
methods, the problem of processing and using oil sludge is one of the least developedonesaccording to the
technology of their disposal.

It is known that the total area of existing and promising oil and gas fields in the Republic of
Kazakhstan occupies more than 60% of the country’s territory, and there are more than 200 existing oil
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and gas fields [7-10]. On the territory of each oil-producing complex, operating for decades, there are oil
sludge tanks, the number of which is growing. Their capacity at most enterprises is currently overfilled.
Therefore, the disposal of newly formed and accumulated oil sludge waste should be one of the priority
areas thatstipulates a very heavy demand for the creation of modern technologies and effective methods of
treatment and disposal.

Based on the above, the purpose of this paper is to study the oil sludge hydrocarbon composition and
its physical and chemical, heat-producing properties; to analyze the effect of the oil sludge composition on
the technological parameters of its processing as a bloating agent in the production of expanded clay.

Materials and methods. Oil sludges from the collectors of Kumkol, PetroKazakhstan Kumkol
Resources JSC and Aschisay, KOR JSC based on the territory of Kyzylorda Region were taken as the
objects of the study.

Oil sludges are extremely diverse in composition and are complex systems consisting of oil, water
and mechanical impurities, the ratio of which varies within a very wide range [7-11].

Hydrocarbon composition of oil sludge has been studied using gas chromatograph-mass spectrometer
Agilent 7890A/5975C (USA).

Gaschromatographicdetermination of the total hydrocarbon content in the oil sludge when
programming the temperature of the partition column makes it possible to study in detail the composition
of oil hydrocarbons.

Chromatographic conditions in analyzing hydrocarbons extracted from oil sludge are given in table 1.

Figures 1 and 2 show the chromatogram of the studied oil sludge and hydrocarbon composition is
given in table 2.

Table 1 - Chromatographic conditions in analyzing hydrocarbons extracted from oil sludge

Indicators Chromatographic conditions
moving phase (carrier gas) helium
evaporator temperature 350°C
flow vent (Split) 30:1
column thermostat temperature:
beginning - 70°C
temperature rise - 49C per minute
end - 290°C
retention time at this temperature - 30 min
total analysis time 85 min
ion mode of mass detector with electron impact method
Capillary chromatographic column HP-5MS
column length 30m
inner diameter 0,25 mm
stationary phase dimethylpolysiloxane (95%)

Table 2 - Group composition of hydrocarbons by results of chromatography-mass spectrometric analysis

Hydrocarbon groups contained

Quantitative content, wt. %

Oil sludge from the collectors

Oil sludge from the collectors

in oil sludge of Kumkol, of Aschisay, KOR JSC
PetroKazakhstan Kumkol
Resources JSC
Paraffing 46.38 45.12
Uncondensed cycloparaftins 27.71 28.25
Condensed cycloparaffins with 2 rings 8.45 7.85
Condensed cycloparaffins with 3 rings 6.92 7.14
Benzenes 2.74 3.79
Naphthenobenzenes 0.10 0.11
Dinaphthenobenzenes 0.10 0.10
Naphthalenes 3.66 3.59
Acenaphthenes 2.96 3.21
Phenanthrenes 0.98 0.84
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Figure 1 - Chromatogram of hydrocarbons extracted from the target oil sludge from the collectors of Kumkol,
PetroKazakhstanKumkolResourcesJSC
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Figure 2 - Chromatogram of hydrocarbons extracted from the target oil sludge
from the collector of Aschisay, KOR JSC

The physical and chemical properties, i.e. density, fractional composition, mass fraction of sulfur,

combustion heat, content of mechanical impurities and chloride salts of the oil sludge under study were
carried out according to known methods.

The mass fraction of sulfur in the oil sludge under studyhas been determined on the device

Spectroscan-Max GF2E (Russia) by measuring the intensity of the sulfur fluorescence radiation excited

un

der irradiation of the test sample with x-rays.
The combustion heat of the test samplehas been determined on the calorimeter S2000 of the company

IKA-Werke (Germany) at the clean burning of a pre-weighed mass in the calorimetric bomb in a
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compressed oxygen environment andmeasurement of the amount of heat released at the combustion of
auxiliary substances.
The results of the study of physical and chemical properties of oil sludge are given in table 3.
Studiesshow that the composition of oil sludge stored in sludge collectors for several years differs
from the composition of fresh one. The high viscosity of oil sludge, high content of mechanical impurities
and, most importantly, high aggregative stability are due mainly to the high content of asphaltenes, resins,
paraffins and other high molecular components.

