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Abstract— There has been an ever increasing global demand 

for energy in recent years. The demand especially from liquid 

fuels is very high and the limited resources of fuel production 

has created bottleneck leading to an energy crisis. This has 

led to exploring other resources for fuel production, one of 

which is plastic. Being a non-degradable source, plastics 

disposed of in the open environment as wastes pose a threat 

to the environment. Most of the waste plastics end up as 

landfills. It can instead be used as a source for making fuel. 

The work describes an attempt to use the waste plastic to 

synthesize potential fuel called ‘Pyrolysis Oil’ since the 

process used in order to obtain the oil is Pyrolysis. The 

obtained oil from different grades of waste plastics is 

analysed so as to validate its use as fuel. The paper deals with 

extracting pyrolysis oil from waste polymers by fabricating a 

furnace to carry out pyrolysis. Here we use the microwave 

pyrolysis for the extraction of fuel. A microwave reactor was 

designed and fabricated using a microwave oven. The optimal 

pyrolysis working condition led to the production of a 

suitable product for a fuel application. A mixture of various 

types of plastics is taken as samples. Carbon was used as the 

microwave absorbent.  
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I. INTRODUCTION 

Plastics play an enormous role in modern manufacturing, but 

the extraction and refining of raw materials, followed by the 

synthesis of plastics themselves, represents an enormous 

energy investment into a product that is all too often simply 

“thrown away” into a landfill after a single use. Microwave-

assisted pyrolysis is a recycling technique that allows the 

recovery of chemical value from plastic waste by breaking 

down polymers into useful smaller hydrocarbons using 

microwave heat in the absence of oxygen. This dissertation 

examines the use of a catalytic activated carbon bed in this 

procedure, using normal plastic waste. 

A marvel of polymer chemistry, plastics has become 

an indispensable part of our daily life. Although plastics are 

a newer discovery, they have become a part of everyday 

consumer life and its production and consumption have 

increased drastically. Plastic have moulded the modern world 

and transformed the quality of life. There is no human activity 

where plastics do not play a key role from clothing to shelter, 

from transportation to communication and from 

entertainment to health care. Plastics have become an 

indispensable part in today’s world. Due to their light-weight, 

durability, energy efficiency, coupled with a faster rate of 

production and design flexibility, these plastics are employed 

in entire gamut of industrial and domestic areas. 

Plastics are non-biodegradable polymers mostly 

containing carbon, hydrogen, and few other elements such as 

chlorine, nitrogen etc. Due to its non-biodegradable nature, 

the plastic waste contributes significantly to the problem of 

Municipal Waste Management. The production of plastics is 

significantly growing. Nowadays the plastic production is 

more than 200MT worldwide annually.  The per capita 

consumption of plastics from a last few decades is increasing 

rapidly. 

Plastic is derived from petrochemical resources. In 

fact these plastics are essentially solidified oil. They therefore 

have inherently high calorific value. Theoretically this energy 

can be captured and transformed into other useful forms. It is 

a well-known fact that energy can neither be created nor 

destroyed but merely transformed. One of the most common 

methods of transforming energy from for example, a solid to 

another form is thermal treatment. Through the various 

methods of thermal treatment one may obtain heat, electricity 

or chemicals suitable for other applications. Plastics 

pyrolysis, on the other hand, may provide an alternative 

means for disposal of plastic wastes with recovery of valuable 

liquid hydrocarbons. In pyrolysis or thermal cracking, the 

polymeric materials are heated to high temperatures, so their 

macromolecular structures are broken down into smaller 

molecules and a wide spectrum of hydrocarbons are formed. 

These pyrolytic products can be divided into a gas fraction, a 

liquid fraction consisting of paraffin’s, olefins, naphthenes 

and aromatics (PONA), and solid residues. In catalytic 

cracking, more aromatics and naphthenes are selectively 

formed in the presence of commercial fluid cracking catalysts 

(FCC) or reforming catalysts, so that the productivity and 

economics of pyrolysis processes are improved.  Cracking 

was realized both in the batch and continuous systems. It was 

also examined that the results obtained by batch cracking are 

useable to the continuous reactor planning. The goal of these 

experiments was the developing of a waste free so-called 

green technology. The main objective of this study is to 

fabricate a microwave pyrolysis setup in cheap cost. 

Materials that absorb microwave heating is called as 

dielectrics hence microwave heating is also called as 

dielectric heating. Since plastic is not a dielectric material 

carbon black is mixed with plastics before heating. Carbon 

will absorb the microwave radiation and increase the 

temperature, which will undergo the reaction. 

