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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 abinder. 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.
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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 / m3; 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 ofwhich is 0.1 g / cm3.

One ofthe 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 ofthe Coulomb electrostatic interaction, lead to the drawing ofthe solution into
a thin stream [s]. 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).

Figure 1 - High-temperature rotary tube furnace BR-12NRT
121



News ofthe Academy ofsciences ofthe Republic o fKazakhstan

a) b)
Figure 2 - Samples of textile cord: a- initial, b-carbonized (4000C)

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 ofthe 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 ofthe 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 oC, 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 ofthe 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

- (Wrt),n (Ar), (Va, The content of elements, %

Denomination % % % Zn s o Na Al si cu K ca  Fe
g‘(;tr';' Textile ; 500 7582 679 38 03 139 04 09 07 44 } 11 66
Carbonized
Textile Cord 075 1873 3638 695 43 13 36 . 04 11 . 05 13 49
(400CC)

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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c)

Figure 2 - Electron-microscopic images ofthe 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 “m 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 outto be more even.

The results ofthe elemental analysis ofthe 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, % O, % 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 ofthis 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 oftechnology 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
ofthe Republic of Kazakhstan.

b.T. Epmarambet, M.K. KasaHkanosa, A.T. Haypbi36aeBa
«KeMip Xumuscbl X3He TeXHoNormsa nHeTuTyThi» XKLLC, Hyp-CynTtaH, KasakcTaH

TACKOM1P LWWANBIPbI MEH TOLUBLIMA KOPA HEM131HAE
KOMIO3NTT1 KOM1PTEKT1 HAHOTAWbLW, ANY

AHHOTauMa. Makanafia 3NeKTPOCMUHUHI 3fra apKbiibl 3epTXaHa/IblK KOHAbIPrbida TOKbIMa KOpAblHaH
KeMIpTeKTi HaHOTa/ILWbIKTap any 6obiHWwa Taxpubenep kepcennreH. KHT anyna TokbiMa KopabIHbIL, Kap6oHM3aTbI
(TK), «LLlyb6apken» KeH opHbl KeMmip walibipbl (KLU) x3He nonumetunmetaakpunat (MMMA) kongaHbingbl. KHT
any YWiH 3epTXxaHa/blK >Kargainga Konainbiibirbl cebens  3MeKTPOCAMHHUMHE  34ra KongaHbiigbl. OHbIH
MexaHUKasbIK CO3y 3AraHeH apTbIKWbIbIrbl YAepicTL, XMMUACbIHA KaTaH Tanan KolibliMalifbl, TailbIKTbIH Kebyi
YLWiH Korapbl TemnepaTypa KaxeT eTnenar ArHn, KanuanapblK XX3He 31eKTPocTaTUKabIK KYLUiHIH HITVKeciHae
y3blH X3He KYPgeni MonekynanapfaH Ta/lwblK anyra MYMKIHAIK 6epefi. ToKbIMa KOpg Hern3BAe HaHOTa/IWbIK asty
YwiH Ynridi 400 0C TemnepaTtypaja aiHanManbl TYTIK MewwTe aproH opracbiHfa KapboHgay Y[epici XYprisingi.
AnbIHraH Kap6oHganraH TokbiMa Kopabl YAMm, ynbTpagbl6bbicTbiK BaHHaga 35 OC TemnepaTypaga 30 MuUH. 60iibl
35 KIL, xwunikte 1,2-guxnopataHpa epiTtingi. MonumetunmetaakpunaT (Maccasibik Yneci 3 %) epiTiHgici ge
1,2-guxnopataHfia ynbTpaablObICTbIK BaHHajarbira ykcac argahga fanbiHgangbl. [aibiH  epiTiHginep 1:1
KaTbIHacTa apasiacTbipbiibif, YAbTPagblobICTbIK BaHHaga 35 OC Temnepatypaga 40 MuH 6oibl GipblHFali macca
anblHraHwa ycrangpl. HaHoTanwbIKTbl any YLWiH apHaiibl UHe T3api3gi dunnep KongaHblnagbl, gvameTtpi 0,6 mm.
OFaH xorapbl BONbTTi KepHey 20-25 KB 6epwear ®dunbepgeH epiTiHAi 5-10 mn/car >XbingamiblKTa LbIrbIM,
KabblngarbiliTa KoHa b6acTaigbl. ®Puibep MeH KOJIIEKTOP apacbiHAarbl KawblKTbiK 200-6eH 300 MM apacbiH
KamMTuabl. ApbiKapani epiTiHAi 3N1eKTPOCMUHHUHT annapaTtbiHa 6eplleda, OHAa epiTiHAI LNPULLKE XXMHa/IbIM, COPrbIL
KO3ra/TTKbIWKa (ABUraTesib) OpHanacTbipbliagbl, LINPUL, ylbiHA 3apsg bepinin, agBuratenb Kocbinagbl, GipiHLI
TaMLWbIHbIH Maiga 60nyblHAa Kapama-Kapcbl 3apsf Kocbliagbl. bipgei 3apsgTap Kapcbl 3apsigTanraH KossiekTopra
TapTblIbIM, HAHOTaNWbIK TY3edi. EpnTawl yuwkaH Kesfe HaHOTa/ILWbIK TY3iNiM, >Korapbl KepHey 31eKTPoTY3inyaLy,
Herisi 6onbin caHanagbl. KomMno3nTTi HaHOTaNwbIK any YLiH TacKeMmip Liaiblpbl MeH TokbiMa Kopgbl (1:1),
6alinaHbICTbIPrbiW PeTiHAe MOMMMETUIMETAKPUAAT, an eprruw peTiHge 1,2-4uxnopaTaH KoNgaHbliabl, aiblHraH
Kocna ynibTpagblobicTbiK BaHHaga 35 O0C TemnepaTypapga, 35 KILL xwunikte, 30 MuH. 60libl ycTangbl, aiblHraH
ePTHALWEH 3/1EKTOCMUHHUHT 3JiCIMEH HaHOTa/LWbIK afiblHAbl. QHEProAUCNEPCUANbBIK PEeHTreHAi CNeKTPocKonus
Tangay HaTmxeciHge >xaHe COM kemenmeH KHT kKypambl MeH Mopdonorusacbl aubiktangbl, TK+IMMMA HerisiHge
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anbiHraH KHT kypambl C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, an TK+KLI+MNMMMA: C-88,43%, 0O-4,06%,
Al-7,32%, S-0,19 % Kepcerri, KHT pguametpi 64,2-539,3 HmM. TK+MMMA HerisiHge anbiHraH KeMipTeKri
HaHoTaNwbIkTbl, TK+ KLU+MMMA Henswige TY3inreH HaHoTanwbikka KaparaHga guametpi wiw” 6ipbiHFaii
HaHOTa/IWbIK TY3ingi.

