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PROCESSING HOUSE HOLD POLYETHYLENE WASTE
TO PRODUCE CARBON NANOTUBES

Abstract. The paper presents the results of processing household polyethylene waste by thermal degradation for
the synthesis of carbon nanotubes by chemical vapor deposition. A feature of the work is that the decomposition of
polyethylene samples and the synthesis of carbon nanotubes were carried out in one stage. The effect of temperature
on the decomposition products of polyethylene wastes in the temperature range 200-550 © C was investigated. It has
been determined that even at a temperature of 450 © C, the decomposition of polyethylene proceeds sufficiently to
form carbon nanotubes. The catalyst for the growth of CNTs was cenospheres obtained from the ash and slag waste
of thermal power plants during coal combustion. The main components of cenospheres are silicon and aluminum
oxides. The active phase of the catalyst was iron nitrate, which is a precursor to the formation of iron clusters on the
surface of cenospheres. The decomposition of polyethylene waste and the synthesis of carbon nanotubes was carried
out one-stage in a tubular CVD reactor in a nitrogen atmosphere. The temperature of the synthesis of CNTs is 800 °©
C. As a result of synthesis, carbon nanotubes with a diameter of 15-28 nm are formed on the surface of cenospheres,
which is confirmed by results of SEM analysis and Raman spectroscopy. Based on the studies, the authors proposed
a method for processing polyethylene waste for the synthesis of high quality CNTs.
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INTRODUCTION

Currently, the problem of recycling polymer waste is a critical point in ensuring environmental safety.
According to the report of the Eurasian Economic Commission, the world production of polymers in 2013
amounted to 245 megatons [1]. Polymeric waste, which makes up about 40% of all household and
industrial waste, is recycled only in small quantities, and is either incinerated or disposed of in landfills.
According to [2], in 2015, only 9% of the total volume of plastic waste was recycled, 12% was burnt, and
79% was collected in landfills. There are several ways to recycle plastic waste: mechanical recycling;
processing of raw materials (monomerization, blast furnace recovery, chemical processing of raw
materials of coke ovens, gasification, liquefaction, etc.); thermal processing (cement kilns and power
generation) [3].

The review [4] presents data on the processing of polymer wastes to produce carbon nanomaterials
(fullerenes, carbon nanotubes, graphenes, etc.). It is shown that the processing process is energy and
resource intensive, however, with the right approach and organization of the process, it is possible to
achieve economic profitability. In [5], the authors proposed a method for recycling PET plastic bottles for
the production of carbon nanostructures, including fullerenes and graphene sheets. The work [6] presents
the results of the synthesis of CNTs with a diameter of 30-50 nm by catalytic pyrolysis of polyethylene
waste. Interest in the production of carbon nanotubes is due to the wide range of applications of these
nanomaterials in various industries: energy [7], textile industry [8], as sorbent materials for wastewater
treatment [9] due to the high values of the specific surface [10].
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EXPERIMENTAL PART

As the initial material, houschold garbage (bags and containers) with the marking PET was used.
Household plastic waste was pre-shredded and cleaned. Cleaning was carried out by washing the
powdered sample with hot water with the addition of a surfactant. After washing, the samples were dried
under normal conditions. At the end of the drying process, the crushed samples were fused without
chemical degradation in a porcelain boat by heating at temperatures no higher than 130 °C, in order to
obtain compact samples of polyethylene for more convenient loading into the reactor

To study the decomposition process, a three-zone furnace with a quartz reactor was used. The inner
diameter of the pipe is 6 cm, length 120.7 cm. A study was made of the effect of temperature on the
decomposition of polyethylene. The process of decomposition of polyethylene waste in the temperature
range from 200 to 550 °C was investigated. Gaseous and vaporous products of thermal degradation of

polyethylene were condensed on a cellulose filter with a pore size of 2-3 pmand subjected to IR analysis on
a Fourier IR spectrometer Spectrum 65.