Table 3 - Properties of oil sludge

Indexes
Oil sludge from the collectors Oil sludge from the collectors
Descriptionof indexes of Kumkol, of Aschisay, KOR JSC
PetroKazakhstan Kumkol
Resources JSC

Density, kg/m3at20°C 836.4 837.2
Fractional composition,% vol.

200°C 11 12

300°C 39 38

350°C 54 53

Mass fraction of sulfur, % 0.024 0.016
Combustion heat, kJ/g 44.987 45.546
Content of mechanical impurities, % 0.027 0.025

Content of chloride salts, mg / dm? 28.46 32.95

Results and discussion. It has been established that according to the physical and chemical
properties, oil sludge has a dual chemical function. On the one hand, there is its affinity to light oil
products such as gasoil diesel oil products, on the other hand, as per the content of metalloporphyrin
complexes, carbon radicals, colloidal structureand reactive capacity, it is close to heavy oil productssuch
as fuel oil.

Previouslyin the papers [12,13], the affinity of the physical and chemical properties of the
hydrocarbon part of oil sludgeswith heavy oil fractions has been described, and it has been determined that
they belong to the category of highly flammable and combustible materials.

It is also known from literature sources that the multicomponent composition of the oil sludge
pitproducts of oil production, the presence of various chemical compounds in it create many problems
during the development of processing technologies, the extraction of commercial oil from them, the
removal of solid residue from oil products.

Therefore, oil sludges, which, due to their composition, are difficult to burn and do not have resource
valuefrom the practical and production standpoint, are most expedient to use in the production of
construction materials, namely, in the production technology of the popular construction material —
expanded clay. Oil sludge will play the role of a bloating agent in the composition of expanded clay. The
addition of oil sludge increases the organic content in the mixture, which intensifies the process of
combustion, gas generation and bloating of the ceramic body, respectively, which will positively affect the
technological parameters of obtainingaproduct.

The studies of the authors [14-18] have assessed the possibility of using local clay materials, oil-
contaminated wastes for the production of expanded clay granules, methods for producing expanded clay
gravel, using it as a light fillerfor various construction applications, such as thermal insulation, lightweight
structural concrete, and. etc.

In this light, we have given preference in this work to the use of noncritical raw materials. When
justifying the need to adjust mixtures with additives and when choosing their type, the chemical,
mineralogical and granulometric compositions of the clay raw materials; availability of local resources
suitable for use of materials; technical and economic effect have been taken into account. For example, as
clay raw materials — weakly bloating loess-like loams, which have reserves in all regions of the Republic
of Kazakhstan. The use of expensive fuel materials as a bloating and thinning agent is excluded. Instead of
this, bottom oil sludge from the collectors of Aschisay, KOR JSC, based on the territory of the Kyzylorda
Region is proposed.
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Such methods allow obtaining marketable products, which can be usedefficiently. At the same time,
the unconditional priority is given to waste-free technologies, as the most environmentally friendly.

The main properties of raw materials were studied in the papers of the authors [19,20].

Raw materials were preliminarily milled in an MShL-1P laboratory ball mill to a specific surface of
1500-2000 cm*/g. A sample of oil sludge obtained as the result oftank cleaning, was preliminarily
subjected to averaging throughmechanical mixing. It is known that the oil sludge has an increased ductility
and the use in such state in the compositions is difficult. Therefore, in the first stage, the oil sludge is
transferred from a high viscous state to a capillary-porouscolloidal state by co-mixing with finely
dispersed sand dune. This technological operation transfers the oil sludge into a loose conglomerate with a
moisture content of 12-15% and provides a convenient position for subsequent technological operations,
such as proportioning and uniform distribution when mixed with the basic mass. To determine the
physical and mechanical properties of the raw material and the finished product, a set of standard
techniques were used according to GOST 9757-90, GOST 22263-76 and GOST 530-2007. The
measurement of the thermal conductivity of the samples was carried out using an ITP-MG-4 ZOND
thermal conductivity meter. The examination of the surface microstructure was carried out on a JSM —
6510 LV scanning electron microscope manufactured by JEOL.

Raw material composition was prepared from the prepared components through weighing and
proportioning. Specificcompositional analysis of the object under study is represented in table 4.

