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SYNTHESIS OF NANOCOMPOSITE FIBERS BASED
ON ROCK PITCH AND NANOIRON BY ELECTROSPINNING

Abstract. The article presents experiments on the production of nanocomposite fibers based on the Shubarkol
coal tar pitch and nano-iron by the method of electrospinning in a laboratory setup. The elemental composition was
determined and the surface morphology of the test sample was studied. As a result of energy dispersive X-ray
spectroscopy and SEM microscopy, the elemental composition was determined: C-92.14%, 0-6.16%, Al-0.30%,
Si-0.26%, P-0.07%, S -0.20%, Cl -0.40%, Fe-0.47% and the diameter of the carbon nanofiber, which ranged from
94.2 nm to 800.0 nm. The results of IR spectroscopy showed an increase in the intensity of the peaks in the region of
2920-2850 cm-1 and the appearance of a signal at 2359 cm-1, which is explained by the breaking of several chemical
bonds in the sample structure and the formation of a composite with nano-iron.

Key words: coal tar, nano-iron, nanocomposite fibers, electrospinning, formation, oxidation, carbonization.

Introduction. Carbon nanofibers (CNFs), as one of the most important representatives of carbon
materials, have been investigated both in fundamental scientific research and practical applications [1].
CNFs are a class of such materials in which bent graphene layers or nanocones are folded in the form of a
quasi-one-dimensional filament, and the internal structure can be characterized by the angle o between
graphene layers and the fiber axis [2].

Composite materials often consist of a polymer, metal, carbon or carbide matrix reinforced with
fillers of high-strength, high-modulus fibers or whiskers. By varying the composition of the matrix and
filler, their ratio, orientation of the filler, a wide range of materials with the required set of properties is
obtained. The use of composites usually reduces the weight of the structure while maintaining or
improving its mechanical characteristics.

The achievements of recent years in the chemistry of carbon open up very broad prospects for
obtaining a composition based on carbon-containing raw materials. Due to their unique properties,
extremely high chemical resistance, thermal strength, heat resistance and specific strength, carbon
composites have found application as materials for the manufacture of high-temperature technology [3, 4].

By their structure, composites are divided into several main classes: fibrous, dispersion-strengthened,
particle-strengthened, and nanocomposites. A low content of filler in composites leads to the appearance
of qualitatively new mechanical properties of the material. The material properties can also be varied
widely by changing the orientation of the size and concentration of the fibers. In addition, fiber
reinforcement gives the material anisotropic properties, and by adding conductor fibers, it is possible to
impart electrical conductivity to the material along a given axis.

The microstructure of the remaining classes of composite materials is characterized by the fact that
the matrix is filled with particles of a reinforcing substance, and they differ in particle size. In composites
reinforced with particles, their size is more than 1 pm, and the content is 20-25% (by volume), while
dispersion-strengthened composites include from 1 to 15% (by volume) of particles with a size of 0.01 to
0.1 pm. The sizes of particles included in the composition of nanocomposites - a new class of composite
materials - are even smaller and amount to 10-100 nm [5].
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CNVs have attracted much attention of scientists for their potential thermal, electrical, shielding and
mechanical properties [6]. Due to their exceptional properties and low cost, they are now increasingly
used in various materials such as composites.

CNF-based composites can be used as promising materials in many fields, such as electrical devices,
electrode materials for batteries and supercapacitors, and also as sensors.

Coal tar (CT), which are formed during the pyrolysis of raw materials, has the following
characteristics: density at 20 © C - 1070 kg / m®, viscosity at 80 ° C - 2.9-3.3 conventional degrees, coking
capacity - 2.0-3, 5%, flash point - 110-120 ° C, softening temperature - 60-70 ° C, volatile matter yield -
83.0%. It is not electrically conductive and insoluble in water, dissolves only in organic solvents (pyridine,
benzene, etc.), and is resistant to acids.

