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UNIT - 2 

INTRODUCTION: 

Any source of heat energy is called a fuel. The term fuel is applied to a combustible substance, which on 

burning in presence of oxygen produces a large amount of heat that can be used economically for domestic 

and industrial purposes. 

Fuels in the broad sense, include the stored fuels that are available in the earth's crust i.e. fossil fuels or 

the fuels, which are derived from fossil fuels. The term "fossil fuels" is used because these are derived 

from the fossilized remains of plants and animals. The energy available from these fuels can be considered 

to be a part of stored solar energy. The solar energy is trapped by the plants during the process of 

photosynthesis according to the following reaction: 

 H2O + CO2    Sunlight       Carbohydrates 

   Chlorophyll 

A part of carbohydrate is used as food by plants and rest is converted into cellulose and other constituents 

of vegetable matter. The vegetable matter thus becomes the source of high chemical potential energy. 

When the plant dies, the organic matter oxidizes to form peat and finally into coal. The coal having residual 

potential energy is used as a fuel. 

CLASSIFICATION OF FUELS: 

Fuels can be classified on the basis of their (i) Occurrence and (ii) Physical state,  

(i) On the basis of their occurrence they are of two types: 

Primary fuels: Fuels, which occur in nature as such, are called primary fuels. These can be used either 

without processing or after little processing which does not change the chemical composition of the fuel. 

Examples: wood, peat, coal, petroleum and natural gas.  

Secondary fuels: The fuels which are derived from the primary fuels by further chemical processing are 

called secondary fuels. Examples: coke, charcoal, kerosene, coal gas, etc.  

(i) On the basis of their physical state these may be classified as: Solid Fuels, Liquid Fuels & Gaseous 

Fuels .The- classification can be summarized as: 
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                                                         Chemical Fuels 

       

  Primary Fuels     Secondary Fuels 

 

Solid  Liquid  Gaseous Solid  Liquid  Gaseous 

E.g. wood e.g. Crude e.g. Natural e.g. Coke, e.g. Petrol, e.g. Coal 

Peat, lignite Oil  gas  Charcoal LPG       gas, water gas 

  

CALORIFIC VALUE: One of the most important characteristics of a fuel is its calorific value. Calorific value 

judges the efficiency of fuel. Calorific value is defined as the total quantity of heat liberated when a unit 

mass of a fuel is burnt completely. 

Units of Calorific Values: Units of calorific value for solid, liquid and gaseous fuels are given below 

Units of Calorific Values 

System Solid/Liquid Fuels Gaseous Fuels 

CGS Calories/gm Calories/cm3 

MKS k.cal/kg k.cal/m3 

B.T.U. BTU/lb BTU/ft3 

The quantity of heat can be measured in the following units: 

(i) Calorie: It is defined as the amount of heat required to raise the temperature of 1 gram of water through 

1°C (from 15-16° C).  Calorie = 4.185 Joules = 4.185x107 ergs. 

(ii) Kilo Calorie: This represents the unit of heat in MKS system. It is defined as the amount of heat required 

to raise the temperature of one kilogram of water through 1° C (from 150_160 C) 

1   k cal = 1000 cal 

(iii) British thermal unit: (B. Th. U or B.T.U.) It is defined as the amount of heat required to raise the 

temperature of 1 pound (lb) of water through 1° F (from 60° F to 61° F)  

1 B. Th. u  = 252 Cal = 0.252 k cal 

         =   1054.6 Joules = 1054.6x107 ergs. 

(iv) Centigrade heat unit (C.H.U): It is defined as the amount of heat required to raise the temperature of 

1 pound of water through   1° C. (from   15° to 16°C). 1 k cal = 3.968 BTU = 2.2 C.H.U. 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

CDGI, INDORE Page 3 
 

 

GROSS AND NET CALORIFIC VALUE: 

Gross Calorific Value: It is the total amount of heat generated when a unit quantity of fuel is completely 

burnt in oxygen and the products of combustion are cooled down to the room temperature (15° C or 60° 

F). 

Usually, all the fuels have sufficient amount of hydrogen. The hydrogen present during combustion is 

converted into steam. As the products of combustion are cooled down to room temperature, the steam 

gel condensed into water and latent heat is evolved. Thus in the determination of gross calorific value, this 

latent heat also gets included in the measured heat. Therefore gross calorific value is also called the higher 

calorific value. The calorific value which is determined by Bomb calorimeter gives the Gross or Higher 

Calorific value (HCV). 