II. OBJECTIVE 

It is clear that microwave-assisted pyrolysis has a range of 

potential environmental, economic, and quality benefits as a 

plastic recycling technique; however, the stochastic nature of 

the pyrolytic degradation of hydrocarbon plastics results in 

the production of a wide range of molecular masses, which 

necessitates costly processing and separation of the desirable 

short-chain hydrocarbons from the less useful long-chain 

waxes. Catalytic pyrolysis has the potential to narrow the 

range of molecules produced; microwave pyrolysis requires 

the use of a carbon bed to transfer microwave energy to 

microwave-transparent plastics; activated carbon has the 
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potential to combine these two concepts by using the catalyst 

as the microwave-absorbing intermediate. 

The fundamental motive of the work is to develop a 

suitable apparatus to reliably carry out the microwave-

assisted pyrolysis of household plastics, and collect the 

resulting pyrolysis products. A second motivation underlying 

this study is to develop a process that will facilitate an 

improvement in the efficiency of resource use. Instead of 

throwing away material that has a large amount of energy 

invested in it, if the technology exists and is feasible, it makes 

sense to make the best use of already invested energy by 

maximising the utility of said material, opening up the 

possibility of a second use cycle, and avoiding expending 

energy to extract and process increasingly scarce new raw 

material from the surface of the earth. 

III. LITERATURE REVIEW 

Plastics are macromolecules, formed by polymerization and 

have the ability to be shaped by the application of reasonable 

amount of heat and pressure or some other form of force. 

Polymerization is the process by which individual units of 

similar or different molecules combine together by chemical 

reactions to form large or macromolecules in the form of long 

chain structures, having altogether different properties than 

those of starting molecules. Several hundreds and thousands 

of "mers" combine together to form the macro molecules, that 

we call polymers. 

In polymers used for recycling, contamination is 

omnipresent, resulting in reduction of the quality of 

recycling. It can be in the form of dirt, printing inks, paper, 

metals, foil, additives, pesticides, partially oxidized 

polymers; contamination by foreign bodies can be noticed 

even in PET and HDPE bottles collected from roadsides. In 

very old scraps of building products, electrical and electronic 

system, vehicles, furniture etc., which now come for 

recycling may contain very high concentration of additives in 

particular, fire retardants, which are now banned. 

Contamination can be reduced if consumers can be 

organized to segregate polymer products before disposal. 

However accidental or unintentional mixtures, multi-

component products etc. do pose problems. The simple and 

widely used process for separation is by using differences in 

density, e.g. HDPE Cups and PET bottles. Separation and 

purification by chemical reaction process will give better 

results. Mixtures of solvents allowing selective dissolution 

can be used for multi component plastic products. 

Plastic wastes can be classified as industrial and 

municipal plastic wastes according to their origins; these 

groups have different qualities and properties and are 

subjected to different management strategies. Industrial 

plastic wastes are those arising from the plastics 

manufacturing and processing industry. Usually they are 

homogeneous or heterogeneous plastic resins, relatively free 

of contamination and available in fairly large quantities. For 

industrial plastic wastes, repelletization and remoulding seem 

to be a simple and effective means of recycling. But when 

plastic wastes are heterogeneous or consist of mixed resins, 

they are unsuitable for reclamation. In this case pyrolysis into 

hydrocarbons may provide a suitable means of recycling, 

which is termed chemical recycling. Municipal plastic wastes 

normally remain a part of municipal solid wastes as they are 

discarded and collected as household wastes. Plastics usually 

account for about 7% of the total MSW by weight and much 

more by volume. In order to recycle municipal plastic wastes, 

separation of plastics from other household wastes is 

required. Although MSW separation technologies have been 

studied extensively, it is still not possible to classify MSW 

mechanically and obtain marketable fractions. 

Thermal cracking, or pyrolysis, involves the 

degradation of the polymeric materials by heating in the 

absence of oxygen. The process is usually conducted at 

temperatures between 500- 800ºC and results in the formation 

of a carbonised char and a volatile fraction that may be 

separated into condensable hydrocarbon oil and a non-

condensable high calorific value gas .The proportion of each 

fraction and their precise composition depends primarily on 

the nature of the plastic waste but also on process conditions. 

