
UNIT-3 

FUELS 

3.1 Definition and classification of fuel: Fuel: A fuel is a substance, which on 

proper burning gives large amount of heat energy on combustion. It is used for 

domestic and industrial purposes. They contain carbon as a main constituent. 

The combustion is the process of oxidation that provides heat energy. Every 

combustion is an oxidation but every oxidation is not combustion. Ex: - 

Combustion of wood, Petrol and kerosene gives heat energy. 

Classification of Fuels:- Classification of fuels is based on two factors. 1. Based 

on Occurrence (and preparation) 2.  Based on physical state 

1. On the basis of occurrence, the fuels are further divided into two types. A. 

natural or primary fuels: - These are found in nature such as Wood, peat, coal, 

petroleum, natural gas etc.  

B. artificial or secondary fuels: - These are prepared artificially from the primary 

fuels. Ex: - charcoal, coke, kerosene, diesel, petrol, coal gas, oil gas, producer gas, 

blast Furnace gas etc. 

2. The second classification is based upon their physical state like: a) Solid fuels-

Coal; b) Liquid fuels- Crude oil or petroleum and c) Gaseous fuels- Producer gas, 

water gas, LPG, CNG and Natural gas etc. 

Calorific value- Calorific value of a fuel is the total quantity of heat liberated 

when a unit mass or volume of the fuel is completely burnt. Also heat liberated by 

combustion of a fuel is known as calorific value or heat value of the fuel. It is 

expressed in kcal/kg of the fuel. 

Gross and Net calorific value: Gross calorific value of a fuel is defined as the 

total quantity of heat liberated when a unit mass of the fuel is completely burnt and 

the combustion products are cooled to room temperature. Higher heating value. 

 Gross calorific value = Heat of reaction + Latent heat of steam produced + 

Sensible heat obtained by cooling the combustion Products to room temperature. 



The net calorific value of a fuel is the actual amount of heat available when unit 

mass of the fuel is completely burnt and combustion products are permitted to 

escape. Lower heating value. 

Net Calorific Value = Gross calorific value – Latent heat of water vapour formed. 

The gross and net calorific values of coal can be calculated by bomb calorimeter. 

3.2 Solid fuels- Origin of coal:The main solid fuels are wood, peat, lignite, coal 

and charcoal. 

Coal: - Coal is a fossil fuel which occurs in layers in the earths crust. Coal is a 

mineral substance of vegetable origin. It is formed by the partial decay of plant 

materials accumulated millions of years of ago and fur, their altered by action of 

heat and pressure. 30% of coal output is consumed by railways, industry including 

steel & iron work. 40% of the coal mined for used of power supply. The process of 

conversion of wood into coal can be represented as Wood - Peat – Lignite-

Bituminous Coal – Anthracite 

Classification of coal by rank: Three major types of coal are Anthracite, 

lignite, bituminous. Further also classified as semi-anthracite, semi-bituminous 

and sub-bituminous. Ranking wise Anthracite is the oldest coal from geological 

perspective. It contains C = 92-98%; O2 = 3%; H2 = 3% and N2 = 0.7%. It burns 

without smoke. Its calorific value is 8700 kcal/kg. Lignite the youngest coal from 

geological perspective.  It is immature form of coal. It contains 20-60% moisture. 

Airdried lignite contains C = 60-70% and O2 = 20%. It burns with a long smoky 

flame. The calorific value of lignite is 6500-7100 kcal/kg. 

Pulverized coal: A pulverized coal-fired boiler is an industrial or utility boiler that 

generates thermal energy by burning pulverized coal (also known as 

powdered coal or coal dust since it is as fine as face powder in cosmetic makeup) 

that is blown into the firebox. 

Principle of carbonization of coal: Carbonization is the term which means 

destructive distillation of coal which is done in the absence air in order to obtain 

coke and other fractions having greater percentage of carbon than the original 

material. The three major factors which affects the carbonization process are 



moisture content of wood at the time of carbonization, type of carbonizing 

equipment used care with which the process is carried out. 

Distinguish between High temperature carbonization and Low temperature 

carbonization: High temperature carbonization is done at a temperature off 

about 500-700⁰ c. It produces semi coke due to incomplete carbonization of coal. 

The coke produced is more reactive, weaker in strength and larger in size. The 

coke oven gases produced have a lower calorific value. The tar produced is 

aliphatic in nature. 

Low temperature carbonization is done at a temperature off about 900-1100⁰ c. 

It produces metallurgical coke. The coke gases have a higher calorific value. The 

tar produced contains more of the aromatics and the coke obtained is denser and 

less reactive. 

3.3 Liquid fuel- definition of Petroleum or crude oil: Petroleum or crude oil is a 

dark greenish brown, viscous oil found deep in the earth crust. Crude oil is a source 

of many liquid fuels that are in current use. The composition of crude petroleum 

approximately is C = 80-85%, H= 10-14% S= 0.1-3.5% and N=0.1-0.5%.  

