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ABSTRACT 
Increasing industrialization and motorization has lead to a significant rise in demand of petroleum products.  As these are the 

nonrenewable resources it is difficult to predict availability of these resources in future, resulting in uncertainty in its supply 

and price and is impacting growing economies like India importing 80% of the total demand of the petroleum products. 

Many attempts have been made by different researchers to find out alternate fuels for Internal Combustion engines. Many 

alternate fuels like Biodiesel, LPG (Liquefied Petroleum Gas), CNG (Compressed Natural Gas) and Alcohols are being used 

nowadays by different vehicles. In this context pyrolysis of scrap tyres can be used effectively to produce oil, thereby 

solving the problem of waste tyre disposal. In this study pyrolysis of scrap truck tyres were carried out in controlled 

atmosphere in Rotary bed horizontal batch reactor of 5T capacity at a temperature of 430o C to produce pyrolytic oil, Non 

condensable gases, steel wires and char. The liquid obtained is characterized for various fuel properties and compared with 

that of similar properties of standard Euro IV diesel sample to find out its suitability as an alternative fuel for Internal 

Combustion Engine. The results showed that tyre oil has fuel properties like Calorific value, carbon, hydrogen, Nitrogen, 

sediment and water content comparable to that of diesel fuel but viscosity, sulphur content and aromatic contents are higher 

than diesel fuel. 
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INTRODUCTION 

The increasing industrialization and motorization of 

the world led to a steep rise in demand of petroleum 

products. Petroleum based fuels are stored fuels in 

the earth. There are limited reserves of these stored 

fuels and they are irreplaceable. These finite 

resources of petroleum are highly concentrated in 

certain regions of the world have given rise to 

uncertainty in its supply and price and are impacting 

growing economies like India, importing 80% of the 

total demand of crude. Table1 clearly indicates that 

India’s petroleum product consumption has increased 

from 100.4 million tonnes in 2001-02 to 133.4 

million tonnes in 2008-09 at a CAGR of 4.1% and is 

likely to increase up to 217 million tonnes by 2020-

21 and 325.6 million tonnes by 2030-31, resulting in 

steep rise of under recoveries of Oil marketing 

companies at different levels of crude prices as 

shown in Figure1. This makes it difficult for 

government to subsidize petroleum products in 

future. Around the world, there are initiatives to 

replace gasoline and diesel fuel due to the impact of 

fossil fuel crisis and hike in oil price. Millions of 

dollars are being invested in the search for alternative 

fuels. On the other hand, the disposal of waste tyres 

from automotive vehicles is becoming more and 

more complex. 
Table-1. Consumption of petroleum products, 2001-02 

to 2030-31(Million Tonnes) 

 
Source: Petroleum planning and analysis cell 

Waste to energy is the recent trend in the selection of 

alternate fuels. Fuels like alcohol, biodiesel, liquid 

fuel from plastics etc are some of the alternative fuels 

for the internal combustion engines. In order to 

prevent waste rubber and in particular discarded 

automobile tyres from damaging the environment, it 

is highly desirable to recycle this material in a useful 

manner.  

 
Fig. 1. Total under recoveries of oil marketing 

companies at different levels of Crude Prices    
Source: Petroleum planning and analysis Cell 

DIFFICULTIES WITH THE WASTE TYRES 

Tyre consists of vulcanized rubbers (including 

styrene butadiene (SBR), natural rubber (NR) and 

polybutadiene (BR)), carbon black, steel, textile cord 

and small amount of other additives [1]. The disposal 

of waste tyres is one of the major environmental 

issues throughout the world. The durability and 

immunity of the above material to biological 

degradation make their disposal and reprocessing 

difficult. More than 3.4 x 10
6
 tonnes of end-of-life 

tyres are generated annually in European Union,    

2.5 x 10
6
 tonnes in North America and 1 x 10

6 
tonnes 

in Japan [2]. However the quantity of scrap tyres 

produced in India is not exactly available but the 

increasing trend of use of road transportation will 

definitely create a problem of disposal in very near 

future. India had over 100 million vehicles registered 

on its roads in the year 2008. This is a growth of 

about 100% in the past 9 years.  
Table-2. Number of vehicles registered in India 

