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Abstract: Plastic waste increased worldwide due to the steady rise in plastic consumption. Several
strategies were developed to mitigate plastic waste. Among these methods, pyrolysis is a promising
technology for converting plastic waste into valuable products. This paper discusses the latest ad-
vancements in the pyrolysis of three common types of plastic waste: polyvinyl chloride (PVC), pol-
ypropylene (PP), and polystyrene (PS). The challenges associated with the pyrolysis of these plastics
are highlighted, and an outlook on the future of research on pyrolysis is given. Overall, this review
provides valuable insights into the current state of research on the pyrolysis of PVC, PP, and PS.
This has implications for advancing pyrolysis technology to contribute to a more sustainable and
circular economy.
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1. Introduction

Plastic consumption continues to increase worldwide and has caused a surge in plas-
tic waste globally. Because plastics are made from long-chain hydrocarbons, they are non-
biodegradable, thus making their disposal a significant environmental concern. Typically,
solid wastes such as plastics are being disposed through sanitary landfills or are inciner-
ated. However, both have negative impacts in the environment for they generate toxic
emissions in the form of leachates and VOCs. This has led to the adoption of alternative
modes of waste management strategies, but none of them provides a comprehensive so-
lution to the growing plastic waste problem.

Among the technologies being considered for plastic waste management is using py-
rolysis. Pyrolysis is a thermochemical process that decomposes organic feedstocks such
as plastic waste in the absence of oxygen, producing a range of products such as biochar,
bio-oil, and syngas. It is a promising technology to generate valuable materials out of
waste plastics. For example, biochar can be used as a soil amendment material. Bio-oil
may contain valuable products that can be further purified for the production of chemi-
cals. Meanwhile, biogas or syngas can be used as an alternative fuel for electricity gener-
ation.

There are different types of pyrolysis depending on the temperature and the heating
rate. Slow pyrolysis occurs at low temperatures (400-700°C) and a slow heating rate (less
than 10 °C/min). This process produces biochar as the primary product with a small
amount of bio-oil and gas. Because it is done at slow heating rate, this process has high
residence time. Meanwhile, fast pyrolysis occurs at higher temperatures (500-800 °C) and
a high heating rate (greater than 100 °C/s). This produces bio-oil as the primary product
and a small amount of biochar and gas. This process typically has low residence time and
produces high yield of valuable bio-oil. Lastly, flash pyrolysis occurs at very high
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temperatures (greater than 1000 °C) and a very high heating rate (greater than 1000 °C/s).
Because of the harsh pyrolysis conditions, it produces a high yield of gas as the primary
product and a small amount of bio-oil and biochar.

The efficiency of the pyrolysis process is influenced by several factors, including the
plastic type, pyrolysis temperature, heating rate, residence time, use of catalysts, and re-
actor design. This paper focuses on the latest advancements in the pyrolysis of polyvinyl
chloride (PVC), polypropylene (PP), and polystyrene (PS).

2. Pyrolysis of Different Plastics

The type of plastic used is a significant factor that affects the pyrolysis process. The
main types of plastic are polyethylene (PE), polypropylene (PP), polystyrene (PS), poly-
ethylene terephthalate (PET), polyvinyl chloride (PVC), and polyurethane (PU). These
plastics have different chemical compositions and molecular structures, which affect their
pyrolysis behavior. For instance, the pyrolysis of PE and PP at high temperatures (400
600 °C) results in high yields of liquid products (70-80%), while PS and PVC pyrolysis
yield mainly gaseous products. PET and PU pyrolysis produce a combination of liquid,
gas, and solid products. In this paper, we will focus on the pyrolysis of PVC, PP, and PS.

2.1. Polyvinyl Chloride

PVC is an excellent choice of material for construction materials such as electrical
insulations and pipings because of its resistance to fire and other environmental factors.
When mixed with several additives, the use of PVC can be extended to other products
such as in packaging, medical devices, automotive interiors, credit cards, and synthetic
leather. PVC contains very high levels of chlorine. Upon heating, it releases dangerously
high levels of chlorinated compounds that are toxic to human beings upon inhalation.
When released in the atmosphere and upon the action of UV light from the sun, these
chlorinated compounds can break down to form chlorine-free radicals that can participate
in the atmospheric destruction of ozone. Because of these concerns, studies on the pyrol-
ysis of PVC are not very common and are only usually done for comparative analysis with
other plastics.

