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Abstract: In this study, pyrolysis and co-pyrolysis of commonly used plastic
materials (polyethylene terephthalate — PET, high density polyethylene — HDPE,
and polystyrene — PS) were conducted to analyse the chemical composition of
the corresponding pyrolyzates. Different ratios of plastic materials were applied
to obtain a composition of aliphatic and aromatic degradation products that
closely resemble those of conventional fossil fuels. The systematic chemical
variations can act as base for evaluating this approach as a sustainable source
of alternative fuels. HDPE revealed an aliphatic composition of degradation
products, while PS and PET produced only aromatic compounds. Quantitative
analysis of the obtained pyrolyzates revealed a clear correlation of initial pro-
portion with the resulting quantitative product composition. The generation of
individual pyrolysis products gave a high reproducibility. However, it became
evident that the decomposition products of PS consistently emerged as the most
prominent among all tested HDPE/PS mixtures. The ratio of HDPE:PS = 1:3
showed 96 % of the aromatic compounds as PS decomposition products. PET
revealed a oxygen containing structure of the products, contributing to 83 % of
the HDPE:PET = 1:3 mixture. These results gain insights into the potential of
plastic waste as a sustainable source for alternative fuels and valuable chemicals.

Keywords: co-pyrolysis; synthetic polymers; plastic-derived-fuel; GC-MS; sus-
tainability.

INTRODUCTION

Over the past few decades, plastic materials have gained attention in various
contexts. They offer exceptional versatility, functionality and economic effici-
ency. Yet, the increase in their use and production lead to massive waste gener-
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1054 JOVANCICEVIC et dl.

ation, posing a significant environmental threat. Furthermore, environmental
concerns go beyond plastic waste to include additives added to plastic production
to improve their properties. These additives include antioxidants and UV stabil-
izers for heat, aging and light resistance, pigments and dye stuffs to modify color
and functional agents such as plasticizers, surfactants and flame retardants. In
Germany, 18.9 million tons (228 kg per capita) of packaging waste were generated
in 2019, which significantly exceeds the EU average of 177 kg per capita.! There-
fore, it is crucial to explore alternatives that have the potential to prevent undesir-
able landfilling and mitigate the unacceptable littering of the environment.

Pyrolysis of synthetic polymers is one efficient approach to reduce waste,
while also allowing for the recovery of monomers and other valuable materials.2
Given the high carbon and hydrogen content of synthetic polymers, pyrolysis of
these materials can produce high-quality liquid oils, with a high calorific value
and a high proportion of compounds similar and compatible with fossil fuels.3
This expands the options for plastic waste management and reduces reliance on
petroleum-based resources. In this sense, Rehan et al. (2016) investigated the
potential of pyrolysis technology for thermal conversion of municipal plastic
waste from Makkah city, to obtain liquid fuel. The energy content of 40 MJ kg~!
of this waste derived fuel was found to be similar to conventional diesel.# Further
on, Achilias ef al. (2007) reported a series of alkanes and alkenes recovered by
pyrolyzing raw materials made out of polypropylene (PP) in a laboratory fixed
bed reactor.>

Co-pyrolysis of different feedstocks has recently gained significant attention
as a promising approach to enhance both the yields and quality of biofuels. Plas-
tic materials have demonstrated high potential as catalysts in the fuel production
through biomass pyrolysis.®—8 Furthermore, co-pyrolysis of different plastic mat-
erials has gained considerable attention as a promising approach to enhance plas-
tic-derived fuel yields and quality, overcoming the problems associated with
heterogeneous plastic waste and contributing to a more efficient and sustainable
recycling process. Combining various plastics during pyrolysis can lead to syner-
gistic effects, resulting in increased oil yield and improved fuel properties com-
pared to individual plastic pyrolysis.%10 Therefore, it is important to evaluate the
degree of pyrolytic interactions between different feedstocks and to determine
whether the additivity rule can be applied to predict the product yields from co-
pyrolysis experiments.

