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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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PRODUCTION OF CARBON COMPOSITE NANOFIBERS BASED
ON COAL TAR AND TEXTILE CORD

Abstract. The article conducted experiments on the production of carbon nanofibers based on coal tar and
textile cord by method electrospinning in a laboratory setup. Carbon nanofibers (CNFs) were obtained from textile
cord carbonizate (TC) and coal tar (CT) from the Shubarkol deposit, and polymethylmethacrylate (PMMA) was used
as a binder. The elemental composition was determined and the surface morphology of the samples was studied. As a
result of energy dispersive X-ray spectroscopy and SEM microscopy, the chemical compositions of the CNF based
on TC + PMMA were determined, which amounted to C-82.69%, O-1.72%, Si-0.46%, Al-15.14%, TC + CT +
PMMA: C-88.43%, 0-4.06%, Al-7.32%, S-0.19%, the diameter of carbon nanofibers ranged from 64.2 nm to
539.3 nm.

Keywords: carbon nanofiber, coal tar, nanocomposites, electrospinning, textile cord, polymethylmethacrylate.

Introduction. In recent decades, the unique properties of carbon fibers have expanded the scientific
base and technology of composite materials [1]. Carbon may exist in the form of tubular microstructures
called filaments or fibers. Carbon nanofibers are a class of materials in which curved graphene layers or
nanoconuses are folded in the form of a quasi-one-dimensional filament, whose internal structure can be
characterized by the angle a between the graphene layers and the fiber axis [2]. Due to their exceptional
thermal, electrical, shielding and mechanical properties [3], they have found application in science-
intensive industries: mechanical engineering, nuclear energy, aviation and astronautics, the military-
industrial complex, construction, in addition, carbon fibers have the potential to be used in various new
applications, such as electrodes, catalyst substrates, adsorbents, composites, etc. Composites based on
CNFs can be used as promising materials in many fields, such as electrical devices, electrode materials for
batteries and supercapacitors, as well as sensors and others because of their large surface area and
relatively high electrical conductivity [4].

Carbon fibers have high atmospheric resistance, resistance to light and penetrating radiation. Carbon
fibers are bio-resistant and bio-inert, heat resistant and difficult to combust. Of the properties of carbon
fibers, a special place is occupied by a high modulus of elasticity and strength, low density, low
coefficient of friction, and also high resistance to atmospheric influence and chemical reagents. In addition
to high strength properties and low weight, carbon fibers and composites from them (carbon plastics) are
black and conduct electricity well. In addition, carbon fibers have a very low, almost zero coefficient of
linear expansion, which makes them indispensable in some special applications [5,6].

The global market for carbon fibers and materials based on them has been growing steadily in recent
decades, and only in the last eight years has it grown five times in physical terms. Most carbon fiber is
produced in a complex and multi-stage process from specially prepared polymer raw materials, mainly
polyacrylonitrile or from viscose. As the feedstock, we used coal tar from the coal of the Shubarkol
deposit, which are formed during the pyrolysis of the feedstock, as well as textile cord - waste from the
processing of car tires, and polymethylmethacrylate was used as a binder.
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The initial coal tar has the following characteristics: density at 20 °C - 1070 kg / m’; viscosity at
80 °C - 2.9-3.3 conventional degrees; coking ability - 2.0-3.5%; flash point - 110-120 °C; softening
temperature - 60-70 °C; the yield of volatiles is 83.0%, which are formed during the pyrolysis of raw
materials. It is not electrically conductive and insoluble in water, it is soluble only in organic solvents
(pyridine, benzene, etc.), and is resistant to acids [7].

Textile cord — is a filament of cord fiber with rubber particles. It is obtained by processing automobile
tires into rubber crumb. A car wheel consists of rubber, metal cord (wire) and textile material to give the
wheel strength and wear resistance. Textile cord consists of polyester — 60%, polyamide — 37%, viscose —
3.0%, the density of which is 0.1 g/ cm’.

