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ABSTRACT 

Worldwide production of plastic has been 

expanding quickly, and many of these 

goods end up as waste that is thrown in 

landfills or scattered, endangering the 

environment and public health. When 

considering sustainability, managing trash 

through the conversion of plastic garbage 

into fuels or, even better, individual 

monomers is far more environmentally 

friendly than disposing of it in landfills. The 

potential of pyrolysis as a useful 

thermochemical conversion technique for 

the value-adding of plastic waste is 

thoroughly reviewed in this research. 

Different types of pyrolysis are explored, as 

well as how different operating 

conditions—such as temperature, vapor 

residence time, and types of plastic waste—

affect the yields, quality, and uses of the 

plastic products that crack. Before and after 

upgrading, the quality of pyrolysis plastic 

oil is contrasted with that of regular diesel 

fuel. With moderate pyrolysis, yields of 

plastic oil can reach up to 95% weight 

percentage. 

Plastic oil is a viable substitute for 

traditional petroleum-based fuels since it 

has properties such as no sulfur, very low 

water and ash content, nearly neutral pH, 

and a heating value that is roughly equal to 

diesel fuel, 45 MJ/kg. This oil is easily used 

in traditional diesel engines, either in its 

original state or with a few modest 

adjustments. Wax is mostly produced by 

fast pyrolysis as opposed to oil. With the 

right catalyst, waxy materials can, 

nevertheless, further split into oil. Wax is an 

intermediate feedstock that can be utilized 

to create fuel or other useful petrochemical 

products in fluid catalytic cracking (FCC) 

machines. By using flash pyrolysis on 

plastic trash, which is carried out at 

temperatures close to 1000 °C and with 

vapor residence durations of less than 250 

ms, up to 50% of the ethylene monomers 

can be recovered from polyethylene waste. 

As an alternative, the pyrolytic conversion 

of plastic waste to olefins can be carried out 

in two steps: first, the trash is converted to 

plastic oil, and then the oil is thermally 

cracked to produce monomers in the second 

stage. There is also a thorough discussion of 

the process of turning waste plastic into 

carbon nanotubes, which is a more valuable 

product than fuel. The findings show that 

carbon nanotubes may be produced from up 

to 25% of discarded plastic. 

Keywords: plastic waste, olefins, 

pyrolysis, carbon nanotubes, fuels, and 

plastic oil 

1. Introduction 

 Plastic products play a critical role in our 

lives and are being used in large quantities 

due to their durability, versatility, light 

weight, and low cost [1,2]. Plastic waste 

materials, generated in different sectors of 

the economy, such as agriculture, 
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residential and commercial, automobiles, 

construction and demolition, packing 

materials, toys, and electrical equipment are 

growing rapidly and are either recycled, 

combusted (waste incineration), or 

disposed of [3]. Plastic waste consists 

mainly of low-density polyethylene 

(LDPE), highdensity polyethylene 

(HDPE), polypropylene (PP), 

polyvinylchloride (PVC), polystyrene (PS), 

and polyethylene terephthalate (PET) [4]. 

Polyethylene and polypropylene constitute 

the greatest portion of plastic waste The 

increase in the world population and 

subsequent living standards have caused a 

rapid increase in municipal solid waste 

generation of to up to 1.3 billion tons per 

annum [3]. Reportedly, plastic waste is the 

third largest contributor of municipal solid 

waste [4]. The global production of plastic 

has increased, from 1.5 million tons in 1950 

to approximately 359 million tons in 2018 

and is attributed to a rapid rise in the 

packaging/wrapping sector [5]. Today, over 

250 million tons per year are either 

landfilled or dispersed in the environment 

and an estimated 10 million tons per year 

end up in the oceans. Considering an 

increase of 9–13% of plastic waste per year 

[4], it is predicted that billions of tons of 

plastic could be produced by 2050, of 

which the greatest portion could go to 

landfills or be dispersed, both in the land 

environment and in the oceans. 

An increase in daily demand of plastic 

materials, which are petroleum-based 

substances, can result in the depletion of 

non-renewable fossil resources. 