Table 4 - Compositional analysis of the ceramic composition

Components, wt. %
Loess-like loam Conglomeratemixture “sanddune - oilsludge”
85,0 15
83,0 17
80,0 20
78,0 22
75,0 25

Ceramic body with molding water content 18-20% was prepared from the compounds under study.
Then granules with fractions of 5-10, 10-20, 20-40 mm, which were subjected to heat treatment at
temperatures of 200-500°C for 0.5-1.0 hours in a ShSP-0.5-70 drying cabinet, were manufactured.
Granules for bloating were burned in a rotary kiln of the RSR120/1000/13 brand according to a specially
developed mode in the temperature range of 1150—1180°C. Bloated granules were tested for the definition
of physical and mechanical properties.The results of experimental studies are presented in table 5.

Table 5 - Physical and mechanical properties of the samples under study

Composition Sensitivity coefficient Burning Bulk density Cylindercrushing Thermal
No. to drying asper the temperature, °C kg/m? strength, conductivity
Chizhsky rapid MPa W/mK
method, sec.
1 130 520 4.5 0.12
2 145 1170 % 15 510 4.3 )
3 166 480 3.9
4 180 475 3.7 0.08
5 195 450 3.5

According to the results of experimental studies, with an increase in the content of conglomerate
mixture “sanddune - oilsludge” through a reduction of loam content, a decrease in the bulk density of the
material from 520 to 450 kg/m’ is observed. Low indicators of bulk density are seen in compositions No. 4
and No. 5 and they are in the range of 450-475 kg/m’. Similar changes occur in respect of thermal
conductivity and cylindercrushing strength. The minimum values of strength and thermal conductivity are
also seenin compositions No. 4 and No. 5, while the cylindercrushing strength of these compositions is in
the range of 3.5-3.7 MPa, and the thermal conductivity equals to 0.08 W/mK.
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According to the qualification of heat insulating materials, samples of compositions No. 4 and No. 5
belong to class B (0.06-0.115 W/mK), and compositions No. 1, No. 2 and No. 3 belong to class C (0.1-
0.175 W/mK). According to GOST 9757-90, samples of compositions No. 4 and No.5 belong to P200as
per strengthgrade, and samples of compositions No. 1, No. 2 and No. 3 belong to P150. Analysis of the
research results shows that the granular heat insulating material obtained has the best thermal-insulating
and physical and mechanical properties as compared to the properties of typicalmontmorillonite-type
expanded clay.

The most important value of chemical and mineralogical content of the raw material composition in
the system “loess-like loam — oil sludge — sand dune”lies in the fact that it predetermines the complex
physico-chemical processof structure formationof the finished product, including phase transformations at
the main stages of thermal treatment.

Figure 3 shows the research results of the surface morphology, quantitative energy-dispersive
microanalysis on the elemental constituentsof the sample of composition “loess-like loam 80% -
conglomerate (sand dune-oil sludge) 20%” using a scanning electron microscope.

Figure 3 - Surface morphology, quantitative energy-dispersive microanalysis on the elemental constituentsof the sample
of composition “loess-like loam 80% - conglomerate (sand dune-oil sludge) 20%”

The components of the system under consideration (clay minerals, oil sludge-basedorgano-mineral
part) are directly involved and interact with each other in the formation of a porous structure with the
release of a gaseous phasedue to combustion of oil sludge burning, without which pore formation and
bloating are impossible.

It has been established that the addition of oil sludge increases the organic content in the mixture,
which intensifies the process of combustion and gas generation, increases its capability to bloat, reduces
the average density of the material; at the stage of drying, it acts as a thinning agent.

Organic impurities and iron oxides, increasing the intensity of oxidation-reduction processes, increase
gas generation, reducing simultaneouslythe melting point and melt viscosity. The oxides of aluminium and
silicon increase the viscosity, the burning temperature and as a result the strength of expanded clay. It is
established that the combustion process of oil sludge in the composition of the conglomerate mixture
allows raising the temperature inside the keln and speeding up the bloatingprocess of the ceramic body,
and helps to reduce energy costs for the manufacture of products by 25-30%.

Bloating and formation of the structure in the composition under study is due to the optimum
combination of components determining the rheological parameters of the pyroplastic body. This is due to
the special nature of the structure and composition of the crystal lattices of the minerals of the constituent
components included in the group of quartz, kaolinite, hydromica, and others. Lightweight heat insulating
material such as “expanded clay” and its porous microstructure is shown in figure 4.
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Figure 4 - Expanded clay and its porous microstructure

Conclusions. As can be seen from the above, the studies undertaken suggest that the use of oil sludge
as abloating agenthas a positive impact on the technological parameters of the ceramic bodyprocessing,
makes it possible to obtain granular material — expanded clay based on weakly bloating loess-like loams.
It also solves the issues of rational use of natural resources, provides the construction industry with a
competitive construction material.