The synthesis of carbon nanotubes was carried out by thermal destruction of polyethylene waste. The
synthesis of carbon nanotubes was carried out in a three-zone CVD reactor. A quartz cuvette with
polyethylene samples weighing 4 g was installed in the first zone of the reactor. P'ggs00cenosphereswere
used as the basis for the catalyst for the synthesis of CNTs. To prepare the catalysts, 10 g of
cenosphereswere impregnated with an aqueous solution of iron nitrate nonahydrate with a concentration of
100 g/1. Further, the catalyst samples were dried at a temperature of 70 °C for 2-3 hours until the moisture
was completely removed. Quartz cuvettes with a 1 g sample of catalyst were installed in the 3rd zone of
the furnace. The temperatures in the second and third zones of the furnace were set at 700 and 800 °C,
respectively. Nitrogen (99.9%) with a flow rate of 530-540 cm’/min was used as a transport gas. Synthesis
time 30 min. Samples of carbon nanotubes were studied by scanning microscopy (Quanta 2001 3D B
JEOL, JSM-6490LA) and Raman spectroscopy (NT-MDT NTegra Spectra), which allowed to evaluate the
morphology and structure of the obtained CNT.

RESULTS AND DISCUSSIONS

It was experimentally determined that at a temperature of 200 °C thermal degradation of polyethylene
waste does not occur, only a slight sintering of the samples is observed. At a temperature of 300-400 °C, a
slight destruction of the sample is observed, however, this temperature is not enough for the complete
destruction of polyethylene waste. Thus, it was experimentally determined that the destruction of
polyethylene samples proceeds from a temperature of 450 °C. Thermal decomposition of polyethylene
waste occurs with the release of white smoke with a specific odor

Figure 1 shows the IR spectrum of the thermal decomposition products of polyethylene at a
temperature of 450, 500, 550 °C.

Figure 1 - IR spectra of decomposition of products of polyethylene wastes
at various temperatures: a) 450 °C;b) 500 °C; ¢) 550 °C

Infrared spectroscopy is one of the main methods for identifying organic materials. This is possible
due to the different nature of the interaction of infrared radiation with chemical bonds and functional
groups of the analyte.
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Comparing the spectra presented,it should immediately be noted that all of the peaks described below
are most pronounced for the pyrolysis products at 450 °C, and their presence gradually decreases with
increasing temperature. So, a weak peak at a frequency of 3077 cm’ corresponds to the stretching
vibrations of the C-H bond present in aromatic compounds.

Peaks corresponding to a frequency of 1641 cm™ characterize a double carbon — carbon bond and
most likely signal the presence of alkenes in the pyrolysis products. There is other evidence of alkenes in
this spectrum. So, at frequencies of 964 and 991 cm™' distinct peaks were observed, corresponding to the
vinyl group in trans-disubstituted alkenes and monosubstituted alkenes, respectively.

The well-structured adsorption peak at 1462 cm™ seems to characterize the presence of -CH, groups.

Vibrations of C-O bonds observed at 909 cm™ indicate the presence of spirits, esters and carboxylic
acids. Thle presence of carboxylic acids is also evidenced by the band clearly pronounced in all spectra at
1377 cm™.

The bending vibrations of the C-H bonds correspond to the peaks at 729 cm™ and 719 ecm™, which
correspond to aromatic compounds, in particular, a monosubstituted benzene ring and a phenyl group.

A group of peaks is also observing, the severity of which increases with increasing pyrolysis
temperature, and with decreasing temperature the peak intensity decreases. Thus, in the range of 2915-
2940 cm™, peaks corresponding to aliphatic C-H bonds are observed in all three spectra, and vibrations at
a frequency of 2849 cm™ correspond to symmetric methyl groups. Thus,these peaks correspond to the
presence of alkanes in the samples.

Thus, the treatment of polyethylene waste at low temperatures contributes to a more noticeable
presence of unsaturated compounds, alkenes, aromatics, and oxygen-containing compounds in the
pyrolysis products. An increase in temperature during the pyrolysis of polyethylene in turn contributes to
an increase in the formation of alkanes.

The results of IR analysis showed that there was no significant difference in the mechanism and
products of the decomposition of polyethylene wastes in the temperature range 450-550 °C, thus, for the
synthesis of CNTs, the decomposition temperature of polyethylene was 450 °C.

As indicated earlier, the catalyst matrix was P'oo500cenospheres (P'-factory marking of cenospheres,
100/500 - cenosphere sizes from 100 to 500 um) obtained by the flotation method from ash and slag waste
of thermal power plants during coal combustion. Images of optical and clectron microscopy of
cenospheres are presented in Figure 2.