Refining of petroleum: The process of purification and separation of various 

fractions present in petroleum by fractional distillation is called refining of 

petroleum. Refining is carried out in oil refineries. 

Fractional distillation: It is the process of separation of various components of a 

liquid mixture based on the difference in their boiling points by repeated 

evaporation and condensation. Refining of petroleum – Process: The crude oil is 

treated with copper oxide to remove sulphur impurities. Then it is repeatedly 

washed with sulphuric acid to remove basic impurities. It is then washed with 

sodium hydroxide to remove acidic impurities. Then it is subjected to fractional 

distillation and various fractions are collected. The various fractions obtained and 

their uses are given in the table below  



Fractions: 1.Gases 2.Petroleum ether 3.Gasoline or petrol 4. Kerosene oil 5.Diesel 

oil or gas oil 6. Heavy oil or lubricating oil 7. Residue or pitch. 

 

 

Classification of three varieties of crude oil: 

1. Very light oils – these include: Jet Fuel, Gasoline, Kerosene, Petroleum 

Ether, Petroleum Spirit, and Petroleum Naphtha. They tend to be very 

volatile, evaporating within a few days which in turn evaporates their 

toxicity levels. 

2. Light oils – These include Grade 1 and Grade 2 Fuel Oils, Diesel Fuel Oils 

as well as Most Domestic Fuel Oils. They are both moderately volatile and 

toxic. 



3. Medium oils – These are the most common types of Crude Oil. They 

generally have low volatility and a higher viscosity than the light oils which 

leads to higher toxicity and a greater environmental impact during cleanups. 

4. Heavy fuel oils – These include the heaviest Grade 3, 4, 5 and 6 Fuel Oils 

along with Heavy Marine Fuels. These are the most viscous and least 

volatile Crude Oils as well as the most toxic. 

Important properties of liquid fuel- 

flash point: The flash of a liquid fuel specimen is the indicators of its 

flammability. In general, flash point is the lowest temperature of the test 

specimen, corrected to a barometric pressure of 101.3 kPa, at which the 

application of an ignition source causes the vapor of the test specimen to ignite 

momentarily and the flame to propagate across the surface of the liquid under 

the specified conditions of test. It is important to realize that the value of the 

flash point is not a physical constant but is the result of a flash point test and is 

dependent on the apparatus and procedure used.  

fire point: fire points of a liquid fuel specimen is the indicators of its 

flammability. Fire point may be considered as the lowest temperature of the 

liquid at which vapor combustion and burning commences. A fire point 

happens when an ignition source is applied and the heat produced is self-

sustaining, as it supplies enough vapors to combine with air and burn even after 

the removal of the ignition source.  It is the lowest temp. at which sample is 

ignites and continues to burn for at least 5 sec. 

aniline point: Aniline point of a oil gives the indication of possible detonation 

of a rubber sealing, packaging etc. in contact with oil. The aromatic 

hydrocarbon has a tendency to dissolve certain type of rubber, so low aromatic 

content is desired for the oil. Lighter the paraffin content, higher is the aniline 



point and cetane number at the same time minimum is the knocking in the 

diesel fuel. 

smoke point: It is the maximum flame height in mm at which the 

fuel (kerosene or jet fuel) burns without smoke. Smoke point is related with the 

aromatic content of the liquid and it is inversely proportional to the aromatic 

content. Smoke point is used to determination of smoking tendency. Smoking 

tendency is proportional to the aromatic content and is given by  

Smoking tendency = 320 / smoke point in mm. 

knocking and octane number: Premature and instantaneous ignition of petrol 

– air (fuel-air) mixture in a petrol engine, leading to production of an explosive 

violence is known as knocking. In certain circumstances (due to the presence of 

some constituents in the gasoline used), the rate of oxidation becomes so great 

that the last portion of the fuel air mixture gets ignited instantaneously, 

producing an explosive violence, known as knocking. The knocking results in 

loss of efficiency.  

Octane number: The knocking characteristic of a fuel can be easily expressed 

by octane number. The antiknocking value of n-heptane is taken as 0 (zero) 

because n-heptane knocks very badly. Whereas the anti-knock value of iso-

octane is approximately taken as 100 because iso-octane knocks very  little. 

Actually the octane number is the percentage of iso-octane in a mixture of n-

heptane in order to matches the knocking characteristics of the fuel. In this way, 

an “80-octane” fuel is one which has the same combustion characteristics as an 

80:20 mixture in iso-octane and n-heptanes. A Fuel of 70 octane no means 

70% of iso-octane & 30% of n-heptane. 

Lead petrol: The variety of petrol in which tetra ethyl lead(TEL) is added, 

it is leaded petrol. When tetra ethyl lead is added, it prevents knocking, 



there by saves money and energy. Usually 1 to 1.5 ml of TEL is added per 

1lit of petrol. It is antiknock compound. 