In the case of polyolefin like polyethylene or polypropylene, 

pyrolysis has been reported to proceed through a random 

scission mechanism that generates a mixture of linear olefins 

and paraffin’s over a wide range of molecular weights. In 

other cases, like polystyrene and polymethylmetacrylate, 

thermal degradation occurs by a so-called unzipping 

mechanism that yields a high proportion of their constituent 

monomers. In pyrolytic processes, a proportion of the species 

generated directly from the initial degradation reaction are 

transformed into secondary products due to the occurrence of 

inter and intramolecular reactions. The extent and the nature 

of these reactions depend both on the reaction temperature 

and also on the residence of the products in the reaction zone, 

an aspect that is primarily affected by the reactor design. In 

addition, reactor design also plays a fundamental role, as it 

has to overcome problems related to the low thermal 

conductivity and high viscosity of the molten polymers. 

Pyrolysis and gasification of plastics and other carbonaceous 

fuels have been studied extensively in the past. Recent 

progress in converting plastic wastes into petrochemicals by 

means of pyrolysis in the absence of a catalyst has been 

reviewed by Kaminsky. 

IV. METHODOLOGY 

 
The plastic pyrolysis process consists of the following stages: 

feedstock receiving and storage; feedstock pre-treatment (e.g. 

drying or grinding); pyrolysis proper in an appropriate 

reactor; separation of solid residue (carbonization product 

and ash); vapour cooling and condensation; and pyrolysis-oil 

collection. Before the condensation, the pyrolytic vapours 

may be subjected to catalytic reforming in order to obtain 

adequate process selectivity in respect of the product 

preferred. A part of the carbonization product may be 
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recovered and returned to the microwave reactor, where it 

would be used as a microwave radiation absorber and it 

would make it possible to recuperate a part of the heat. A part 

of the gaseous product may be burnt to provide thermal 

energy for the feedstock pre-treatment (e.g. drying). The 

basic difference between the processes of conventional 

pyrolysis and microwave pyrolysis lies in the feedstock 

heating method. At the conventional heating, thermal energy 

is transmitted from the surface into the depth of the feedstock 

by convection, radiation, and conduction. Such a process is 

relatively slow and requires the feedstock material to be 

finely ground. Instead, the microwave heating is a process of 

conversion of electromagnetic energy into thermal energy. 

The microwave energy induces molecular motion by dipole 

rotation and ion migration. The microwave heating is a 

contactless and fast process, which takes place throughout the 

entire material volume; hence, the heat is generated 

throughout the entire volume of each material particle. The 

microwave heating is a selective process, i.e. the feedstock 

behaviour in a microwave field will not be identical for every 

feedstock material. The materials that are most susceptible to 

microwave radiation are dielectrics, such as e.g. water or 

carbon. Materials of this type are referred to as microwave 

radiation absorbers. The materials that have not dielectric 

properties will reflect or transmit microwave radiation 

without being heated. Therefore, the microwave pyrolysis 

may only be applied to the materials that fully or partly absorb 

microwave radiation, thanks to which the heating of such 

materials is possible. 

An important process parameter is the residence 

time. The fast internal heating causes fast release of moisture 

from the feedstock and, in consequence, a growth in the 

volatile substances release area during the pyrolysis process. 

In a microwave reactor, volatile vapours (including small 

dipolar molecules) loaded with solid particles (chiefly fine 

particles of the carbonization product) can be easily heated by 

microwaves to a higher temperature. Therefore, the pyrolytic 

vapours must be carried away from the reactor very quickly 

for the secondary cracking of the vapours within the reactor 

space to be reduced and for water vapour to be removed .The 

efficient microwave energy transfer to the feedstock in the 

bed is another important issue related to the microwave 

reactor. The reactor vessel, made of materials transparent to 

microwaves (e.g. quartz), must be carefully and appropriately 

cleaned, especially at continuous operation mode. The 

presence of solid particles in the vapours and fine carbon 

particles on the vessel walls will cause significant difficulties 

in introducing microwaves into the reaction environment or 

even local burns of the reaction vessel. It is also important 

that the feedstock mixture should be homogenous for the 

microwave field action in the reactor to be uniform and for 

the forming of ignition points (“hotspots”) to be thus avoided. 

The hotspots may easily cause the loss of control of local 

pyrolysis temperature and, thus, of the entire reaction process. 

