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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%, O-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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In tro d u c tio n . In recent decades, the unique properties o f  carbon fibers have expanded the scientific 
base and technology o f  composite materials [1]. Carbon may exist in the form o f  tubular microstructures 
called filaments or fibers. Carbon nanofibers are a class o f  materials in which curved graphene layers or 
nanoconuses are folded in the form o f  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 o f  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. O f the properties o f carbon 
fibers, a special place is occupied by a high modulus o f elasticity and strength, low density, low 
coefficient o f  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 o f  
linear expansion, which makes them  indispensable in some special applications [5,6].

The global m arket 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. M ost carbon fiber is 
produced in a com plex and multi-stage process from specially prepared polym er raw materials, mainly 
polyacrylonitrile or from viscose. As the feedstock, we used coal tar from the coal o f  the Shubarkol 
deposit, which are formed during the pyrolysis o f  the feedstock, as well as textile cord - waste from the 
processing o f  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 3; 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 o f  volatiles is 83.0% , which are formed during the pyrolysis o f 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 filam ent o f cord fiber with rubber particles. It is obtained by processing automobile 
tires into rubber crumb. A car wheel consists o f  rubber, m etal cord (wire) and textile material to give the 
wheel strength and wear resistance. Textile cord consists o f  polyester -  60%, polyamide -  37%, viscose -  
3.0%, the density o f which is 0.1 g / cm 3.

One o f  the methods for producing chemical fibers is the formation o f  fibers from solutions under the 
influence o f an electrostatic field (electrospinning o f  fibers). An electrical voltage o f  1 0  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 o f  the Coulomb electrostatic interaction, lead to the drawing o f  the solution into 
a thin stream [8 ]. The resulting jets are cured by evaporation o f  the solvent or as a result o f  cooling, 
turning into fibers, and drift to a grounded substrate under the action o f  electrostatic forces [9-11]. 
Electrospinning is a universal and effective m ethod for producing continuous nanofibers from submicron 
diameters to nanom eter 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 o f 
nanofibers from polym er solutions or melts is o f  practical interest, since they have m any potential 
applications [15].

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

R esearch  m ethodology. CNF samples were obtained at the “Institute o f  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 o f  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 o f  fibers from a solution, it does not impose high requirements on the chemistry o f  the process, 
does not require high tem peratures for the fiber to solidify, which means that it allows the creation o f 
fibers from long and com plex molecules as a result o f  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 o f  raw 
materials, formation, oxidation (to remove low molecular weight degradation products and the formation 
o f  crosslinked and cyclic structures), carbonization (to remove hydrogen and heteroatoms in the form o f 
volatile compounds, the final formation o f  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
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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 o f  3%) in an ultrasonic bath under similar conditions. The prepared 
solutions obtained in the previous stages are m ixed 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 o f  a needle 
with a diam eter o f  0.6 mm. A pulsed high voltage voltage o f 20-25 kV is applied to the die. A  solution 
with a solvent is squeezed out o f  the die with a speed o f  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 o f  the syringe. Next, the engine turns on, and 
with the appearance o f  the first drop, the opposite charge is turned on. The charge o f the same name is 
attracted to the substrate with the opposite charge and nanofibers are formed. Nanofibers are cured by 
evaporation o f  the solvent. High voltage is the basis o f  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 o f  the 
starting products is dispersed in an ultrasonic bath at a temperature o f  35 0 С, 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 o f  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 m ounted on a copper holder using conductive 
adhesive paper. The energy o f  the exciting electron beam in the analysis was 15 keV, and the working 
distance was 15 mm. Humidity, ash content and volatility o f  the samples were determined on a 
thermogravimetric analyzer «Thermoster Eltra» (according to ASTM  D7582-12).

R esults an d  its discussion. The results o f the elemental analysis, presented in table 1, show that after 
carbonization o f  the textile cord, m ost o f  the volatile components are removed in the form o f  gaseous 
products, respectively, the concentration o f  mineral components increases.

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

Denomination (Wrt),n
%

(Ar),
%

(Vd),
%

The content of elements, %
С Zn S О Na Al Si Cu K Ca Fe

Initial Textile 
Cord - 5,09 75.82 67,9 3,8 0,3 13,9 0,4 0,9 0,7 4,4 - 1,1 6,6

Carbonized 
Textile Cord 
(4000C)

0,75 18,73 36,38 69.5 4.3 1.3 3.6 - 0.4 1.1 - 0.5 1.3 4.9

The results o f  a scanning electron microscope o f  the initial textile cord, also obtained by CNF based 
on TC + PM M A and TC + CT + PMMA, are shown in figure 2.