Tang et al. [1] found that the structural breakdown of PVC started at around 240 °C
and ends at about 530 °C. A maximum decline in the initial weight loss (66%) has been
observed to occur between 250 °C and 380 °C. When pyrolysis is conducted at 380 °C,
minimal chlorine release (4%) was observed. When the pyrolysis temperature is increased
beyond 380 °C, additional PVC degradation occurred (28.5% of its initial weight) in the
temperature range of 385-525 °C. However, this accompanied increased chlorine levels
which are undesirable in an HSE point-of-view. Ephraim et al. [2] found that pyrolysis of
pure PVC yields 10.3 wt.% char, 30.3 wt.% oil, and 59.2 wt.% gases. 96.9 wt.% of the total
chlorine in PVC is released in the gas phase while only 2.9 wt.% and 0.04 wt.% of the total
chlorine goes to the oil and char phase respectively.

Ozsin and Piitiin [3] studied the kinetics of PVC pyrolysis and found that the activa-
tion energy of PVC pyrolysis to be in the range of 93.2-263.7 kJ/mol and average activation
energy varied between 144.7 and 161.0 kJ/mol depending on the kinetic model used. They
also found that the activation energy is highly dependent on conversion degree which
indicates that PVC pyrolysis undergoes a very intricate pyrolytic degradation due to dif-
ferent types of reactions involved in the process.

Lopez et al. [4] reported that thermal degradation of PVC takes place by means of
“side group elimination.” This is a two-stage process—first, the polymer chain is first
stripped of molecules or “sidechains” attached to the backbone of the polymer thus leav-
ing an unsaturated chain, and second further degradation of the remaining unsaturated
chain. They observed that almost all the chlorine (=99 wt.%) is lost at a pyrolysis temper-
ature of 300 °C (54.1 wt.% PVC degradation); lower chlorine release is achieved at lower
temperatures even at extended pyrolysis time. To deal with the issue of chlorine release,
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they added calcium carbonate (CaCO:s) to PVC to dechlorinate the plastic samples during
pyrolysis. The addition of CaCOs increased the gas generation from 34.0 wt.% to 54.4 wt.%
and decreased oil production from 65.2 wt.% to 46.6 wt.%. Accordingly, CaCOs also acts
as a catalyst during the conventional pyrolysis of PVC, thus modifying the product com-
position by increasing volatile components in the pyrolysis products.

While intuition tells us that it is desirable to pyrolyze all types of plastics, our review
showed that this may not be very applicable to PVCs. This has implications in setting up
pyrolysis plants because PVC removal from the original plastic mix may be needed prior
to feeding the pyrolysis reactors.

2.2. Polypropylene

First synthesized by Phillips Petroleum chemists J. Paul Hogan and Robert Banks,
polypropylene emerged to be one of the most produced plastics after polyethylene. PP is
a saturated polymer with a linear hydrocarbon chain. Isotactic polypropylene has a higher
degree of crystallinity, stiffer, and more resistant to creep than polyethylene or atactic pol-
ypropylene. It has a good chemical resistance except for strong oxidizing agents and has
a good thermal resistance. Because it has the lowest density among all commodity plastics,
it is highly-desired in the production of plastic parts since greater quantities can be man-
ufactured for a given mass of PP compared to other types of plastics. The applications of
PP are diverse—plastic hinges, plumbing systems, laboratory containers, home decors,
ropes, plastic moldings, packaging, storage boxes, pails, and aircraft and radio parts,
among others. Due to its wide applications, plastic wastes made from PP can also be found
in large numbers despite its long shelf-life.

Ahmad et al. [5] studied the pyrolysis of polypropylene over a temperature range of
250400 °C. They achieved 98.66% total conversion; 69.82% is transformed into liquid oils,
28.84% to gaseous products, and the remaining 1.34% was converted to chars at 300 °C.
Further increase in temperature resulted in lower total conversion due to coke formation
and elevated gas formation. Analysis of the liquid products showed that 50% of the liquid
fraction is in the light naphtha range hydrocarbons (Cs—Cis) while the remaining oil ranges
from Ci3 to Cis (33.04%), and Ci7 to C20(24.97%) which corresponds to diesel range hydro-
carbons. Pyrolyzed PP liquid oils are richer in paraffinic hydrocarbons (66.55%) relative
to olefins and naphthenes which comprise 25.87% and 7.58%, respectively. As such, the
liquid oils derived from pyrolyzed PP can be used for diesel engines. In fact, their study
showed that the produced oils meet the fuel grade criteria set by ASTM.