Approximately 4% of crude oil production 

is directly utilized in plastic production 

[6,7]. In addition to contributing to a global 

energy crisis, plastic waste can affect the 

environment and, therefore, either 

disposing or reusing/recycling is crucial. It 

is well known that plastics can persist in the 

environment for a prolonged period. The 

continuous disposal of plastic wastes is 

destructive to both terrestrial and marine 

ecosystem, as they are not readily 

biodegraded and can take several years to 

vanish [8]. Photo-degradation, auto-

oxidation, thermo-oxidation, thermal 

degradation and biodegradation are plastic 

nature-based degradation mechanisms, 

however with a very slow rate [4]. On the 

other hand, the pollutants, such as toluenes, 

xylenes, benzenes, and phenols, released 

into the air, water, and soil as a result of 

plastic degradation cause undeniable issues, 

such as impacts on human and animal 

health and deterioration of soil fertility [4]. 

Photo-degradation converts plastic waste 

into fine pieces (micro-plastics), which 

float on the surfaces of rivers, ponds, lakes, 

end up in seas and oceans and can penetrate 

into the food chain and subsequently pass to 

humans [9]. 

In addition to landfilling, there are four 

distinctive approaches for plastic waste 

management. Primary mechanical 

recycling is a technique in which single-

type uncontaminated and clean plastic 

wastes are reprocessed, resulting in a 

product without changing the basic 

structure and equivalent quality. Although 

this method is cost-effective, washing the 

waste materials generates a new waste 

stream and, more importantly, plastic 

wastes usually consist of mixtures of 

different plastics, often arranged as 

composites with other materials and are 

either difficult or impossible to recycle. 

Secondary recycling is another mechanical 

recycling approach that follows a 

decontamination process, remelting, 

remolding and re-extruding. Size reduction, 

contaminants removal, separation from 

other waste materials, make this approach 

less favorable in terms of operating cost. 

Tertiary recycling is a chemical or/and 
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thermochemical recycling, which includes 

chemolysis/solvolysis (i.e., glycolysis, 

hydrolysis, methanolysis, and alcoholysis), 

gasification, partial oxidation, and 

pyrolysis. In this approach, large polymer 

molecules of plastic wastes are converted 

into shorter molecules through the use of 

heat and/or chemical reactions. This 

technique produces fuels or value-added 

chemicals that are useful for the synthesis 

of new plastics and other products. 

Quaternary recycling is waste combustion 

(incineration) of the waste material for 

energy recovery. It seems to be the simplest 

method; however, it generates pollution and 

may not meet the circular economy 

milestones. 

According to the waste management 

hierarchy (from the most to the least 

preferred), we identify prevention, 

minimization, reuse, recycle, energy 

recovery, and disposal. Energy recovery 

through incineration is in a lower rank 

compared to reuse and recycling [12]. As 

mentioned, the primary and secondary 

recycling methods suffer some drawbacks, 

such as labor-intensive operation for the 

separation process prior to recycling, a high 

material loss, possible water contamination, 

and, overall, a high cost. More importantly, 

the recycled products are often more 

expensive than the virgin plastics and may 

not maintain the original properties. As 

such, the thermochemical conversion (i.e., 

tertiary recycling) can be an economically 

and environmentally friendly solution, 

leading to a high value fuel/chemical 

production from plastic waste. 

The interest in thermochemical conversion 

of plastic waste, particularly pyrolysis, has 

increased considerably over the last few 

years, primarily since China stopped 

accepting post-consumer plastic waste in 

2018, after having taken up to 45% of the 

world’s plastic waste for recycling, 

landfilling and incineration [13–16]. Zhang 

et al. [17] conducted a comprehensive 

review on various advanced non-

biodegradable plastic waste treatment 

technologies. They concluded that physical 

recycling methods are the most sustainable 

technologies with consideration of a 

decrease in the performance of plastic after 

several recycling cycles. It has been stated 

that pyrolysis is the most widely used 

thermal remediation, and gasoline/diesel 

yield is an indicator parameter which can 

reflect the actual valuable yield of the 

process and its industrial applicability. 

Degradation is another promising 

technology, but most studies focus on using 

selected kinds of microorganism to degrade 

specific polymers. As such, research on 

microorganisms able to degrade mixtures of 

various plastics is needed. Fojt et al. [18] 

critically reviewed the overlooked 

challenges associated with the 

accumulation of micro-plastics in the soil. 

Products made from biodegradable plastics 

are beginning to replace conventional 

plastics. Composting is highly suggested 

for bioplastic disposal; however, the 

compost formed could contain micro-

bioplastic particles resulting from 

incomplete biodegradation, causing soil 

contamination. These authors addressed 

this problem by summarizing sample pre-

treatments and analytical techniques. The 

analytical techniques include both thermo-

analytical (i.e., pyrolysis) and non-

thermoanalytical (i.e. pre-sorting and 

respective detection limits) approaches. 