The technology for producing carbon fiber based on coal tar includes several stages: substrate
preparation, fiber synthesis by electrospinning, stabilization in an oxidizing atmosphere, carbonization in
an inert atmosphere, graphitization at elevated temperatures.

Electrospinning is a versatile and efficient method of producing continuous nanofibers from
submicron to nanometer diameters using a high potential electric field. The technology can be easily used
in the laboratory and can be scaled up to an industrial process. Electroconversion of nanofibers from
polymer solutions or melts is of practical interest, since they have many potential applications [7].
Electrospinning is a process that leads to the formation of nanofibers as a result of the action of
electrostatic forces on an electrically charged flow of a solution or melt [8].

Research methodology. Samples of composite CNFs were obtained at the “Institute of Coal
Chemistry and Technology” LLP (Nur-Sultan) by electrospinning in laboratory conditions. Coal tar from
the coal of the “Shubarkol” deposit and iron nanopowders obtained by the electroexplosive method, which
have a size from 70 nm to 150 nm, were used as a raw material.

To prepare raw materials and obtain carbon nanocomposite fibers, the following devices were used:
an ultrasonic bath, a laboratory electrospinning unit, a scanning electron microscope (SEM) with an
attachment for energy dispersive analysis from EDAX, transmission electron microscopy (TEM)
JEM1400 PLUS, and NicoletiS 10 FT-IR spectrometer.

In the study, the electrospinning method was used to obtain nanocomposite fibers in laboratory
conditions, since this method, unlike the usual mechanical pulling of fibers from solution, does not impose
high requirements on the chemistry of the process, does not require high temperatures for fiber
solidification, which means that it allows creating fibers of long and complex molecules. Despite the
complexity of the physical processes of electrospinning, this method is distinguished by its instrumental
simplicity, high energy efficiency of production, wide versatility for the formed materials, and flexibility
in controlling the process parameters. All this makes the electrospinning process attractive for the
industrial production of nanofibers [9].

The method of obtaining carbon nanocomposite fibers from coal tar by the electrospinning method
includes the following stages: preparation of raw materials, formation, stabilization (oxidation - to remove
low molecular weight products of destruction and the formation of crosslinked and cyclic structures) and
carbonization (to remove hydrogen and heteroatoms in the form of volatile compounds, where final
formation of carbon fibers). To obtain carbon nanocomposite fibers (d = 94.2-800 nm), coal tar and iron
nanopowder are used, and polymethyl methacrylate is used as a binder, 1,2-dichloroethane is used as a
solvent, the mixture of starting products is subjected to dispersion in an ultrasonic bath at a temperature of
35 °C, frequency - 35 kHz, holding time 30 min, the prepared solution is placed in an electrospinning
installation with a syringe, the set voltage is 20-25 kV, the distance between the syringe receiver is
20-30 cm, the fibers obtained after spinning are oxidized at a temperature of 300 ° C in the flow air, the
holding time is 1 hour, after oxidation, the carbonization process is carried out in an inert argon
atmosphere at a temperature of 800 ° C, the heating rate is 5 ° C / min, the holding time is 60 minutes
[9-10].

Results and its discussion. The elemental composition of the original nanocomposite fiber, oxidized
and carbonized forms, are presented in table 1.
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Table 1 - Elemental composition of samples

Nol Nam Content of elements, wt. %
° ame C O [ Na [ Mg | AL [ Si ]| P Fe S Cl Ca

| | CNF based on nano-iron 92.14 | 6.16 | - - 1030|026 007]| 047 | 020 | 040 -
and CT

o | Oxidized CNF based on 93.05 | 6.66 | - . . . . 020 | 0.03 . 0.07
nano-iron and CT

3 | Carbonized CNF basedon | g5 g5 | 605 [ 044 | 021 | 009 | 078 | 0.13 | 566 | 028 - 0.43
nano-iron and CT

The functional composition of the sample of the initial coal tar "Shubarkol" was investigated using IR
spectroscopy during the experiments. Vibrations typical for C = O carbonyl groups, esters (1762 cm™),
amines (3127 cm ), aliphatic -CH groups (2900, 2800 cm™), C-C aromatic hydrocarbons (1602 cm™),
high molecular weight polycyclic aromatic compounds (825, 722 cm ™).