In a study by Abbas-Abadi et al. [6], pyrolysis of polypropylene was done with an
equilibrium fluid catalytic cracking (FCC) catalyst. They found that the product molecular
weight decreases with increasing temperature. At higher temperatures, they observed that
the conversion of liquid products directly to aromatics and some gases are favored which
occurs via the Diels—Alder reaction, followed by dehydrogenation. The maximum con-
densed product yield was achieved with a 10% FCC catalyst. In a non-catalyzed reaction
using similar conditions, the majority of the products obtained are waxy in nature which
is less valuable compared to liquid oils. Adding FCC catalyst to as low as 2% loading shifts
the reaction to produce the more valuable liquid fuels. They also showed that agitation
rate affects the overall reaction kinetics. In particular, the reactor without a stirrer has very
weak radiation heat transfer in high temperatures. The poor thermal conductivity of the
polymer increases the residence time of the pyrolysis process, thus requiring larger reactor
volumes. This can lead to non-homogeneity of polymer/catalyst mixture and build-up of
non-uniform temperature gradient which alters the product composition. The maximum
condensed hydrocarbon yield was obtained at 50 rpm. As such, this study showed that
pyrolysis of plastics, in particular that of PP, is a complex process that involves inter-rela-
tionships between several process parameters.

Aboulkas et al. [7] studied the kinetics of polypropylene pyrolysis using isoconver-
sional methods. They estimated the activation energy to be around 179-183 kJ/mol which
is lower compared to HDPE (238-247 k]/mol) and LDPE (215-221 kJ/mol). This shows that
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thermodynamically speaking, PP requires lower energy compared to HDPE and LDPE to
convert them into pyrolysis products. Furthermore, according to their study, a ““Contract-
ing Cylinder” model best describes the kinetics of PP pyrolysis as opposed to the ““Con-
tracting Sphere” model for HDPE and LDPE. The difference in the kinetic mechanisms
between PP and polyethylene can have an impact on designing pyrolysis plants.

2.3. Polystyrene

Polystyrene is made of polymerized styrene molecules and is typically used for var-
ious applications such as in household items (toys, kitchen utensils, coffee cups, plates,
food packaging) and in industrial materials (insulation material, packing material, etc.).
Typically used in its foam form, PS has very low bulk density and thus occupies a large
volume in municipal solid wastes. Typically, people do not recognize PS as plastic. Thus,
during waste segregation, PS is usually thrown as a residual. Because recycling PS is not
usually done, pyrolyzing polystyrene is the only alternative before it ends in landfills.

Adnan et al. [8] investigated the pyrolysis of expanded PS waste in a batch reactor.
Among the zinc bulk catalysts that they used, the Zn metal catalyst was found to be the
best catalyst yielding 96.73% liquid products at 450 °C, 120 min heating time and 1:0.2
feed to catalyst ratio. The liquid products consist of 2.47 wt.% toluene, 1.16 wt.% ethylben-
zene, 47.96 wt.% styrene, and 1.90 wt.% a-methylstyrene. They found that the nature of
the catalyst used during PS pyrolysis has a deep relation to the activity and selectivity of
products. For the case of Zn metal, they found that it has higher activity and selectivity
for the production of low molecular weight aromatic hydrocarbons compared to other
catalysts that they studied.

Shah et al. [9] used a different catalyst to pyrolyze expanded PS. In their work, the
maximum yield of liquid product was achieved using a 15% Mg-ALOs catalyst (95.47
wt.%) at 450 °C under an optimized polymer: catalyst ratio is at 1:0.3. The optimum reac-
tion time for the conditions is 30 minutes; beyond this temperature, the liquid yield drops.
In comparison, non-catalyzed degradation of PS at 500 °C showed increasing liquid yield
as the reaction time is increased. Their analysis of the liquid products showed a composi-
tion of 56.20 wt.% styrene, 13.10 wt.% benzene, and 8.93 wt.% ethylbenzene as the top
three products.