 
Source: Department of Road Transport & Highways 

As shown in Table-2. The total number of registered 

buses, trucks, cars/jeeps/taxis, two wheelers and other 
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vehicles in 2001 in India were 0.7 million, 2.95 

million, 7 million and 38.55 million, 5.8 million 

respectively. An annual cumulative growth rate of 

10% is expected. Considering the average life of the 

tyres used in these vehicles as 10 years after 

retreading twice, the total number of waste 

disposable tyres will be in the order of 190 million 

per year from 2011 that approximately equal to 2.5 

million tonnes considering average 12 kg weight of 

tyre.  

WASTE TYRE RECYCLING METHODS 

There are different methods for the treatment of 

waste tyre. Some common waste tyre treatment 

methods are Retread or recap or remould is a 

manufacturing process designed to extend the useful 

lifespan of a worn tyre. The old tread is buffed away, 

and a new rubber tread is applied to the bare casing 

using specialized machinery. Retreading is regularly 

undertaken on airplanes tyres. Retreading is the most 

environmentally friendly way of recycling used tyres 

as manufacturing the average car retread takes 4.5 

gallons less oil than manufacturing equivalent new 

tyre. With commercial vehicle tyres, the savings are 

even greater, estimated to be in the region of 15 

gallons per tyre. Land filling is one of the most 

common ways to tackle the waste tyre problem. 

However, many countries have proposed to ban land 

filling of the waste tyre, especially the land filling of 

whole waste tyre. Incineration is a waste treatment 

technology that involves the combustion of organic 

materials or substances. Incineration of waste 

materials converts the waste into incinerator bottom 

ash, flue gases, particulates in which flue gases can 

be used to generate electric power. Incineration with 

energy recovery is one of several waste-to-energy 

technologies although incineration may also be 

implemented without energy and materials recovery. 

Incineration reduces the volume of the original waste 

by 95-96 %. Tyre Derived Fuel (TDF) means waste 

tyres that are shredded into pieces approximately     

1–2 inches in size. The application of TDF is to 

substitute coal as the energy source due to the fact 

that waste tyre has a higher heating value than coal. 

The major use of the TDF is the energy recovery in 

cement kilns and paper and pulp industries. Co-

combustion is the combustion of equal or more than 

two different types of materials at the same time. 

Waste tyre co-combustion can be used to improve the 

combustion of fuels with low energy content. In 

gasification, combustible material is partially 

oxidized into a gaseous energy carrier in a high-

temperature reducing atmosphere, using air stream or 

oxygen as the gasification agent. Pyrolysis refers to 

the thermal decomposition of organic material at 

elevated temperature in the absence of oxygen. 

Among the waste tyre treatment methods, retreading 

require the waste tyre to be relatively integral, land 

filling wasted the possibility of using the tyre for 

producing high-value added products. Moreover land 

filling is banned in many countries due to leaching of 

metals and contaminants from tire pieces, which if 

mix with water may cause lever lesion. Thus, 

retreading and landfilling should not be the universal 

way to completely solve the waste tyre problem. 

Recycling waste tyre to raw rubber materials seems 

practicable; however some other potential treatment 

methods found in the world can be even more 

profitable than conventional recycling of rubber 

materials from tyre, those treatment methods involves 

the energy recovery and/or chemicals recovery from 

the waste tyre. Pyrolysis, incineration, co-

combustion, tyre derived fuel (TDF), liquefaction and 

gasification can recover energy and/or valuable 

chemicals from the treatment of waste tyres. 