4000,0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0

Figure 1- IR spectrum of “Shubarkol” coal tar

SEM and TEM images of a nanocomposite fiber based on CT and nano iron are shown in figures
2 and 3, where carbon nanofibers with a diameter of 94.2 nm to 800 nm are clearly visible. The
dimensions and shape of the cross-section of the fibers obtained in the EPI process, as in some other types
of dry spinning, are quite clearly interrelated. Fibers less than 1 pm thick have a circular cross-section,
however, with increasing thickness, it gradually turns into an oval, and then into a characteristic dumbbell-
shaped, showing a tendency for uncured jets of dope to split along the axis.

Figure 2 - Electron microscopic images of a nanocomposite fiber based on CT and nano-iron
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124166 nm

Figure 3 - TEM micrograph of a nanocomposite fiber based on CT and nano-iron

In the IR spectrum of the nanocomposite fiber (figure 4), there is a slight rise in the spectrum in the
range 3000-3500 cm™', which refers to weak stretching vibrations of O — H bonds, which may be caused
by the presence of moisture. The intensity of the peak in the range from 1260 cm™'~1275 cm™ decreases;
this can be explained by the weakening of the vibrational C — O bond and the 1069 cm™ peak of C — H
flexion in the plane. In addition, an increase in the intensity of the peaks in the region of 2920-2850 cm'
and the appearance of a signal at 2359 cm™ are explained by the breaking of several chemical bonds in the
sample structure and the formation of a composite iron / polymer nanosphere.
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Figure 4 - IR spectrum of a nanocomposite fiber based on CT and nano-iron
Further, we conduct research on the oxidation and carbonization of the obtained CNF, since the spun

fiber, as a rule, is characterized by low strength and increased fragility. SEM images of the oxidized form
of CNF are shown in figure 5.

Figure 5 - Electron microscopic images of CNF after oxidation at 300 ° C




ISSN 2224-5227 5.2020

The IR spectra of the oxidized CNF form revealed signals corresponding to the initial sample
(figure 6). The absorption bands in the range of wave numbers 3000-3500 cm™ are related to weak
stretching vibrations of O — H bonds, probably due to the presence of moisture in this compound.

110

Y%Transmittance

T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500
VWavenumber (cm ')

Figure 6 - IR spectrum of the oxidized form of a nanocomposite fiber based on CT and nano-iron

SEM images of the carbonized CNF form are shown in figure 7, where carbon spheres were found
with particle sizes from 179.1 nm to 1.08 um.

Figure 7 - Electron microscopic images of CNF after carbonization at 800 ° C

Thus, as a result of carbonization of CNF, one more product can be obtained - carbon spheres (CS),
which have attracted considerable interest among researchers due to their potential application, for
example, in gas separation and as molecular sieves, crystals with a photonic band gap, catalyst substrates,
and electrode materials for lithium-ion batteries. CSs serve as support substrates due to their high surface
area and high structural stability, among other properties. Compared to coal, oil, or derivatives, CSs
derived from sustainable, inexpensive raw materials for energy storage have become particularly
interesting. The carbonized form of CNF does not give any signal on the FT-IR spectrometer.

Conclusion. Thus, the proposed method for producing composite CNFs is based on the
electrospinning method, which is the most promising method of industrial production and provides a
product with a relatively high fractional homogeneity, which determines the achievement of the strength
characteristics required for structural materials.

The ecological effect of the research consists in the creation of an environmentally friendly
technology based on the processing of secondary raw materials (coal tar and other waste from coal
mining) to obtain carbon fibers and composites based on them. The creation of this technology will make
it possible to solve the ecological aspect of the disposal of this type of waste with the receipt of an
economically viable product.