One of the methods for producing chemical fibers is the formation of fibers from solutions under the
influence of an electrostatic field (electrospinning of fibers). An electrical voltage of 10 to 30 kV is
applied to the solution using a pump syringe. High voltage induces in the solution the same electric
charges, which, as a result of the Coulomb electrostatic interaction, lead to the drawing of the solution into
a thin stream [8]. The resulting jets are cured by evaporation of the solvent or as a result of cooling,
turning into fibers, and drift to a grounded substrate under the action of electrostatic forces [9-11].
Electrospinning is a universal and effective method for producing continuous nanofibers from submicron
diameters to nanometer diameters using a high-potential electric field [12,13]. The technology can be
easily used in the laboratory and can be scaled to an industrial process [14]. The electrical conversion of
nanofibers from polymer solutions or melts is of practical interest, since they have many potential
applications [15].

Based on the foregoing, the goal of the forthcoming work was formulated, which is to obtain carbon
fibers based on coal tar and textile cord by the method of electrospinning and the study of
physicochemical properties.

Research methodology. CNF samples were obtained at the “Institute of Coal Chemistry and
Technology” LLP (Nur-Sultan) by the method electrospinning under laboratory conditions.

As feedstock were used coal tar which was obtained from the coal «Shubarkol» deposit, textile cord
and PMMA. Samples of textile cord were provided by «Kazakhstan Rubber Recycling» LLP (Nur-
Sultan).

We have chosen the electrospinning method for obtaining CNFs, since this method is acceptable in
the laboratory, and thin fibers are formed. Electrospinning is good in that, unlike the usual mechanical
drawing of fibers from a solution, it does not impose high requirements on the chemistry of the process,
does not require high temperatures for the fiber to solidify, which means that it allows the creation of
fibers from long and complex molecules as a result of capillary and electrostatic forces. Also, the
processes inside the solution, the charged drop itself lengthens, thins, and dries in flight.

The technology for producing carbon nanofibers includes the following stages: preparation of raw
materials, formation, oxidation (to remove low molecular weight degradation products and the formation
of crosslinked and cyclic structures), carbonization (to remove hydrogen and heteroatoms in the form of
volatile compounds, the final formation of carbon fibers occurs).

To obtain nanofibers based on textile cord, the sample was carbonized at 400 °C in a rotary tube
furnace in argon (figure 1).

h

Figure 1 - High-temperature rotary tube furnace BR-12NRT
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a) b)
Figure 2 — Samples of textile cord: a- initial, b-carbonized (400°C)

The obtained carbonized textile cord is crushed and dissolved in 1,2-dichloroethane in an ultrasonic
bath at 35 °C for 30 minutes, the frequency is 35 kHz. Polymethylmethacrylate is also soluble in
1,2-dichloroethane (mass fraction of 3%) in an ultrasonic bath under similar conditions. The prepared
solutions obtained in the previous stages are mixed in 1:1 ratios in an ultrasonic bath at 35 °C for 40
minutes until a homogeneous mass is obtained. To obtain a nanofiber, dies are used in the form of a needle
with a diameter of 0.6 mm. A pulsed high voltage voltage of 20-25 kV is applied to the die. A solution
with a solvent is squeezed out of the die with a speed of 5-10 ml / h and precipitated onto a substrate. The
distance between the substrate and the syringe was 20 - 30 cm. Next, the finished solutions are formed in
the laboratory electrospinning unit [16]. For this the finished mixture is drawn into the syringe and
installed on the pump motor, a charge is supplied to the tip of the syringe. Next, the engine turns on, and
with the appearance of the first drop, the opposite charge is turned on. The charge of the same name is
attracted to the substrate with the opposite charge and nanofibers are formed. Nanofibers are cured by
evaporation of the solvent. High voltage is the basis of electroforming.

To obtain composite carbon nanofibers, coal tar and carbonized textile cord (1:1) are used, and
polymethyl methacrylate is used as a binder, 1,2-dichloroethane is used as a solvent, the mixture of the
starting products is dispersed 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 unit with a syringe, the set voltage is
20-25 kV.

The elemental composition, structure, and dimension of the CNF were studied by energy dispersive
X-ray spectroscopy on an SEM instrument (Quanta 3D 200i) with an attachment for energy dispersive
analysis from EDAX. For the study, the samples were mounted on a copper holder using conductive
adhesive paper. The energy of the exciting electron beam in the analysis was 15 keV, and the working
distance was 15 mm. Humidity, ash content and volatility of the samples were determined on a
thermogravimetric analyzer « Thermoster Eltra» (according to ASTM D7582-12).

