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PRODUCTION OF COMPOSITE CARBON ADSORBENTS BASED ON TEXTILE
CORD OBTAINED FROM CAR TIRE RESIDUES
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Carbon chemistry opens up very wide prospects in obtaining compositions based on carbon-containing raw
materials, due to the achievements of recent years in this field. Due to their unique properties, extremely high
chemical resistance, thermal resistance, heat resistance and specific strength, carbon materials have found application
for the manufacture of carbon-containing refractory, high-temperature composite materials, modified electrodes
as fillers for the tire and rubber industry, catalytic systems based on carbon-containing raw materials, etc. Frequently
used carbon materials do not meet the requirements of the technological process, in some cases their use is
economically unjustified, since they are expensive and have a small raw material base. Therefore, obtaining
new efficient and cheap natural carbon materials from available types of industrial raw materials is one of the
urgent tasks currently facing scientists and technologists. Textile wire, a product of processing rubber organic
waste, can become a promising new raw material for the production of carbon-containing materials. Porous
carbon materials were obtained in a laboratory installation, optimal parameters were determined, and the physico-
chemical properties of the feedstock and the obtained adsorbents (ash content, humidity, volatility, density, sumar
pore volume, elemental composition) were studied.
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ABTOMOBINJIb IIMHAJIAPBIHBIH KAJIABIKTAPBIHAH AJIBIHFAH
TOKBbIMA CbIMbIHA HEI'T3IEJI'EH KOMIIO3UTTIK KOMIPTEKTI
AJCOPBEHTTEP/I AJTY

M.K. Kazankanosa™, B.T. Epmaramoer, ¥.M. Ko:xamypatosa, A.B. Masraxaaposa
«Kewmip xumusice xoHe TexHoorusi tHCTUTYTh» JKIIC, Acrana, KasakcraH,

e-mail: coaltech@bk.ru

KemipTek XUMMUSCH OCH callajaFbl COHFBI KbUIIAPIAFHl KETiCTIKTepre OaliIaHbICTH KYpaMbIHIa KeMipTeri 6ap
IIMKi3aT Heri3iHAe KOMIO3UIINS aTyAblH KeH MepCreKTHBAIAphIH alliaabl. biperei kacueTTepiHe, eTe KOFaphl Xu-
MHUSUTBIK, TO3IMILTITIHE, BICTBIKKA TO3IMLTITHE )KoOHE MEHIIIKTI OepiKTiriHe OaiIaHbICThl KOMIPTEKTI MaTepUaiaap
KYpaMbIHJIa KeMipTeri Oap OTKa Te3iM/Ii, )KOFaphl TEMIIEPATypaJibl KOMITO3UITUSUIIBIK, MaTeprasiaap, MoaupuKaru-
SUTAHFaH JIeKTPOTAp, IIMHA JKOHE Pe3eHKEe OHEPKACiOl YIITiH TONTHIPFBINITAP, KYpaMbIHIIA KOMipTeri 6ap MIMKi3aT
HETi3iH/Ieri KaTaJuTUKANBIK, Kyiesep xoHe T. 0. JKui KoiIaHbUIaThIH KOMIPTEKTI MaTepUasgap TEXHOIOTUSLIBIK,
MPOLIECTIH TajlaNTapblHA COMKeC KeJMelii, KerOip karaainapiaa onapipl MaiganaHy SKOHOMHUKAJBIK, TYPFbIIaH
Heri3ci3, efTKeHi oyiap KpIMOAT XkoHe IuKizar Ga3achl a3. COHABIKTaH, OHEPKICINTIK MIMKI3aTThIH KOJKETIMI
TYpJIEepiHEeH KaHa THIMJI XOHE ap3aH TaOUFU KeMIipTeKTi MaTephaygapibl aly Kas3ipri yakplTTa FajabiMIap MeH
TEXHOJIOTTap/IbIH aJI/IbIHAA TYPFaH 63eKTi MiHAeTTep/iH 6ipi 60k Tadbiansl. Kypambinia kemipreri 6ap mare-
pUATIApIBL ATy VIITiH XKaHa MepCIIeKTUBABI IIIUKi3aT TOKHIMA CHIMBI-PE3eHKE OPTaHUKAITBIK, KAJIBIKTAPIBI KaiiTa
eHJey 6HiIMi O0JTysl MyMKiH. KeyekTi-keMipTekTi MaTepraigap 3epTXaHaIbIK, KOHIBIPFbIIA aJbIHAbI, OHTAMIIHI 11a-
pamerpiiep aHbIKTasIbl, OACTANKBI IIMKI3AT NEeH ajlbIHFaH aICOPOSHTTEPiH (PU3NKA-XUMUSUIBIK KacueTTepi (KyJ,
BUFAJIIBUIBIK, KYObLIMAJIBUIBIK, THIFBI3IBIK, KEYEKTEPHIiH KOCBIH/IBI KOJIEMi, SJIEMEHTTIK KYPaMbl) 3€pTTeII.