122



ISSN 2224-5286 Series chemistry and technology. 3. 2020

c)

Figure 2 -  Electron-microscopic images o f  the samples: a) initial TC: 
b) CNF based on TC +  PMMA; c) TC + CT +  PMMA

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

The results o f  the elemental analysis o f  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, % О, % 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 + PM M A 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 o f  the study is to create an environmentally friendly technology based on 

the processing o f secondary raw m aterials (coal tar and other coal wastes) to produce carbon fibers and 
composites based on them. The creation o f  this technology will help to solve the environmental aspect o f  
the disposal o f  this type o f 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 m any other precursors 
(nylon, polyester, acrylic, polypropylene, etc.). The prospect o f  these studies lies in the possibility o f 
large-scale production o f  carbon fibers from textile cord and coal tar, which will lead to the appearance on 
the Kazakhstan m arket o f  materials and composites based on them  o f  domestic production.

A cknow ledgem ent. This work was carried out as part o f  the scientific and technical program No. 
IRN BR05236359 «Scientific and technological support for coal processing and production o f  high-value 
coal products» and project No. IRN AP05130707 on the theme «Development o f  technology and creation 
o f  production o f  carbon nanocomposite materials based on domestic mineral raw materials for gas phase 
purification and wastewater», funded by the Science Committee o f  the M inistry o f  Education and Science 
o f  the Republic o f  Kazakhstan.
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ТАСК0М1Р Ш АЙЫРЫ МЕН ТОЦЫМА КОРД НЕГ1З1НДЕ 
КОМПОЗИТТ1 К0М1РТЕКТ1 НАНОТАЛШЬЩ АЛУ

Аннотация. Макалада электроспининг эдга аркылы зертханалык кондыргыда токыма кордынан 
кeмiртектi наноталшыктар алу бойынша тэжрибелер керсеплген. КНТ алуда токыма кордыныц карбонизаты 
(ТК), «Шубаркел» кен орны кeмiр шайыры (КШ) жэне полиметилметаакрилат (ПММА) колданылды. КНТ 
алу Yшiн зертханалык жагдайда колайлылыгы себепл электроспиннинг эдга колданылды. Онын 
механикалык созу эдганен артыкшылыгы YДерiстщ химиясына катан талап койылмайды, талшыктын кебуi 
Yшiн жогары температура кажет етпейдг Ягни, капиллярлык жэне электростатикалык кYшiнiн нэтижесiнде 
узын жэне кYPделi молекулалардан талшык алуга мYмкiндiк бередi. Токыма корд непзвде наноталшык алу 
Yшiн Yлгiнi 400 0С температурада айналмалы тYтiк пеште аргон ортасында карбондау YДерiсi жYргiзiлдi. 
Алынган карбондалган токыма корды Y^M m, ультрадыбыстык ваннада 35 0С температурада 30 мин. бойы 
35 кГЦ жилiкте 1,2-дихлорэтанда ерiтiлдi. Полиметилметаакрилат (массалык Yлесi 3 %) ерiтiндiсi де
1,2-дихлорэтанда ультрадыбыстык ваннадагыга уксас жагдайда дайындалды. Дайын ерiтiндiлер 1:1 
катынаста араластырылып, ультрадыбыстык ваннада 35 0С температурада 40 мин бойы бiрынFай масса 
алынганша усталды. Наноталшыкты алу Yшiн арнайы ине тэрiздi филлер колданылады, диаметрi 0,6 мм. 
ОFан жогары вольттi кернеу 20-25 кВ бершедг Фильерден ерiтiндi 5-10 мл/саг жылдамдыкта шыгып, 
кабылдагышта кона бастайды. Фильер мен коллектор арасындагы кашыктык 200-бен 300 мм арасын 
камтиды. Арыкарай ерiтiндi электроспиннинг аппаратына бершеда, онда ерiтiндi шприцке жиналып, соргыш 
козгалткышка (двигатель) орналастырылады, шприц ушына заряд берiлiп, двигатель косылады, бiрiншi 
тамшынын пайда болуына карама-карсы заряд косылады. Бiрдей зарядтар карсы зарядталган коллекторга 
тартылып, наноталшык тYзедi. Ерпташ ушкан кезде наноталшык тYзiлiп, жогары кернеу электротYзiлудщ 
негiзi болып саналады. Композиттi наноталшык алу Yшiн таскeмiр шайыры мен токыма корды (1:1), 
байланыстыргыш ретiнде полиметилметакрилат, ал ерггшш ретiнде 1,2-дихлорэтан колданылды, алынган 
коспа ультрадыбыстык ваннада 35 0С температурада, 35 кГЦ жилiкте, 30 мин. бойы усталды, алынган 
ертндщ ен электоспиннинг эдiсiмен наноталшык алынды. Энергодисперсиялык рентгендi спектроскопия 
талдау нэтижесiнде жэне СЭМ кемепмен КНТ курамы мен морфологиясы аныкталды, ТК+ПММА негiзiнде
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алынган КНТ курамы C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, ал ТК+КШ+ПММА: C-88,43%, O-4,06%, 
Al-7,32%, S-0,19 % Kepcerri, КНТ диаметрi 64,2-539,3 нм. ТК+ПММА негiзiнде алынган KeMipTeKri 
наноталшыктьщ ТК+ КШ+ПММА непзщде тYзiлгeн наноталшыкка Караганда диамeтpi шш^ бipынFай 
наноталшык тYзiлдi.