K.A. bucenos, P.A. HapmanoBa, H.O. Anna3on

KopxkeiT Ata atsianarsl Keispuiopaa yausepeureti, Kpizsiopaa, Kasaxkcran

MYHAMH MIJIAMJIAPBIHBIH KOMIPCYTEK KYPAMBIH
OU3UKA-XUMMUSLIBIK 3EPTTEY 2KOHE OJIAPIbl KEPAM3UT OHIAIPICI
TEXHOJIOT'HACBIHIA TAUJAJTAHY HEPCIIEKTHBAJIAPBI

AHHoTanus. Makanazia MyHail IUIaMBIHBIH IIUKI3aT PETIHAET] BIKTUMAI dJIeyeTiH, ACCOPTUMEHTTIK OeHiMaiir
MEH OHIpULy KaOileTiH Oarajayra MYMKIHAIK TYAbIPFAaH MyHall LUIAMBIHBIH KOMIPCYTeK KypaMblH, (H3HKa-
XMMUSUTBIK JKOHE KaJOPHWSUIBIK KAaCHETTEPIH Ta3lbl XpoMaTorpadusuiblK 3epTTey HOTIKeepl KenripuireH. MyHai
IUIAMBIHBIH KOMIpCyTeK KypambiH 3eptrey Agilent 7890A / 5975C ra3mpl XpoMaTO-MacC-CIIEKTPOMETP apKbLUIbI
3epTTENCTIH MYHAil NUIAMBIHAAFBl KYKIPTTIH MaccajiblKk Oeitiri — Spectroscan-Max GF2E KOHIBIPFBICHL, ail
kanopusutblk MoHI — IKA-Werke C2000 xanmopumeTpi apKbUIbI JKYPTi3iiai. ApanacThIpbUIBIT ajlbIHFAH ChIHAManap-
JIBIH OPTaHUKAIIBIK OOJITiHIH HETi3r1 (PH3HKa-XUMUSUTBIK CHITATTaMaIapbl KACHETTEpi OOMBIHINA KEPOCHHII-TH3CITbIIK
(pakumsIapapl OHIIPY YIIIH KOJNJAHBUIATHIH INUKI3aTKA JXKAKbIH EKCHIIr aHBIKTAIIbL. MYHaWl NIDIaMBIH JKOHE
Kazakcran PecryOnukacelHBIH OapiiblK ©HIpiHIE KE3[IECeTiH Hamap iCiHeTIH ca3fpl TOMBIPAKTHI OENTimi KYpBUIBIC
MaTepHallbl — KePaM3HUTTI OHAIPY TEXHOJOTHACHIHA TaiiaIaHyIbIH MaKCATThUIBIFBI HET13AENTeH. DKCIIEPIMEHTTIK
3epTTeyNiep apKbBUIBl KCHIT JKOHE KEYEKTl1 JKbUTy OKIIAYJNAFblll MaTepUaNObl TYHIPIIIKTEY OMICIMEH NaibIHAay
TEXHOJIOTHSICBIHBIH HOTIIKENlepl aHbIKTanFaH. MyHail HITaMbIH JKOFapbl TYTKBIPJIBIKTAFbl KYHIIEH HEriri Kocrara
KocyFa bIHFaWimel 12-15% bUTFanabIKTaFrel KOHTJIOMEPATTHI KyiHre OapXaHAbl KYMMEH apajacThIpy apKbUIBI KOJ
JKETKi3yre 0OJIaThIH/ABIFb KOPCETIITeH.