They concluded that, due to the poor 

knowledge of the production rate of micro-

plastics, fate, sorption properties and 

toxicity, a rapid and suitable approach is 

required for their determination. Yet, 

thermo-analytical approach is the most 

promising strategy. Murthy et al. [19] 
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carried out an in-depth review study of the 

plastic pyrolysis process and discussed the 

influence of various operating parameters 

as well as the characterization of the liquid 

oil obtained from the process. The results 

revealed that most of the plastics produce 

oil with reasonable calorific values (i.e., 

approximately similar to conventional 

fuels). The plastic pyrolysis product 

distribution depends on the type of reactor 

used. Significant studies have been 

conducted on batch-style reactors due to the 

easy design, fabrication, operation, and 

control. On the other hand, continuous 

fluidized bed reactors can provide a 

uniform mixing of feedstock and heat 

carriers or catalysts during operation and, 

therefore, generate more stable products. 

Nanda and Berruti [20] systematically 

reviewed solid waste technologies, such as 

pyrolysis, liquefaction and gasification for 

converting waste plastic into 

fuels/chemicals. They stated that pyrolysis 

and hydrothermal liquefaction technologies 

are able to reduce the volume of plastics to 

landfills/oceans, reduce the overall carbon 

footprints, and, more importantly, have 

high conversion efficiencies and relatively 

lower costs when compared to higher 

temperature processes, such as gasification. 

Selectively, plastics can be converted either 

to bio-oil, bio-crude oil, synthesis gas, 

hydrogen and aromatic char. As such, the 

influence of process parameters, such as 

temperature, heating rate, feedstock 

concentration, reaction time, reactor type, 

and catalysts, have been discussed 

thoroughly. Damodharan et al. [21] 

conducted a review on the utilization of 

waste plastic oil in diesel engines. They 

used waste plastic oil obtained from the 

pyrolysis of mixed waste plastics in the 

presence of catalyst (e.g. silica, alumina, 

ZSM-5 and kaolin), with up to 80 wt.% 

yield. The pyrolysis oil had a lower cetane 

number than fossil diesel and, therefore, 

longer ignition delays and higher heat 

releases. NOx emissions are higher with 

plastic pyrolysis oil. Smoke emissions were 

chiefly low with plastic oil and could be 

further decreased to Euro levels by the use 

of oxygenated additives. They finally 

concluded that, plastic pyrolysis oil is a 

good candidate for fossil diesel replacement 

and found it to run smoothly in diesel 

engines. Williams [22] carried out a review 

on converting waste plastic to hydrogen and 

carbon nanotubes via pyrolysis coupled 

with catalytic steam reforming. This author 

investigated the influence of reactor 

designs, catalyst type, and operating 

conditions on the yield and quality of the 

carbon nanotubes. He concluded that the 

process temperature along with the type of 

catalyst are the prominent factors in plastic 

to hydrogen and carbon nanotubes 

pyrolysis. There is a balance between 

introduction of steam, which enhances 

hydrogen yield, and carbon nanotubes 

quality, since higher steam flowrates tend to 

oxidize the carbon nanotubes. 

2. Plastic Waste Properties  

To achieve a very good heat/mass transfer 

during the pyrolysis process, plastic wastes 

are typically crushed, shredded and sieved 

to obtain small size flakes, i.e., less than 2 

mm. Proximate and ultimate analysis of 

different plastic wastes are presented in 

Tables 1 and 2. A high volatile matter 

content (above 90 wt.%) along with a high 

carbon and hydrogen content make plastic 

waste an excellent candidate for the 

pyrolysis process, leading to a high 

conversion to the liquid/gas products. 

Table 1. Ultimate analysis of different 

plastic wastes [23]. 
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Table 2. Proximate analysis of various 

plastic types [2]. 

 

3. Pyrolysis Process  

Pyrolysis is a versatile thermal cracking 

process that occurs in the absence of 

oxygen at temperatures above 400 ◦C. 