In this study, pyrolysis and co-pyrolysis of commonly used plastic materials
(PET, HDPE and PS) were conducted to analyse the chemical composition of the
corresponding pyrolysates. These characterisations gain insights into the poten-
tial of plastic waste pyrolysis as a sustainable source for alternative fuels and
valuable chemicals. In more detail, the experiments in this study involved the use
of different ratios of plastic materials to produce a composition of aliphatic and

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



FROM WASTE TO VALUABLE CHEMICALS 105 5

aromatic degradation products that closely resemble those of conventional fossil
fuels. Hence, a comparison between the composition of the plastic derived oils
and diesel fuel was conducted to assess their similarity and potential viability as a
substitute. Furthermore, the study aimed to investigate any cross-reaction effects
arising from the interactions between different polymers during co-pyrolysis.
Additionally, the study also examined the presence of additives in plastic waste
to gain insights into their potential influence on the pyrolysis process and the
resulting plastic-derived oil composition.

EXPERIMENTAL
Chemicals and reference compounds

Standard reference materials of PE, PS and PET were purchased from Geyer Th. GmbH
& Co. KG. Acetone and hexane used for offline pyrolysis were purchased from Geyer Th.
GmbH & Co. KG as well.

Plastic waste material such as food packaging, food and cosmetic containers, plastic fur-
niture, plastic bottles, etc., have been collected from several households in Aachen, Germany.
The collected material consists of different synthetic polymers such as: HDPE, PS and PET.
The collected plastic waste was selected for this study due to its high production and utilizat-
ion rate as well as its chemical recycling potential.

Continuous flow off-line pyrolysis

Off-line pyrolysis experiments were performed on a MTF 10/15/130 model Carbolite
tube furnace. The samples were placed in aluminum-foil vessels in the middle of a quartz tube
(150 mm in length and 15 mm in diameter) that was set within the furnace. On one side, the
quartz tube was connected to a continuous stream of nitrogen, while the other side was con-
nected to a flask tube filled with 4 mL of acetone and cooled with dry ice and ethanol. Pyro-
lysis experiments were performed under the following conditions: temperature of 450 °C, no
heating rate, duration time 30 min and constant nitrogen flow of 50 mL min-!. After pyrolysis,
the volume of the pyrolysates sampled in the cold trap was reduced to approximately 2 mL
and dried over anhydrous sodium sulphate. For qualitative and quantitative analysis, pyro-
lysates were measured by gas chromatography/mass spectrometry (GC/MS). Furthermore,
GC/MS analysis was also applied for the identification of additives present in plastic waste.

The described procedure was applied to pyrolysis and co-pyrolysis of HDPE, PS and
PET standard reference materials and corresponding municipal plastic waste. Co-pyrolysis
experiments were performed with compositions of the following ratios:

1. HDPE:PS=1:1; 1:3; 3:1; 9:1;

2. HDPE:PET =1:1; 1:3; 3:1; 9:1;

3. HDPE:PS:PET =1:1:1; 8:1:1.

The maximum sample weight for co-pyrolysis experiments was 100 mg.

Sample preparation

The collected plastic waste samples were categorized according to their specific product
labels. The material was first washed and air-dried, cut into smaller particles (approx. 2 cm) with
scissors and then shredded into particles smaller than 5 mm. Shredding was carried out under
a high flow of nitrogen gas, which was used to cool the samples and prevent them from melting.
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1056 JOVANCICEVIC et al.

GC/MS analysis

Qualitative and quantitative analysis of the obtained pyrolyzates were performed on an
Thermo Quest Trace GC gas chromatograph connected to Thermo Quest Trace MS single
quadrupole mass spectrometer, equipped with a ZB-5 capillary column (30 mmx0.25 mm ID
0.25 pum film). The chromatograph conditions were the following: 1 pL splitless injection
(splitless time 60 s; injector temperature 270 °C), oven temperature heated from 80 °C (held 3
min) at 4 °C min’! to 310 °C (held 20 min) and helium carrier gas flow of 1.5 mL min'!. The
mass spectrometer was operated in an electron impact ionization mode (EI*, 70 eV) with a

source temperature of 200 °C and an interface temperature of 270 °C scanning from m/z 35 to

500 in full scan mode with a scan rate of 0.67 scan s’.