Results and its discussion. The results of the elemental analysis, presented in table 1, show that after
carbonization of the textile cord, most of the volatile components are removed in the form of gaseous
products, respectively, the concentration of mineral components increases.

Table 1 — The chemical composition and physico-chemical characteristics of the initial, carbonized textile cord

Denomination (W*),n (A", (VY), The content of elements, %

ene © % % % C [ zn [ S 0 Na | Al Si_ [ Cu | K | Ca | Fe
Initial Textile - | 500 | 7582 [ 679 | 38 |03 ] 139 | 04 [ 09 | 07 | a4a | - | M| 6O
Cord

Carbonized

Textile Cord 075 | 18,73 | 3638 | 695 | 43 | 13| 36 - 04 | 1.1 - 05 | 13 | 49
(400°C)

The results of a scanning electron microscope of the initial textile cord, also obtained by CNF based
on TC + PMMA and TC + CT + PMMA, are shown in figure 2.
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Figure 2 — Electron-microscopic images of the samples: a) initial TC:
b) CNF based on TC + PMMA; ¢) TC + CT + PMMA

In Figure 2 (a), the fibers of the initial textile cord with a diameter size of 14.42-24.00 pm are clearly
visible. In SEM images of CNFs obtained on the basis of TC + PMMA (figure 2(b)), the fiber diameter
ranged from 64.2 nm to 516.4 nm, and in Figure 2 (c) CNFs with a diameter slightly higher from 241.3 nm
to 539.3 nm are visible. The structural elements of nanofibers take the form of fibrils - filamentary
formations, the length of which exceeds their diameter by more than one order. The cylindrical surface of
the fibers is formed by hexagons. Due to the existence of penta- and heptagons, structural defects, the
formation of bridges and the curvature of the cylindrical surface are observed (Fig. 3 (c)). The CNF
obtained on the basis of TC + PMMA compared with TC + CT+PMMA turned out to be more even.

The results of the elemental analysis of the CNF are presented in table 2.
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Table 2 - The elemental composition of CNF from TC + PMMA and TC +CT + PMMA

CNF C, % 0, % Si, % Al, % S, %
TC + PMMA 82,69 1,72 0,46 15,14 -
TC +CT + PMMA 88,43 4,06 - 7,32 0,19

As can be seen from the obtained data, CNF based on TC + CT + PMMA has 5.74% more carbon.

Thus, we obtained carbon nanofibers based on textile cord and “Shubarkul” coal tar using the
electrospinning method.

The environmental effect of the study is to create an environmentally friendly technology based on
the processing of secondary raw materials (coal tar and other coal wastes) to produce carbon fibers and
composites based on them. The creation of this technology will help to solve the environmental aspect of
the disposal of this type of waste with obtaining an economically viable product.

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

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
purification and wastewater», funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan.

B.T. Epmaramber, M.K. Kazankanosa, A.T. Haypsi30aeBa
«Kemip xumusicel xone TexHoxorust uHetuty T JKIIC, Hyp-Cynran, Kazakcran