Typically, pyrolysis processes are classified 

as slow, fast, and flash [24,25]. This 

thermochemical process breaks down the 

long chain polymer molecules into smaller 

and less complex molecules through heat 

and chemical reactions. Slow pyrolysis is 

typically performed at temperatures 

between 350 and 550 ◦C, with 1 to 10 

◦C/min heating rates, and a prolonged vapor 

residence time. The major product of slow 

pyrolysis is a solid residue, called char, as a 

slow heating rate favors solid formation 

among various parallel-competitive 

reactions [25]. Fast pyrolysis often takes 

place at temperatures between 500 and 700 

◦C. The heating rate experienced by the 

feedstock is above 1000 ◦C/min, and vapor 

residence times are normally in the range of 

a few seconds [26]. Fast pyrolysis favors 

liquid production and, depending on the 

feedstock type, the liquid yield can 

surprisingly reach up to 90 wt.% for the 

pyrolysis of polyolefin materials [27]. In 

flash pyrolysis, the temperature is usually 

above 700 ◦C, the heating rate experienced 

by the feed is extremely fast, and vapor 

residence times are in the range of 

milliseconds [25]. Flash pyrolysis can 

produce higher yields of oil than fast 

pyrolysis for biomass feedstocks, while it 

differs for plastic waste, as the latter 

produces more gas compared to other 

products [28]. The products obtained from 

the pyrolysis of plastic wastes (all types, 

alone, or as mixtures) are categorized into 

liquid/wax, solid residues, and gas [29]. 

The produced plastic oil can be a liquid or a 

wax. The wax is yellowish with a high 

viscosity at room temperature and is 

predominantly composed of alkanes and 

alkenes hydrocarbons with a high boiling 

point (C20+) [34]. Wax is typically an 

intermediate product, and a further process, 

such as fluid catalytic cracking (FCC), is 

required to convert it into liquid fuels. 

Liquid plastic oil is comprised of mainly 

aliphatic compounds as well as mono- and 

polyaromatics [29]. In addition to being a 

promising precursor for fuel applications, 

the plastic oil can be used as an intermediate 

and converted into ethylene and propylene 

through further cracking at higher 

temperatures and extremely low contact 

times. The major gaseous species forming 

the “gas product” are methane, ethylene, 

ethane, propylene, butadiene, and butane 

[35]. The gas product can be used as an 

energy source to provide the required 

pyrolysis energy, making the process self-

sustaining and independent from external 

energy sources. In addition, the valuable 

olefin components present in the gas stream 

can be separated and recovered for 

chemical recycling. The solid residue is the 

remaining pyrolysis product, mostly made 

of coke and ash [36]. 

3.1. Slow Pyrolysis 

 Table 3 summarizes slow pyrolysis trials 

conducted for the conversion of plastic 

wastes with/without catalyst utilization 

using various reactors and under a wide 

range of operating conditions. The results 

reveal that the liquid produced during slow 

pyrolysis is typically oily rather than waxy. 
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The oil yield can reach up to 93 wt.% when 

LDPE is pyrolyzed at 550 ◦C, which 

implies a remarkable yield with a broad 

range of applications [21]. The plastic oil is 

versatile and can be used either directly in 

steam boilers for electricity generation or as 

a platform chemical for other applications, 

such as transportation fuels, monomer 

recovery, and carbon nanotubes (CNTS) 

production. The solid residue yield is 

significantly less than bio-based char, as a 

consequence of the lower fixed carbon and 

a higher volatile matter associated with 

plastic wastes compared to biomass (Table 

1). The gasoline fraction, C6–C12, can 

constitute up to 90 wt.% of the liquid 

product, making it valuable for 

conventional gasoline replacement. 

3.1.1. Influence of Plastic Types  

Table 3 indicates that the pyrolysis of 

polyolefins, including LDPE, HDPE, and 

PP, typically produces a liquid oil with a 

significant fraction of aliphatic (alkanes and 

alkenes), specifically in the absence of 

catalyst. The impact of catalyst on the 

composition of plastic oil is discussed later, 

in Section 3.1.2. The desired pyrolysis 

temperature to achieve a high conversion of 

polyolefins is above 450 ◦C, since, below 

this temperature, the solid residue 

drastically increases. Polystyrene (PS), 

which is composed of styrene monomers, 

can generate a liquid with a remarkable 

amount of aromatic compounds, such as 

benzene, toluene, and ethyl benzene [2]. 

Although the pyrolysis of polyolefins and 

polystyrene leads to the formation of a 

liquid oil which can be an excellent 

precursor for fuels/chemicals, the pyrolysis 

of PET and PVC generates a significant 

amount of benzoic acid and hydrochloric 

acid, respectively, which are toxic and 

corrosive to the reactors [2,37]. As such, 

these two polymers are typically excluded 

from pyrolysis. 

