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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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SYNTHESIS AND PROPERTIES OF A COMPOSITE MATERIAL
BASED ON COAL MINING WASTE

Abstract. The article presents the results of a study of the synthesis of composite materials based on coal waste
combined with coal and polymer raw materials, using ultrasonic chemistry methods and determining the possibility
of their use as an active mineral additive for replacing part of cement in fine-grained concrete. By varying the
composition of the matrix and the filler, a composite material is obtained whose properties are quantitatively and
qualitatively different from the properties of each of its components. As a filler in the composition of the composite
material, burned rock is used - the product of oxidative self-firing of waste rock, extracted together with coal to the
surface. Burned rocks contain an organic part (unburned carbonaceous impurities) and a mineral part (calcined clay-
sandy part). Features of the material composition of burned rocks, coal industry waste allows us to consider them as
secondary mineral raw materials. The binder in the composite material used is thiourea-formaldehyde resin. The
resin was obtained by the standard method of polycondensation of thiourea with formaldehyde at a molar ratio of
thiocarbamide:formaldehyde = 1:2. The choice of thiourea-formaldehyde resin is due to the availability, water
solubility and the presence of a sufficient number of proton acceptor centers capable of complexation with a
modifier. The modifier for composite materials used a coal waste product related to promising natural polymers in
nanotechnology, sodium humate, extracted by alkaline extraction from oxidized coal from the Shubarkol deposit.
Sodium humate refers to polyfunctional polymers with a unique combination of hydrophobic and hydrophilic sites, a
variety of oxygen-containing functional groups, aromatic, heterocyclic and other groups. All this suggests a high
ability of sodium humate to intermacromolecular interactions with both the burned rock and thiourea-formaldehyde
resin. Composite material based on burned rock, sodium humate with thiourea-formaldehyde resin was synthesized
by impregnation using ultrasonic treatment. The decisive role of ultrasonic activation is shown and the effectiveness
of its application to the process of producing composites is noted. The modern physicochemical and
physicomechanical methods have characterized the composition and structure of the obtained composite materials.
The mineralogical composition of composite materials was studied using x-ray phase analysis, and surface
morphology based on microscopic analysis using a scanning electron microscope. Filling the composite material
with burnt rock provides higher physical and mechanical properties. The strength of burnt-filled composites is higher
than that of samples of a similar composition without burnt rock. The resulting composite can be used as a building
material.

Key words: composite material, filler, binder, burned rock, thiourea-formaldehyde resin.

Introduction

In the industrial zone of the Karaganda region everywhere you can see a lot of stacked dumps and
heaps of different shapes and sizes. Storage dumps are products of oxidative self-firing of waste rock,
which are extracted together with coal to the surface. Annually, mine heaps occupying large areas of land
increase by hundreds of thousands of cubic meters. Like coals, they should be attributed to promising
minerals that can be used as raw materials for processing into various products [1-3]. The disposal of such
wastes and the development of methods for obtaining important products on their basis are very relevant.

— f —
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Due to the intensive development of the construction industry in the country, there is a shortage of
natural mineral raw materials used for the needs of the construction complex. The use of coal mining
waste in the production of building materials allows not only solving environmental problems, but also
increasing the raw material base of the construction industry.

Burned rocks of mine heaps (BR) can be attributed to sources of natural mineral raw materials of
technogenic origin. They have found the most diverse application in various industries, and, first of all, in
the construction industry [2, 4-8]. The importance of burned rocks as raw materials for processing into
various products for construction purposes is confirmed by significant foreign experience [5-7].

Among the promising areas is the development of polymer concrete technology. As you know,
polymer concrete is a highly filled composition based on synthetic polymer binders, fillers and fillers. The
degree of filling can reach 90-95%. With a relatively low consumption of polymer, they have high
strength and durability. A review of information in the field of developing technology for producing
polymer concrete, theoretical and experimental studies of the laws of their structural formation,
physicochemical properties, shows their higher strength and chemical resistance to traditional concrete [8-
12]. Most widely used for the manufacture of polymer concrete are available epoxy, polyurethane, furan,
polyester, and phenolic resins. The issues of developing a composition based on burned rock with
thiocarbamide resins remain poorly understood.