The proposed method is unique in that the raw material that we use to obtain carbon fibers is a
renewable resource, in comparison with the technology for producing fibers from many other precursors
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(nylon, polyester, acrylic, polypropylene, etc.). The prospect of these studies lies in the possibility of
large-scale production of carbon fibers from coal tar, which will lead to the appearance of domestically
produced materials and composites based on them on the Kazakhstan market.

Acknowledgement. This work was carried out as part of the scientific and technical program No.
IRN BR05236359 “Scientific and technological support for coal processing and production of high-value
coal products” and project No. IRN AP05130707 on the theme “Development of technology and creation
of production of carbon nanocomposite materials based on domestic mineral raw materials for gas phase
urification and wastewater”, funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan
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SJIEKTPOIIMHHUHI' 9JICIMEH TACKOMIP
IIAMBIPHI MEH HAHOHTEMIP HET'I31H/IE
HAHOKOMITIO3UTTI TAJIIIBIKTBI CUHTE3AEY

AnHoranusi. Maxkamaga «lllybapkem» Tackemip IIAHBIpEl JKOHE HAHOTEMIp HeETi3iHIE HAHOKOMITO3UT
TaNIIBIKTAPEIH 3JCKTPOCITUHHUHT OICIMEH 3epTXaHaNBIK KOHABIPFBIAA almy OOHBIHIIA ToXipHOemep KYpri3uimi.
3epTTeneTiH YATIHIH 3JIEMEHTTIK KYpaMmbl aHBIKTAJBI, OeT MOPQOJIOTHACH 3epTTENli. DHEPTUs JUCIEPCHSITBIK
PEHTreH K creKTpocKomus xoHe COM-MUKPOCKONHSA HOTHXKECIHAE ANIeMeHTTIK Kypamsl: C-92,14 %, 0-6,16 %,
Al-0,30 %, Si-0,26 %, P-0,07 %, S-0,20 %, CI-0.40 %, Fe-0.47 % >xoHe KeMipTeri HaHOTaIIILIFIHBIH TUaAMETPI
94,2 uM-gen 800,0 um-re ambikTanael. MK — cnextpockonms Hotmxenepi 2920-2850 cm! 0GIBICTaFbl IIbIH
KApKbIHBIHBIH >KOFapbUIAUTBIHBIH koHE 2359 cMm! Ke3iHAE CUTHAIIBIH Maiifa OONATbIHBIH AMKbIHIAIBI, Oy yuri
KYPBUIBIMBIH/AaFbl OipHelle XMMUSUIBIK OaillaHbICTapAbIH Y3UIyl jKOHE HaHOTEMIPMEH KOMIIO3UTTIH Maijga 0oyl
HeTi3iHae Tycingipineni. KeMipTeKTi HAHOTANIBIKTHI aly YIIiH KOJDKETIMJII MaTeprhaiaap MaiaalaHbUIIbl, IHKi3aT
UpoJM3i Ke3ine naiiaa oonareiH «lllybapkei KeH OpHBIHAAFBI KOMIPJEH TACKOMIp IIaibIpbl, HAHOKOMIIO3HUT ajly
ywin KHT temip HaHoyHTakTapsIMeH MOIM(UKaIMsIaHAbI, OalIaHBICTHIPFBIN PETIHAE MOJMMETHIMETaKpUIIaT,
epiTkim periaae 1,2-AUXIOPATaH MaliAaTaHbUIIb, IUKI3aTTH JalbIHAAY KeJleci Ke3eHaepaeH Typansl: 1) tac kemip
IIaHBIPEI MEH HAHOTEMIp YIBTPaAbIOBICTEIK BaHHaaa 1,2-nuxnopstanmer 35 °C Temmeparypana epiTuIreH, KULTiri —
35 xI'll, ycray yakeitel 30 MuH; 2) coHmaii-ak momuMmeTnaMeraakpunar 35 °C TemmepaTypana yibTpagbIOBICTHIK
BaHHaza 1,2 — IUXIJIOpAITAaHMEH epiTireH (caaMaKThIK yieci 3%), xwuimiri-35 k['Ll, ycray yaxsrtst 30 mus; 3) 1 xoHE