Table 3. Slow pyrolysis of different plastic 

wastes 

 

Table 4. Fast pyrolysis of different plastic 

wastes 

 

Influence of Temperature  

Temperature plays a key role in all 

pyrolysis processes, regardless of the 

feedstock type. In the pyrolysis of plastic 

wastes, as in any other pyrolysis process, 

the increase in temperature results in a rapid 

increase in gas yields from the enhanced 

cracking reactions and, correspondingly, in 

a decrease of the oil/wax yield (Table 4). In 

addition to the alteration of yields, 

temperature expectedly affects the products 

quality, due to its impacts on the pyrolysis 

kinetic mechanisms. Generally speaking, 

high temperature favors the production of 

less waxy and more oily compounds 

production, attributed to the conversion of 

long-chain paraffins/olefins to shorter 

molecules. Conversely, the solid residue 

yield decreases at elevated temperatures. A 

qualitative assessment of plastic oil shows 

high temperature favors an increase in 

gasoline production corresponding to a 

higher concentration of aromatics [52]. The 
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yield of ethylene and propylene are found 

increase as the temperature rises. 

3.3. Flash Pyrolysis  

In order to avoid over-cracking reactions 

during pyrolysis, especially at high 

temperatures (above 700 ◦C), which 

converts a significant amount of liquid to 

gaseous products, flash pyrolysis taking 

place within milliseconds is a suitable 

option. Unlike the fast pyrolysis of 

biomass, which generates the highest yields 

of bio-oil, flash pyrolysis of plastic waste 

produces more gas rather than liquids 

(Table 5). As illustrated in Table 5, up to 75 

wt.% of monomers, i.e., ethylene and 

propylene, can be recovered through flash 

pyrolysis. The byproduct, which is oil, can 

be used to provide the required energy for 

the process. Kannan et al. [56] performed a 

flash pyrolysis of LDPE in a microreactor 

with a minimal heat/mass transfer 

resistance at temperatures of 600–1000 ◦C, 

and vapor residence time of 250 ms to 

investigate the effect of temperature on 

monomer recovery (yield of olefins). They 

found that the 950–1000 ◦C temperature 

range is optimal to recover up to 68 wt.% of 

monomers. 

Table 5. Flash pyrolysis of LDPE with 

different experimental parameters. 

 

 

Figure 1. Internally circulating fluidized 

bed (ICFB) and riser terminator (adapted 

from [58,60]) 

4. Plastic Oil Cracking 

 

Figure 2. Schematic diagram of the 

experimental apparatus for cracking of raw 

plastic pyroland extracted oil after 

separation of aromatics (adapted from 

Reference) 

Table 6.Pyrolysis of different plastic  

Wastes[35] 

 

5. Upgrading of Pyrolysis Plastic Oils 

5.1. Blending 

As discussed earlier, raw pyrolysis plastic 

oil has a high heating value (40–55 MJ/kg), 

a low water content  (<1 wt.%), and 

approximately neutral pH. Therefore, 

boilers can readily burn it as-is for the 

electricity generation.  amodharan et al. 

[21] stated that diesel engines can smoothly 

run plastic oil and no  odification is required 

to the existing 

engine infrastructure. In contrast, there are 

several researchers [8,62–64] who believe 

improvements in plastic oil quality are 

needed to meet EN590 standards. In terms 

of drawbacks associated with the utilization 

of pyrolysis plastic oil in internal 
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combustion engines, a high heat release and 

delayed ignition have been reported [61]. 

As such, a blend of conventional fuel and 

plastic oil can be a potential solution. The 

fuel trials using blends in conventional 

engines reveal a stable performance with 

less emission of NOx and SOx compared to 

diesel and gasoline fuels [65]. A reduced 

specific fuel consumption has also been 

reported [61]. Awasthi and Gaikwad [66] 

stated that the overall performance of the 

blend of diesel and plastic oil in a single 

cylinder four stroke VCR diesel engine was 

very satisfactory, particularly with 20 wt.% 

of pyrolysis plastic oil. Singh et al. [61] 

experimentally showed that the blend of 

plastic oil with diesel up to 50% can be 

easily utilized in conventional diesel 

engines. 

5.2. Hydrogenation 

 Hydrogenation process takes place in the 

presence of three components: hydrogen, a 

catalyst, and an unsaturated compound. The 

transfer of hydrogen pairs to the 

unsaturated compound is facilitated via a 

heterogeneous catalyst which enables the 

reaction to occur at a lower temperature and 

pressure. For instance, hydrogenation 

converts alkenes to alkanes in plastic oil 

[67]. Due to the significant presence of 

unsaturated compounds in the plastic oils, 

some storage instability challenges may be 

experienced over time. Hydrogenation of 

pyrolysis oil occurring at temperatures 

above 700 ◦C, pressures around 70 bar, and 

in the presence of catalyst (such as ZSM-5) 

can alter unsaturated compounds into 

saturated and makes the oil more stable. A 

combination of hydrogenating and blending 

have been suggested to upgrade the plastic 

oil quality in order to meet the EN590 

standard [67]. The fuel properties of plastic 

oil, diesel, and hydrogenated plastic oil 

along with the EN590 standard are 

compared in Table 8. 