The aim of this work is to synthesize a composition for polymer concrete based on burnt rocks of
mine heaps with thiocarbamide resins and to determine the possibility of their use as an active mineral
additive in fine-grained concrete.

Experimental part

Materials

In preparing the composition, the thiourea formaldehyde resin (TUFR) was used as the cheapest and
most technologically advanced synthetic binder. The choice of thiourea-formaldehyde resin is due to its
availability and water solubility. Thiourea with a melting point of 180-182°C and a 37% aqueous
formaldehyde solution are the feedstock for the synthesis of TUFR. TUFR was obtained by the standard
method of polycondensation of thiourea with formaldehyde at a molar ratio of thiourea:formaldehyde =
1:2. Hardener used phosphoric acid (H3;POs). The resin yield was 92%. The composition and structure are
proved by the data of IR-spectroscopy and conductometry.

The filler in the composition of the composite materials used burned rock (BR) - a product of
oxidative self-firing of waste rock, extracted together with coal to the surface.

The modifier is sodium humate (HNa), isolated by alkaline extraction from oxidized coal from the
Shubarkol deposit. Characteristics of HNa: > COOH+OH — 4,5 mEq/g, > COOH — 3,0-3,5 mEq/g, A - 13-
15%, W?* - 10-12%, nitrogen content - less than 1%.

Synthesis of composite material

Composite material of the composition BR+HNa+TUFR (3:1:2 and 2:1:1) was synthesized as
follows. The objects of the study were obtained by the traditional method of impregnating the filler (BR)
with a solution of modifier (HNa) of a given concentration under the influence of ultrasonic treatment for
10 minutes (ultrasound frequency 22 kHz). Then we leave the mixture for impregnation for 24 hours.
After impregnation, the composite was dried in a stream of air at 80°C for 4 hours. The resulting
composite material of the composition BR+HNa (3:1 and 2:1) is then impregnated with a hot solution of
TUFR at a ratio of BR*HNa+TUFR equal to 3:1:2 and 2:1:1.

Methods

Sample preparation of the burnt rock was carried out by the sieve method using an electrodynamic
vibrostand PE-6700 (Russia, St. Petersburg). The vibrostand is an electronic-mechanical device with
indexing the time interval until the end of work, and allows the sieving of bulk materials on laboratory
sieves.

An ultrasound device IL-100-6/2 with a maximum power of 1200 W and a cylindrical waveguide was
used as a source of ultrasound. The unit is equipped with an ultrasonic generator IL-10 with a
magnetostrictive transducer with an operating frequency of 22 kHz.

To determine the mineralogical composition of the composite material, X-ray phase analysis (XRD)
was used. The phase composition of the composition was studied on a DRON-2.0 diffractometer using
Co (Ka) radiation A = 1,7902 A in the range 10°-90° (20), with a counter rotation speed of 2 deg/min,
I=10mA, U=30kV.

— ] —
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To study the surface morphology of the synthesized composite, a microscopic analysis was performed
using a TESCAN MIRA-3 scanning electron microscope.

The nominal viscosity of the starting resin was determined using a VZ-246 viscometer with a nozzle
with a diameter of 4 mm.

Bulk density was determined according to GOST 19440-94, dry residue, mass fraction of free
formaldehyde was determined according to GOST 14231-88

Results and discussion.

Burned rocks, depending on their composition and degree of heat treatment, can be used in the
construction industry as one of the components in the production of: concrete, concrete products, thinning
additives in the manufacture of bricks, filler composite materials, etc. The work used burned rocks from
the dumps of the mine them. Gorbachev of the Karaganda region, representing brick-red comminuted
stones. The initial BR were crushed in a jaw crusher, where the particle size was reduced to 5 mm.
Eliminated and washed with plenty of water to get rid of carbonaceous and other inorganic impurities,
then they were screened. The burned rocks used have the following chemical composition: silicon (60%),
aluminum (25%), iron (4-5%), potassium, calcium, magnesium up to 2%, sodium, titanium, phosphorus
up to 1%. The composition of burned rocks also includes valuable natural cement - the result of
calcination of limestone and clay in the process of burning coal. In the course of the study, 0,1 mm
fractions were used.

