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Abstract: This study explores the gas formation patterns dependent on the dose of various plastic wastes
(PET, PP, PS, MS-1009). The primary gas phase products identified are hydrogen and methane. The other
hydrocarbons are formed in low concentration. Radiation chemical yields for Hz, CHa, CoHs, £Cs, XCa,
>Xe, and XC7 during radiolysis processes in the specified plastic wastes were calculated from kinetic curves.
The radiation chemical yields for hydrogen range from 10-1-10- mol/100eV. The radiation stability of the
examined plastic wastes is decreasing as PP-5>PET-1>PS-6>MS-1009.
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1. Introduction

Continued growth in plastic demand and the short lifespan of many of them lead to their
accumulation in landfills, in the sea, and in the environment in general [1-3]. The low rate of
processing plastic waste using existing methods makes it possible to look for new ways of
recycling and improving existing methods. In this regard, radiation chemistry opens up wide
possibilities for the modification of plastics [5, 9].

At the irradiation of the polymers, in addition to cross-linking and destruction processes,
chemical transformations occur, such as the release of gases, changes in unsaturation,
isomerization, and other processes that are interrelated with each other. Gas evolution during the
radiolysis of plastic wastes has been widely studied, particularly in polyethylene radiolysis [6]. It
has been established that hydrogen is the primary gas product, and other products such as CHg,
CoHe, 2C3, XCs, XXs, and XC7 are formed in low radiation chemical yields. Notably, in the
radiolysis of propylene, lower radiation-chemical yields of hydrogen and other hydrocarbon gases
are observed. In the radiolysis of polystyrene and polyethylene terephthalate, radiation-chemical
yields of hydrogen are below 0.1 mol/100 eV, attributed to the presence of benzene rings.

In this study, we investigated the kinetics of gaseous product formation during y-radiolysis
of polymer wastes, such as polypropylene (PP), polyethylene terephthalate (PET), polystyrene
(PS) and MS- 1009 (methyl octadecanoate).

The study aimed to assess the impact of the polymer waste structure on gaseous product
formation during the radiolysis of this waste under the influence of y-irradiation.

2. Materials and methods
Samples for irradiation consisted of polymer waste derived from packaging materials

utilized in the food industry and other household applications. The structural formulas and
characteristics of the samples are provided below:
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Table 1
Physico-chemical characteristics of polymer wastes [1]
Parameters PET-1 PS PP MS-1009
Molar mass, g/mol 192 104.15 42.08 298.5
Density, g/cm? 1.38,20 °C 1.069-1.125 0.855 0.8498
Melting point, °C >250°C-260 ~160-170 130to 171 39.1
Boiling point, °C > 350 430 —47.7 215
Glass transition o o o
temperature, Tg 73-78 °C 90°C 20°C -

Waste samples (S=3-4mm?) were exposed to y-radiation from the Co® isotope under static
conditions in glass ampoules with a volume of 10 cm® at room temperature and in vacuum
conditions. The dose rate was 1.6 Gy/sec. The study was conducted at a dose range of 5-750 kGy.

Gas chromatography analysis using Agilent chromatography (7820 GC system) was employed to
analyze the gaseous products.

3. Results and discussion

H2, CH4, C2Hs, XC3, XC4, X, and XC7 were identified as gas products, and the kinetics
of their formation was studied up to a dose of 750 kGy. The following are the kinetics of the
formation of the identified gas products depending on the absorbed dose during the radiolysis of
wastes PET, PP, MS-1009, and PS.
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Fig.1. Kinetics of hydrogen formation (1), CH4 (2), C2Hs (3), 2Xs (4) during PET radiolysis
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N, 1013 mol/ml
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Fig. 2. Kinetics of formation of CH4 (1), CoHs (2), 2C7 (3) during radiolysis of MS-1009
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Fig. 3. Kinetics of hydrogen formation (1), CHa4 (2), 2C5(3), 2C4 (4) and XC (5) during radiolysis of PP
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Fig. 4. Kinetics of hydrogen (1), CH4 (2), CoHs (3), 2Cs (4), and 2C7 (5) formation during PS radiolysis

As can be seen from Figure 1-4, all kinetic curves are characterized by a saturation region,
which is associated with secondary reactions of the formed products. The formation of hydrogen
occurs in two ways: the abstraction of atomic hydrogen from molecules and a further reaction of
abstraction or recombination; in addition, part of the atomic hydrogen can be formed during the
recombination of ions and electrons, which can lead to the formation of an excited molecule and
its further decay with the formation of molecular hydrogen. During the radiolysis of polymer
molecules, radicals such as CHs, C2Hs, and other types are also formed. As a result of the reaction
of these active particles, heavier hydrocarbon gases are formed. Of course, these radical particles
can lead to cross-linking and increase the mass of polymer molecules[ 7, 8]. If the excitation of
the molecule is sufficient to break stronger bonds, it can lead to degradation (destruction) of the
polymer molecules.