Net Calorific Value: It is defined as the net heat produced when a unit quantity of fuel is completely burnt 

and "the products of combustion are allowed to escape. In actual practice when the fuel is burnt, the water 

vapor, formed due to the presence of hydrogen in the fuel, are not condensed and escape along with hot 

combustion gases. Hence, a lesser amount than gross calorific value is available. Therefore, this is called 

net calorific value. It is also known as lower Calorific Value. (LCV) 

LCV = HCV - Latent heat of water vapors formed.      

  H2 + 1/2 O2         H2O          

Since 1 part by weight of hydrogen gives nine parts by weight of water i.e. 

... LCV = HCV - Weight of hydrogen x 9 x latent heat of steam 

            = HCV - Weight of hydrogen x 9 x 587 (... Latent heat of steam = 587 cal/g) 

CHARACTERISTICS OF GOOD FUEL: 

While selecting a fuel for particular purpose, following factors are taken into consideration: 

(i) Suitability:  The fuel selected should be most suitable for the process. For example, coke made out of 

bituminous coal is most suitable for blast furnace. 

(ii) High calorific value: The fuel should possess high calorific value because calorific value determines the 

efficiency of the fuel. Higher is the amount of heat per unit mass or volume, better the fuel. 

(iii) Ignition temperature: Ignition temperature is the lowest temperature to which the fuel must be heated 

so that it starts burning smoothly. A good fuel should have moderate ignition temperature. If the fuel have 

low ignition temperature, the storage and transportation become dangerous, since it can cause fire 

hazards. If on the other hand the ignition temperature is too high, the transportation and storage become 

easier but it causes difficulty in kindling.  

(iv) Moisture content: The moisture content should be low because presence of high moisture lowers the 

effective calorific value of the fuel. 
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(v) Non combustible matter content:  The non-combustible matter forms clinkers alter Combustion. The 

presence of non-combustible matter reduces the heating value and also involves the cost of disposal after 

the combustion.  

(vi) Velocity of combustion: Velocity of combustion should be moderate. Too high velocities of combustion 

are not required, whereas too low velocities cause loss of heat due to radiation. 

(vii) Nature of the products:  The products termed should not be harmful. The gaseous products evolved 

during combustion should be such that they do not cause unpleasant odors and other harmful effects.  

(viii) Cost of fuel: The fuel should have a low cost and should be available in large amount at a cheap rate. 

(ix) Smoke:  Formation of smoke should be as low as possible.  

(x) Control of the process: The fuel should be such that its combustion can easily be controlled i.e. it can 

be easily started or stopped. 

DETERMINATION OF CALORIFIC VALUE BY BOMB CALORIMETER: 

A Bomb Calorimeter is used to determine the calorific value of solid and nonvolatile liquid fuels. 

Different parts of Bomb Calorimeter: 

• Bomb: Thick walled stainless steel vessel. 

• Oxygen gas inlet valve. 

• Stainless steel Crucible 

• Beckmann Thermometer: To record small differences in temperature. 

• Electrically operated stirrer: Uniform distribution of heat. 

• Copper Calorimeter 

• Two electrodes attached with battery 

• Fuse Wire 
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Principle: Heat liberated by the Fuel = Heat absorbed by apparatus & water 

Construction: The Bomb is made of steel in which the combustion of fuel is allowed. It has a lid which can 

be screwed to the body of bomb so as to provide a perfect gas tight seal. The lid is provided with two 

stainless steel electrodes and an oxygen inlet valve. A small ring is attached to one of the electrodes. A 

stainless steel or nickel crucible is supported with this ring. This bomb is placed in a copper calorimeter 

which is surrounded by air jacket or water jacket so that no heat loss takes place due to radiation. The 

appa atus also o tai s a  ele t i ally ope ated sti e  a d Be k a s the mometer which gives 

temperature up to 1/100th degree centigrade.  

