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ABSTRACT

The pyrolysis of plastic waste is a promising method to reduce waste accumulation while it could provide value-added
transportation fuels. The main goal of this study is to investigate the influence of PET and PBT contamination during
plastic pyrolysis oil production utilizing HDPE, LDPE, PP, and PS mixtures as these plastics are good candidates for
transportation fuel production via pyrolysis and distillation. Seven different waste blends were prepared and pyrolyzed
in a laboratory-scale batch reactor equipped with reflux. Mass balance, gas analysis, thermogravimetric analysis, and
deposit formation were evaluated. It was concluded that by increasing the PET or PBT concentration in the initial solid
waste mixtures, the oil production decreases while the amount of gases increases. Additionally, either PET or PBT
generates operational difficulties due to they form deposits in piping system in form of benzoic acid. The maximum
concentration of these plastic waste materials was 20% (PET) and 25% (PBT) in this study as further increase blocked
the cross-section of piping, causing operational difficulties. Based on the obtained results the concentration of PET and
PBT should be limited in waste mixtures when transportation fuel production is desired.
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1. INTRODUCTION

Pyrolysis of plastic wastes is a promising method to reduce environmental waste accumulation and could
provide value-added transportation fuels. Although the influencing factors of plastic waste pyrolysis were
investigated by several researchers, such as temperature [1, 2], pressure [3], time [1, 4], type of reactor [5,
6], catalyst [7, 8, 9], or plastic waste material used [5, 10], there is still a need for deeper investigation of
the pyrolysis process. The influence of different contaminations plays an important role in present
researches as not all the plastic waste types are suitable for high quality pyrolysis oil production. HDPE,
LDPE, PP, and PS provide excellent pyrolysis oils [11] while they are present in global waste streams more
than 50%. PET also contributes a significant amount to plastic waste, but it does not provide pyrolysis oil
suitable for transportation. Additionally, PET can easily cause operational difficulties during a pyrolysis
process, which is unfavourable. One of the main products during PET pyrolysis is benzoic acid [12]
forming solid products at ambient conditions. Thus, PET can easily form solid deposits in low-temperature
piping systems while oil is not produced. Zero percent liquid product was also presented in the case of PET
pyrolysis in another study [13]. PBT has a very similar molecular structure compared to PET, and thus it
behaves similarly during a pyrolysis process; however, very limited information is available describing
plastic mixtures containing PBT. It can be stated in both cases that the pyrolysis of these plastics is
challenging, but, on the other side, they can be present in waste streams even when they are virtually
separated. Additionally, it is expected that the behaviour of PET and PBT in a pyrolysis system might be
similar, as minor differences could be seen in molecular structures.

The main goal of this paper is to investigate the influence of PET and PBT contamination on the pyrolysis
process when HDPE, LDPE, PP, and PS mixtures are used as these four plastics could generate excellent
fuels (through pyrolysis and distillation) with properties close to the traditional gasoline.
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2. MATERIALS AND METHODS

The pyrolysis runs were performed in a laboratory-scale batch reactor equipped with reflux. The vapours
exiting the reflux are condensed in a water-cooled heat exchanger, and the liquid product (pyrolysis oil) is
collected in a product container at room temperature. The remaining gases were collected in a sample bag
and flared after the measurements. Fig. 1 shows the schematic illustration of the measurement system.

The plastic waste recipes used in this study are summarized in Table 1. Each plastic waste blend contains
five different plastic types separately gathered from local waste streams, and only the plastics with clearly
visible identification codes were utilized. LDPE, HDPE, PP, and PS is present in each blend with a ratio
representing the typical plastic demand in Hungary in 2018. 200 g solid waste blend was loaded into the
reactor in each case, then the reactor was flushed with argon before measurement to eliminate the air from
the system. The heat-up procedure started after the argon flush, and the pyrolysis runs were typically
stopped when the temperature inside the reactor reached =520 °C as the cracking reactions ended by this
temperature. It is worth noting that the PBT waste contained 15% glass fiber based on the identification
code found on the surface of the material.

The pyrolysis gas was collected in a plastic sampling bag, and the composition was analyzed using gas
chromatography (model: Dani Master; TCD detector with 3 columns: Restek RT-Q-Bond 30 m, 0.32 mm
ID, 10 um, Restek RT-Q-Bond 15 m, 0.53 mm ID, 20 pm and Restek RT-Msieve 5A 30 m, 0.53 mm ID,
50 um; FID detector with 1 column: Rt-Alumina BOND/Na2S04 30 m, 0.53 mm ID, 10 pm).