3epTTeNeTiH KypaM Heri3iHaeri KajibIlIThl bUIFaIabUIbEsl 18-20% OoMaThiH KepaMHUKAJIBIK KOCIA JalibIHIAIbL.
Ocsl Kocnianan $paxiusuiapsr 5-10, 10-20, 20-40 MM TYHipIIiKTeNreH MaTepual aaibiHian, apeikapait 200-500°C,
0,5-1,0 carar kememinge IIICII-0,5-70 mxademga xenripiani. CoHaH CoH TYHIpIIIKTENTreH Marepuai
RSR120/1000/13 wmapkansl aifHanMaiel TeHIiHAE MadblHOanraH pexumre coiikec 1150-1180°C rtemmepatypa
apanbIFbIHAA icipy yIIiH KyHamipinai. IciHreH TyHipiikTi MarepuanabiH Qusnka-MexaHuKanblK Kacuerrepi MEMC
9757-90, 22263-76, 530-2007 kemeHai CTaHAAPTTHI SAicTEMeNepi MaimamaHy apKbUIBI JKYPri3ummi. YIrinmepmiy
*kpity eTkisrim kacueri UTII-MI'-4 «30H/I» KOHOBIPFBICH apKBUIBI aHBIKTAIBI, OSTKI KaOATBIHBIH MHUKPOKYPHI-
meiMel «JEOLY ¢upmaceibiH JSM — 6510 LV pacTpiiel 31eKTpOHABI MUKPOCKONTA XKYPTi3iiai. SIFHN, YCHIHBUIFAH
TEXHOJIOTUSIHBIH TaFbl Oip €peKIIeNiri KepaMUKaIbIK KOCHamaH MalbIHOAJFaH TYHIPIIIKTEPOiH, aJblH aja
KeNTipliMel-ak, apHalbl jKacajJFaH PexuM OOWBIHINA aliHaIMaibl MElTe KYWIIpily MYMKIHAIr KapacThIpbUIFaH.
MyHaii nUIaMBIH KOCY IIHXTaJa OPraHMKAJIbIK 3aT KYPaMbIH JKOFApbUIATaIbl )KOHE OChl apKbUIbl KEPaMHKAIbBIK
MacCCaHbIH JKaHy, ra3 Oeiy, iCiHy yaepicTepiH OeJiCeHipe OTBIPBIN, MAaTepuan IaHbIHAAYIbIH TEXHOJOTHSIIBIK
napamMeTpIiepiHe KOJIAHIbl dcep STEeTIHAIr aHbIKTAIFaH.

JKbutycakrarpinn MaTepUanmapablH KBATU(UKAIMUIBIK TaTaOblHA COWKEC KEpaM3UTTIH YTBIMIbI KypaMbl
b (0,06-0,115Bt/MK) knaceiHa >xaTaThiHABIFEI koHe MEMC 9757-90 coiikec MBIKTBUIBIFBI Ooiibrama 11200
MapKachlHAa COMKECTIr1 aHbIKTaNbl. ¥ CHIHBUIFaH TEXHOJIOTHS THIMJII NalaananyFa OOJaThlH Tayapiibl OHIM eHAipyre
MYMKiHIIK Oepemi. JKyMmbicra OacBIMABIK SKOJOTHSUIBIK TYPFBIIAH THIMII KAJIIBIKCHI3 TEXHOJOTHsIIApIap
JabIHIayFa OaFbITTAIFaH.

— 34 ——
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KapacTeIpplFan  KYpbUIBIMAAFbl KOMIIOHEHTTEp, SIFHH, Ca3[bl MHHEpalgap, MyHail IUIaMbIHBIH OpPTraHO-
MUHepanasl Gediri, 6ip-OipiMeH opeKkeTTece OTBHIPHI, MYHAll NIIAMBIHBIH XKaHy OapbIChIHAA OeJiHreH ras3nusl ¢asza
dCepiHeH KYbICThI KYPBUIBIMIBI TY3yTe KaThicaasl. By yaepiccis Kybic Ty30ei i sxoHe iciHOCH T,

OpraHuKaibIK Kocnajiap jKoHe TeMip OKCHJI TOTBIFY-TOTBIKCHI3IaHy YAepicTepiHIH KapKbIHIbUIBIFBIH apTThIpa
OTBIPBIIN, a3 TY3UICIH >KOFapbulaTaJbl koHE Oalky TeMmIeparypachl MeH OallkbIMa TYTKBIPJIBIFBIH TOMEHIETEN.
AJIOMUHHMUI OKCHAI MEH KPEMHHUH TYTKBIPJIBIFBIH XOHE KYHIIpy TeMIepaTypachlH >KOFapbUIaTajbl, HOTIKECIHAE
KepaM3uTTi OepikreHaipyre yiec kKocanbl. COHBIMEH Karap, KOHIJIOMEpaT KypaMblHIAa MyHall MIJIaMBIHBIH JKaHY
yZepici mem imiHzAeri TeMneparypaHbl XKOFapblaTyra oHE KepaMHUKaJIbIK KOCHAHBIH ICiHy »KarIaiblH JKbUIIaM-
matyra bIKnan erteni. HoTwkecine eHnipy yraepiciHe jkyMmcanmaTelH 3HeprusHbl 25-30 % yHemzey MyMKIiHZIri
TYBIHIANBL.