TACKOMIP INAUBIPBI MEH TOKBIMA KOP/l HETT3IH/IE
KOMITO3UTTI KOMIPTEKTI HAHOTAJIIIBIK AJTY

AHHOTanusl. Makanajga SICKTPOCIMHHUHI OAICI apKbUIBl 3€PTXaHANBIK KOHIBIPFBIAA TOKBIMA KOPIBIHAH
KOMIPTEKTI HAaHOTAJIIBIKTap ajly OolbiHIIa TaKIpudenep kepceriiredn. KHT anyaa TokpiMa KOpABIHBIH KapOOHHU3AThI
(TK), «Illybapken» keH opHbl keMip mmaiibipsl (KIII) sxone nonumernnmeraakpunat (IIMMA) konpansiinsl. KHT
ajly YIIH 3epTXaHAIbIK JKaFfaiga KOJAWIBUIBIFBl CEOCNTi 3JCKTPOCIUHHHMHT Ofici KOMAaHbUIAbL OHBIH
MEXaHHKaJIBIK CO3y 9IICIHEH apTHIKUIBUIBIFBI YAEPICTIH XUMHSChIHA KaTaH Tajlal KOMBIIMANIbl, TAJIIIBIKTHIH KeOyl
YILIH JKOFaphl TeMIIepaTypa KaKeT eTneini. SIFHH, KanmuIspiiblK KaHE IEKTPOCTATUKAIIBIK KYIIiHIH HOTHKECIHAE
Y3BIH XKOHE KYpAeii MoJIeKyJiajap/iaH TajllllbIK ajlyFa MyMKiHIIK O0epeni. TokpIMa KOpJ HETi3iHAe HaHOTAJIIIBIK ajly
yurin yirini 400 °C temnepatypana aliHanManbl TYTIK MENITe aproH OpTAchIHAa KapOoHjaay yIepici sKyprisimii.
AnbIHFaH KapOGoHIAIFaH TOKBIMA KOPIBI YTITilliI, yIbTpaubIObICTHIK BanHana 35 °C temmepaTypana 30 MuH. GOMBI
35 xI'l] xwmmikre 1,2-nuxnopstanma epitingi. Ilonmmmermnmeraakpuinar (Maccanblk yieci 3 %) epitinaici ne
1,2-muxop Tanna yibTPagbIOBICTRIK BaHHAIAFBIFa YKcac JKarmaiima maderHganael. [aiemH epitigminep 1:1
KaTBIHACTA aPaJaCTHIPBUIBIN, YIBTPAIbIOLICTEHIK BanHama 35 °C temmeparypama 40 mmu Golibl GipbIHFail Macca
aNbIHFaHIIA ycTanbl. HaHOTaNMIBIKTEL ally YLIH apHaibl MHE Topi3al (uiuiep KoijaHbuiaael, auamerpi 0,6 M.
OraH xorapbl BOJbTTI kepHey 20-25 kB Oepineni. ®unbepaen epitinai 5-10 mur/car KbUIAAMIBIKTA IIBIFBII,
KaObULAaFrpIITa KOHa Oactaiiapl. duibep MeH KoJulekTop apachiHgarbl KambIKTHIK 200-6eH 300 MM apachiH
KaMTHIbl. ApbIKapai epiTiH/i AIeKTPOCIMHHHHT arnmaparbiHa Oepijie/ii, OH/a epiTIH/l INPUIIKE KUHANBII, COPFBIII
KO3FAJITKBIIIKA (IBUTATENIb) OPHATACTHIPBUIAIBI, IIIPHUI] YIIBIHA 3apsa Oepilim, JBUTATEeNh KOCBUIAABI, OipiHIIi
TaMIIBIHBIH Naliaa 0oyblHa Kapama-Kapchl 3apsii KOochUlaapl. bipaed 3apsarap Kapchl 3apsATanyaH KOJJIEKTOPFa
TapTHUIBIN, HAHOTANIIBIK Ty3eli. EpiTKiln yIIKaH Ke3[e HAaHOTANIIBIK TY3UTI, KOFaphl KePHEY SJIEKTPOTY3LTyIIiH
Heri3i Oompn caHananel. KOMIO3WTTI HAHOTANIIBIK aly VINIH TacKeMip MIaWbIphl MeH TOKbiMa kopabl (1:1),
0aiIaHBICTHIPFRINI PETiHIC MONUMETHIMETAKPIIAT, ajl epITKIM peTiHme 1,2-auximopITaH KOJIMAHBUIABI, ATBIHFAH
KOCIIa yJIBTPambIOBICTEIK, BanHama 35 °C temmeparypama, 35 kIl xwiikre, 30 MuH. GOHBI YCTAIABI, AIBIHFaH
epITIHAIIEH SJEKTOCIMHHUHT dJiCIMEH HAaHOTAIIIBIK AIBIHABI. DHEPrOAUCIICPCHSIIBIK PEHTTEHAI CIEKTPOCKOIHS
tannay Hotmkecinae xone COM kemerimen KHT kypamer meH mopgomnorusics! ansiktanasl, TK+-IIMMA wHerisinme
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anptarad KHT kypamsr C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, an TK+KIO+IIMMA: C-88,43%, 0-4,06%,
Al-7,32%, S-0,19 % xepcerri, KHT mumamerpi 64,2-539,3 um. TK+HIIMMA HerisiHae aiablHFaH KOMIPTEKTI
HaHoTtanuwbIKThiH TK+ KII+IIMMA HerisiHge Ty3UI'€H HaHOTAINIBIKKA KaparaHaa Auamerpi Kimr, OipblHFal
HAHOTAJIIIBIK TY31JII.