In another work by Adnan et al. [10], the pyrolysis of PS was carried out using several
Cu catalysts. In an N2 atmosphere, about 99.57% of the weight loss attributed to PS degra-
dation occurred from 300.98 °C to 409.85 °C. On the contrary, under an O: environment,
100% of the weight changes occurred from 292.50 °C to 407.79 °C. Unlike those of Zn cat-
alysts where the Zn metal yields the maximum liquid products, they found that Cu sup-
ported catalysts are more selective towards low molecular weight aromatic hydrocarbons
as compared to Cu metal and the supports. The best catalyst is 20% Cu-AlOs which has
moderate activity and high selectivity towards the desirable low molecular weight aro-
matic hydrocarbons, yielding 60.48% styrene, 10.98% toluene, 9.92% ethylbenzene, and
3.66% methylstyrene.

These studies show the influence of the catalysts used in the composition of the py-
rolysis products. In general, PS yields highly-aromatic liquid oils with minimal char and
gas production at mild temperatures. This shows that the liquid oils can have the potential
to be used as fuels most especially in diesel engines.

3. Research Gaps

Plastic pyrolysis has the potential to address the environmental issues caused by
plastic waste at the same time producing valuable products. However, several research
gaps limit its full potential. Understanding of the optimization of pyrolysis conditions,
product analysis and characterization, effects of feedstock characteristics, proper reactor
and catalyst design, environmental impact assessment, and economic viability and scale-
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up are crucial to the development of plastic pyrolysis technology. These gaps need to be
addressed before plastic pyrolysis can be adopted commercially.

3.1. Process Optimization

The pyrolysis of plastics involves heating the feedstock in the absence of oxygen to
break down the polymer chains into smaller fragments. Such process is influenced by sev-
eral process factors, including temperature, heating rate, reactor residence time, and feed-
stock characteristics, among others. Extensive research had been done to elucidate the ef-
fect of these variables on the product yield, product distribution, and product character-
istics. However, there is still a need to conduct optimization studies to improve the yield
and quality of the pyrolysis products and to lower the operating costs of pyrolysis process.

For example, some studies mention that as higher heating rate increases the yield of
liquid products due to the rapid decomposition of the plastic waste. However, some stud-
ies reported that a slower heating rate tend to favor the production of higher yields of
valuable products like aromatics and olefins. These conflicting studies merit further in-
vestigation and optimization to identify the optimal heating rates for each plastic and for
different reactor designs.

3.2. Product Characterization

Plastic pyrolysis produces a range of products, including solids (char), liquids (oils
and aromatics), and gases, each with varying properties and potential uses. Significant
research has been conducted on the yield, distribution, and properties of these products.
However, there is still a need to further characterize the products in terms of melting
point, molecular weight, chemical structure, chemical stability, and heating value, among
others.

Liquid products obtained from plastic pyrolysis are typically a source of valuable
products like aromatics and olefins, which can be used as raw materials for the production
of various products such as fuels, polymers, and other industrial chemicals. However, dif-
ferent types of plastic feedstock, reaction conditions, and reactor type may produce vary-
ing product distributions and yield, affecting the quality of the products. Thus, there is a
need to thoroughly investigate how the variations in product composition affects their
properties. Moreover, there is a need to develop effective means to separate and purify
the components of these products to enhance their value and marketability.

A detailed analysis of the product quality is needed to ascertain the market potential
of the pyrolysis products. However, there is currently no consensus on the standard meth-
ods to analyze the quality of pyrolysis products. Some researchers used gas chromatog-
raphy-mass spectrometry (GC-MS), Fourier-transform infrared spectroscopy (FTIR), and
nuclear magnetic resonance spectroscopy (NMR) to characterize the pyrolysis products.
However, the lack of standardized methodology in pyrolysis product analysis makes it
challenging to compare the results across studies, leading to inconsistent findings. Hence,
there is a need to develop standardized tools and methods to ensure data consistency and
comparability of results.

3.3. Feedstock Selection

As discussed in the previous section, feedstock selection is a critical aspect in plastic
pyrolysis. The type of plastic can influence the product yield and quality, product distri-
bution, properties, and even the efficiency of the entire process. Thus, the choice of plastic
must be carefully assessed to ensure an optimized process.