3epTTeneTiH KOMIO3WIHUAMAFEl ICIHY JKOHE KYPBUIBIM TY3y YVIepicTepi KOMIOHEHTTEp KYpaMBIHBIH
YTHIMJBUIBIFBIMEH TiKeNeH OailJIaHBICTBI XKOHE MUPOIUIACTHKAIIBIK KOCTIAHBIH PEOJIOTHSIIBIK TapaMeTpiIepine 1e acep
ereni. bysm KkBapi, KaolWHWUTA, TUAPOCITIOAA JKOHE T.0. TOOBIHA KIipeTiH KypaM KOMIIOHEHT MHHepaIaaphl
KYPBUIBIMBIHBIH KOHE KPUCTAIIIT TOPBIHBIH €PEKIIeNTiKTepi apKbUTBl HeTi3/IeTe i,

XKyprizinren 3eprreyiiep MyHadl HUIAMBIH ICIHIIDY KOMIIOHEHTI peTiHIe MaiilalaHy KepaMUKaJIbIK KOCIaHbI
OHJICY/IIH TEXHOJIOTHSUIBIK IapaMeTpiiepiHe OHTailsIbl ocep eTETIHAIrH, OChl apKbpLIbl Hamap ICIHETIH capbl
TOIBIPAKThI Ca3JaKTaH TYWIPLIEKTENIreH MaTepual-KepaM3uT ajyFa OoJaThIHIBIFBIH aanenneni. COHbIMEH KaTap,
TaOUFU pecypcTapibl YTHIM/IBI NalaaaanyFa O0NaThIHIBIFBIH, KYPBUIBIC HHAYCTPUSCHIH Oacekere KaOlIeTTi KypbuIbIC
MaTepralIbIMeH KaMTaMachl3 eTyre OOJIaThIHABIFBIH aHKBIH A IbI.

Tyiiin ce3aep: MyHail IUTAMBI, KEPAM3HUT, Capbl TOIBIPAKTHI Ca3[aK, OapXaHIbl KYM, KEYEKTi MUKPOKYPBIIBIM.

K.A. bucenos, P.A. HapmanoBa, H.O. Anna3on
Kepmopanuckuit yausepcureT nmeHn KopksiT Ata, Kezemopaa, Kazaxcran

ON3UKO-XUMHNYECKHUE NCCIIEAJOBAHUA YTJEBOJAOPOJHOI'O COCTABA
HE®TAHBIX IIJIAMOB U ITIEPCIIEKTUBBI UCITIOJIB3OBAHUS UX
B TEXHOJIOT'HU ITPOU3BOACTBA KEPAM3UTA

AnHoTanus. B crarbe mpuBeneHbI pe3ybTaThl Ta30XpOMaTOrpaduuecKoro UCCIeJOBaHUs yIIIeBOJOPOIHOTO
cocraBa HePTEIUIAMOB, (PH3UKO-XUMHUIECKHAX M TCIIOTBOPHBIX CBOHCTB, KOTOPHIC TIO3BOIMIN OIICHUTH BO3MOKHBII
MOTEHIMA He(PTIHOTO IUIaMa KaK CBIPhs, MX AaCCOPTHMEHTHYIO IIPEIPACIIONOKEHHOCTh, BOZMOXKHYIO TEXHOJIO-
TUYHOCTh. V3ydeHue YTIIeBOJOPOTHOIO COCTaBa He(TelniaMa IMPOBOAMIN C ITOMOINBIO Ta30BOTO XPOMAaTO-MAacc
cnekrpomerpa Agilent 7890A/5975C, maccoByr OO cepbl B HCCleAyeMOM HedTeuuiame — Ha mnpudope
Crexrpockan-Makc GF2E, temory cropanust — Ha kagopumerpe C2000 dupmbr IKA-Werke.

Y CTaHOBIIEHO, YTO OCHOBHBIE (DM3UKO-XMMHUYECKHE XapPAKTEPUCTUKU OPraHWYeCKOW 4acTh W3 YCPEIHEHHBIX
po0 HeTeuIaMOB 0 CBOMCTBaM OJIM3KH K CHIPBIO JUIS IPOU3BOJICTBA KEPOCUHO-IM3EIBHBIX (DPAKIIUH.