ТYЙiн сездер: кeмipтeктi наноталшык (КНТ), таcкeмip шайыры, нанокомпозиттер, электроспиннинг, 
токыма корды, полиметилметакрилат.
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ТОО «Институт химии угля и технологии», Нурсултан, Казахстан

ПОЛУЧЕНИЕ УГЛЕРОДНЫХ КОМПОЗИТНЫХ НАНОВОЛОКОН НА ОСНОВЕ 
КАМЕННОУГОЛЬНОЙ СМОЛЫ И ТЕКСТИЛЬНОГО КОРДА

Аннотация. В статье приведены результаты эксперимента по получению углеродных нановолокон на 
основе текстильного корда методом электроспиннинга на лабораторной установке. Были получены 
углеродные нановолокна (УНВ) из карбонизата текстильного корда (ТК), каменноугольной смолы (КC) 
месторождения «Шубарколь» и полиметилметакрилата (ПММА). Нами выбран метод электроспиннинга для 
получения УНВ, так как этот метод является приемлемым в лабораторных условиях: его преимущество в 
том, что, в отличие от обычного, механического вытягивания волокон из раствора, он не предъявляет 
высоких требований к химии процесса, не требует больших температур для затвердевания волокна, а, значит, 
позволяет создавать волокна из длинных и сложных молекул в результате борьбы капиллярных и 
электростатических сил. Для получения нановолокон на основе текстильного корда проводился процесс 
карбонизации образца при 4000C во вращающейся трубчатой печи, в среде аргона. Полученный 
карбонизованный текстильный корд измельчается и растворяется в 1,2-дихлорэтане в ультразвуковой ванне 
при 35 0C в течение 30 мин, частота -  35 кГЦ. Полиметилметакрилат также растворяется в 1,2-дихлорэтане 
(массовая доля 3 %) в ультразвуковой ванне в аналогичных условиях. Готовые растворы, полученные в 
предыдущих стадиях, смешиваются в соотношениях 1:1 в ультразвуковой ванне при 35 0C в течение 40 мин 
до получения однородной массы. Для получения нановолокна использовался фильер в виде иглы диаметром 
0,6 мм. К фильеру прикладывалось импульсное высоковольтное напряжение 20-25 кВ. Из фильеры 
выдавливали раствор с растворителем со скоростью 5 - 10 мл/час и осаждали на подложку. Далее готовые 
растворы формируются в лабораторной установке электроспиннинга, для этого готовая смесь набирается в 
шприц и устанавливается на насосный двиагатель, на кончик шприца подается заряд, далее включается 
двигатель, и с появлением первой капли включается противоположный заряд. Одноименный заряд 
притягивается на подложку с противоположным зарядом и образуются нановолокна. Нановолокна 
отверждаются за счет испарения растворителя. Расстояние между приемником и шприцем составило 
20-30 см. Высокое напряжение явяляется основой электроформования. Для получения композитных 
углеродных нановолокон использовались каменноугольная смола и текстильный корд (1:1), а в качестве 
связующего -  полиметилметакрилат, в качестве растворителя -  1,2-дихлорэтан, смесь продуктов также 
подвергают диспергированию в ультразвуковой ванне при температуре 35 0C, частота -  35 кГЦ, время 
выдержки -  30 мин, приготовленный раствор помещают в установку электроспиннинга со шприцем, 
установленное напряжение -  20-25 кВ. Определен элементный состав и изучена морфология поверхности 
исследуемых образцов. В результате энергодисперсионной рентгеновской спектроскопии и CЭМ- 
микроскопии были определены химические составы УНВ на основе ТК+ПММА, который составил 
C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, ТК+КC+ПММА: C-88,43%, O ^ ^ /o ,  Al-7,32%, S-0,19 %, диаметр 
углеродных нановолокон составил от 64,2 нм до 539,3 нм. УНВ, полученные на основе ТК+ПММА, по 
сравнению ТК+ КC +ПММА, получились более ровными и с меньшим диаметром нановолокон.

Ключевые слова: углеродные нановолокно, каменноугольная смола, нанокомпозиты, электроспиннинг, 
текстильный корд, полиметилметакрилат.
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