Most studies involving plastic pyrolysis focuses on the use of single plastic types.
Here, we reported studies on polyvinyl chloride, polypropylene, and polystyrene. How-
ever, in the real world, plastic wastes occur as a mixture of different plastic types. The
effect of plastic waste composition on the pyrolysis process is not well understood. There-
fore, further studies need to be done to explore how feedstock characteristics affect the
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pyrolysis process and the corresponding product yield and distribution. Additionally, the
effect of impurities such as water, oxygen, and metals, among others, on the product qual-
ity and yield has not been thoroughly investigated. There is a need to elucidate how these
impurities affect the reaction mechanism and the overall efficiency of the process. Under-
standing how the feedstock characteristics affect the pyrolysis process is crucial in select-
ing the appropriate catalyst and in reactor design.

3.4. Reactor Design

Like in any chemical process, reactor design is essential in the efficiency of pyrolysis
process. The type of reactor directly impacts the yield of the pyrolysis products, as well as
the energy requirements, by-product formation, and environmental impact of the process.
Therefore, it is necessary to choose the right type of reactor to maximize the benefits of
plastic pyrolysis.

The comprehensive understanding of the underlying mechanisms involved in plastic
pyrolysis is a pre-requisite to effectively design an efficient pyrolysis reactor. However,
our understanding in this area is still limited primarily because of the complexity of the
reactions involved during the thermochemical process. More research is needed to under-
stand the reaction mechanism, kinetics, and thermodynamics of the pyrolysis process for
these are essential components of reaction engineering and reactor design. Fundamental
understanding on the chemistry of the process is required to develop more efficient reac-
tor designs.

There is also limited research in the scale-up of plastic pyrolysis. Most studies in the
literature are conducted using laboratory-scale reactors which may be different to indus-
trial-sized reactors. Scale-up of reactors involves understanding on the effect of heat and
mass transfer on the kinetics of pyrolysis. Moreover, there is a need to develop effective
designs to optimize heat and mass transfer and to effectively control the reaction condi-
tions such as temperature, flow rates, and residence time. Knowledge on the appropriate
materials of construction is also needed to ensure that the reactor will be serviceable
throughout the plant lifetime. As such, the effect of corrosion and fouling on the reactor
performance may also be investigated in the future.

Overall, developing an efficient reactor for plastic pyrolysis is crucial to help address
the plastic waste problem and to facilitate the adoption of pyrolysis technology on a larger
scale.

3.5. Catalyst Design

Typically, plastic pyrolysis use catalysts to enhance the reaction rate, thus increasing
the yield and quality of the products obtained. While there are already several catalysts
investigated for this purpose, there remains a need to develop novel catalysts that are
more efficient, possesses high selectivity and thermal stability, more sustainable, and of
lower cost. Catalysts play a critical role in improving the overall pyrolysis process and in
reducing the operational cost.

One of the major challenges in catalyst design is achieving high selectivity for the
desired valuable products. Current catalytic pyrolysis processes produce a wide range of
products, including unwanted byproducts, which reduces the overall yield and quality of
the desired products. Catalysts are also prone to fouling, poisoning, and sintering at high
pyrolysis temperatures and long reaction times, leading to deactivation and loss of per-
formance. As such, future researchers should explore new catalysts that are more resistant
to catalyst deactivation and can perform over long period of time without regeneration.

Catalysts should also be designed to withstand the harsh reaction conditions inside
the pyrolysis reactor. Most catalysts have been tested in laboratory-scale reactors, but
studies should also focus on using these catalysts in pilot-scale and industrial-scale reac-
tors where heat transfer and mass transfer effects may be more predominant. Moreover,
the cost of the catalyst is the most important consideration when adopting a catalyst for
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commercial use. Hence, the catalyst should be made from cheap raw materials and have
minimal environmental impact for it to be sustainable and economically-feasible.

3.6. Environmental Impact

Plastic pyrolysis has a great potential to reduce our plastic waste and to produce val-
uable products. However, there is still a need to comprehensively assess its environmental
impact since pyrolysis may release harmful emissions (greenhouse gases, particulate mat-
ter, volatile organic compounds, toxic compounds, etc.) that may have a significant health
and environmental impact. It is also crucial to reduce the production of these emissions
by enhancing the efficiency of the process, developing greener catalysts, and optimizing
the process. Therefore, there is a need to investigate the environmental impact of pyrolysis
to assess its viability compared to other plastic waste management options. Future re-
search may also focus on lifecycle analysis to thoroughly evaluate the environmental and
economic benefits and drawbacks of plastic pyrolysis, including the energy consumption,
greenhouse gas emissions, and the economic feasibility of the process.