Table 8. Physicochemical properties of 

diesel, plastic oil and hydrogenated plastic 

oil [67] 

 

6. Carbon Nanotubes  

Carbon nanotubes (CNTs) have gained 

recognition as very attractive materials due 

to their unique properties, including great 

electrical conductivity (100 times greater 

than copper), excellent mechanical strength 

(100 times greater than steel), high thermal 

conductivity, stable chemical properties, 

extremely high thermal stability, and an 

ideal one-dimensional (1D) structure with 

anisotropy [69–72]. Conventionally, 

methane, natural gas, acetylene, and 

benzene from nonrenewable resources have 

been utilized as a feedstock for CNTs 

production. Recently, the potential 

fabrication of CNTs from the pyrolysis of 

plastic waste has drawn researchers’ 

attentions, adding a significant value to the 

plastic wastes. The process of converting 

plastic waste into CNTs is composed of two 

successive stages (Figure 3). In the first 

stage, the plastic waste is converted to the 

volatile vapor in the absence of oxygen and 

at a moderate temperature (approximately 

550 ◦C). Then, the produced vapor is 

introduced into the second stage at a high 

pressure of 1 MPa and a temperature of 750 

◦C in the presence of Ni-based catalyst 

where it is converted into CNTs on the 

surface of the catalyst through the chemical 

vapor deposition mechanism. In this 

advanced process, CNT yields can reach up 

to 25 wt.% [73]. In the second stage, during 



 
 

         Volume 6, Issue 4, 2018 

 

48 
 

pyrolysis at 750 ◦C, plastic waste vapors 

further decompose to the mixtures of their 

monomers (e.g., ethylene, propylene, and 

styrene). These light gases serve as carbon 

donors for CNTs formation. Moreover, the 

produced vapors from the first stage contain 

a significant amount of hydrogen, which 

plays an undeniable role in the formation of 

CNTs. Hydrogen moderates the rate of 

carbon deposition and prevents catalyst 

deactivation and poisoning by continuous 

surface cleansing of the catalyst surfaces 

[69–72]. A SEM image of CNT growth on 

Ni-based catalyst is shown in Figure 4. 

 

gure 3. Figure 3. Schematic diagram of two-

stage pyrolysis reactor system (adapted 

from [74]). Schematic diagram of two-stage 

pyrolysis reactor system (adapted from 

[73]). 

 

Figure 4. CNT growth on Ni-based catalyst 

(adapted from [73]). 

7. Conclusions 

This paper reviews in detail the pyrolytic 

conversion of plastic waste into fuels and/or 

value added products. trash plastic can 

thermochemically be transformed into 

useful goods like wax, fuel, and gasoline. 

Plastic trash can however pose a threat to 

both terrestrial and marine ecosystems. 

While slow pyrolysis usually yields more 

oil than wax, fast pyrolysis creates waxy 

hydrocarbon mixtures. This is explained by 

the fact that slower pyrolysis has longer 

vapor residence durations, which promote 

more cracking reactions that break down 

the bigger molecules into smaller, lighter 

fragments. In plastic pyrolysis, the use of 

catalyst promotes the generation of gas and 

aromatic chemicals in the liquid phase. 

Elevated temperatures during pyrolysis 

lead to amplified secondary cracking 

processes, which consequently cause a 

higher conversion of waxy substances into 

oleic and gaseous products. While PS 

produces more aromatic hydrocarbons 

during pyrolysis, PE and PP yield oils with 

more aliphatic components. Flash pyrolysis 

is a potential method for recovering 

monomers since it can recover up to around 

70% of the olefin monomers, including 

50% of ethylene, when it is performed at 

1000 °C and 250 ms of vapor residence 

time. Plastic oil can be used as fuel in 

traditional diesel engines by mixing it with 

diesel. Up to 25 weight percent of waste 

plastic can be converted into extremely 

valuable carbon nanotubes using a two-

stage process that includes a pyrolysis unit 

and a fixed bed reactor with a nickel-based 

catalyst. 
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