Function: A definite mass (0.5 to 1.0 g) of the fuel under testing is taken in a clean crucible. The crucible is 

then supported over the ring. A good quality magnesium wire touching the fuel is placed across the 

electrodes. The bomb is placed across the electrodes. The bombs lid is tightly screwed. The bomb is filled 

with oxygen and the pressure inside is created up to 25 atm. The bomb is lowered in copper calorimeter 

which contains a known amount of water. The initial temperature of water is recorded and then the 

electrodes are connected to a 6 volt battery and circuit is completed. The fuel sample burns and the heat 

is released. The water is stirred uniformly and the maximum temperature attained by the water is 

recorded.  

Calculations: Let m = mass (in gms) of fuel sample,  

W = mass (in gms) of water in calorimeter,  

w = water equivalent (in gms) of calorimeter,  

t1 = initial temperature of water,  

t2 = final temperature of water, and  

L = higher calorific value (HCV) in fuel (cal/gm).  
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Then, the total heat liberated by burning of fuel = m × L.  

The heat taken by water and the system = (W + w) (t2 – t1)  

As we know that heat liberated = heat absorbed, hence  

Heat liberated by the fuel = Heat taken by the water and system  

m × L = (W + w) (t2 – t1)  

or L = (W + w) (t2 – t1) / m 

It is the HCV of the fuel taken for testing.  

LCV = HCV – Latent heat of water produced.  

The latent heat of water = 0.09× 587 cal/gm 

(Latent heat of steam is 587 cal/gm). 

Corrections in Bomb Calorimeter: Following are the corrections included in Bomb Calorimeter 

calculation to get more accuracy: 

(i) Fuse wire correction: The heat liberated includes the heat given out by ignition of the fuse wire used. 

(ii) Cotton thread correction: The heat liberated includes the heat given out by burning of cotton thread 

used. 

(ii) Acid correction: Fuels containing Sulphur and nitrogen are oxidized under high pressure and 

temperature of ignition to sulphuric acid and nitric acid. 

           S + 02 → SO2 

           2S02 + 02 + 2H20 → 2H2S04 + Heat 

           2N2 + 2H20 + 5O2 → 4HN03 + Heat 

Formation of these acids is an exothermic reaction, thus the measured heat also includes the heat given 

out during acid formation. 

Amount of these acids can be analyzed from the washings. Sulphuric acid is precipitated as BaS04. 

Correction for 1 mg sulphur is 2.25 cal while for 1 ml N/10 HNO3 is 1.43 cal. 

(iv) Cooling correction: Time taken to cool the water from maximum temperature to room temperature 

is noted.  

LCV (HCV) = (W + w) (t2 – t1) + cooling correction) – (Acid + fuse wire + cotton thread correction)/m 
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Theoreti al Cal ulatio s of HCV y Dulo g’s for ula 

HCV = 1/100 [8080 %C + 34500 (%H-%O/8) + 2240 %S] kcal/kg 

Where C, H, O and S are the percentages of Carbon, Hydrogen, Oxygen and Sulphur in fuel 

SOLID   FUELS: 

Solid fuels that occur naturally (primary fuels) as well as those, that are processed and prepared 

(secondary) are widely used in domestic and industrial purposes. Wood, and different types of coal 

constitute the important primary solid fuels. Charcoal, coke etc. are the secondary solid fuels derived from 

the natural varieties. 

Coal: Coal is regarded as a fossil fuel produced from the vegetable debris under conditions of high 

temperature and pressure over millions of years. Chemically, coal is highly complex organic matter having 

varying amount of water, together with nitrogen and Sulphur. The composition of coal varies according to 

the degree of coalification. In order to compare the coals for the use of consumer, the analysis of coal is 

carried out. The detailed methods of analysis and testing vary from country to country. Coal is analyzed in 

two ways: 

        1.  Proximate Analysis 

        2.  Ultimate Analysis 

PROXIMATE ANALYSIS 

Proximate analysis is an empirical but important analysis. The data varies with the procedure adapted and 

hence it is called proximate analysis, it gives information about the practical utility of coal. Proximate 

analysis of coal determines the moisture, ash, volatile matter and fixed carbon of coal. 

1. Moisture Content: Owing to its nature and origin coal is always associated with moisture. When a wet 

coal is exposed to atmosphere, the external moisture evaporates but the apparently dry coal still 

contains some moisture. This moisture is referred to air-dried moisture. 

