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In recent years, the usage of chemical recycling on plastic waste has shown promise in generating fuels with
high calorific value. These wastes include not only hydrocarbon-based plastics such as polystyrene (PS),
polyethylene (PE), and polypropylene (PP) but also polyvinyl chloride (PVC) as well. It is important to
understand the thermal degradation of each plastic component as well as the appropriate pretreatment method.
To improve the chemical recycling of plastic waste, this study involves modeling the thermal degradation of PS,
PE, and PP, which are the main components of plastic waste. This thesis also aims to focus on the effect of alkali
metals on hydrogen chloride (HCI) produced when PVC is undergoing pyrolysis. The studies carried out
throughout this thesis are detailed below for each chapter.

Chapter 1 emphasizes the importance of pyrolysis of plastic wastes and the dechlorination of polyvinyl
chloride (PVC), as well as introduces existing pyrolysis analysis methods, clarifying the position of this study.
Many of the previous studies reported the use of a "non-isothermal process" in which the temperature is
continuously increased until the plastic is pyrolyzed completely. As the required heating temperature is achieved,
whether or not the appropriate reaction rate constant has been obtained is unclear in those studies. It has also
been reported that simultaneous pyrolysis of alkali metals under 500°C ~ 700°C enables the uptaking of HCI.
However, under that temperature range, other hydrocarbon components with high calorific values would also
undergo unnecessary thermal degradation. These facts are pointed out and the significance of the present study
is clarified.

In Chapter 2, the pyrolysis kinetics of PS, PE, and PP, were investigated. Reaction analyses were carried out
under an "isothermal" condition at a constant temperature increase rate. It was found that the pyrolysis process
follows a first-order reaction at low temperatures (PS: 7< 623 K, PP: T< 693 K, PE: T< 653 K) and a two-step
consecutive reaction at higher temperatures: the activation energy AE; of the first-order reaction model is 106
kJ/mol < AE1 <227 klJ/mol. AE1,pp < AE1,pE < AE1,ps. On the other hand, the activation energies AE; and AF3 of
the two-step consecutive reaction model were 190 kJ/mol < AE> < 396 kJ/mol and 178 kJ/mol < AE, <238
kJ/mol, with no clear trend related to the plastic type. The pyrolysis products of PS were further investigated
using gas chromatography-mass spectrometry system (GC-MS) analysis. The results showed that only dimers
and trimers were generated in the ‘first-order reaction model’ temperature range. On the other hand, under the
‘two-step consecutive reaction model’ temperature range, styrene monomers were also detected.

In Chapter 3, the change in the HCI uptake effect with the addition of alkali metals was investigated by

conducting low-temperature pyrolysis simultaneously at 300 °C, where only dechlorination of PVC has been

reported to occur. With the addition of calcium oxide (CaO) or potassium carbonate (K.COs3), the uptake effect

(Fn3C 2,000 FREE / H3C 800 FEFLE)
(about 800 words)




R 75 (B8 12 55, 5 31 &:BAfR)
(#E=X 7 B) (Format No.7) 3

on HCI progressed as the molar ratio of additives increased, and the generation of HCI was reduced to about

20% at a molar ratio of 3. On the other hand, the addition of calcium carbonate (CaCQO3) showed little uptake
effect, and a catalytic effect that promoted the generation of HCI was instead detected. A GC-MS analysis was
conducted and it was found that for all alkali metals, the peak value during HCI generation was higher than a
pure PVC alone, suggesting that a catalytic effect occurs initially. Subsequently, in the case of CaO and K>CO3
additions, it was observed that HCI generation was rapidly suppressed by the uptake effect. In the case of CaCOs,
the catalytic action continued and the formation of benzene became more pronounced, indicating that pyrolysis
other than HCI was also more likely to proceed. Based on the hypothesis that (chloride salt produced) = {(actual
yield of PVC + CaO) - (theoretical yield assuming that only PVC is pyrolyzed}, the reaction mechanism of PVC
+ CaO was investigated using a thermogravimetric (TG) analysis. Based on the results, the reaction with HCI
was evaluated at different temperature settings based on the consumption rate of CaO. It was found that the
uptake effect occurred from the time at which the setting temperature was reached and that the effect became
more pronounced at higher heating temperatures. It was found that after a sufficient time, the consumption of
CaO converged to a specific value and the capture effect ceased, with the value decreasing with the set
temperature.

Chapter 4 summarizes the findings of this study. Reaction analysis of the thermal degradation of individual
plastics under "isothermal" conditions revealed that at low temperatures (PS: 7< 623 K, PP: T<693 K, PE: T
< 653 K) the reaction follows a first-order reaction with dimer and trimmer formation, while at higher
temperatures it follows a two-step consecutive reaction followed by the formation of styrene monome. The HCI
uptake effect with the addition of alkali metals was investigated and the results showed that with the addition of
CaO or K,COs, the generation of HCI decreased with the increase in the molar ratio of additives, converging to
about 20% at a molar ratio of 3. On the other hand, CaCOs3 had a catalytic effect on the generation of HCI,

without much uptake effect being shown.
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