In order to increase the technical parameters and reduce the porosity of the burned rock, it was
modified with sodium humate, obtained on the basis of oxidized coals of the Shubarkol deposit. The
effectiveness of using sodium humate as chemical and structural modifiers for the filler is due to the
peculiarities of its molecular structure, multifunctionality, the ability to various kinds of chemical
reactions, as well as to donor-acceptor and hydrophobic interactions. The method is based on the
immobilization of humate in the porous structure of a burnt rock using ultrasonic dispersion. Ultrasonic
treatment allows you to achieve a uniform distribution of sodium humate throughout the volume of the
rock. The results of silicate analysis of burning rock impregnation with a solution of sodium humate of a
given concentration under the influence of ultrasonic treatment for 10 minutes showed that ultrasound
contributes to a change in the content of silicon and aluminum oxides in the composites. So, under the
influence of US in composites, the content of silicon oxides significantly decreases (57%), and the content
of aluminum oxides increases (28%), which significantly reduces the silicate module in comparison with
the module of the original burned rock. Upon receipt of the BR+HNa composite, the removal of iron,
titanium, phosphorus, and calcium oxides into the filtrate is observed. Significantly increases the content
of metabolic sodium. At the same time, composites are enriched with calcium and magnesium ions, iron
and potassium ions go to the filtrate. The optimal ratio of the starting components is a 1:1 ratio and the
optimal ultrasonic processing time is 10 minutes.

The main disadvantage of composite material (BR+HNa) when using it is poor chemical resistance
during operation in real conditions, when the material is influenced by numerous factors: temperature
difference, aggressive environment, mechanical stress, and more. One way to increase the life cycle of
composites is to impregnate the surface of the material with resins. As a resin in the matrix of the
composite material used TUFR (table 1).

Table 1 - the Effect of various factors on the yield of the composites

Composite Ratio (L:S:S) US, min Yield, %
0 81,3
2:1:1
10 84,0
BR+HNa+TUFR
0 82,2
3:1:2
10 81,3
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Among the composites BR+HNa+TUFR (3:1:2 and 2:1:1), the most promising is the composite of
BR+HNa+TUFR (2:1:1).

The X-ray phase composition of the composite material, BR+HNa+TUFR (2:1:1), was studied on a
DRON-2.0 diffractometer using Co(Ka) radiation. Figure 1 shows X-ray diffraction patterns for a change
in the composition of the composite.
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Figure 1 - X-ray diffraction pattern of the obtained composite BR+tHNa+TUFR (2:1:1)

As the results of the study showed, heights are indexed in the region of interplanar spacing: d=1,99 A
(y-ALOs), d=2,12 A (a-quartz SiO,), d=2,40 A (CaO-ALOs), d=2,82 A (Fe;SiOs - fayalite), d=3,35 A
(a-quartz SiOy).

One of the main methods for studying the structure of substances is electron microscopy. The current
level of development of this direction allows us to increase objects by several thousand times and consider
micron-sized particles. The results of studying the surface morphology of the synthesized composite
BR+HNa+TUFR (2:1:1) are shown in Figure 2.

BEM HV: 180 0V woesmm | | | |
Dot 50 220 nm

c-x166 000

b - x 14 000

figure 2 - Electron microscopic images of BR+HNa+TUFR (2:1:1)

In the micrograph you can see the loose surface of the sample, on which there are both small and
large grains, you can also see particles that have the form of thin plates. An increase of 166 000 times
(figure 2 c) shows smooth and uniform growths with fine-grained particles and aggregates with sizes from
24,68 to 31,03 nm. The elemental composition and the multilayer EDS-map of the composite composition
are presented in figure 3.

The result of mapping the elemental composition of BR+HNa+TUFR (2:1:1) fully confirms the
composition of the product, and the distribution of chemical elements on the microstructure confirms the
presence of elements that are both part of the resin and elements that make up the burned rock, such as
carbon, oxygen, silicon, aluminum, iron, potassium, magnesium.
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Figure 3 — EDS-map of the composite BR+HNa+TUFR = 2:1:1
Table 2 shows the physicomechanical characteristics of the obtained composites.