The identification was based on a detailed interpretation of the mass spectra and com-
parison with the NIST Mass Spectral Library, as well as comparison with literature data. Cal-
culation of relative quantitative compositions was based on integration of ion chromatograms
and corresponding peak areas. A surrogate standard solution containing the reference com-
pounds fuoroacetophenone (5.8 ng uL!), benzophenone-d10 (6.3 ng uL!), and hexadecane-
-d34 (6.0 ng uL!) was used for quantitative analysis of the obtained pyrolysates.

RESULTS AND DISCUSSION

The development and utilization of plastic-derived oils from pyrolysis pro-
cesses require comprehensive qualitative and quantitative chemical characterization
of the pyrolysis products to ensure desired technical specification. This study
employs an analytical approach to analyze and quantify compounds present in
co-pyrolysis products of common polymers, emphasizing the principal compo-
sition of aliphatic and aromatic hydrocarbons as well as functionalized com-
pounds, similar to characterizing crude oil and related fossil matter.

For the pyrolysis experiments, HDPE, PS and PET in varying compositions
have been used. The selection of these particular polymers was based on their
distinct chemical characteristics, as PE is composed of a long aliphatic chain, in
contrast to the aromatic constituents of PS and PET. Furthermore, chemical com-
position of the pyrolysis resulting oils was investigated (additional data are given
in the Supplementary material to this paper).

Pyrolysis of synthetic polymers

As a preliminary step, offline pyrolysis experiments were performed on ref-
erence material as well as raw waste samples consisting of PE, PET, and PS, to
analyze accurately the pattern of their degradation products. Further on, the
samples have been analyzed for potential impurities that can remarkably affect
the chemical composition of the pyrolysates.

Pyrolysis of both PE reference material, and HDPE waste samples, resulted
in the formation of white insoluble flocks forming wax as one of the pyrolysis
products. The obtained wax was insoluble in common solvents like acetone,
dichloromethane and hexane. The formation of wax during pyrolysis of low-den-
sity polyethylene (LDPE) was observed already by Wiliams and Wiliams (1997)
who reported that the obtained wax product was comprised of long chain ali-
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FROM WASTE TO VALUABLE CHEMICALS 105 7

phatic compounds of up to 57 carbon atoms.!! For a technical usage, the obtained
wax was proposed to be utilized as a chemical feedstock in the petrochemical
industry, where a wide range of high carbon olefins is highly demanded.® Wax
was isolated from the acetone fraction and was not discussed in further work.

HDPE, PS and PET

Offline pyrolysis of both PE reference material and the corresponding waste
material (HDPE) revealed a pattern composed of a sequence of triplets, each con-
sisting of n-alkadienes, n-alkenes and n-alkanes forming a homologues series of
increasing chain lengths (see Fig. 1). Generally, the resulting pyrolysate was
composed of 47.5 % of n-alkanes, followed by 44 % n-alkenes and 8.5 % n-alk-
adienes. Based on three measurements, the three compound groups exhibited a
relative standard deviation in the range of 30 %.
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Fig. 1. TIC of pyrolysis experiments conducted on HDPE, PET; and PS.

Pyrolysis experiments on PET manifested a diverse range of monocyclic
aromatic degradation products, with benzoic acid, and terephthalic acid identified
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as the most prominent products (see Fig. 1) constituting 32 and 56 % of the res-
ulting pyrolysis products, respectively. Notably, multiple repetitions of the exp-
eriments revealed variations in their proportions of less than 10 %. These pro-
ducts are in accordance with the on-line degradation products identified, e.g., by
Dziwinski et al.12