However, incineration and tyre derived fuel may 

involve the emission of hazardous pollutants 

extremely harmful to human health and the natural 

environment. The fumes emitted are packed with the 

many toxic chemicals like volatile organic 

compounds such as benzene, metals such as lead, 

polycyclic aromatic hydrocarbons such as 

benzo(a)pyrene, and synthetic rubber components 

such as butadiene and styrene. Additionally, the 

chlorine content in tires leads to the creation of 

dioxins and furans which are extremely toxic 

chemicals when tires are burned. Regarding to the 

emission of waste tyre combustion, the incineration 

and co-combustion of whole tyre in cement kilns has 

been banned in a number of countries. Moreover the 

sulfur composition of waste tyre is normally larger 

than 1wt% [1]. Thus, incineration and tyre derived 

fuel should not be suitable for treating the waste 

tyres. Pyrolysis, gasification and liquefaction (PGL) 

may be considered to be better ways for the treatment 

of waste tyres. These technologies are currently used 

for the conversion of carbonaceous materials more 

extensively in Europe and Japan than in California 

but may become more important as the supplies of 

natural fuels become depleted. Further efforts should 

be conducted to determine the potential value of tires 

as a resource that can be used to displace petroleum 

products or natural resources used in energy 

production. The true market value of tires should be 

determined based on potential products that can be 

derived from tire PGL, including electricity, diesel 

fuel, process heat, pyrolysis oils, and char.  

The use of Tyre pyrolysis oil as a substitution to 

diesel fuel is an opportunity in minimizing the 

utilization of the natural resources. Several research 

works have been carried out on the pyrolysis of waste 

automobile tyres. In the Pyrolysis process, larger 

hydrocarbon chains break down at certain 

temperatures in the absence or limited supply of 

oxygen that gives end product usually containing 

solid, liquid and gases. If the temperature is 

maintained at 550
o
C the main product is liquid which 

could be a mixture of hydrocarbon depending on the 

initial composition of waste material. At temperature 

above 700
o 

C, the gas becomes the primary product 

due to further cracking of the liquids. [2, 3, 4, 5, 6] In 

the present work pyrolysis oil from waste tyres by 

pyrolysis is obtained. Though solid carbon black and 

pyrolysis gas are also obtained. The liquid obtained is 

characterized for various physiochemical properties 

using I S 1448 and compared with that of similar 

properties of standard diesel sample to find out its 

suitability as an alternative fuel for internal 

combustion engine.  

EXPERIMENTAL DETAILS 

The quality of tyres significantly affects the yield and 

quality of tyre oil, in order to achieve this whole 

truck tyre including steel cord is used in batch 

reactor. 

Pyrolysis unit 

Pyrolysis is a Thermochemical decomposition of 

organic material at elevated temperature in the 
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absence of oxygen. Pyrolysis typically occurs under 

pressure and at operating temperatures about 430
o
C 

in a batch process system.  

 
Fig. 2. Waste tyre recycling pyrolysis plant 

The waste tyres are fed in to the 5T capacity rotary 

horizontal direct heating batch reactor vessel as 

shown in figure 2 and initially the heat is supplied by 

means of oil under controlled condition of 

temperature and pressure. The process will bring 

about molecular restructuring of rubber and convert 

in to vapour and gases. These vapours and gases 

come in to separator where heavy oil fraction is 

separated from gases and the gases are passed 

through the series of heat exchangers to condense the 

vapour in to liquid form called tyre oil (40 to 45%) 

by means of recirculated water from cooling tower 

and is collected in to the storage tank. Non 

condensable gases  also called pyro gases (about 

10%) are used for heating the reactor in place of oil 

initially used for heating purpose as per the 

requirement and rest of the gases are burnt in the 

open air by means of gas burner. During the process 

carbon black (30 to 35%) and steel wires (10 to 15%) 

are also generated, being pulled out of reactor to be 

sold in to the open market. Different researchers 

conducted various pyrolysis experiments for waste 

tyre recycling. Andrian M Cunliffe [3] pyrolysed 

tyres in a static bed batch reactor of inner diameter 24 

cm and depth 36 cm with a feed stoke of 3 kg of tyres 

for 120 s at temperatures of 450,475,500,525,560 and 

600
o 

C. Williams et al [7] operated batch pyrolysis 

unit with 1015 kg of tyre feed at a temperature of 

950
o
 C. C. Roy [4] carried out Pyrocycling of tyres at 

a temperature of 480-520
o
 C at a pressure lower than 

10 kPa. Tiejun Wang [8] in his experiment of 

vacuum pyrolysis of waste tyres with basic additives 

pyrolysed 100 g of tyre granules mixed with 3.0 g of 

additives in a stainless steel pyrolysis reactor with 

inner diameter 32 mm and depth 120 mm. 