Table 2 - Physico-mechanical characteristics of the obtained composites

Conditional | Curing time, Dry The content Bulk Breaking point
Composite viscosity, sec (20°C, residue, of free density, Roend, Reompr,
sec H3PO4) % formaldehyde, % g/em’ MPa MPa
TUFR 30 60 554 0,9 0,45
BRHNa+TUFR 62 120 94,2 0.6 0,92 3.1 4,0
(2:1:1)
g{; %Na”UF R 70 128 83,8 0,5 0,95 2.5 2,7

As can be seen from table 2, the curing time for composites based on burned rock with sodium
humate in combination with thiourea-formaldehyde resin increases compared with the original resin.
However, the addition of filler to the resin leads to a decrease in the formaldehyde content in the
composite, thereby reducing its toxicity. The bulk density of thiourea-formaldehyde resin is 0,45 g/cm’,
and for composites based on it, the value ranges from 0,92-0,95 g/cm’.

Based on the results obtained, it can be assumed that the mechanism of the formation of a composite
of the composition BR+HNa+TUFR flows through a series of stages of series-parallel reactions and leads
to the formation of a composite, the composition of which is determined by the ratio of the starting
reagents, as well as the order of their mixing. The resulting composites are complex complexes and when
they are poured onto glass substrates, sufficiently strong composites.

In order to identify the possibility of using BR as an active mineral filler of an additive in the
composition of a composite material, tests were carried out on the compressive strength of samples. The
test results are shown in table 2. It follows from the table that the student criterion is higher than 2,07, the
additive is considered to have passed the strength test. Based on the test data, it follows that the addition of
burned rocks as a filler is considered to have passed the strength test.

Conclusion

Thus, a new composite material was developed. By varying the composition of the matrix and filler,
the mechanical strength of the composite is increased and toxicity is reduced. The composition of the
composite obtained is confirmed by elemental and x-ray phase analysis. A microscopic analysis was
performed to study the surface morphology of the synthesized composite. The physicomechanical
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characteristics of composites are studied. A decrease in the content of free formaldehyde in the composite
indicates a decrease in toxicity. The resulting composite can be used as a building material.
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KOMIP OHAIPY KAJIABIKTAPBI HEI'IBIHAEI'T KOMIIO3UTTIK
MATEPHUAJIIBIH CUHTE3I MEH KACHUETTEPI