TyiiiH ce3aep: TOKpIMa CHIMBI, IIMHA KAJIBIKTAPHI, aICOPOEHT, KEYeKTi KOMipTeKTi HAHOMaTeprasaap.
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IMOJIYYEHNE KOMIIO3UTHBIX YIVIEPO/JHBIX A/ICOPBEHTOB HA
OCHOBE TEKCTHJIBHOI'O KOPIA ITOJIVHEHHOI'O 13 OCTATKOB
ABTOMOBWJIbHbBIX IITNH

M.K. Kazankanosa™, B.T. Epmaraméer, Y.M. Ko:xxamypatosa, A.B. Maaraxaposa
TOO «MHCTUTYT XMMUM YIS U TeXHONOrum», Acrada, Kazaxcran,

e-mail: coaltech@bk.ru

XuMusi yriaeposia OTKPIBAET BeChbMa IMPOKHE MEPCIEKTUBBI B MOIYYEHUH KOMITO3UIMY Ha OCHOBE YIJIEPOA-
COIEPKAILEro ChIPbsl, B CHUTy JOCTVKEHHI MOCIESIHHX JIET B 9TON oOnacty. biaronapsi yHUKaIbHBIM CBOWCTBAM,
Ype3BBIYAHO BBICOKOH XMMHUYECKON CTOHKOCTH, TEPMOIPOYHOCTH, TEPMOCTOMKOCTH U YASAbHON IPOYHOCTH YT-
JIepOJHBIE MaTepHAIbl HALTA NPUMEHEHUEe [JIs1 M3TOTOBJIEHUS YIIIEPOACOASP/KAIMX OTHEYHOPHBIX, BEICOKOTEM-
MEpATYPHLIX KOMIIO3UITUOHHBIX MAaTE€pUAJIOB, MOHH(bHHHpOBaHHbIX QJICKTPOOOB, KaK HAIIOJIHATE/IEH JJIA HIUHHOR
Y pe3VHOTEXHNYECKON MPOMBIIIEHHOCTH, KaTAJIITHYECKUX CUCTEM Ha OCHOBE YIJIEPOICO/IEPKAILIETO ChIPhsI U JIp.
Yacro ucnosp3yeMble YIIepOqHble MaTepralibl He COOTBETCTBYIOT TPEOOBAHHSIM TEXHOJIOTMUECKOTro TpoLecca, B
HEKOTOPBIX CITy4asiX UX UCIIONb30BaHUE SKOHOMHYECKU HEOIPABIAHHO, TaK KaK OHM JOPOTY U UMEIOT HEOOIBIIYIO
chIpbeByIo 6a3y. [ToaTomy, monydeHre HOBBIX 9(()EKTHBHBIX U JEIIEBbIX MPUPOIHBIX YIJIEPOAHBIX MATEPHAIIOB U3
AJOCTYIHBIX BUIOB IMTPOMBIIIJIEHHOI'O ChIPbA ABJIACTCA OHHOﬁ M3 aKTyaJIbHBIX 3aJa4, CTOAIUX B HACTOAIICE BPEMA
Triepei Y4eHbIMH M TeXHoJIoraMu. HOBBIM MEepCHEeKTUBHBIM CHIPbEM ISl TTOTyYeHHs] YIJIEPOICOIEPKAIINX MaTepH-
AJIOB MOJKET CTaTh TeKCTHJIbHAS IPOBOJIOKA-ITPOIYKT MepepabOTKU PE3UHOBBIX OPraHUYeCcKUX 0TXo0B. [Topucro-
yIJIEPOAHbIE MaTepHaIbl TOJYYEHBI B JTAOOPATOPHOM YCTAHOBKE, OIPE/eTICHb! ONTHMAJIbHBIE TAPaMETPhl, U3y YCHBI
(puzHMKO-XMMHYECKHE CBOHCTBA HCXOIHOTO CHIPBS U IO YEHHBIX aICOPOSHTOB (30/IbHOCTD, BJIAKHOCTD, JIETY4YeCTb,
IUIOTHOCTh, CyMapHbIil 00bEM TOp, JIEMEHTHBIN COCTAaB).