O0ocHOBaHa I1€7€CO00Pa3HOCTh KCIOJIb30BAHUS HE(PTSIHOTO IIaMa W CIa0O0BCIYYHBAIOIIMXCS TIIMHHCTBHIX
MaTepHalioB, 3amachl KOTOPBIX UMEIOTCS BO BCex pernoHax PecryOnuku KasaxcraH, B TEXHOJOTMH IPOW3BOJCTBA
MOMYJISIPHOTO CTPOMTENIFHOTO MaTepuaia — KepaMm3uT. [IpuBeneHsl pe3ysibTaThl SKCIIEPUMEHTAIBHBIX NCCIIEIOBAaHUN
1o pa3paboTKe TEXHOJIOTHH JIETKOTO ¥ IOPUCTOrO TEIUIOM30JIAUOHHOTO MaTepHaia METOJOM I'paHyJHpOBaHMS.
[Toxazano,4T0 He(TEeNUIaM U3 BEICOKOBS3KOTO COCTOSTHUS TIEPEBOIUTCS B CHITyUHi KOHTIIOMEPAT C BIAKHOCTHIO 12—
15% myTeM COBMECTHOTO MEpPEMEIIMBAaHMSA C TOHKOAWCIIEPCHBIM OapXaHHBIM IIECKOM, 4YTO OOecrednBacT
PaBHOMEPHOCTh paclpelelieHus] IpH TEepeMENINBAaHUKM C OCHOBHOW Maccoil. M3 HCCIeayeMbIX COCTaBOB
MPUTOTOBJIEHBI KepaMuueckas macca ¢ (OpMOBOYHOW BiakHOCThIO 18-20 %. 3areM M3rOTOBJIEHBI TPaHyJbI C
¢pakouamu 5-10, 10-20, 20-40 MM, KOTOpBIE MOABEPraMch TepMoobpaboTke mpu Temmeparypax 200-500°C B
teuenuu 0,5-1,0 waca B cymmmpHOM mkady LICII-0,5-70. I'paHynsl g BCIy4MBaHUS OOXHTalHMCh BO
Bpamatoreiics neun mapku RSR120/1000/13 no crnenuanbHO pa3pabOTaHHOMY PEXMMY B MHTEpBaie TEMIEpaTyp
1150-1180°C. BemyueHHbIe TpaHyJIbl [OIBEPraUCh UCTIBITAHUIO 110 OMPEACICHUI0 (HHU3UKO-MEXaHHUECKUX CBOWCTB
C MCIOJIb30BaHUEM KOMIUIEKca CTaHIapTHBIX MeToauk cornacHo 'OCT 9757-90, TOCT 22263-76, TOCT 530-2007.
H3MepeHne TermompoBOJHOCTH 00pa3loB OCYIIECTBHIN C TIOMOIIBIO M3MepuTels TeruionpoBoanoctd UTIT-MI'-4
«30H/», n3yueHne MUKpPOCTPYKTYpbl IOBEPXHOCTU MPOBEJEHA HAa PAaCTPOBOM IEKTPOHHOM MHUKpockone JSM —
6510 LV ¢upmsr «JEOL».

Takum o00pa3oMm, MO TpeAsiaraeMoll TEXHOJIOTHH pPacCMaTPUBAIOTCS OCOOCHHOCTH OOXKWra TpaHyl IO
CHeNHaTbHO Pa3padO0TAaHHOMY PEXHUMY 0e3 IpeIBapUTEIHHON CYIIKH. YCTaHOBIIEHO, 9TO I00aBiIeHHE HE(PTIHOTO
oUlaMa TIOBBINIAET CONEP)KAHWE OPTaHWKM B IIMXTE, TEM CaMbIM HMHTCHCH(UIUPYET IpoIecc TOPESHHUS,
ra3oo0pa3oBaHUs M BCIIyYMBaHUS KEPaMHUYECKOH MacChl, 4TO OJAarompHATHO TOBIUSAET HAa TEXHOJIOTHYECKUE
mapaMeTpsl MoiydeHus marepuaia. CorinacHO KBaTHM(HKAIWK TEIUIOM3OSAIHOHHBIX MaTepHAJIOB, ONTHMAJbHBIE
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cocTaBbl Kepam3ura otHocsTes kinaccy b (0,06 - 0,115 Bt/mMK) u cornacao 'OCTy 9757-90 oTHOcsITCSt K MapKe 110
npouHoctu 11200.