AnHoTanusi. Makanana ynpTpaIbIOBICTBIK XMMHSI OMICTEPIH MNaijgalaHy apKbUIbI KeMip XOHE MOIUMEpI
IIMKI3aTIIEH YIITACTHIpa OTHIPBII, KOMIp OHIIpY KaIbIKTapbl HETi3iHAe KOMIIO3UTTI MaTepHaigap CHHTE31H 3epTTey
HOTIDKEINIEpl JKOHE YCaK TYHIpIIKTI OeToHmapaarbl IeMEHT OOITiH aybICTHIpyFa apHalFaH OEJCeHIi MHHEPaJIbl
KOCTIa peTiH/e KOJJaHy MYMKIHAITH aHbIKTay YChIHBIIFaH. MaTpHiia MEH TOITHIPFBILITEIH KYPAMBIH ©3T€pPTill, OHBIH
KacueTTepi opOip Kypamaac KacCHEeTTepiHeH CaHIBIK KOHE CalalbIK JKaFbIHAH epEeKIIeTICHEeTIH KOMIIO3UTTI MaTeprai
anpIHABL. KOMITO3UTTI MaTepuall KypaMbIHIa TOITBIPFBIII PETiHAE KAHFBII Kaz0ayiap — KeMipMeH Oipre ep OeTiHe
IIBIFAPBUTIATEIH 00C KBIHBICTAPABI TOTBHIKTHIPFBINI ©3/IMHEH KYHAIPY eHiMi KojmaHbUIFaH. JKaHFaH KBIHBICTapABIH
KypamblHJa OpTaHUKaJbIK Oefiri (kaHOaraH KeMIpili KocHajap) *oHe MUHEpaIAbl (KYHIIpUIreH ca3Ibl-KYM/IbI)
Oemniribap. JKanrbil Ka3zdaxapablH 3aTThIK KYPaMbIHBIH, KOMIp OHEPKaCiOl KaJIABIKTAPbIHBIH €PEeKLIETIKTEpi onap bl
KalTajlaMa MHUHEPAJIBIK IIIMKI3aT PETiHe KapacThIpyFa MyMKiHIiK Oepei. KoMmo3uTTik Marepuania 0aiiaHbICThI-
PYIIBI THOMOYEBHHO(DOPMAIIBAET U IIalbIpbl Konganblrad. [lakeip THokapoaMua: popManbaeruy = 1:2 MOISpIIbIK
KaTblHacTa (opMalbIerualleH THOMOYEBHHA ITOJMKOH/ICHCAIMSACHIHBIH CTAaHIApTTHl 9fici OOHBIHIIA aJIbIHFaH.
TuomoueBMHOpOPMATBIETUA MIAWBIPBIH TaHJAY KOJ JKETIMIUIIrIMEH, CyJa epiriluTiriMeH »oHe MOAN(PHKaTOPMEH
KemeHi Ty3yre KaOileTTi IpOTOHOAKIENTOPIBl OPTAJBIKTAp CAHBIHBIH JKETKUTIKTI OOJMybIMEeH OaIaHBICTHI
KommnoszutTik MaTepuangap yurid moguduxarop Lllydapken keH OpHBIHBIH TOTHIKKAH KOMIPIHEH CIITUI AKCTPAKIUL
omiciMeH OeJiHreH HAHOTEXHOJOTHSIIAFEI MEPCIEKTHBAIBI TAOUFH MTOMUMEPIIePre JKaTaThIH KOMIp OHICY KaJIbIK-
Tapsl OHIMI, HATpUH TyMaThl KoaaansUrad. Hatpuit rymater ruapodoOTH xKoHE THAPOIIIBAL YaacKenepaiH Oipereit
yitnecimi, KypambiHa OTTeri 6ap GpyHKIHOHAIABIK TONTAPAbIH, XOII HICTi, TETEPOLMKILAL XKoHE 0acKka Jja TONTapAblH
alyaH TYpauIiri 6ap moau(pyHKIMOHANIBI HOJIMMEpIepre XaTaibl. TeXHUKAIBIK MapaMeTpiepAi apTTHIPY KOHE
YKaHFBIII Ka30ajap/blH KeyeKTUIrH ToeMeH1eTy Makcarbinaa lllybapkes keH OpHBIHBIH TOTHIKKaH KOMipi Heri3iHje
aJbIHFaH HAaTpUil TyMaTbhIMEH MoAn(UKANWsuay XKypri3iiai. ToNThIpFBIIKA apHAFAaH XUMHUSUIBIK JKOHE KYPBUIBIM-
IBIK MOAU(UKATOPJAp PETiHAE HATPHHA T'yMAaThIH KOJJAHYABIH THIMILIITT OHBIH MOJICKYJIAJIBIK KYPbI-JIBICHIHBIH
epeKIIeTIKTepIMEH, MOJU(YHKINOHAIABUIBIFBIMEH, OPTYPJll XUMUSUIBIK peaKnusuIapra KabiaeTTUliriMeH, CoHai-aK
JIOHOPJIBIK-aKIENTOPNBIK Jk9HE TUApoOOTHIK e3apa opeKeTTecyiepre HerinenreH. MyHBIH 0opi  Harpuid
TYMaTbIHBIH MaKpOMOJIEKYJIaapajblK CHIIAaTbIHA Kapail, epTEeHTeH JKBIHBICIIEH ]I, THOMOYEBHHO(pOPMAIbIAETHII
IIabIpMEH JIe ©3apa dPEeKEeTTeCyre KOFaphl KaOuneTTiirin kepcereni. Kyimipinrer ®eIHBICTap, THOMOYEBHHODOD-
MaNBIETUATI IIAWBIpBl Oap HATPHHA TyMAaThl HETI3iHAErl KOMITO3WIMSUIBIK MaTephall YIbTPAaIbIOBICTBHIK ocepai
KOJIJaHy apKBUIBI CIHAIPY OIICIMEH CHHTE3JENTeH. OJIC YIbTPAIbIOBICTHIK TUCIIEPTUPICYIl MaiganaHa OTBHIPHIIL,
JKaQHFBIII Ka30alapAblH KEYeKTi KYpbUIBIMBIHA TI'yMaTThl HMMOOHJIM3AUMsiIayFa HeEri3geireH. YIbTPaIblOBICTHIK
OHJICY JKbIHBICTBIH OapJbIK KeJjeMi OOMbIHIIA HATPUI T'YMaThIHBIH OIpKeNKi TapallyblHa KOJI )KETKi3yre MyMKIHJIK
Oepeni. YIbTpaubIOBICTBIK AKTHBTEHIIPYIIH aHBIKTAyIIbl pOJi JKOHE OHBl KOMIIO3UTTEpAlI ally MpoLeciHe
KOJIAaHYIbIH THIMALIITT KOPCETIIreH.