PYROLYSIS YIELDS 

Pyrolysis of the waste tyre produces Pyrolysis oil, 

Carbon black, Gas and Steel scrap wire, the product 

yields and products’ qualities of the pyrolysis process 

depends on a number of parameters, including 

pyrolysis temperature, pyrolysis pressure, residence 

time of the pyrolysis products, heating rate, types of 

waste tyre, tyre shred size, reactor size and catalyst 

used. Typical product yield and utilization is 

discussed here. [2, 3, 4, 7, 8, 9, 10, 11] 

Non-condensable gases (10 to 12%) 

Waste tyre pyrolysis is a complex reaction that 

produces light hydrocarbons which do not condense 

at room temperature and pressure (rtp) called the 

non-condensable gas. The non-condensable gas 

comprises mainly CO2, CO, H2, CH4, C2H6, C3H6, 

C3H8, and C4H6, with lower concentrations of other 

hydrocarbon gases [2, 3, 4, 6, 7, 8, 9, 10]. The 

detailed composition of the pyrolysis gas depends on 

various factors. Although the pyrolysis process is 

supposed to be operated in an oxygen free 

environment, the non-condensable gas contains 

oxides of Carbon. It is because waste tyres itself 

contains oxygen, some organic acid such as stearic 

acid and inorganic oxides such as zinc oxide and iron 

oxides are present in tyre. At low pyrolysis 

temperature, the organic acid may be cracked to form 

oxides of carbon and oxygenated organic compounds. 

At high temperature, the inorganic oxides would 

dissociate to form carbon oxides and oxygenated 

organics. Generally speaking, severe pyrolysis 

conditions, high temperature, fast heating rate, will 

lead to larger fraction of lighter hydrocarbons and 

hydrogen [11, 12].The reported gross calorific values 

(GCVs) of the gas mixture ranged from 50 – 90 

MJ/Nm3. [5, 12, 13]. Another concern about the 

pyrolysis gas is the H2S concentration as the 

pyrolysis gas is often combusted for sustaining the 

pyrolysis process. The amount of H2S varies among 

the researchers. Ucar et al. [5] reported the sulfur 

contents of non-condensable gas can vary more than 

two times due to the use of different types of tyres. 

Generally speaking, the reported H2S contents in the 

non-condensable gas ranged from trace to 5.1 vol% 

[2, 5, 9, 12, 14, 15]. 

Tyre char (30 to 35%) 

The residue, excluding the steel wires, produced by 

waste tyre pyrolysis is called tyre char, which 

contains carbon black, high boiling points tar and 

inorganic ash. The existence of carbon black is due to 

the fact that carbon black is one of the tyre 

components. Carbon black take up around 30% of the 

original tyre mass and is used for strengthening the 

tyre rubber and aid abrasion resistance of tyre [1]. 

Carbon black is non-pyrolyzable material, thus, 

remains as residue after the tyre pyrolysis process. 

The amount of fixed carbon for the tyre char ranged 

from 55wt% to above 90wt% [5, 16,] depending on 

the pyrolysis conditions and the types of tyre. Ucar et 

al. [5] reported that fixed carbon contents of tyre char 

produced by pyrolysis of passenger car tyre and truck 

tyre in a 130g batch pyrolysis reaction at heating rate 

equals to 7
o
C/min with final pyrolysis temperature of 

800
o
C are 40.8wt % and 13.5wt% respectively. The 

second major component of tyre char is the inorganic 

ash fraction. The reported ash contents of tyre char 

ranging from 5wt% to 40wt%. The gross calorific 

values of tyre char is about 30MJ/kg [2, 4, 5, 16, 17]. 