KuroueBble cjioBa: TeKCTUIbHBIN KOP/I, OTXOMbI IIIUH, aJICOPOEHT, HOPKCTHIE YIIIEPOIHbIE HAHOMATEPUAJIBL.

Introduction. The environmentally acceptable
management of excess tires, which belong to the
category of solid waste, and which are discarded every
year worldwide by more than three million, is a problem
worldwide [1]. The properties that make them desirable
as tires, namely durability, make their disposal and
recycling difficult, since they are almost immune to
biological degradation [2]. A feature of the application
of this technology is the method of processing, without
the use of cryogenic technologies, which avoids
harmful emissions into the environment and preserves
the developed and active surface of the crushed rubber
powder. With this method of tire recycling, it is
possible to ensure minimal harmful emissions, and
sometimes practically their absence [3]. The source
of carbon-containing materials can be textile cord,
which are stored in landfills in sufficient quantities for
their industrial use. Taking into account the complex
chemical compositions of carbon-containing raw
materials, obtaining products of specified properties
and composition becomes an urgent task of both
theoretical and practical importance [4]. Many years of
tire operation experience shows that the quality of the
cord has a decisive influence on the technical resource,
maintainability and other quality indicators. The cord
in the tire works in harsh conditions, being subjected
to a variety of static and dynamic stresses, multiple

strains of stretching, compression, bending, torsion,
etc. The following brands of cords are produced by the
industry: viscose, nylon, anide, acid, polyester, glass
cord, metal cord [5].

Viscose cord is used in the production of tires
for trucks and passenger cars, motorcycles, tractors
and agricultural machinery [6]. Transitional pores are
those in which capillary condensation takes place, and
macropores have such large radii that the phenomenon
of capillary condensation becomes impossible [7].
The cord threads are positioned at a certain angle
of the plane drawn through the wheel axis [8].
Carbon burns out over the entire grain volume, which
leads to the development of a porous structure of
coal with a significant increase in the volume of
micro- and transitional pores [9]. Due to their unique
properties, extremely high chemical resistance, heat
resistance, heat resistance and specific strength, carbon
composites have found wide application [10].

Porous carbon materials are obtained by heat
treatment (carbonation) and/ or activation (using
various oxidants) of carbon-containing raw materials
and have the ability to efficiently separate gas and liquid
mixtures due to the dimensional and sorption effect.
Such materials are widely used as various sorbents,
catalyst carriers, nanocomposite materials, substrates in
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new generation current sources (lithium-ion batteries,
supercapacitors, ionistors and fuel cells), etc.

For the first time, we have obtained nanosorbents
from carbonaceous waste — textile cord, by the method
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of carbonation and steam-gas activation. The scheme
for the production of carbon materials based on
textile cord for the purification of the gas phase and
wastewater is shown in Figure 1.
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Figure 1 — Technological scheme of the installation for the production of adsorbent

Figure 2 — Schematic diagram of a laboratory installation of steam and gas activation:

1 — gas cylinder (argon); 2 — steam generator; 3 — reactor; 4 — LATR; 5 — thermal sensor; 6 — direct refrigerator;
7 — flask for gas purification from resins; 8 — gas outlet

The work is aimed at developing a highly efficient
technology and creating a pilot production of carbon
nanoporous materials from waste materials. Carbon
materials can be used to isolate and purify hydrogen
from synthesis gas, release nitrogen from air; purify
air from methane, monoxide and carbon dioxide;
clean wastewater from toxic impurities, manufacture
supercapacitors for lithium-ion batteries and catalyst
carriers.