Kaszipri 3amManfbl HU3KMKa-XUMUSUIBIK XKoHE (PU3MKa-MeXaHUKAbIK 9ICTEpPMEH aJIbIHFaH KOMIIO3UTTIK MaTepuall-
JIapAbIH KypaMbl MEH KYPBUIBIMBI CHIIaTTasiFaH. KoMImosuTTik MarepranaapisiH MUHEpaIorusuibiK Kypambsl Co(Ka)-
coyneneHyxi nainanana oteipsi, JPOH-2,0 Hagudpakromerpinae peHTreHodas bl Tangay KeMeriMeH 3epTTeNreH,
an TESCAN ¢upmaceinsiy MIRA-3 pacTpiiblK 3J1€KTPOHIBIK MUKPOCKOIITHI TaijajiaHa OTHIPBII, MUKPOCKOIHSIIBIK
Tanmay Herisinae OeTiHiH MOP(OIOTHACH 3epTTeNreH. JINeMEHTTIK KypaMabl KapTanay HOTIXKeci OHIMHIH KypaMBbIH
pacraiigsl. KoMmo3snnusuielk MaTepHaiipl sKaHFBII Ka30aJapMeH TONTHIPY JKOFapbl (pr3nKa-MeXaHUKAJIBIK KepCeT-
KimTepai KaMTaMachl3 ereni. JKaHFbI Kaz0amapMeH TONTHIPBUIFAH KOMITO3UTTEPIIH OEpIKTIri >KaHFaH >KBIHBICCHI3
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yKcac KypaM YITiiepiHe KaparaHaa >KOFapbl. AJIBIHFAH KOMIIO3UT KYPBUIBIC MaTepHallbl peTiHIe NaiifalaHbLTybI
MYMKIH.

Tyiiin ce3mep: KOMIO3UTTI Marepuall, TOJITHIPFbIL, OaliIaHBICTHIPYLIBI, XKAHFBIII Ka30anap, THOMOUYEBHHO}OP-
MaJibJAETU/I IANBIPHIL.
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'TOO HHCcTHTYT Opranudeckoro cunresa u yraexumuu PK, Kaparanma, Kazaxcran;
2 @enepanbHbIA HAYYHO-HCCIEN0BATENBCKAN HEHTP YTOILHON U XUMHYECKO ITPOMBIIIEHHOCTH
Cubupckoro otaenenus Poccuiickoii akagemuu Hayk, Kemepoo, Poccus