VYcraHOBIEHO, YTO MpeajiaraeMas TEXHOJIOTHsI MO3BOJISIET I0JIy4YaTh TOBAPHYIO MPOIYKLHMIO, HAaXOASIIYIO
KBaJ'II/I(bI/lLIl/IpOBaHﬂoe MMPUMEHCHUEC U IPHU OTOM 663yCJ’IOBHbII>i MPpUOPUTET MPUHAIICIKUT 6630TXOI[H])IM TEXHOJIOTUAM
KaK Hau0oJiee SKOJIOTUIHBIM.

KoMmoHeHTHl paccMaTpuBaeMON CHCTEMBI (TIHMHHUCTBIE MHUHEpABI, OPraHO — MUHEpalbHAas 4acTh Ha OCHOBE
HedTenuiama) B3aUMOJCHCTBYIOT C APYr JPYrOM M YYacTBYIOT HEIOCPEICTBEHHO B OOpa3oBaHMU IOPHCTOH
CTPYKTYpBI C BBIJEJICHWEM Tra3000pa3HOi (a3sl 3a cyeT ropeHus HedTenuiama, 0e3 KOTOpOH HEBO3MOXKHO
MOpooOpa30BaHKE U BCITyYUBAHUE.

OpraHuueckre TMPUMECH U OKCHABI JKelie3a, MOBBIIIAs WHTEHCHBHOCTH OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MPOILIECCOB, YBEIMIUBAIOT ra3000pa30BaHusl, CHUXKAsI OJIHOBPEMEHHO TeMIIEpaTypy IUIABJICHHS M BI3KOCTh PACILIaBa.
OKCH/IBl AIOMHUHHUS U KPEMHHUS TOBBIMIAIOT BS3KOCTh, TEMIIEPATYPY OOXKHra W B KOHEYHOM HTOre — MPOYHOCTh
KepaM3uTa. YCTaHOBIIEHO, YTO MpOLIECC TOpeHUsi HedTelnuiamMa B COCTaBe KOHIJIOMEPATHOH CMECH IO3BOJISET
MOBBICUTh TEMIIEPATypy BHYTPH [€YH U YCKOPHUTh MPOLECC BCIYYMBAHMS KEPAMHUYECKOH MacChl. A TaKke
CHOCOOCTBYET CHHXKEHHUIO SHEPro3arpaT Ha IIPOU3BOACTBO u3lenuii Ha 25-30 %.

BemyunBaeMoCTh ¥ 00pa3oBaHHME CTPYKTYPBI B HCCIACIYyEMOW KOMITO3HIIMKM OOYCIIOBICHO ONTUMAIbHBIM
COYETaHWEM KOMIIOHEHTOB, OIPEICISIONMM PEOJIOTHYECKUEe IapaMeTpbl IMUPOIIACTHYECKOH Macchl. JTO
00yclaBIuBaeTCsS 0COOBIM XapaKTEPOM CTPOCHUS M COCTaBa KPHCTAILTHYECKUX PENIETOK MUHEPAIOB, COCTABISIOIINX
KOMIIOHCHTOB, BXOJISIIUX B TPYIITY KBapIla, KAOJHUHHUTA, THIPOCITIOIBI U IPYTHX.

[IpoBeneHHbIE UCCIICIOBAHUSI MO3BOJISIOT YTBEPXKAATh, YTO HCIIOJIb30BaHHUE HE(PTAHBIX NLJIAMOB B KauecTBE
BCIY4HBAIOIEH M00AaBKM OJArONpUSTHO BIMSACT HA TEXHOJOTMYECKHE MapaMeTpbl NepepabOTKH KepamMHu4ecKou
MAaccChl, JaeT BO3MOKHOCTh MOJIYYUTh IPAHYIMPOBAHHBIA MaTepUall — KEPaM3UT HA OCHOBE CIIA00BCITYUYHBAIOLIMXCS
JIECCOBU/HBIX CYTJIMHKOB. A TaK)Ke pEIlaeT BONPOCHI PAIlMOHANBHOIO HCIIOJB30BaHHS IPHPOIHBIX PECYPCOB,
o0ecrieunBaeT CTPOUTENBHYIO HHIYCTPUIO KOHKYPEHTOCIIOCOOHBIM CTPOUTEIbHBIM MAaTEPHAIIOM.

KioueBble cjoBa: HepTenmuiaMm, KepaM3WT, JIECCOBHIHBIA CYIJMHOK, OapXaHHBIM I€COK, MOpHCTas

MHUKPOCTPYKTYpA.
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