Materials and methods: The study used methods

for obtaining carbon adsorbents (carbonation and
activation) in laboratory conditions, methods for
determining their physico-chemical and adsorption
properties: determination of humidity, ash content,
volatility, pH-aqueous extract, bulk density, adsorption
activity by methyl orange, method for determining
the total pore volume by water, elemental analysis,
method BET for determining the specific surface
area of the obtained materials, methods of water
purification from oil and iron in laboratory conditions,

182



methods of wastewater and gas purification from acidic
components, etc.

Instruments were used: laboratory quartz reactor,
rotary tubular furnace BR-12NRT, thermogravimetric
analyzer (Thermostep Eltra), Crystallux gas
chromatograph,  Shaker  Incubator  ES-20/60,
spectrophotometer (PD-303), pH meter, centrifuge,
ultrasonic bath, muffle furnace, ultrasonic bath,
scanning electron microscopy, X-ray-fluorescent
analyzer, energy dispersion elemental analysis, etc.

Results: The technological process was carried
out in two stages: carbonation (700°C) (to remove
volatile components and obtain a large-porous structure
evenly distributed throughout the volume) and
activation (800°C) (to obtain a microporous structure).
The experiments were carried out on a laboratory
installation of steam and gas activation

A drawing of the laboratory reactor is shown in
Figure 2.

Carbonation was carried out in an inert argon
medium in the temperature range of 400-800 C for
60 minutes. Argon was supplied from a cylinder (1)
to a reactor with a predetermined flow rate of 20
ml/min, which was installed using a flow meter. After

the reactor, the gas was sent to the refrigerator (6), from
where part of the condensed gas was poured into the
flask (7) for purification from resinous substances. The
unreacted gases were discharged into the ventilation
system (8).

At the next stage of preparation of the adsorbent, to
improve its adsorption properties, activation with water
vapor (consumption 10 ml/min) was carried out at a
maximum temperature with an exposure time of 60
minutes.

Table 1 shows the temperature dependences of
the components of the gas obtained as a result of
carbonation and activation of the nylon cord. The
formation of combustible gas components (CO, H,,
CH,) occurs in accordance with the basic chemical
reactions:

2H,0 — 2H, + O, — 115700 kkal (1)
C +H,0 — CO + H, — 28150 kkal )
C + CO, — 2CO — 38400 kkal 3)
C + 2H, — CH, + 18600 kkal @)

Textile cord under heat treatment above 200°C
begins to decompose to form a combustible gas,
which contains hydrogen, carbon monoxide, alkanes
and alkenes.

Table 1 — Gas composition of carbonation and activation of textile cord

Process T1.°C Composition of gases about, %
’ 02 H2 CO2 | N2 CH4 | CO Ethane | Ethylene | Propane +
Propylene
200 37.003 | 0.046 0.126 | 32911 | 0.166 | 0.040 | 0.005 - 0.589
300 37.874 | 0.259 1.139 | 68.089 | 0.083 | - 0.009 0.335 0.020
Carbonation | 400 43.355 | 0.237 2.219 | 66.944 | 0.045 | - 0.036 0.680 0.054
500 34.788 | 3.380 1.874 | 58.749 | 1.082 | - 1.095 0.705 1.012
600 54.526 | 10.091 | 1.671 | 36.023 | 2.570 | - 0.918 0.565 1.012
700 30.469 | 3.873 0.411 | 76.123 | 0.746 | - 0.137 0.036 0.162
Activation 800 28.204 | 5.608 0.302 | 75.943 | 0.813 | 0.436 | 0.066 0.080 0.082
800 excerpt | 27.532 | 3.304 0.157 | 81.477 | - - 0.038 0.058 0.006
Table 2 — Material balance of carbonation and activation of textile cord
Ne | Incoming products | Content, % | Ne | Outgoing products Content, %
1 Textile cord 71,49 1 Solid residue (adsorbent) 22,8
2 | Water (us.steam) 28,51 2 | Generator gas 67,22
Total 100 3 | Liquid product (water+resin) | 9,98
Total 100
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The study used methods for obtaining sorbents,
methods for determining ash content, humidity,
volatility of raw materials (thermogravimetric
analysis), their physico-chemical and adsorption
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Figure 3 — Results on volatility, ash content and
humidity of adsorbents from textile cord

properties: elemental analysis; gas chromatographys;
SEM (scanning electron microscopy), which
determines the total volume, density of sorbents.
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Figure 4 -Results of measuring the total pore volume of
adsorbents in water at different temperatures
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Figure 5 — Bulk density of adsorbents from textile cord

Based on the results of determining the total pore
volume by water, porous materials obtained at 300°C,
400°C and 800°C showed the highest index from 5.8
to 7.9 ml/g. Therefore, this indicates a high degree of
porosity of the adsorbent.