Tyiiin ce3mep: xemiprekti HanotanumbK (KHT), TackeMip miaibIpbl, HAHOKOMIIO3UTTED, JIEKTPOCIMHHUHT,
TOKBIMa KOP/IbI, ITOJIMMETHIIMETaKPHIIAT.

B.T. Epmaram6er, M.K. Kazankanosa, A.T. Haypb136aeBa
TOO «MHCTUTYT XUMHH YTIIA ¥ TexHONMorum», Hyp-Cynran, Kazaxcran

NOJYYEHHE YIJIEPOJHBIX KOMIIO3UTHBIX HAHOBOJIOKOH HA OCHOBE
KAMEHHOYT'OJIbBHOU CMOJIbI U TEKCTHJIBHOI'O KOPJA

AHHoOTanus. B craThe mpuBeneHB! pe3yibTaThl SKCIEPUMEHTA IO MOJYYSHHUIO YIJIEPOIHBIX HAHOBOJOKOH Ha
OCHOBE TEKCTHJIBHOTO KOpJa METOJOM OJJIEKTPOCIHMHHHMHIA Ha J1abopaTopHO ycraHOBKe. BbUIM MOMy4eHb
yriepoansle HanoBosiokHa (YHB) m3 kapOonmsara tekcrminbHOoro xopna (TK), kamenHoyromsHoi cmonsl (KC)
mecropoxaenus «llly6apkonas» u nommmernamerakpwiata (IMMA). Hamu BeIOpaH MeTOJ JIEKTPOCIIMHHHUHTA JUISI
noxydeHnss YHB, Tak Kak 3TOT MeTO[ SBISETCS NMPHEMJIEMBIM B JJADOPATOPHBIX YCIOBHSAX: €TO NMPEUMYILECTBO B
TOM, YTO, B OTIMYHE OT OOBIYHOTO, MEXaHMYECKOTO BBITSATHMBAHWS BOJIOKOH M3 PacTBOPA, OH HE IPEIbSBISET
BBICOKHX TPEeOOBaHMI K XHMHHM TIpoLiecca, He TpeOyeT OOIBbIINX TeMIIepaTyp U1 3aTBEpACBaHNs BOJIOKHA, a, 3HAUUT,
NO3BOJIAET CO3JaBaTh BOJOKHA W3 IJIMHHBIX M CJIOXKHBIX MOJEKyl B pe3yibTare OOpbObl KalMULIPHBIX |
NIEKTPOCTATUYECKUX CHI. [l MONydeHHs HAHOBOJIOKOH HAa OCHOBE TEKCTHJIBHOTO KOpJa IPOBOJMICS IIPOLIECC
kapOonmzamun obpasna mpu 400°C Bo Bpamaromeiics TpyOuaTol IeuM, B Cpele aprona. IloaydeHHBINR
KapOOHM30BaHHBIN TEKCTHIBHBIN KOPJ M3MENIbYaeTcsl U pacTBopsAeTrcs B 1,2-AUXJIOpITaHE B yIbTPa3BYKOBON BaHHE
npu 35 °C B teuenue 30 mun, yactora — 35 k['L]. I[TonMMETHIMETAKPUIAT TAKKE PACTBOPAETCA B 1,2-IUXIOpaTaHe
(maccoBast monst 3 %) B yJAbTPa3ByKOBOW BaHHE B aHAJIIOTMYHBIX YCIOBHUSX. ['OTOBBIE pacTBOpHI, MOITYYEHHBIE B
IPEBITYIMX CTAMAX, CMENIMBAIOTCS B COOTHOIEHUsX 1:1 B ynbTpassykosoii Banne npu 35 °C B Teuenune 40 Mun
JIO TIOJTy4EHHsI OTHOPOJHON Macchl. J[iis moydeHns HaHOBOJIOKHA MCIIONIb30BaJICs (DMIIbep B BUJIE UIJIBI TUAMETPOM
0,6 mM. K ¢unbepy npuKiIampBajJoOCh HMIYJIBCHOE BBICOKOBONIBTHOE HampspkeHue 20-25 kB. U3 ¢umbeps