Figure 2 - Micrographs of cenospheres

The cenospheres used as the catalyst matrix are hollow spherical structures. The sizes of the spheres
vary from 100 to 500 um. The composition of the cenospheres: SiO; - 58-68%., Al,O; - 32-38%, Fe,0; -
1.4-2%, CaO - 1.9%, MgO - 1%, K,0 + Na,O - not more than 1.5%. The melting temperature of the
cenospheres is 1350-1500 °C. The wall thickness from the diameter of the microspheres is 5-10%.

Figure 3 a,b shows SEM images of the surface of cenospheres coated with CNT.
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Figure 3 — a, b) SEM images of the surface of cenospheres coated with CNT; ¢) Raman-spectra of synthesized CNTs

Analysis of SEM images of samples, obtained from polyethylene wastes at a decomposition
temperature of 450 °C on a Fe@P 100500 catalyst, shows that in result of synthesis high-quality carbon
nanotubes are forming, and completely turbostratic carbon is completely absent. Nanotubes have a
diameter of 15 to 28 nm. The Raman spectrum (Fig. 3¢) shows a high degree of graphitization and low
defectiveness of the obtained CNTs.

CONCLUSION

Based on obtained results, a methodology for processing polyethylene wastes (PET marking) to
produce carbon nanotubes is proposed. It was experimentally determined that the optimal temperature of
polyethylene decomposition for the synthesis of CNTs is 450 °C. Thus, on the Fe@P'oos00 catalyst
(cenospheres with Fe (NO;),-9H,0) at a synthesis temperature of 800 °C and a synthesis time of 30 min,
carbon nanotubes with a diameter of 15-28 nm are formed on the surface of the cenospheres, and
turbostratic carbon is completely absent. The results of Raman spectroscopy also confirm the high degree
of graphitization of obtained one-dimensional carbon structures, which makes them perceptive for further
practical applications.
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KOMIPTEK HAHOTYTIKIIEJEAI OHAIPY YIIIH NOJUTETHJIEH KAJIABIKTAPBIH OHAEY

AnHoTanust. Makanana TYPMBICTHIK MOMMITHIICH KANIBIKTAPBIH XUMISUIBIK OV ABIH TYHIBIPYBIMEH KOMIPTECKTI
HAHOTYTIKIICICPAlI CHHTE3ACY YIIIH TEPMILUIBIK TO3Y AaPKBUIBI OHJCY HOTIDKEIEPI KeaTipinareH. YKyMBICTBIH
EpeKUICTIri — MOMMATHICH YATUICPIHIH BIABIPAYBI >KOHC KOMIPTEKTI HAHOTYTIKIICICPAIH CHHTE31 Oip caThima
JKyprizinyl 6omem caramamel. 200-550 °C Temmeparypa JHAma3OHBIHAA TOJU3THICH KATABIKTAPBIHBIH BIABIPAY
OHIMICPIHC TeMIIepaTypaHslH ocepi 3eprrenmi. Timri 450 °C Temmeparypama [a TONMHATHICHHIH BIIBIPAYBI
KOMIPTEKTI HAHOTYTIKIIENEPAl KAJBINTACTBIPY VINIH JKETKUTIKTI OonareiHAbFsl aHbIKTamasl. KHT ecyinig
KaTamm3aropsl PETiHAC KOMIPAl >Kary KE3iHIE KbUIy 3JEKTP CTAHIIUIAPBIHBIH KYJI MCH NUIAK KAIIBIKTAPBIHAH
aneiHFaH ueHoc(epa Oommsl. LleHOoCc(epaHBIH HETi3ri KOMIOHCHTTEPI — KPCMHHH JKOHC AMFOMHHHHA OKCHITCPI.
Karamm3aropasie Oencenai (azachl TeMip HHTPaThl OOIbl, 0 IeHOc(epa OeTiHae TeMip KiacTepiepiHiH maiza
OONYBIHBIH AJFBIIAPTHL  OONbIM  TaObUTAnbL. [lOMMATHIICH KAIABIKTAPBIHBIH  BIOBIPAYBI JKOHE KOMIPTEKTI
HAHOTYTIKIIEICP CHHTE31 a30T arMocdepachHmarel KyObipmel CVD peakroperaaa 6ip carsiiel skyprizinai. KHT
cunre3inig Temmeparypacel 800 °C kypainpl. CuHTE3 HOTICKeCiHAE Amamerpi 15-28 HM OOmaThH KOMIPTEKTI
HAHOTYTIKIeIep naiiaa 0omaxst, 0y COM aHam3i &oHE PaMaH CICKTPOCKOMAACHIHBIH HOTH)KCICPIMCH PACTaIaIbL.
3eprTeynep HEri3iHAC aBTOpiIap Korapsl camambl YHT CHHTC3I YIOIH MOMU3THICH KANABIKTAPBIH OHACY OIICiH
YCBIHIBL.