When the pyrolysis reaction is completed, the solid 

residues, chiefly the carbonization product capable of 

catalysing the secondary cracking in the gaseous phase, must 

be efficiently separated. Even if the liquid reaction product 

has been cooled, the carbonization product conduces to the 

creation of stability problems because it speeds up the 

polymerization process and raises the viscosity of the liquid 

reaction product. For this reason, the carbonization product 

must be separated quickly and completely from the volatile 

vapours. This process may be carried out by means of solid 

substance separators such as those used for conventional 

pyrolysis. A liquid collector used at conventional pyrolysis 

may be used as well. The collector is necessary to condense 

the vapours and to collect the liquid phase. The liquid 

pyrolysis fuel obtained from this process usually consists of 

two fractions, i.e. a water fraction and an insoluble oil 

fraction. The former one consists of water and water-soluble 

organic compounds, e.g. furfural, and the latter contains a 

mixture of the hydrocarbons that occur in oils and require 

further refining. Optionally, the pyrolysis process may 

include catalytic reforming, which is employed to improve 

the process selectivity in respect of the product type preferred 

(liquid or gas) . In this case, attention should also be paid to 

the vapour temperature and residence time in order to reduce 

the secondary vapour cracking. 

V. COMPONENTS 

A. Microwave Oven 

A microwave oven (also commonly referred to as a 

microwave) is an electric oven that heats and cooks food by 

exposing it to electromagnetic radiation in the microwave 

frequency range. This induces polar molecules in the food to 

rotate and produce thermal energy in a process known as 

dielectric heating. Microwave ovens heat foods quickly and 

efficiently because excitation is fairly uniform in the outer 

25–38 mm (1–1.5 inches) of a homogeneous, high water 

content food item; food is more evenly heated throughout 

than generally occurs in other cooking techniques. 

 
Fig. 1: Microwave -oven 

B. Condenser 

In systems involving heat transfer, a condenser is a device or 

unit used to condense a substance from its gaseous to its 

liquid state, by cooling it. In so doing, the latent heat is given 

up by the substance and transferred to the surrounding 

environment. Condensers are used in air conditioning, 

industrial chemical processes such as distillation, steam 

power plants and other heat-exchange systems. Use of 

cooling water or surrounding air as the coolant is common in 

many condensers. In this work a copper tube condenser is 

used for condensation. 
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Fig. 2: Condenser 

C. Thermocouple 

A thermocouple is an electrical device consisting of two 

dissimilar electrical conductors forming electrical junctions 

at differing temperatures. A thermocouple produces a 

temperature-dependent voltage as a result of the 

thermoelectric effect, and this voltage can be interpreted to 

measure temperature. Thermocouples are a widely used type 

of temperature sensor. Commercial thermocouples are 

inexpensive, interchangeable, are supplied with standard 

connectors, and can measure a wide range of temperatures. In 

contrast to most other methods of temperature measurement, 

thermocouples are self-powered and require no external form 

of excitation. The main limitation with thermocouples is 

accuracy; system errors of less than one degree Celsius (°C) 

can be difficult to achieve. The thermocouple is used to 

determine the temperature inside the reactor. 

 
Fig. 3: Thermocouple 

D. Air Filter 

A particulate air filter is a device composed of fibrous 

materials which removes solid particulates such as dust, 

pollen, mould, and bacteria from the air. Filters containing an 

absorbent or catalyst such as charcoal (carbon) may also 

remove odours and gaseous pollutants such as volatile 

organic compounds or ozone. Air filters are used in 

applications where air quality is important, notably in 

building ventilation systems and in engines. Air filter is used 

to filter the emissions from the uncondensed gas escaping 

from the condensor. Air filter is connected through a channel 

from the setup. 

E. Carbon Black 

Carbon black (subtypes are acetylene black, channel black, 

and furnace black, lamp black and thermal black) is a material 

produced by the incomplete combustion of heavy petroleum 

products such as FCC tar, coal tar, ethylene cracking tar, with 

the addition of a small amount of vegetable oil. Carbon black 

is a form of para crystalline carbon that has a high surface-

area-to-volume ratio, albeit lower than that of activated 

carbon. It is dissimilar to soot in its much higher surface-area-

to volume ratio and significantly lower (negligible and non-

bioavailable) PAH (polycyclic aromatic hydrocarbon) 

content. However, carbon black is widely used as a model 

compound for diesel soot for diesel oxidation experiments. 

Carbon black is mainly used as reinforcing filler in tires and 

other rubber products. In plastics, paints, and inks, carbon 

black is used as a colour pigment. 

In this study waste plastics are taken as feed which 

is not a dielectric material, hence the carbon black which is a 

dielectric is mixed with plastics before the reaction. Carbon 

will absorb the microwave radiations and causes the 

temperature to increase, which helps the plastics to undergo 

the reaction. 