From the kinetic curves of the formation of gas products, the radiation-chemical yields of
their formation were calculated and are presented in Table 2.

Table 2

Radiation-chemical yields of gas products during the radiolysis of plastic wastes PET-1, PP-5,
MS-1009, PS-6

Radiation-chemical Wastes
yields, mol/100 eV
PET-1 PP-5 MS-1009 PS-6
Ho 6.107 1.1071 1.10°3 2.107
CH. 1.10°° 4.10% 6.107° 3.107
CoHs 9.10* 1.10 4.10°° 4.107°
>Cs 5.10 1.107° 2.10°° 6.10°
>C4 4.10" 2.10° 3.107 5.10°
>X6 3.3.10% 1.10°® 1.10° 3.10°
>Cy 8.107° 4.10° 1.10° 4.10°

The data on radiation chemical yields indicates that the radiation stability of the
investigated polymer wastes decreases in the order PP-5>PET-1>PS-6>MS-1009. The radiation
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chemical yields of hard hydrocarbons are very low, attributed to the low efficiency of reactions of
hydrocarbon ions.
The mechanism of hydrogen formation involves the following reactions:

[M]n — [M] + H [M]+H,— [M]+H
H+H— H [M]n — [M]a* + e
H + [M]n — Hz + [M] [M]n" + e — [N]n + H2

The radiation stability of PET, PS, and MS-1009 wastes is associated with the presence of
aromatic nuclei in the polymer molecules.
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OBPA3OBAHME I'A30BbIX ITPOJAYKTOB IIPH y-PAIMOJIN3E
IIMTIACTUKOBBIX OTXO/J10B

ML.A. I'yp6anos, J.B. Mup3sa3zane, Y.A. I'yiueBa, C.M. Anuen

Pe3rome: B pabote BBISABIEHBI 3aKOHOMEPHOCTH Ta3000pa30BaHMsI B 3aBHCUMOCTH OT JIO3bI M PA3IMIHBIX
miactukoBbix otxo0B (ITDT, II1, I[1C, MC-1009). IToka3aHo, 4TO OCHOBHBIMHU MTPOAYKTAMU I'a30BOH (a3l
SIBJIIIOTCSA BOAOPOJ W MeTaH. OcTalbHBIC YIVIEBOAOPOABI 00pa3yroTcs B HU3KUX KOHICHTpamusx. Ilo
KMHETHYECKUM KPHBBIM PacCUMTaHbl PagHallMOHHO-XMMHUYECKHE BhIX0mbl o0pazoBanus Hz, CHa4, CaHs,
¥C3, XC4, X6, XC7 misg npoIeccoB paJuoin3a B JaHHBIX IUIACTUKOBBIX OTXOJaxX. PajauanuoHHO-
XUMHYECKHE BBIXOABI BoOjpopoja Haxozsarca B mpexenax 1072-10° mons/1005B. Paamaumonnas
YCTOWYMBOCTD JAHHBIX ITACTHKOBBIX OTX0JI0B cHIKaercs o mepe [MI1-5>T13T-1>T1C-6>MC-10009.

Knrwouesvie cnosa: monuMmepHble OTXOIBI, Ta30 MNPOAYKTHL, PaJHalldOHHO-XUMHUYECKHE BBIXOIBI, Y-
obnyueHwue.

PLASTIK TULLANTILARIN y-RADIOLiZi ZAMANI QAZ MOHSULLARININ
OMOLO GOLMOSI

M.9. Qurbanov, E.V. Mirzazada, U.A. Quliyeva, S.M. Dliyev

Xiilasa: Bu todqigatda dozadan asili olaraq qazin amala galmasi ganunauygunluglar: vo miixtalif plastik
tullantilar (PET, PP, PS, MS-1009) todqiq edilmisdir. Gostorilmigdir ki, qaz fazasinin asas mohsullari
hidrogen vo metandir. Digar hidrokarbonlar asag1 konsentrasiyada amalo galir. Kinetik ayrilordon plastik
tullantinin radiolizi zaman1 Hz, CH4, CoHs, ZC3, ZC4, £X6, XC7 amolo galmasinin radiasiya- kimyovi
¢iximi hesablanmgdir. Hidrogen iigiin radiasiya- kimyovi ¢ixim 1071-10° mol/100eV intervalindadir.
Verilmis plastik tullantilarin radiasiya davamliligi PP-5>PET-1>PS-6>MS-1009 sirast ilo doyisir.

Agar sdzlar: polimer tullantilari, gaz mohsullari, radiasiya-kimyavi ¢ixim, y-giialanma.
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