2 caTpUIapblHAA ANBIHFAH JaWbIH epiTiHaiiep 1:1 KaThIHACKIHIA apanacThIPbUIAILI, aJlbIHFAH OHIM OIpTeKTI Macca
6oy YIIiH anAbIHFEI CaThIFa YKCAC IMapaMeTpiepiMeH YIbTPaIbIObICTHIK BAaHHAAA apajacThIPBUIIEL; 4) nailbiHAaIFal
epITIHIHI MIpHLi 6ap IEKTPOCHMHHUHT KOHIBIPFBICBIHA OpHAaJIacThipaabl, Auamerpi 0,6 MM MHe TypiHzaeri puiibep
naiinananeiagpl, oran 20-25 kKB MMITyJIBCTI JKOFapbl BOJBTTHI KEPHEY OPHANACTHIPAJbl, NITPULIIEH KaObUIAAFbIII
apacbIHaFbl KaIbIKTHIK 20-30 cM; 5) nipyneH keitin Tanmsikrap ayana 300 °C-ta TOTbIFa/Ibl, YCTay yaKbITHI | carar,
6) Toreirynan keiin 800 °C-ta kapOoHM3ammsi ynepici Kypeai, KediH OenMme TemmeparypacblHa CoHKec
cankpraaateuIael. KHT kapOoHHM3aNMsACH HOTHXKECIHIE TaFrbl Oip eHIMII amyFa Oonanel — kemiprekti cepa (KC),
Oyt 3eprTeyluiiep apachlHAa YIKSH KbI3BIFYIIBIIBIK TYABIP/ABL, MBICAJIbI, Ta3bl O6Jyae KoHE MOJIEKYJIAIbIK elekK,
(OTOHABI THIMBIM CAJBIHFAH alMakTarbl KPHUCTAIAAp, KaTalu3aTop cyOcTpaTrTapsl »KoHE JIMTHH-HOHABIK
aKKyMyJISITOpJIapFa apHaiFaH »iekTpox Marepuanpapbl. KC »xorapel OeTki ayZaHbl MEH KOFaphl KYPBUIBIMABIK
TYpPaKTBUIBIFBIHA OalIaHBICTHI TipeK CyOcTpar peTiHme KbI3MeT eremi. KeMipmeH, MyHaiilMeH HeMece TYBIHIBI
OHIMIEPMEH CaNBICTBIPFAHA TYPAKTHI, ap3aH SHEPTUsl cakTay IIUKi3aTbiHaH anbiHFaH KC KbI3BIFYIIBUIBIK TYABIPBL.
KHT xap6onusanusianran popmacel MK-®ypee ciekrpomrepinne emkanaail curuan oepmeiini. Komnosurri KHT
aJyJIbIH 9/1iCl OHEPKACINTIK OHAIPICTIH MEePCIEKTHBTI d/ici OOJNbIN caHajaJbl KOHE KYpPBUIBIMIBIK MaTepHaijapra
YCHIHBUIFAH OEpIKTIK CHIIATTaMaapblHa KOJ JKETKI3yli aHBIKTANTHIH CANBICTHIPMAIIbI TYPAE KOFaphl (PAKIIHSIBL
OipTekTiniri 6ap eHIM amyasl KaMTaMachl3 €TETiH JJEKTPCIMHHHUHT d/IiCiHE HETi3[ereH. 3epTTeyIiH SKOJIOTHsIIbIK
acepi KOMIPTEKT] TAIIIBIKTAp MEH COHBIH HETi3iH/e KOMIIO3UT ally YIIiH KaiiTanama IIUKi3aTThl (TaCKeMip IaibIpbl
JKOHE KeMip eHIIpyliH 0acka Jla KalJbIKTapbl) OHAEyre HETi3AeNreH 3KOJIOTHSJIBIK Ta3a TEXHOJOTHSHBI KYpyJaH
Typanbl. By TEXHOJOTUSHBI KYPY SKOHOMHKAJBIK PEHTA0ENb/li OHIM ajla OTBIPHIIN, KAIABIKTBIH OCHI TYpiH Kozere
JKapaTyIbIH SKOJIOTHSUIBIK aCTIEKTICIH MIenTyre MYMKIHIIK Oeperi. ¥ ChIHBUIFAH ofic Oipereil, eliTkeHi 0i3 KemipTeri
TaNIIBIKTAPEIH ally VIIH IMaligajaHaThIH IINKi3aT KONTEreH 0acka MmpeKypcopiapaaH (HEHIOH, MOoNMUICTep, aKpui,
MOJMIIPONIMIICH JKOHE T.0.) TAIMIBIKTap ajly TEXHOJOTHMACBIMEH CalBICTBIPFAaHNA JKAaHAPTHUIATBIH pecypc OOJIBIN
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cananaznpl. Ochl 3epTTEyJEpAiH MEPCHEeKTUBTUIIN TacKeMip MIalbIpbIHAH KOMIPTEKTI TaJIBIKTAPIbl ayKbIMJIbI
OHJIpY MYMKiHAiri Oonbin ecenrteneni, Oyn Kazakcran Hapeirbinga KHT Herizinne oTaHIpIK OHAIpiC MaTepHaiiapbl
MEH KOMITO3UTTEPiHIH Maiia 00mybIiHa BIKIAT eTe.