3.7. Economic Viability

Due to the latest advancements in plastic pyrolysis, there is a growing interest in uti-
lizing pyrolysis to manage our increasing production of plastic waste. However, as the
technology is gaining maturity, there is a need to investigate the economic viability and
technological scalability to maximize its impact. As such, we need to assess the true cost
of the pyrolysis process and the actual value of the produced pyrolysis products to deter-
mine its profitability. Unfortunately, there is still a lack of systematic studies done on the
cost analysis of plastic pyrolysis. Most studies are also limited to small-scale laboratory
experiments. Thus, pilot-scale studies should be done to assess the technological viability
of the process when scaled up from laboratory setting. Moreover, a market study on the
pyrolysis products is needed to ascertain their current demand and prices which are help-
ful in evaluating the economic feasibility of the pyrolysis process.

4. Future Outlook

The increase of plastic garbage in the environment has sparked research and innova-
tion in waste management systems. Among these, pyrolysis has emerged as a viable solu-
tion for addressing the difficulties posed by plastic waste, with a particular focus on pol-
yvinyl chloride (PVC), polypropylene (PP), and polystyrene (PS). As society explores sus-
tainable alternatives to traditional trash disposal systems, the pyrolysis of these three pri-
mary plastic types holds tremendous promise.

Polyvinyl chloride (PVC) is ubiquitous due to its diverse qualities, making it a stand-
ard in building, healthcare, and consumer goods. However, PVC’s lifecycle poses consid-
erable environmental concerns, from its hazardous chlorine-based manufacture through
its resistance to degradation. Pyrolysis provides a solution to these problems. Innovative
pyrolysis techniques may enable the controlled breakdown of PVC into usable compo-
nents in the future while limiting harmful emissions. Advanced catalysts have the poten-
tial to improve the selectivity and efficiency of the pyrolysis process, generating valuable
hydrocarbons and chemical intermediates. Researchers want to reduce environmental
harm by optimizing pyrolysis conditions, which will reduce the creation of chlorine-con-
taining byproducts. Furthermore, the possibility of circularity in PVC pyrolysis appears
interesting. The byproducts could be utilized as feedstock for the manufacture of other
materials, effectively closing the loop and lowering the demand for virgin resources.
While energy consumption remains a concern, the incorporation of renewable energy
sources and creative reactor designs may alleviate this issue, making PVC pyrolysis more
energy-efficient and environmentally beneficial.

Polypropylene (PP) is well-known for its lightweight and long-lasting properties,
making it a popular material in packaging, textiles, and a variety of consumer products.
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Nonetheless, the accumulation of PP trash in landfills and waterways needs environmen-
tally friendly disposal options, making pyrolysis an appealing option. The future of PP
pyrolysis is focused on improving pyrolysis technologies to improve product selectivity
and yield. Customized catalysts can improve conversion efficiency and result in desirable
outputs such as liquid fuels and valuable chemical feedstocks. The manufacture of renew-
able chemicals and polymers from PP pyrolysis products is an interesting prospect. The
pyrolysis oils produced can be used as a sustainable supply of feedstock for numerous
chemical processes, reducing reliance on fossil fuels. Innovative ways are being used to
address issues such as feedstock variability and process economics. Advanced feedstock
pretreatment, reactor design, and process optimization are expected to increase PP pyrol-
ysis’s viability on a larger scale. With a focus on the circular economy and resource effi-
ciency, PP pyrolysis could greatly contribute to reducing plastic waste and improving re-
source usage.

Polystyrene (PS) is well-known for its insulating characteristics and adaptability, and
it is used in an array of applications including packaging, electronics, and insulation. The
development of ways to extract useful styrene monomers from the pyrolysis process is
crucial for the future of PS pyrolysis. Styrene is an important precursor for many chemi-
cals and plastics, and it is possible to design a closed-loop system in which waste PS be-
comes a profitable feedstock. Microwave and plasma-assisted pyrolysis approaches are
being investigated to improve the process’s efficiency and selectivity while avoiding the
limitations associated with classic thermal pyrolysis. Styrene recovery and process effi-
ciency are likely to improve as innovation advances, making PS pyrolysis more appealing
both ecologically and economically. This technique might turn PS waste into a resource
for sustainable chemical and material production by leveraging the value of pyrolysis
products.