The gross calorific value of tyre char makes it 

possible to replace coal as a fuel in combustion 

process as long as the sulfur and ash content of tyre 

char are not concerns. The sulfur content of tyre 

chars are reported to be in the range of 0.5 – 3.8wt% 

[2, 4, 5, 9, 15, 16, 17, 18]. Most of the researchers 

reported values of the Brunauer, Emmett, Teller 

(BET) surface area of tyre chars are in the range of 

48 – 139 m
2
/g [4, 5, 6, 15]. Some studies reported the 

possibility of using the tyre char as a substitute of 

industrial grade carbon black which is more 

economical compared to carbon black produced 

primarily from petroleum and is more price-efficient 

to be used as an ingredient in the industries like,  

1. Electric cable jacketing 

2. Conveyor band  
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3. Carrier Bands     

4. Hose and doormat 

5. Black nylon bag     

6. Rubber additive  

7. Automotive spare parts   

8. Heat isolation  

9. Plastic pipes    

10. Fire fighting 

11. Industrial rubber products    

12. Black colorant in rubber material 

Steel wires (10 to 15%) 

Waste tyre pyrolysis can also generate scrap steel 

wire due to the fact that steel wires can be used as 

reinforcement agent for tyre. There are little studies 

for the scrap steel produced by waste tyre pyrolysis. 

It is believed that the scrap steel would be similar to 

its original quality if the pyrolysis temperature is kept 

below 600
o
C. Whereas, increasing the pyrolysis 

temperature would cause damage to the steel due to 

carbonization or other possible chemical reactions.  

Tyre pyrolysis oil (40 to 45%) 

The main oil product produced by pyrolysis 

technology is the fuel oil that is widely used for 

industrial and commercial purposes. Several studies 

have reported that the yield of oil from the pyrolysis 

of tyres reached a maximum at 475°C at 58.2 wt. % 

and that the yield of oil decreased with increasing 

temperature. There was a corresponding increase in 

the yield of gas from 4.5 wt % at 450
o
 C to 8.9 wt % 

at 600
o
 C Similar high yields of oil have been found 

by other workers. For example, Roy and Unsworth 

[19] used a vacuum pyrolysis unit to pyrolyse tyres at 

415°C and reported a maximum oil yield of 56.6 wt. 

%. Kawakami et al. obtained an oil yield of 53 wt. % 

[20] from the pyrolysis of tyres in a rotary kiln at 

between 540 and 640°C. Williams et al. [7], 

paralyzing tyres in a small scale 50 g capacity, 

nitrogen purged static-bed reactor, found that the 

yield of oil reached a maximum of 58.8 wt.%. 

Lucchesi and Maschio [7] produced 47 wt. % oil at 

500°C in a continuously-fed vertical reactor with a 

rotating grate, purged by a counter current of 

nitrogen.  