TYWin ce3flep: KemipTeKTi HaHoTanwblk (KHT), TackeMip Llaibipbl, HAHOKOMMO3UTTEP, 3/1eKTPOCANHHUHT,
TOKbIMa KOpAbl, MofIMMeTUIMETaKpunaT.

b.T. Epmarambet, M.K. KaszaHkanoBa, A.T. Haypbiz6aeBa
TOO «MHCTUTYT XUMUN YrNa N TexHonornn», HypcyntaH, KasaxcraH

MONYYEHUME YTNEPOAHBLIX KOMMNO3NTHbBIX HAHOBOJ/IOKOH HA OCHOBE
KAMEHHOYTONNbHOW CMO/Ibl M TEKCTU/IbHOTO KOPAA

AHHOTaUuA. B cTaTbe nNpuBedeHbl pe3ysibTaTbl 3KCNEPUMEHTA MO MONYYEHUIO YINIEPOAHbIX HAHOBO/IOKOH Ha
OCHOBE TEKCTW/IbHOIM0 KOpAa MeTOAOM 3MeKTPOCMUHHMHIA Ha NnabopaTopHOl YycTaHOBKe. bBbinv monyyeHbl
yrnepofgHble HaHoBO/MOKHa (YHB) u3 kap6oHusata TekcTunbHoro kopga (TK), kameHHoyrosbHoli cmonbl (KC)
MeCTOopOXAeHUsA «LLybapkonb» u nonumetunmetakpunata (MMMA). Hamu BblGpaH MeTO/ 3/1eKTPOCMMHHUHIA 415
nonyyeHvsa YHB, Tak Kak 3TOT MeToj ABMAETCA NPUeMIEMbIM B N1abopaTopHbIX YC/IOBUAX: €ro MpeumMyLLecTso B
TOM, 4TO, B OT/IMYME OT OOLIYHOrO, MEXaHWYECKOro BbITArMBaHWSA BOJSIOKOH W3 pacTBOpa, OH He NpefbsABnseT
BbICOKUX TpeboBaHuii K XMMun npouecca, He TpebyeT 60MbLINX TeMnepaTyp 4718 3aTBEPAeBaHUS BOIOKHA, @, 3HAUUT,
Nno3Bo/isieT C€o3f4aBaTb BOMOKHA W3 ASIMHHBIX W CMOXHBLIX MOMEKYy/l B pesyfbTare 60pbObl  KanwanspHbIX U
3NeKTPOCTAaTUYECKUX cuN. [ MONy4YeHMs HaHOBOJIOKOH Ha OCHOBE TEKCTU/IbHOIO Kopfa MpOoBOAWSICA Mpouecc
KapboHu3aumm o6pasya npu 4000C BO Bpallawoulelica TpybuaToir neun, B cpede aproHa. [MonyyeHHbIl
Kap60oHN30BaHHbI TEKCTU/bHbIA KOPA M3MeNb4aeTcsl U pacTBOpsieTcs B 1,2-AMX/1I0p3TaHe B YbTPa3BYKOBOM BaHHe
npu 35 0C B TeyeHne 30 MuH, YactoTa - 35 KILL. MonnmeTnnmMetTakpunar TakxKe pacTBOpPSeTCA B 1,2-AMxn0paTaHe
(maccoBast fona 3 %) B yNbTpa3ByKOBON BaHHe B aHa/IOTMYHbIX YC0BMAX. [OTOBble pacTBOpbl, MOMYyYeHHble B
npeabIgyL X CTagusx, CMeLMBakTCA B COOTHOLWEHNAX 1:1 B ynbTpa3ByKoBoi BaHHe npu 35 0C B TeueHne 40 MUH
[,0 Mosy4eHUss OL4HOPOAHONM Maccbl. s nonyyeHUs HaHOBOJIOKHA MCMNONb30Ba/ICA PUIbEP B BULE UT/Ibl JUAMETPOM