According to the results of determining the density of
adsorbents, the lowest density of adsorbents was shown
by the initial product (0.098 g /cm?), also at 300°C, the
value of which was 0.167 g /cm?. The density of all

adsorbents increased compared to the initial sample.

The study of the elemental composition, structure
and dimension of the samples was carried out by energy
dispersive X-ray spectroscopy on a SEM (Quanta 3D
200i) device with an energy dispersive analysis prefix
from EDAX. The energy of the exciting electron beam
in the analysis was 15 keV.

The elemental composition of the initial textile cord
is shown in Figure 6.
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Element | Wt% | At%
C 74.10 | 81.40
O 20.76 | 17.12
Na 0.32 0.18
Al 0.15 0.07
Si 0.29 0.14
S 0.60 0.25
Ca 0.34 0.11
Fe 0.90 0.21
Cu 0.62 0.13
Zn 1.91 0.38
(a)
Element | Wt% | At%
C 89.64 | 93.71
O 6.23 4.89
Na 0.86 0.47
Al 0.08 0.04
Si 0.20 0.09
S 0.29 0.13
Ca 0.49 0.19
Fe 0.05 0.02
Cu 0.30 0.09
Zn 0.32 0.07
(b)

Figure 6 - SEM images of the original (a) and activated (b) textile cord

In Figure 6 (a), fiber particles with a diameter of 10
to 25 microns are clearly visible, the structural elements
take the form of fibrils — filamentous formations.

The results of the analysis of micrographs show
(Fig.6 (b)) that after heat treatment, the surface
structure changes with smaller particle sizes (up to ~145
nm), fine carbon nanoparticles with a diameter from
70 to 600 nm were formed, this may be due to the
fact that as a result of carbonization and activation,
the forming reactively-capable radicals interact with
each other to form new substances. The nucleation and
growth of ordered carbon during the heat treatment of
textile cord can occur by self-organization of carbon

nanoparticles without the participation of mesophase,
however, additional research is required to clarify this
issue.

In the laboratory of the Institute of Coal Chemistry
and Technology LLP, the obtained carbon nanoporous
materials were tested to purify gases (composition:
H,S, CO, CO,, CH;, N,, H,) from harmful
substances H,S, CO,, N, to obtain mainly combustible
components CO, CH,, H,. The results of the elemental
analysis before and after gas purifications with
determination of the degree of purification are
presented in Table 3.
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Table 3 — Approbation of adsorbents from textile cord for gas purification

Name Gas concentration % Degree of purification, %

H2 CO2 | CH4 | CO H2S | H2 | CO2 | CH4 | CO | H2S
Crude source gas 46,817 | 2,091 | 7,05 7,546 | 0,045 | - - - - -
Activated Textile cord | 0,165 0,075 | 0,151 | 0,047 | 0,007 | 99,6 | 96,4 | 97,8 | 99,3 | 84,4

Conclusion: Known methods of cleaning natural
objects are not always effective, and are often
environmentally unsafe. The use of organic waste for
wastewater and atmospheric treatment is acceptable
from an economic and environmental point of view,
but as a rule, such materials do not have sufficiently
capacious sorption properties and therefore they need
to be carbonized and activated. As a result, sorbents
with a surface different from the original mineral are
obtained and combine the useful characteristics of the
starting material and synthetic sorbents.

In the course of the work done, a laboratory
installation for the production of adsorbents was
assembled, work was carried out to improve the
methodology and technology for the production of

nanosorbents, with the determination of optimal
technological parameters. The physicochemical
properties of the feedstock and the obtained adsorbents
(ash content, humidity, volatility, bulk density, total
pore volume, elemental composition) were also
studied. The resulting product has been tested for gas
purification. The degree of gas purification (%) was
H,-99.6; CO,-96.4; CH,-97.8; CO-99.3; H,S-84.4.

Financing.The research was carried out with the
financial support of the Science Committee of the
Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. ARI9577512.
Development of scientific and technical foundations for
the production of microporous carbon nanomaterials for
the separation and storage of hydrogen).
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