PROPERTIES OF TYRE PYROLYSIS OIL 

Tyre oil produced by the pyrolysis process was tested 

in the laboratory as per IS 1448 for determination of 

its physiochemical properties as compared to diesel 

as shown in the table 3. The liquids obtained are dark 

brown colored products, resembling petroleum 

fractions. The carbon residue result for the tyre oil is 

0.85%. The carbon residue test is a measure of the 

tendency of the oil to form carbon, particularly when 

the oil is combusted in the absence of a large excess 

of air or when the fuel is subject to evaporation and 

pyrolysis. A high carbon residue result may lead to 

coking of fuel injector nozzles in a diesel engine or 

spray combustion orifices. The typical diesel fuel 

shown in Table 3 has a carbon residue of 

approximately 0.08% however, fuel oils used in very 

large diesel engines may have carbon residues up to 

12%. [7] Cetane number or CN is a measurement of 

the combustion quality of diesel during compression 

ignition. CN is actually a measure of a fuel's ignition 

delay; the time period between the start of injection 

and the first identifiable pressure increase during 

combustion of the fuel. In a particular diesel engine, 

higher Cetane fuels will have shorter ignition delay 

periods than lower Cetane fuels. Cetane number of 

tyre oil is 42 which is less than normal Cetane 

requirement. Bi-fueling or blending is the simplest 

technique for admitting fuels with low Cetane 

number in high compression engines. Generally, 

diesel engines run well with a CN from 40 to 55. The 

Kinematic viscosity of the tyre oil is 6.3 cSt at 40
o
 C 

which is slightly higher than the limits specified for 

Euro IV diesel fuel. Viscosity affects injector 

lubrication and fuel atomization. Fuels with low 

viscosity may not provide sufficient lubrication for 

the precision fit of fuel injection pumps or injector 

plungers resulting in leakage or increased wear. Fuels 

which do not meet viscosity requirements can lead to 

performance complaints. Fuel atomization is also 

affected by fuel viscosity. Diesel fuels with high 

viscosity tend to form larger droplets on injection 

which can cause poor combustion and increased 

exhaust smoke and emissions. The flash point of a 

liquid fuel is the temperature at which the oil begins 

to evolve vapours in sufficient quantity to form a 

flammable mixture with air. The temperature is an 

indirect measure of volatility and serves as an 

indication of the fire hazards associated with storage 

and application of the fuel. The flash point of the 

tyre-derived oil 32°C. The flash point is low when 

compared to petroleum refined fuel. But in general 

slightly lower than the limit specified for euro IV 

diesel.  The low flash points of the tyre oil were not 

surprising since the oil represents un-refined oil with 

a mixture of components having a wide distillation 

range. The carbon and hydrogen contents of the tyre 

oil are comparable with that of diesel fuel. The 

sulphur content of the tyre oil is 0.88% which is less 

than found by other researchers. The sulphur content 

is found less than that of a light to medium fuel oil. 

Nitrogen content is found similar to that of diesel fuel 

but quite less than that of a light fuel oil and a heavy 

fuel oil. Higher nitrogen content of the fuel may 

contribute to the formation of NOx on combustion. 

Water and sediment can and will cause shortened 

filter life or plugged fuel filters which can in turn 

lead to fuel starvation in the engine. In addition, 

water can have negative impact on fuel corrosion and 

on microbial growth which is found to be nil for the 

tyre oil. The copper strip corrosion test indicates 

potential compatibility problems with fuel system 

components made of copper, brass or bronze. The 

limit requires that the fuel not darken these parts 

under the test conditions. Pour Point is the 

temperature at which fuel thickens and will not pour 

and the value of pour point for tyre oil is 6
o
 C. Cold 

Filter Plug Point (CFPP) is the temperature at which 

fuel crystals have agglomerated in sufficient amounts 

to cause a test filter to plug. The CFPP is less 

conservative than the cloud point, and is considered 

by some to be a better indication of low temperature 

operability and is found to be 8
o
 C for tyre derived 

oil. The calorific value of the tyre oil is 10200 kcal/ 

kg. The calorific value is high and comparable with 

that of a diesel fuel oil, indicating the potential for the 

use of tyre derived oils as fuel. Polycyclic Aromatic 

Hydrocarbons (PAHs) are a group of chemicals that 

occur naturally in coal, crude oil and gasoline. PAHs 

also are present in products made from fossil fuels. 

Some of the PAH have been shown to be 

carcinogenic and/or mutagenic. PAHs also can be 

released into the air during the incomplete burning of 

fossil fuels. The less efficient the burning process, the 
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more PAHs is given off but studies have shown that 

combustion of tyre oil with excess air results in 

negligible emissions of PAH. Since diesel engine 

always operate lean with combustion efficiency of 

98% there may be less emission of PAH. Table 3 

shows the concentration of the main PAH in the tyre 

pyrolysis oil compared to the diesel fuel and is found 

to be 24% by mass for tyre oil almost double the 

value of diesel.  
Table 3. Comparison of properties of TPO and Diesel 

 
CONCLUSION 

Pyrolysis of scrap tyres produces oil that can be used 

as liquid fuels for industrial furnaces, foundries and 

boilers in power plants due to their higher calorific 

value, low ash, residual carbon and sulphur content. 

However higher density, Kinematic viscosity and 

Lower Cetane number of tyre oil suggests that 

behavior of tyre oil in Internal Combustion Engine 

can be studied through blending Tyre oil with DF on 

volume basis in various proportions keeping the 

blend quality by controlling density and viscosity of 

blend with in permissible limit of euro IV diesel 

requirement and studying the effect of these blend 

proportions on quality of other properties of standard 

diesel. Further improvement in fuel quality in terms 

of desulphurization, reduction in viscosity and 

aromatic contents and increase in Cetane number is 

required by proper distillation of tyre oil and use of 

proper Cetane enhancer is necessary if tyre oil is to 

be used as a fuel in Internal Combustion Engine.  
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