Tyiiin ce3mep: TackeMip maHbIPbl, HAHOTEMIpP, HAHOKOMIIO3UT TAJIIBIKTAPHI, IEKTPOIIMHHNHT, KaJIBIITACTHIPY,
TOTBIFY, KapOOHH3ALHSL.

B.T. Epmaraméer'?, M.K. Kazankanosa!, K.M. Kacenopa'?, A.T. Haypbi36aeBa!

I'TOO «MucTuTyT XMMHH yIiis 1 TexHonorun», Hyp-Cynran, Kazaxcran;
2TOO "Hayu4Ho-TIpou3BocTBeHHOE 00bequHenne "Kasrexnoyromns", Hyp-Cynran, Kasaxcran

CHHTE3 HAHOKOMITO3UTHBIX BOJIOKOH HA OCHOBE KAMEHHOYTI'OJIbHOM CMO.IbI
N HAHOXEJIE3A METOJOM 2JIEKTPOCIIMUHHUHT A

AHHOTanusi. B crartee mpoBeneHBI AKCIIEPUMEHTHI 1O MOJIYYEHIO HAaHOKOMIIO3UTHBIX BOJIOKOH Ha OCHOBE
KaMEHHOYTOJIbHOH cMoibl «l1lyOapkosnby M HaHOXeJe3a METOAOM AJIEKTPOCIIMHHHHTA B Ja0OPAaTOPHON YCTaHOBKE.
OmnpernenieH 3JIEMEHTHBIA COCTaB M M3y4deHa MOP(QOJIOTHS TOBEPXHOCTH HCCiIeayeMoro obpasma. B pesymbrare
SHEPTOIUCIIEPCUOHHON PEHTTEHOBCKOM criekTpockonmuu 1 COM-MUKPOCKOIIUU OBIT OMPEIETICH SJIEMEHTHBIN COCTaB:
C-92,14 %, 0-6,16 %, Al-0,30 %, Si-0,26 %, P-0,07 %, S-0,20 %, Cl1-0.40 %, Fe-0.47 % u nquamerp yriiepogHOro
HAHOBOJIOKHA, KOTOPBIH cocTtaBui OT 94,2 aM 10 800,0 HM. Pe3ynpraTer MK-crieKTpOCKOINY MOKa3aJii yBEINICHUE
UHTEHCUBHOCTH NMHMKOB B o0Onactu 2920-2850 cM™!' n mosBnenue curnana mpu 2359 cm™!, uto 00bACHIETCS pa3phiBOM
HECKOJIbKMX XHMHYECKHX CBsi3ei B CTpPyKType oOpasla ¥ o0pa3oBaHMEM KOMIIO3MTa C HaHoxene3oi. Jlis
MOJIYUCHUS YIJIEPOAHBIX HAHOBOJIOKOH MCIIOJIB30BaHbI JOCTYITHBIC MaTE€pHalibl KaK KAMCHHOYTOJIbHAasA CMOJIa U3 YIJIA
MmecropoxaeHun «lllybapkob», KOTOpble 00pa3yoTCs IPU IMHPOJIN3E CHIPbS, IS [TOIy4eHHuss HaHoKomIo3uTa, YHB
MOJU(UIIMPOBAH HAHOMIOPOIIKAMH JKelle3a, B KaUeCTBE CBA3YIOLIETO OBbUI MCIOJIB30BaH — NOJIMMETHIMETAKpHIIAT, B