CHUHTE3 U CBOMCTBA KOMITO3UTHOI'O MATEPHUAJIA
HA OCHOBE OTXOJ OB YI'JIEAOBbIYN

AHHOTaIIHﬂ. B cratbe MpEACTAaBJICHBI PE3YyJIbTAaThl HUCCICAOBAHUA CHUHTC3a KOMIIO3UTHBIX MAaTCpHUAJIOB Ha
OCHOBE OTXOJIOB YIJIEHOOBIYM B COYETAHWHM YTOJBHBIM W IOJMMEPHBIM CHIPhEM, C HCIIOJIb30BAaHHEM METOIIOB
YJIBTPa3BYKOBOH XMMHHM M OIpEAEJICHHE BO3MOXKHOCTH HMX HPUMEHEHHS B KauyeCTBE aKTHBHOH MHHEpaIbHOU
J00aBKH AJIsI 3aMEHBI 4aCTH IIEMEHTa B MEJIKO3CPHHUCTHIX OeToHax. Bapbupys cocTaB MaTpuipl M HAMOTHUTEIS,
MOJTy4eH KOMIIO3UTHBIH MarepHhajl, CBOWCTBa KOTOPOTO KOJHMYECTBEHHO M KAaYECTBEHHO OTJIMYAIOTCS OT CBOMCTB
Ka)XXJIOTO 13 €r0 COCTaBISIOIMX. B KauecTBe HANOJHMUTENS B COCTaBE KOMIO3UIIMOHHOTO MaTepHaa HCIOJIb30BaHa
ropenas Mopoja — HPOLYKT OKHCIUTEIBHOI'O CAMOOOXWIa ITyCTBIX IOPOA, H3BJIEKAEMBIX BMECTE C YIJIEM Ha
MOBEPXHOCTh. ['Openble MOpPOAbI COAEp)KAT OPraHWYeCKyl0 4dacTb (HECTOPEBIIME YIJIMCTBIE IIPUMECH) U
MHUHEPaIbHYI0 (000XOKEHHYIO TIIMHHCTO-TIECUYAHUCTYIO 4YacTh). OCOOEHHOCTH BELIECTBEHHOIO COCTaBa TOPEJIBIX
mopoJ, OTXOAOB YIUVICIPOMBINIJICHHOCTHU IIO3BOJIACT pacCMaTpuBaTb HMX KaK BTOPUYHOC MHUHCPAJIBHOC CbIPHEC.
CBs3yIOIMM B KOMIIO3UTHOM MaTepHaje HCIIOJIb30BaHa THOMOYEeBHHOGOpMabiaeruaHas cmona. CMona mojydeHa
10 CTaHI[apTHOﬁ METOAUKE IIOJIMKOHACHCAIIUKM THOMOYCBUHBI C q)OpMaﬂb[leFI/l,HOM Ipru MOJIAPHOM COOTHOIICHUUN
THoKapOaMua:popmanbaeru = 1:2. Beibop THOMOuUeBHHO(OPMAIBbIETUIHON CMOJIBI 00YCIIOBIIEH IOCTYITHOCTBIO,
BOJIOPACTBOPUMOCTBIO M HAJIMYUEM JIOCTATOYHOI'O KOJIMYECTBA IIPOTOHOAKIENTOPHBIX IEHTPOB, CIIOCOOHBIX K
KOMIUIeKcooOpazoBanuio ¢ MoaudukatopoM. MoaudukaropoM Ui KOMIIO3UTHBIX MAaTepHajioB HCIIOJIB30BaH
MPOXYKT OTXO0Ja yrienepepaboTKu, OTHOCAIIMIICA K HEPCIIEKTUBHBIM IPUPOAHBIM TOJIMMEPaM B HAHOTEXHOJIOTHH,
TyMaT HaTpHs, BBINCICHHBIA METOIOM INEJIOYHOW SKCTPAKIMKA W3 OKHUCIeHHBIX yriied [llybGapkombckoro
MecTopoxxaeHusl. ['ymar HaTpust OTHOCHTCA K HONM(YHKIHOHATHHBIM IIOJIMMEPAM C YHHUKAIBHBIM COUYCTaHHEM
ruJpodoOHBIX U THUAPODMIBHBIX YYaCTKOB, pPa3HOOOpa3ueM KHUCIOPOACOIepKanX (YHKIHUOHAIBHBIX TPYIIIL,
apOMaTHYECKUX, TETCPOLUKINYECKIX U APYTUX IpynnupoBoK. C LEeNblo MOBBIIIEHUS TEXHUYECKHX IapaMeTpoB U
CHIDKEHHUSI IIOPUCTOCTH TOPEJIOH MOPOABI MPOBEACHO €¢ MOAMGHIMPOBAHHE T'yMaTOM HATpHs, IOJy4EHHOIO Ha
ocHoBe okuciieHHbIX yriei lllybapkonbckoro mecropoxaenus. DPpQeKTHBHOCTh HCIOIb30BaHUS T'yMaTa HaTpus B
KayeCTBE XUMHUYECKUX M CTPYKTYPHBIX MOAM(HUKATOPOB JUIs HANOJHUTENS OOYCIOBJI€HAa OCOOCHHOCTSIMU €ro
MOJIEKYJISIPHOTO CTPOEHHS, MOJIH(YHKIMOHAIBHOCTBIO, CIIOCOOHOCTBIO K Pa3HOTO POJia XUMHUYECKUM PEaKLHsM, a
TaKKe K JIOHOPHO-aKIENTOPHBIM U THAPO(OOHBIM B3auMoieiicTBUsIM. Bee 3T0 npeamnonaraer BEICOKYIO CIIOCOOHOCTh
rymara Harpusi K MEXKMaKpOMOJICKYJSPHBIM B3aUMOJGHCTBHSIM C Kak C TOpEIOd MOpojoH, Tak u
THOMOYEBUHO(DOPMANBIETHAHON cMoIoN. KOMITO3UIIMOHHEIH MaTeprall Ha OCHOBE TOPENIOi ITOpOIbl, TyMaTa HaTpHUs
C THOMOYEBHUHO(OPMAIIBIETUAHON CMOJIOW CHHTE3UPOBAaH METOZOM IPONHUTKHU C MCIIOIb30BAaHUEM YJIBTPa3ByKOBOTO
BO3/eiicTBUs. MeTox OCHOBaH Ha HMMOOWIM3AIMM TyMmMara B IIOPUCTYIO CTPYKTYpy TOpENIOH IOpOABI C
UCIIOJB30BaHUEM  yJIbTPA3BYKOBOI'O JUCIEPTHPOBAHUA. YJbTpa3ByKoBas oOpaboTka IO3BOJISET JOOUTHCH
PaBHOMEpPHOTO pacIpenesieHuss Tymara HaTpus Mo BceMy 00bEMy mopozpl. I[lokasana onpefersomas poib
yIBTPa3BYKOBOW aKTUBALIMU U OTMe4eHa 3 ((HEKTUBHOCTD €ro MPUMEHEHHUS Ha IIPOLIECC IOJIyYeHHs KOMIIO3UTOB.