Cetane number: Cetane number is defined as the percentage of hexadecane (n-

cetane) present in a mixture of cetane and alphamethyl naphthalene, which has the 

same ignition characteristic of diesel fuel in test is called cetane no of the fuel. 

Generally diesel fuels with cetane numbers of 70-80 are used. The knocking 

tendency of diesel fuel is expressed in terms of cetane number. Diesel engines 

works on the principle of compression ignition. Cetane (n-cetane) or hexadecane 

[CH3 – (CH2)14-CH3] is a saturated hydrocarbon, its cetane number is arbitrarily 

fixed as 100. A methyl naphthalene is an aromatic hydrocarbon, its cetane number 

is arbitrarily fixed as zero. 

Cracking of petroleum: Decomposition of larger hydrocarbon molecules to 

smaller molecules is cracking.  

Ex.                      

(Decane)    ( Pentane)  (Pentene)  

Cracking is mainly two types:  

A. Thermal Cracking: If the cracking takes place at high temperature then it is 

thermal cracking. It may take place by two ways. They are i) Liquid-phase 

Thermal cracking ii) Vapour-phase. The liquid phase cracking takes place at 

4750C to 5300C at a pressure 100kg/cm2. While the vapor phase cracking occurs 

at 600 to 6500C at a low pressure of 10 to 20 kg/cm2. 

B. Catalytic Cracking: If the cracking takes place due to the presence of catalyst 

than it is named as catalytic cracking. Catalytic cracking may be fixed bed type or 

moving bed type.  



i) Fixed bed catalytic cracking: The oil vapors are heated in a pre-heater to 

cracking temperatures (420 – 450⁰ C) and then forced through a catalytic chamber 

maintained at 425 – 450⁰ C and 1.5 kg/cm2 pressure. During their passage through 

the tower, about 40% of the charge is converted into gasoline and about 2 – 4% 

carbon is formed. 

Gaseous fuels Examples: Producer gas, water gas, CNG and LPG:  

Producer gas: Producer gas is a mixture of carbon monoxide and nitrogen. It also 

contains traces of hydrogen and carbon dioxide. The average composition of 

producer gas is CO = 22-30%; H2 = 8-12%; N2 = 52-55% and CO2 = 3%.Its 

calorific value is about 1300 kcal/m3. 

Preparation: Producer gas is prepared by passing air over a red hot coke at about 

1100°C in a reactor called gas producer. The reactor consists of a steel vessel lined 

inside with refractory bricks. At the top, it is provided with cup and cone 

arrangement and an exit for producer gas. At the bottom, it has an inlet for passing 

air. There is an exit for the ash at the base. 

         

          

Uses 1. It is used as a fuel in the extraction of metal. 2. It is used in the 

manufacture of glass. 3. It is used as a reducing agent in metallurgy. 

Water gas: Water gas is a mixture of carbon monoxide and hydrogen. It also 

contains traces of carbon dioxide and nitrogen. The average composition of water 

gas is CO = 41%; H2 = 51%; N2 = 4% and CO2 = 4%. Its calorific value is 2800 

kcal/m3. Preparation: Water gas is prepared by passing steam and little air 

alternatively over a red hot coke at about 1000°C in a reactor. It is an endothermic 

reaction. So the temperature of the system decreases. 



            

                                        (Coke) (Steam)               (Endothermic reaction)    

The reactor consists of a steel vessel lined inside with refractory bricks. At the top, 

it has cup and cone feeder and an exit for water gas. At the base, inlet pipes for 

steam and air are provided. At the bottom, out let for ash is also available.  

Uses 1. It is used as a source of hydrogen gas. 2. It is used as an illuminating gas. 

3. It is used as a fuel in ceramic industries.  

CNG (Compressed natural gas): CNG is a good alternative fossil fuel. It mainly 

contains methane. CNG is made by compressing natural gas which is found in oil 

deposits landfills and waste water treatment plants to less than 1% of its volume, it 

occupies at standard atmospheric pressure. It is stored and distributed in hard 

containers at a pressure of 2900-3600 psi. 

Advantages : 1. It is cheaper than petrol or diesel. 2. It emits fewer pollutants like 

CO2, CO, etc. In New Delhi, it is used as a fuel for entire city bus fleet, taxis and 

three wheelers. 3. It is safer than other fuels. In the event of a spill, it disperses 

quickly in air because, it lighter than air. 

LPG (Liquefied petroleum gas):  It is a mixture of propane and butane. It is 

stored in steel cylinder under high pressure. When the cylinder is opened, it comes 

out in the form of gas.  Commercially, it is supplied under various trade names. Its 

calorific value is 27,800 kcal/m3 . 

Uses 1. It is mainly used as a domestic fuel. 2. It is used as a fuel in diesel engines. 

3. It is used as a motor fuel. 

 

 