Ka4ecTBE PacTBOPUTENS 1,2-TUXJIOP3TaH, HOATOTOBKA CHIPhSl COCTOUT M3 CIEAYIOIINX CTaAun: 1) KaMEHHOYTOJIbHYIO
CMOJIy ¥ HAHOKENIE30 PACTBOPWIH B 1,2-IMXJIOp3TaHE B YIBTPa3BYKOBOH BaHHE Ipu Temieparype 35 °C, gactora —
35 xI[', Bpems Beigepkku 30 MHH; 2) MOITUMETHIMETAaKpUIAT TAaKXKe pacTBOPWIH B 1,2-muxiopisTaHe (MaccoBast
nons 3 %) B yubTpa3sByKoBOH BamHe mpu Temmeparype 35 °C, wactora — 35 k['Ll, Bpems Bbimepxkkn 30 MumH;
3) roToBBIE PAcTBOPHI, MOJYyYCHHBIE HA CTAAMAX | M 2, CMEIIMBAIOT B COOTHOMIEHUSX 1:1, MOydeHHBIH TPOIYKT
MEepEeMEIINBAIN B YJIbTPA3BYKOBOH BaHHE NPHU AHAJOTMYHBIX MAapaMeTpax MPEIbIAYIIUX CTaIUW ISl HOJydCHUS
OJTHOPOJHOM Macchl; 4) IPUTOTOBJICHHBIH PACTBOpP MOMEIIAIOT B YCTAaHOBKY 3MEKTPOCHMHHUHTA CO LIMPHUIIOM, TJe
HCIOJIB3YET (l)I/lJ'II)ep B BUJAC UIJIbI JUaMCTPOM 0,6 MM, K KOTOPOMY HNPUKIAABIBAIOT UMITYJIbCHOC BBICOKOBOJIBTHOC
HanpspkeHue 20-25 kB, paccrosiHus mexay nmpuemHukoM mmpuna 20-30 cM; 5) BosIoOKHA MOciie IPAACHUS OKHCIISIOT
npu 300 °C Ha Bo3myxe, BpeMs BBIIEpKKH | 4., 6) TOCIIE OKHCIICHHUS MPOBOAATCS IMPOLECC KapOOHW3alWK IMpU
800 °C, 3aTeM OXJIAKAAIOT 10 KOMHATHOI TeMrieparypsl. B pesynbprare kapOoHusaumun YHB MoxHO nomyuut ere
OJIMH NIPOYKT — yrieponHsle chepsl (YC), KOTOpble NPUBIIECKIN 3HAUYUTENBHBIN HHTEPEC CPeIN HCCIIea0BaTelei n3-
32 WX MOTEHIHAJIBHOTO TNPHMEHEHHs, HalmpuMep, B Ta30BOM pa3leliCHWd W B KAuyeCTBE MOJECKYISPHBIX CHT,
KpPUCTAUIOB ¢ (DOTOHHOH 3aIlpemIeHHON 30HOH, MOMIIOKEK KAaTaIH3aTOPOB M MATEPHANIOB DIIEKTPOMOB UISA JINTHIA-
MOHHBIX aKKyMyJsiTOpoB. YC cCily’kaT ONOPHBIMH ITIOJUIOKKaMH Oarojaps MX BBICOKOHW IUIOLIAAH ITOBEPXHOCTH U
BBICOKOM CTPYKTypHOH CTaOWJIBHOCTH, MOMHMO IpYyTHX CBOWCTB. Ilo cpaBHeHHIO C yrieM, HE(QThIO WIH