When subjected to off-line pyrolysis, PS decomposed to form dark viscous
oil. As expected, GC/MS analysis of this oil revealed a more aromatic compos-
ition of the pyrolysis products, with three main degradation products identified as
1,3-diphenylpropane, 2,4-diphenylbutene and 2.4,6-triphenylhexene (see Fig. 1).
They constituted 4, 40 and 54 % of the resulting pyrolysis products, respectively,
with variations in their proportions approximately around 20 %. These products
represent the group of styrene oligomers, or more precisely, dimers and trimers
of the styrene monomer.!3 In addition to these main product groups, pyrolysis of
PS revealed numerous compounds with significantly lower intensities. Some of
them were identified as: 1,2-diphenylethylene, bibenzyl, 1,2-diphenylpropane,
1,2-diphenylpropane, 1,2,3,4-tetrahydro-1-phenylnaphthalene, 1,4-diphenyl-1,3-
-butadiene and 1-phenylnaphthalene. Each of these products accounted for less
than 0.5 % of the total pyrolisate and, therefore, were not included in further
quantitative analysis. Finally, compared to pyrolysis experiments applied on ref-
erence material samples, pyrolysis of plastic waste samples HDPE, PS and PET
revealed no visible changes regarding the chemical composition of the degrad-
ation products.

Co-pyrolysis experiments

Co-pyrolysis experiments on defined plastic mixtures produced a blend of all
compounds already identified in the single pyrolysis experiments. Noteworthy,
no further or new degradation products were observed (as illustrated in Fig. 2)
pointing to the absence of cross reaction between the different components
during pyrolysis. Both, HDPE/PS and HDPE/PET mixtures revealed an aliphatic
pattern within the C;2—Cj7 range as HDPE contribution. The obtained range of
aliphatic compounds is very valuable, since these chain length fits the C13—C»»
range in the production of important raw materials in the detergent industry such
as sodium lauryl ether sulphate and alkyl benzene sulphonic acid.’

In the HDPE/PS experiments, the main aromatic products result directly from the
pyrolysis of PS, namely 1,3-diphenylpropane, 2,4-diphenylbutene and 2,4,6-
triphenylhexene. Within the range of preselected mixture rates from 1:3 to 9:1 a
clear dominance of aromatic products was observed, whereby, a decrease in the
initial amount of PS resulted in a proportional decrease of these aromatic pro-
ducts. Fig. 3a illustrates this relationship, indicating that a 1:1 ratio of HDPE to
PS yielded nearly 90 % aromatic compounds and only 10 % aliphatic compounds
consisting in detail of 4.4 % n-alkanes, 4.5 % n-alkenes, and 1 % n-alkadienes.
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FROM WASTE TO VALUABLE CHEMICALS 105 9

Pyrolysis applied to a 3:1 mixture yielded approximately 22.7 % aliphatic hydro-
carbons and 77.3 % aromatic hydrocarbons. Only in the case of a 9:1 ratio, a
similar proportion of aliphatic hydrocarbons as compared to aromatic compounds
was observed with 26 % n-alkenes, 22 % n-alkanes and 3 % n-alkadienes. These
quantitative observations clearly point to: i) a higher relative pyrolysis yield of
the aliphatic polymer HDPE and i7) a clear correlation of initial proportion with
the resulting quantitative product composition.
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Fig. 2. TIC of the pyrolysis and co-pyrolysis experiments on: a) PET, HDPE:PET and HDPE
and b) PS, HDPE:PS and HDPE experiments.

The quantitative results of the pyrolysis products derived from HDPE:PET
mixtures are illustrated in Fig. 3b. These findings indicate that oxygen-containing
aromatic hydrocarbons represent the most prominent group, accounting for nearly
62 % of the pyrolysis products in the HDPE:PET = 1:1 experiments. Here, benzoic
acid was the most abundant oxygen-containing compound identified in the co-
-pyrolysis experiments. In the case of HDPE:PET = 3:1 ratio, the pyrolysis pro-
ducts were predominantly composed of aliphatic compounds, comprising approx-
imately 60 % of the total amount of the detected pyrolysis products. In the
HDPE:PET = 9:1 approach, this predominance of aliphatic compounds reached
nearly 76 %. Noteworthy, based on the presented results, the individual products
demonstrated high reproducibility. As shown in Fig. 3, the homologous series of
aliphatic compounds maintains a consistent order in the sequence of the obtained
products.