0,6 mm. K unbepy npvknagbiBasiocb WMMY/bCHOE BbICOKOBO/IbTHOE HanpsbkeHne 20-25 kB. U3 dunbepsl
BblJaBNMBa/IN PacTBOP C PacTBOPUTENEM CO CKOPOCTbIO 5 - 10 mMn/yac u ocaxkganu Ha NoAnoxky. [anee rotosble
pacTBopbl hopMuUpytoTCcA B N1abOpaTopHON YCTAHOBKe 3/1eKTPOCMNMHHWHIE, AN 3TOr0 rotoBas CMecb HabnpaeTcs B
WApUL, N ycTaHaB/IMBAeTCS HA HACOCHbIM ABMararteslb, Ha KOHUMK LUNpuUa MofjaeTcs 3apsaf, Aasee BK/IOYaeTcs
fBuratenb, W C MNOABMAEHWEM MePBOM KanavM BK/IKOYaeTCA MPOTMBOMNOMOKHbINA 3apsg. OLHOMMEHHbIA 3apsj
NPUTATMBAETCA Ha MOAMOXKKY C MNPOTMBOMOMOXHBLIM 3apsgoM W 06pas3ytoTcs HaHOBOMOKHA. HaHoBO/OKHA
OTBEPXKAAKOTCA 3a CYeT WUCMapeHUs pacTBoOpUTeNs. PacCTosAHWE Mexay MPUEMHUKOM W LUNPULEM COCTaBWUIO
20-30 cM. BbICOKOe HanpshKeHue SIBANSETCA OCHOBOM 3/1eKTPOOpMOBaHUA. s MOAy4YeHUss KOMMO3UTHbIX
YrepoAHbIX HAHOBOMIOKOH WCMONb30Ba/IMCb KaMeHHOYrosibHast CMofia M TeKCTU/bHbIA Kopg (1:1), a B KadyecTBe
CBA3YIOLLEro - MOMVMETUNIMETAKPWUIAT, B KayecTBe pacTesopuTens - 1,2-AMx/iopaTaH, CMECb MPOAYKTOB TakKXke
noABepralwT AWCMEPrUpoBaHU0 B Y/bTPa3BYKOBOW BaHHe npu TemnepaTtype 35 OC, uyactoTa - 35 KIL|, Bpems
BblAePXKN - 30 MWH, NPUIOTOB/IEHHbIA PacTBOP MOMELLAIOT B YCTAHOBKY 3/IEKTPOCMMHHMHIA CO LUMPULIEM,
yCTaHOBMIEHHOe HanpsikeHue - 20-25 kB. OnpefenieH 31eMeHTHbIN COCTaB M U3yyeHa MOpP(OOrns MOBEPXHOCTM
uccnefyeMblx 06pasyoB. B pesynbTaTe 3HEpProAMCNepCUOHHON PEHTreHOBCKOM crnekTpockonun un C3M-
MUKpPOCKONWK 6blv  onpegenieHbl XuMu4eckue cocTaBbl YHB Ha ocHoBe TK+TMMMA, KoOTOpbIA cocTaBuU
C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, TK+KC+INMMMA: C-88,43%, O ~~/o, Al-7,32%, S-0,19 %, gnameTp
YrnepoAHbIX HAHOBOJSIOKOH cOCTaBua OT 64,2 HM o 539,3 HM. YHB, nonydeHHble Ha ocHoBe TK+IMMMA, no
cpaBHeHNo TK+ KC +IMMMA, nonyunnuce 6onee poBHbIMU U C MeHbLUUM AMaMeTPOM HAHOBOJIOKOH.

KntoueBble CoBa: yrnepofHble HAHOBO/IOKHO, KaMeHHOYrolbHass CMoJ1a, HAHOKOMMO3UTbI, 3N1EKTPOCMMHHUHT,
TeKCTU/IbHbIV KOpA, NoAMMeTUIMeTaKpuaT.
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