MPOU3BOAHBIMY IpoAyKTaMu, Y C MoTy4eHHbIE U3 yCTOHYUBOTO, HEJOPOTOTO ChIPbsI AJISI XPAaHEHHsI SHEPTUH, CTaJIN
ocobenHo uHTepecHbIME. KapOonusoBanuas ¢popma YHB He naer nukakoro curnaia Ha UK-®ypbe cnekrpomrepe.
IIpennaraemslii cioco6 moxy4eHus: KOMHNo3uTHBIX Y HB moctpoen Ha 0cHOBe MeTOla ANEKTPOCIMHHUHTA, KOTOPBII
ABJsieTCsl HauboJiee MEepCIEeKTHBHBIM CIIOCOOOM MPOMBILIUIEHHOTO IPOW3BOJCTBA M OOECIEYHMBACT MOJIy4eHHE
NPOJYKTa C OTHOCHTEJIFHO BBICOKOW OJHOPOJHOCTHIO (DpakiMu, YTO OIpelelsieT JOCTH)KEHHE MPOYHOCTHBIX
XapaKTePUCTHK, TPEIbABIIEMbIX K KOHCTPYKIMOHHBIM MarepuajaM. OKOJOTHYecKHid 3((deKT ucciaeqoBaHus
3aKJIFOYaeTCsl B CO3/IaHMM JKOJOTMYECKHM YHMCTOH TEXHOJIOTHM OCHOBAaHHOW Ha IepepaboTKe BTOPHUYHOTO CHIPHS
(xaMeHHOYTOJIbHAsE CMOJIA M JIp. OTXOJbI YIIIEA0OBIUM) U TOIyYCHUS YTIEPOAHBIX BOJIOKOH M KOMIIO3MTOB Ha MX
ocHoBe. Co3faHne NaHHOM TEXHOJOTWH IO3BOJIMT PEIINTh 3KOJIOTHYECKHH AacHeKT yTWIN3alW{ JaHHOTO THIIA
OTXO/IOB C TIOJIyYCHHEM 3KOHOMHYECKH PEHTA0EIbHOro mpoaykTa. IIpemnorkeHHbBIH croco0 yHHKaleH TeM, YTO
CBIPbE, KOTOPOE UCIIOJIb3YETCSI HAMU ISl OJTy4EHHs YIIIEPOAHBIX BOJIOKOH, SBJISETCS BO3OOHOBIAEMBIM PECYPCOM,
[0 CPAaBHEHMIO C TEXHOJOTHEH IOJYy4YEeHUs] BOJOKOH M3 MHOXECTBA APYIUX IPEKYpCOpOB (HEWIOH, MOIMICTED,
aKpWI, TONMIPONMIeH U Jp.). [lepClmeKTMBHOCTh [JAaHHBIX HCCIEAOBAHUM 3aKJIOYaeTCd B BO3MOYKHOCTH
MaCHJTa6HOFO MMpOU3BOACTBA YTJIEPOAHBIX BOJIOKOH M3 KaMeHHOyFOJ’IbHOﬁ CMOJIbI, YTO IMPUBCACT K MOABJICHHUIO Ha
priHke Kazaxcrana MaTepHaioB ¥ KOMIIO3UTOB Ha UX OCHOBE OT€YECTBEHHOI'O IIPOU3BOCTBA.

KiroueBble cjioBa: KaMEHHOYTOJIbHAs CMOJA, HAHOXKENE30, HAHOKOMIIO3UTHBIE BOJIOKHA, 3JIEKTPOCIHHHUHT,
(hopMupoBaHue, OKHCIIEHHE, KApOOHU3AIIHNS.
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