As a final approach, the co-pyrolysis of all three polymers have been system-
atically studied. In the co-pyrolysis experiments involving equimolar ratios of all
three polymers, no novel degradation products were detected pointing once again
to the absence of cross reaction of all components during the pyrolysis process.
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1060 JOVANCICEVIC et al.

Aromatic and oxygen containing compounds derived from PS and PET, domin-
ated with a significant majority (89.3 %) of the pyrolysis products. Within the
group of aromatic compounds, approximately 52 % were identified as oxygen-
-containing aromatic compounds. Only 11.7 % of the pyrolysates were attributed
to aliphatic compounds, as depicted in Fig. 3c.

a)
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Fig. 3. Pyrolysis product groups of: a) HDPE:PS; b) HDPE:PET; ¢) HDPE:PS:PET
co-pyrolysis experiments given in %. Only compounds constituting 1 % or more of the
pyrolysis products composition are highlighted in the figure.

The quantities are presented as percentages.

Based on these results, an experimental set-up with a significant higher pro-
portion of HDPE was applied. This pyrolysis of a mixture of HDPE:PET:PS =
= 8:1:1 yielded a higher amount of aliphatic products (34.7 %), along with oxy-
genated compounds (34.7 %) and aromatic products resulting from the degrad-
ation of PS (30.6 %).

Additives

Plastic materials benefit from the addition of substances known as additives,
which serve to enhance or alter their properties. These substances are introduced
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during the manufacturing process to enhance properties like strength, flexibility,
and colour, including plasticizers, UV stabilizers, flame retardants, and colorants. !4
However, some additives may pose risks to health and the environment.1%:15
During plastic-derived fuel production via pyrolysis, some additives may not fully
degrade, potentially persisting in the resulting oil. In addition to the characteristic
pyrolysis products various polymer additives present in the samples were also
noticed and it is important to acknowledge these with respect to the proposed
production of plastic-derived fuels. The identified additives are listed in Table I.

TABLE I. The identified additives in the obtained pyrolizates

CAS
Additive IUPAC Polymer Uses Safety registry
name hazards
number
2,4-DTBP 2,4-Di-tert-but- HDPE Intermediate in the Causes skin, eye  96-76-4
ylphenol production of UV and respiratory
stabilizers and irritation. Very
antioxidants.!®  toxic to aquatic
life.1
Bumetrizole 2-(3-tert-butyl- HDPE UV stabilizer, May leadto ~ 3896-11-5
UVv326 -2-hydroxy-5- enhances the light metabolic
-methylphenyl)- resistance of  imbalance; toxic to
-5-chlorobenzo- polymers.!7 aquatic life.!”
triazole
o-Hexyl-cinnam-  2-(Phenyl- HDPE, Fragrance, odor Causes an allergic 101-86-0
aldehyde methylene)- PET agents.!8 skin reaction; toxic
octanal to aquatic life with
long lasting
effects.!8
Isopropyl 1-Methylethyl HDPE, Thickeneranda  Can cause skin ~ 110-27-0
myristate ester-tetradec- PET lubricant in beauty irritation.!?
anoic acid products.1?
Terphenyl Diphenylben- HDPE, Terphenyl mix-  Can cause skin 26140-60-3
zene PET, PS tures are used as and eyes irritation;

textile dye carriers may affect the liver
and as intermedi-  and kidneys.?°
ates for lub-
ricants.?