 
Fig. 4: Carbon Black 

F. Inert Hydrogen Gas 

An inert gas is a gas which does not undergo chemical 

reactions under a set of given conditions. The noble gases 

often do not react with many substances, and were 

historically referred to as the inert gases. Inert gases are used 

generally to avoid unwanted chemical reactions degrading a 

sample. These undesirable chemical reactions are often 

oxidation and hydrolysis reactions with the oxygen and 

moisture in air. The term inert gas is context-dependent 

because several of the noble gases can be made to react under 

certain conditions. 

Unlike noble gases, an inert gas is not necessarily 

elemental and is often a compound gas. Like the noble gases 

the tendency for non-reactivity is due to the valence, the 

outermost electron shell, being complete in all the inert gases. 

This is a tendency, not a rule, as noble gases and other "inert" 

gases can react to form compounds. Valves above the reactor 

permit an inert gas to purge the incoming material to avoid 

the presence of oxygen in the reactor. 

G. Preparation of Base Materials 

A mixture of plastics which simulates the configuration of 

real plastic waste streams rejected from industrial sorting 

plants and plastic waste from household activities were 

prepared for the pyrolysis experiments. All the plastic 

materials were used in pellet size of ≈3 mm for the pyrolysis 

experiments. The microwave absorber used in this 

experiment is carbon black. The particulate carbon is a waste 

material consisting of coke that forms the bottoms residue of 

distillation towers. Different sizes of carbon particles were 

separated by sieving and only particles less than 300 mm 

were used during the experiments. The inert atmosphere was 

created inside the microwave oven by using KOH pellets 

reacting with water in high amount. 
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VI. EXPERIMENTAL SETUP 

 
Fig. 5: Experimental setup 

The experimental setup consists of a modified microwave 

oven of maximum output 5KW.It can produce continuous 

microwave in working condition. A reactor is settled inside 

the microwave for conducting the pyrolysis. The temperature 

inside the reactor is determined using a thermocouple ducted 

through the top of the reactor. Inert hydrogen gas is permitted 

through a valve to avoid presence of oxygen in the reactor. 

Base material is fed in to the reactor by gravity feed 

mechanism. The product of pyrolysis leave the condensers 

leave the reactor and pass through copper tube condensers for 

condensation process to a collector. The uncondensed gas is 

passed in to an air filter for removing any pollutants before 

ejecting in to atmosphere. 

VII. RESULTS 

A. Microwave Pyrolysis using Carbon Black 

Pyrolysis experiment are conducted from 300°c to 

600°c.Below 300°c pyrolysis may take place at slower rate. 

The microwave pyrolysis of plastic produced vapours 

containing mixture of hydrocarbons, which left the reactor for 

condensing. The propagation of vapours was visible which 

gives the clue of the progression of pyrolysis process. The 

reactor was maintained in the target temperature until more 

vapours are generated. The microwave is then switched off 

and allowed to cool. During this time the vapours get 

condensed in to oil and collected it in the flask. Uncondensed 

gas escaping from the condenser is filtered and sends in to 

atmosphere. For every 200g of plastic burned 5ml of 

pyrolysis oil is obtained. The char is collected from the rector 

after the process for analysis. 

B. Microwave Pyrolysis without Carbon Black 

In this process plastic is burned without the usage of 

microwave absorber. The generation of vapours was 

comparatively less compared to above process. It took double 

the time for completion compared to process with carbon 

black. 

C. Visual Assesment 

The oil collected from the flask is slightly viscous in nature 

and clear at room temperature. It is slightly yellowish in 

colour. 

Char collected from the reactor is highly amorphous 

in nature and obtained in black in colour. 

The products obtained are shown in figure. 

 

 
Fig. 6: Pyrolysis oil and char obtained 

VIII. CONCLUSION 

It can be concluded that plastics can be converted to useful 

fuel by microwave pyrolysis. However possible microwave 

absorbers should be added such as carbon, coke etc. Carbon 

black can be used as a microwave in this project. Presently 

microwave pyrolysis is focused on the polymers such as 

HDPE, LDPE etc. But this study focus on the mixture of 

plastics which include impurities collected from households. 

For every 100g of plastic burned 5ml of pyrolysis oil is 

obtained. Pyrolysis oil obtained is slightly viscous in nature. 

The char obtained can be used in components of tar. It is 

hoped that out of the knowledge contained in this study, a 

future economically beneficial process will be developed that 

will help to maximise the utilisation of hydrocarbons such as 

plastics, and contribute to an improvement in the efficiency 

with which humanity uses its increasingly scarce and difficult 

to obtain resources. Microwave pyrolysis seems to have an 

auspicious future in solid waste management. 
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