COBpeMeHHblMI/I (1)I/I3I/IKO-XI/IMI/lLleCKI/IMI/I nu (1)1/131/IKO-M6X8.HI/ILICCKI/IMI/I METOAAMM OXapaKTCPU30BaHbI COCTAaB U
CTPYKTYpa IOIYYEHHBIX KOMIIO3UTHBIX MaTepUaIOB. MUHEPAJIOrMUECKUN COCTAB KOMIIO3UTHBIX MaTepPUAIOB U3y4EH
C MOMOIIBI0 peHTreHo(a3oBoro aHamusa Ha audpakromerpe JJPOH-2,0 ¢ ucnons3oanuem Co(Ka)-usnyuenus, a
MOP(QOJIOTHST TIOBEPXHOCTH Ha OCHOBAaHMM MHKPOCKOIIMYECKOTO aHalM3a C MCIOJIB30BAHUEM PacTpPOBOTO
anektpoHHoro mukpockorna MIRA-3 ¢upmsr TESCAN. Pesynbrar KapTHpOBaHHS JIEMEHTHOTO COCTABA ITIOJIHOCTHIO
MOATBEPXKIAIOT COCTaB IpojayKTa. HarojHeHHe KOMIO3MIMOHHOTO Marepualia Topesioi 1mopozoil obecrieunBaeT
Gosee BbICOKHE (U3MKO-MEXaHMUYEeCKHe MokKaszaTenad. [IpoyHOCTh, HANOJHEHHBIX TOPENoil MOpOAOH, KOMIO3UTOB
BBIIIIE, YEM y OOpa3IOB aHAJOTMYHOTO cocTaBa 0e3 ropenod mopozabl. [lomydeHHBI KOMIO3HUT MOXET OBITh
WCTIONI30BaH B KAYECTBE CTPOUTEIILHOTO MaTepHaa.

KiroueBble ¢j10Ba: KOMIIO3UTHBIH MaTepHal, HAOJIHUTEIb, CBA3YIOIINHA, ropenas noposia, THOMOUYEBHHO(OP-
MallbIeTUAHAs CMOJIA.
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