Aspects of application for plastic-derived fuel production

For an efficient technical usage of plastic-derived fuels resulting from plastic
pyrolysis, the chemical composition needs to be compared to established fossil
fuel products, since the basic properties of such fossil fuels are based on their
chemical constitution. Diesel fuel typically consists of around 75 % aliphatic
hydrocarbons within the Cog—C»5 range, while approximately 25 % of its compos-
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ition comprises aromatic hydrocarbons like benzene, styrene, phenanthrene, flu-
oranthene, pyrene, benz(a)anthracene, chrysene and benzo(a)pyrene.2!-23 How-
ever, the chemical composition of diesel fuel can vary depending on its origin or
source. The findings of this study revealed a striking similarity in the chemical
composition between the plastic oils obtained and diesel. These similarities are
visualized in Fig. 4, where the chromatograms of one diesel derived from the
Caspian Sea is compared with those of the HDPE:PS and HDPE:PET experi-
ments. The chemical composition of the obtained plastic- derived oil shows sim-
ilarities to diesel especially in terms of its aliphatic composition, mainly in the
range of Ci; to Cy7 n-alkanes. Noteworthy, in the refining process of crude oil,
alkenes are generated through the cracking of heavier fractions, but they are not
typically found in diesel. Alkenes generally exist in lower concentrations, rang-
ing from 0 to 10 %, and within a narrower carbon number range.24.25 Unsatur-
ated hydrocarbons prove less suitable for fuel combustion due to their tendency
to result in incomplete combustion, thereby generating higher levels of carbon
monoxide.26 To address this limitation, additional improvements in the compo-
sition of plastic—pyrolysis oil are necessary, specifically targeting the presence of
n-alkenes and alkadienes. One possibility is an additional hydrogenation of the
double bond. Prior research has demonstrated that this transformative process
effectively converts the alkene products present in pyrolysis oil into alkanes.26-29

An essential parameter in plastic-derived fuel production is the octane num-
ber, which measures a fuel’s resistance to auto-ignition and explosive combust-
ion in internal combustion engines. Higher octane numbers indicate greater res-
istance to auto-ignition under increased pressure and temperature before ignition
by the engine spark plug. While straight chain aliphatic compounds exhibit lower
octane ratings, aromatic compounds are valued for their higher-octane values.
Therefore, the inclusion of aromatic compounds is important in fuel formulat-
ions.30:31 On the other hand, these aromatic constituents are the predominant
source of particulate matter (PM) emissions and in that way represent the major
air pollutants affecting human health.32 In this work, the co-pyrolysis mixtures of
HDPE:PS and HDPE:PET in ratios of 1:1, 1:3 and 3:1, as well as the pyrolysis of
all three polymers in ratios of 1:1:1 and 8:1:1 were found to generate a significant
quantity of aromatic compounds, which makes these ratios unsuitable for fuel
production.

While conventional fuels typically contain oxygen, sulfur and nitrogen com-
pounds (NSO fraction) within specific ranges,33-34 plastic-derived oils offer pot-
ential advantages in minimizing these elements. While some research has noted
high sulfur content in plastic waste pyrolysis,3> this study did not identify sulfur
or nitrogen compounds in the pyrolysates examined. This absence suggests a pot-
ential environmental advantage of plastic-derived oils over conventional fuels,
particularly regarding emissions of sulfur oxides and other pollutants.
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Fig. 4. Top: Total tion chromatogram (TIC) of pure diesel fuel (Caspian Sea). Middle: TIC of
co-pyrolysis experiments using a 9:1 mixture of HDPE : PET. C;,—C,; represent the carbon
numbers of the aliphatic compounds in the pyrolysis product; a — benzoic acid; b — tereph-
thalic acid. Bottom: TIC of co-pyrolysis experiment using a 9:1 mixture of HDPE:PS
(C1,—Cy7 represent the carbon numbers of the aliphatic compounds in the pyrolysis
product; ¢ — styrene dimer; d — styrene trimer).

The production of fuel through pyrolysis using plastic waste entails num-
erous technical and environmental factors to consider, including the handling of
waste and the effectiveness of the pyrolysis process. Based on the findings
obtained in the present study, it’s essential to consider the proportions and types
of plastics used. Additionally, increasing the proportion of HDPE plastic waste in
pyrolysis feedstock can align the chemical composition with desired specific-
ations. Given the high production volume of PE like plastic materials,3¢ directing
more PE waste towards recycling and sustainable practices would promote envi-
ronmental benefits and align with industry sustainability goals.