Tyiiin ce3aep: KOMIPTEKTI HAHOTYTIKIIETCP, IOJHMITHICH KaJNABIKTaphl, MK-CHEKTPOCKOMHSL, 3ICKTPOHABI
MHKPOCKOTIHS.
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MNEPEPABOTKA BBITOBBIX TOJUI3TUJIEHOBBIX OTX0/J0B
JJIA ITOJNYUYEHUA YIJIEPOJHBIX HAHOTPYBOK

AnnoTtamust. B cratbe mpeacTaBicHBI Pe3yIbTAThl MEPEPAOOTKH OBITOBBIX HMOJMHITHICHOBBIX OTXOJ0B IyTEM
TEPMHUUYECKON ACCTPYKIUHUII CHHTE3A YTICPOIHBIX HAHOTPYOOK METOAOM XHMHUYECKOTO Mapo(ha3HOTO OCAKACHIL
Oco0eHHOCTHIO Pa0OTHI SIBJBIETCSA TO, YTO IPOLECC PA3I0KEHHS IOJIH3THICHOBBIX 00PA3I0B W CHHTE3 YITICPOIHbIX
HAaHOTPYOOK IMPOBOIMIM B OJHY CTaJWI0. BBIIO MCCIETOBAHO BIMSHHE TEMICPATYPHI HA MPOAYKTHI PA3IOKCHHS
TOJTH3THICHOBBIX O0TX0J0B B HHTEpBaje Temmepatyp 200-550 °C. YcraHOBICHO, UTO YiKe mpH Temmeparype 450 °C
pa3NoKCHUE TONMATHICHA HJICT B JOCTAaTOYHOW CTCHECHH 11 (POPMHPOBAHMSA YITCPOJHBIX HAHOTPYOOK.
Karammzaropompocra YHT ciyskumm neHOC(ESPHL, MOIYUCHHBIC H3 30JI0-OITAKOBBIX 0TX0a0B TOLl mpu coxurannmn
yris. OCHOBHBIMH KOMIIOHCHTAMH LIEHOC(Ep SBLIOTCA OKCHABI KPEMHHS W AMIOMUHHA. AKTHBHOH (a30H
KaTamm3aropa CIYKWJI HHTPATa JKEJe3a, SBILIFOLIHHCS MPEANICCTBEHHUKOM (DOPMHPOBAHUS KIACTEPOB JKEIe3a HA
TOBEPXHOCTH UeHOCc(ep. Pa3mokeHHE MONMMAITHIICHOBBIX OTXOJOB M CHHTE3 YTJICPOJHBIX HAHOTPYOOK IIPOBOIWIH
omHocTamuitHO B TpyOuarom CVD-peakrope B cpeac azora. Temmeparypa cuaTe3a YHT cocraBmaer 800 °C. B
pe3yIbTaTe CHHTE3a, HA MOBEPXHOCTH IICHOC(hEp (OPMHUPYIOTCS YTIEPOIHBIC HAHOTPYOKH C quaMeTpoM 15-28 Hw,
YTO mOATBEpXKAAacTC pesyabratamm (COM-amammza m  Paman-crekTpockommm.Ha OCHOBaHMHM TIPOBEACHHBIX
HCCICAOBAHNUH, aBTOPAMHU IPEAJIOXKEH METOA MepepabOTKU IMOJM3TIIICHOBBIX 0TX010B AricuHTe3a YHT BBICOKOTO
Ka4ecTsa.

KioueBsie cioBa: yraepoaHblc HAHOTPYOKH, MOMHATHICHOBBIC O0TX0AbI, MK-CIIEeKTPOCKOIHS, 3ICKTPOHHAS
MHKPOCKOIIHS
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