The pyrolysis of polyvinyl chloride (PVC), polypropylene (PP), and polystyrene (PS)
has a bright future, with continuing research and development targeted at producing
more efficient and sustainable pyrolysis processes. Product yields, selectivity, and overall
process efficiency are projected to improve as technology advances in catalyst research,
reactor design, and process optimization. The use of pyrolysis products as feedstock for
the manufacture of valuable chemicals and materials could help to move the economy
toward a more circular and sustainable model.

However, issues like as energy consumption, scalability, and economic feasibility
persist. To solve these issues and realize the full potential of plastic pyrolysis as a solution
to plastic waste management and resource conservation, researchers, industry stakehold-
ers, and policymakers must continue to collaborate. As technology advances and the
global emphasis on sustainability rises, pyrolysis has the potential to play a critical role in
determining the future of plastic waste management.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in the Supplementary
Material.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Tang, Y.; Huang, Q.; Sun, K.; Chi, Y.; Yan, J. Co-pyrolysis characteristics and kinetic analysis of organic food waste and plastic.
Bioresour. Technol. 2018, 249, 16-23. https://doi.org/10.1016/j.biortech.2017.09.210.

Ephraim, A.; Minh, D.P.; Lebonnois, D.; Peregrina, C.; Sharrock, P.; Nzihou, A. Co-pyrolysis of wood and plastics: Influence of
plastic type and content on product yield, gas composition and quality. Fuel 2018, 231, 110-117.
https://doi.org/10.1016/j.fuel.2018.04.140.



Eng. Proc. 2023, 52, x FOR PEER REVIEW 9 of 9

10.

Ozsin, G.; Piitiin, A.E. TGA/MS/FT-IR study for kinetic evaluation and evolved gas analysis of a biomass/PVC co-pyrolysis
process. Energy Convers. Manag. 2019, 182, 143-153. https://doi.org/10.1016/j.enconman.2018.12.060.

Lopez, A.; De Marco, I; Caballero, B.M.; Laresgoiti, M.F.; Adrados, A. Dechlorination of fuels in pyrolysis of PVC containing
plastic wastes. Fuel Process. Technol. 2011, 92, 253-260. https://doi.org/10.1016/j.fuproc.2010.05.008.

Ahmad, I; Khan, M.L; Khan, H.; Ishaq, M,; Tariq, R.; Gul, K.; Ahmad, W. Pyrolysis study of polypropylene and polyethylene
into premium oil products. Int. ]. Green Energy 2015, 12, 663-671. https://doi.org/10.1080/15435075.2014.880146.

Abbas-Abadi, M.S.; Haghighi, M.N.; Yeganeh, H.; McDonald, A.G. Evaluation of pyrolysis process parameters on polypropyl-
ene degradation products. . Anal. Appl. Pyrolysis 2014, 109, 272-277. https://doi.org/10.1016/j.jaap.2014.05.023.

Aboulkas, A.; El Harfi, K; El Bouadili, A. Thermal degradation behaviors of polyethylene and polypropylene. Part I: Pyrolysis
kinetics and mechanisms. Energy Convers. Manag. 2010, 51, 1363-1369. https://doi.org/10.1016/j.enconman.2009.12.017.

Adnan; Shah, J.; Jan, M.R. Thermo-catalytic pyrolysis of polystyrene in the presence of zinc bulk catalysts. J. Taiwan Inst. Chem.
Eng. 2014, 45, 2494-2500. https://doi.org/10.1016/j.jtice.2014.05.011.

Shah, J.; Jan, M.R. Tertiary recycling of waste polystyrene using magnesium impregnated catalysts into valuable products. J.
Anal. Appl. Pyrolysis 2015, 114, 163-171. https://doi.org/10.1016/j.jaap.2015.05.009.

Shah, A.].; Jan, M.R. Polystyrene degradation studies using Cu supported catalysts. |. Anal. Appl. Pyrolysis 2014, 109, 196-204.
https://doi.org/10.1016/j.jaap.2014.06.013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