CONCLUSION

The findings of this study do not only contribute to the understanding of
polymer waste management but also hold promise for environmentally sustain-
able plastic-derived fuel production. Through systematic pyrolysis experiments
of plastic waste samples composed of HDPE, PS, and PET and following chem-
ical characterisation of the pyrolyzates by GC/MS analysis, valuable insights
have been gained into the composition of degradation products. These systematic
chemical variations can act as base for evaluating this approach as a sustainable
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source of alternative fuels. The study highlights distinct behaviors of polymers
during pyrolysis with HDPE revealing aliphatic compounds, PS aromatic com-
pounds and PET contributing to oxygen-containing structures. However, an
essential observation from the investigation is the substantial influence of PS and
PET decomposition in HDPE:PS and HDPE:PET mixtures. This influence
accounts for 90 % of the pyrolysate obtained from the HDPE:PS 1:1 mixture and
62 % from the HDPE:PET 1:1 mixture. Increasing the HDPE proportion in the
pyrolysis feedstock holds promise for high-quality plastic-derived oil production
aligning with conventional fossil fuel constituents.

It is important to emphasize that this approach is a proposition, representing
a preliminary step in the pursuit of plastic-derived fuel development. Further
comprehensive characterization and optimization of the obtained fuel are likely
necessary to fine-tune its properties and performance. In this pursuit, the exp-
loration of various additives may become instrumental, offering opportunities to
enhance the fuel's quality and customize it to specific applications.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12806, or from the corres-
ponding author on request.
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pHjana (nonuerunen-tepedranar — PET, nonuetunen Bucoke ryctuie — HDPE u nonuctupen
— PS) ¢y cipoBeneHe pamu aHanu3e XeMHjCKOT cacTaBa OAroBapajyhux nuponusarta. [Ipume-
IEHU Cy Pa3/IMuYUTH OFHOCH IUIACTUYHUX MaTepHjasia fa du ce foduo cacras anudaTUYHUX U
apoOMaTHYHUX IIPOM3BOAA pasrpajilbe KOjU Cy BEOMa CIMYHM OHMMA KOJ KOHBEHLMOHATHUX
(ocunuux ropusa. CHCTEMATCKe XEMUjCKE BapHjalilje MOTy MOCTYXHTH Kao OCHOBA 3a IPO-
LIleHy OBOTI NPHUCTyIa Kao ONPKUBOT M3BOpa antepHaTuBHUX ropusBa. HDPE je nmao anuda-
TUYHE MPOU3BOAE pasrpaame, Hok cy PS u PET mpou3BomuiIM camo apOMaTHYHA jeNUHEHA.
KBaHTHTaTHBHA aHaMW3a NO00WjeHHX MHUPOJIM3aTa MoKa3ajia je jacHy KOpesalHjy IOYeTHOT
ofHOCa ca [0DMjeHMM KBaHTUTAaTHBHUM CacTaBOM INpOM3BOja. ['eHepucame IMOjefHHAYHUX
NIPOM3BOAA NMUPOJIM3E 110KA3aJI0 je BUCOKY TOHOB/BUBOCT. MehyTum, duso je ounrnenHo pa cy
ce MPOM3BOAM pasnarama PS mocienHo Mojas/bMBalM Kao HajUCTaKHYTHjU Mel)y CBUM TeCTH-
pauum cmemama HDPE:PS. Ognoc HDPE:PS = 1:3 mao je 96 % apoMaTUYHUX jeNUEmHa,
Koja cy mpopyktu pacnagama PS. PET je mpomykoBao NMpOW3BOAE KOjU YIIABHOM CaOpke
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KHCEOHUK, U KOju JonpuHoce ca 86 % nuponusary cmeme HDPE:PS = 1:3. OBu pesynratu
Iajy yBUJ y TOTEHIMjasl IaCTUYHOT OTIa/la Kao OJP)KUBOT M3BOpa alTePHAaTUBHUX ropHvBa U
BpPEJHUX XeMHUKasHja.
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