BBIJABJIMBAIM PACTBOP C PAaCTBOPHUTENIEM CO CKOPOCTHIO 5 - 10 Mi/4ac W ocakaand Ha MOJUIOKKY. Jlanee roToBbie
pacTBOpHI (popMHUPYIOTCS B J1a0OPAaTOPHOI yCTAaHOBKE 3JIEKTPOCITMHHUHTA, JJISI TOTO FOTOBasi cMech HaOMpaeTcs B
IINTPUL] ¥ YCTAHABIMBAETCA HAa HACOCHBIM JBHArareslb, Hda KOHYMK INNPHLA HOAACTCS 3apsl, Jajiee BKIHOYACTCS
JBUraTenb, W C MOSABIEHHEM IE€PBOM KaIUIM BKIIOYACTCSl IPOTUBOIOIOXKHBINA 3apsin. ORHOMMEHHBIN 3apsin
NPUTSTUBAETCA HA MOIJIOKKY C IPOTHBONOJOXKHBIM 3apsoM U 00pa3yloTcs HaHOBOJIOKHA. HaHOBOJIOKHA
OTBEPXKJAIOTCS 3a CYET HCIApEHUsl pacTBopuTelsl. PaccTosHMe MEXIy NPHUEMHHKOM M IIIPHIEM COCTaBHIIO
20-30 cMm. Bsicokoe HampshKeHHE SBSUIIETCS OCHOBOH siekTpodopMoBaHus. [l mosydeHuss KOMITO3MTHBIX
YIJIEPOJIHBIX HAHOBOJOKOH MCIOJIB30BAJIMCh KAMEHHOYTOJIbHAs CMOJIa M TeKCTWIbHbIN kopa (1:1), a B kadecTBe
CBA3YIOIIEr0 — MOJMMETWIMETAKpUIAT, B KauecTBE PacTBOpUTENs — 1,2-AMXJIOp3TaH, CMECh NMPOAYKTOB TaKKE
TOJIBEPTAlOT JMCIIEPTUPOBAHUIO B YJILTPa3BYKOBOW BamHe npu Temreparype 35 °C, wactora — 35 xI'Ll, Bpems
BbIiepKKM — 30 MUH, IPUTOTOBIEHHBIM pPAcTBOP MOMEIIAIOT B YCTAHOBKY 3JIEKTPOCIMHHHMHIA CO MINPHLEM,
ycTaHOBIIeHHOE HampsbkeHune — 20-25 xB. OnpeneneH 3MeMEHTHBIA COCTaB M M3ydeHa MOP(HOIOTHS MOBEPXHOCTH
HCCIIEAyeMBIX 00pa3loB. B pesymbraTe »HEPrOAMCHEPCHOHHONH PEHTICHOBCKOW crekTpockormmu u  COM-
MHUKPOCKOTIHM OBLTH ompeneneHsl xuMudeckne coctaBbl YHB Ha ocHoBe TK+IIMMA, KOTOpBIA COCTaBHI
C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, TK+KC+IIMMA: C-88,43%, 0-4,06%, Al-7,32%, S-0,19 %, nnametp
YIJIEPOIHBIX HAHOBOJIOKOH coctaBmi oT 64,2 M 1o 539,3 um. YHB, momydennsie Ha ocHoBe TK+IIMMA, mo
cpaBaenuio TK+ KC +IIMMA, nomy4rmince 60jee pOBHBIMHU B C MEHBIIIMM AHaMETPOM HAaHOBOJIOKOH.

KiroueBble cjioBa: yriepoaHble HAHOBOJIOKHO, KAMEHHOYTOJIbHAS! CMOJIa, HAHOKOMITO3UTHI, 3JIEKTPOCITUHHUHT,
TEKCTHJIBHBIN KOPJ, TOTUMETHIMETaKpHIIaT.
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