Table 1. Plastic waste recipes utilized for PET and PBT contamination analysis

Concentration, %(m/m)

Name LDPE HDPE PP PS PET PBT
PET-5 20.9 14.25 46.55 13.3 5 -
PET-10 19.8 135 44.1 12.6 10 -
PET-20 17.6 12 39.2 11.2 20 -
PBT-5 20.9 14.25 46.55 13.3 - 5
PBT-10 19.8 135 44.1 12.6 - 10
PBT-20 17.6 12 39.2 11.2 - 20
PBT-25 16.5 11.25 36.75 10.5 - 25
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Figure 1. Schematic illustration of the measurement system
3. RESULTS

The mass distribution of the products during the pyrolysis runs is summarized in Table 2. Based on the
obtained results, it can be stated that either PET or PBT significantly impacts the different products, which
can be elucidated with the behaviour of pure materials during the pyrolysis runs. Based on a previous study
[11], the neat PET generates 23.6% char and 76.2% gas, while less than 5% char and less than 40% gas
might be generated in the cases of LDPE, HDPE, PP, and PS. This is supported by the TG analysis of
materials used in this study (Fig. 2). It can be stated that high oil production can be reached when using
LDPE, HDPE, PP, and PS plastic waste materials either in pure or mixed form. Thus, the addition of PET
decreases the oil yield and increases the gas and char yield during the pyrolysis process. The same trends
can be seen in the case of PBT contamination. It can be concluded that by increasing either PET or PBT in
plastic wastes, the oil production decreases, while the gas and char production increases. This effect is not
beneficial when oil production is the primary goal. Additionally, PET and PBT form benzoic acid, which is
in the solid phase at ambient conditions. Thus, the benzoic acid can easily form deposits during pyrolysis
runs with intensive cooling, such as during transportation fuel production via pyrolysis. The deposits were
investigated in the system used in this study as well, Fig. 3 and Fig. 4 depict the actual status after each run.
The thickness of the deposit increases by increasing the PET or PBT contamination; thus, a concentration
limit was determined. Typically, the amount of solid deposit found in the heat exchanger after each run was
slightly higher in the case of PBT. It was found that if the PET concentration is higher than 20%, then
operational difficulties rise up while the oil quality significantly drops. The same in the case of PBT is
25%. Blending PET or PBT in higher concentrations is possible, but operational adjustments or system
redesign is necessary, which can handle the above-mentioned deposit formation problems.

Table 2. Mass distribution of pyrolysis products utilizing various plastic waste mixtures

PET-5 | PET-10 | PET-20 | PBT-5 | PBT-10 | PBT-20 | PBT-25
Oil, m/m% 77,6 70,55 63,3 76,85 73,6 63,75 59,8
Char, m/m% 6,6 7,15 7,55 4,3 5,45 7,55 10,5
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Figure 2. TG analysis of neat plastic wastes used in this study. MOM Derivatograph C/PC was used for measurements with a
heating rate of 10 °C/min in a nitrogen atmosphere. The temperature is narrowed to a range of 350-550 °C for better illustration

Figure 3. Deposit formation in case of PET
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Figure 4. Deposit formation in case of PBT

The composition of the generated pyrolysis gas was measured by gas chromatography. The total
hydrocarbon content of the gases is shown in Fig. 5. Generally, the hydrocarbon concentration decreases
by increasing either the PET or PBT concentration of the initial solid blend, which can be elucidated with
the fact that PET and PBT form mostly CO and CO, during a pyrolysis process due to the presence of
oxygen atoms in the molecular structure. These oxygen atoms could partly or fully oxidize the carbon
content. Additionally, PBT generates more hydrocarbons compared to PET as the presence of butylene in
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PBT adds more hydrocarbons to the pyrolysis gas. The hydrocarbons are mainly C1-C4 group alkanes and
alkenes. The concentration of CO and CO, among with two selected hydrocarbons (C,Hg and CsHg) are
depicted in Fig. 6. The CO and CO, increases, while the C,Hg and C3Hg decreases by increasing either the
PET or PBT concentration. Generally, more CO and CO, were present in the gas phase during PET

pyrolysis. As CO and CO, lower the heating value of the hydrocarbon-rich pyrolysis gas, PET and PBT
contaminations are not beneficial in this context.
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Figure 5. Total hydrocarbon content of the pyrolysis gas under various PET and PBT concentrations
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Figure 6. CO, CO,, C;Hs, and C3Hs content of the pyrolysis gas under various PET and PBT concentrations

4. CONCLUSIONS

The influence of PET and PBT contamination during the pyrolysis of HDPE, LDPE, PP, and PS plastic
waste mixtures was investigated. Generally, the amount of pyrolysis oils decreased by increasing either
PET or PBT in the initial solid material, while the amount of pyrolysis gases and solid residues increased.
Additionally, the total hydrocarbon content decreased with PET/PBT increase, which is not beneficial from
a heating value point of view. Solid deposits formed on the surfaces of heat exchanger piping and caused
operational problems at higher concentrations; thus, the concentration of PET/PBT should be limited
during the pyrolysis process. Overall, either PET or PBT is not beneficial when transportation fuel

production is the primary goal of a pyrolysis process, and therefore pre-separation of these materials is
necessary.
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