Air dried moisture is determined by heating a known amount of coal (air dried) to 105-110°C in an electric 

hot air even for about one hour. After one hour, it is taken out from the oven and cooled in a dessicator 

and weighed. Loss in weight of coal is reported as moisture content on percentage basis. 

                                                                 Loss in weight 

% Percentage of moisture =     x 100 

                                               Weight of coal taken 

Significance: 

 Excess of moisture it undesirable in coal. 

 Moisture lowers the heating value of coal and takes away appreciable amount of the liberated 

heat in the form of latent heat of vaporization. For every percent of moisture present .1% of heat 

is lost. Moisture also increases the transport costs. 

 Excessive surface moisture may cause difficulty m handling the coal. 

 Moreover presence of excessive moisture quenches fire in the furnace. 

Hence lesser the moisture content better is the quality of coal as a fuel. However presence of about 5-

10% moisture is desirable as it produces a uniform fuel bed and less of "fly ash". 
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2.  Volatile Matter: The volatile matter in coal consists of a complex mixture of gaseous and liquid products 

resulting from the thermal decomposition of the coal. Volatile matter does not include moisture of coal. 

It consists mainly of combustible gases such as H2, CO, CH4 and other hydrocarbons. 

It is determined by heating a known weight of moisture free coal sample in a covered platinum crucible at 

950 ±20° C for 7 minutes. At this temperature, hydrocarbons and hydrogen are driven off. The crucible is 

cooled, first in air, then inside a dessicator and weighed. Loss in weight is reported as volatile matter on 

percentage basis. 

                                

% Percentage of Volatile matter = Loss of weight due to removal of volatile matter/ Weight of coal 

sample taken x 100 

Significance: 

 A high percent of volatile matter indicates that a large proportion of fuel is burnt as a gas or vapors 

or may escape unburnt. 

 The high volatile matter content gives long names, high smoke and relatively low heating values. 

 For efficient use of fuel, the outgoing combustible gases (volatile matter) have to be burnt by 

supplying secondary air. This requires a larger combustion space. A furnace with a small 

combustion volume or of short flame is not suitable for burning high volatile coals, since a large 

proportion of volatile matter will escape unburnt. 

 The high volatile coals do not cake well (described later) whereas medium-volatile coals containing 

20-30% of volatile matter are capable of forming hard and strong coke on carbonization. 

 Coals containing less than 14% of volatile matter do not cake at all and are thus not suitable for 

manufacturing coke. 

However, high volatile matter content is desirable in coal gas manufacture because volatile matter in a 

coal denotes the proportion of the coal, which will be converted into gas and tar products by heat.  

3. Ash: Coal contains inorganic mineral substances, which are converted into ash by chemical reactions 

during the combustion of coal. Ash usually consists of silica, alumina, iron oxide and small quantities of 

lime, magnesia etc. 

Ash content is determined by heating the residue left after the removal of volatile matter at 700 ± 50° C 

for 1/2 an hour without covering. The cooled mass is weighed. From the weight of the residue, the 

percentage of ash is calculated as. 

% Percentage of ash = Weight of the residue left / Weight of the coal x 100 

Ash can classified as intrinsic ash and extrinsic ash. The mineral matter originally present in vegetable 

matter from which the coal was formed is called intrinsic ash. It consists of oxides of Na, K, Mg, Ca and Si. 

On the other hand the mineral matter, like clay, gypsum, dirt, which gets mixed-up during mining and 

handling of coal constitute the extrinsic ash, which remains as a residue after the combustion. The extrinsic 

ash may consist of anhydrous CaSO4, CaCO3, etc. The minerals responsible for the formation of intrinsic 

ash cannot be removed by any mechanical means.  
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Significance:                                                                                                        

The high percentage of ash is undesirable. The ash does not contribute to the calorific value of coal. On 

the contrary it reduces the calorific value and creates many difficulties in efficient utilization of coal. 

 In furnace grate, the ash may restrict the passage of air and lower the rate of combustion. 

 High ash leads to large hear losses and cause problems of clinkering (forming of ash lumps). It has 

been estimated that one percent rise in coal ash is equivalent to 0.3 to 4 percent decrease in boiler 

efficiency. 

 The composition of ash and fusion range also influences the efficiency of coal.   Its composition is 

of considerable importance in metallurgical operations as it affects the slag and metal composition. 

 When coal is used in boiler, the fusion temperature of ash is very significant. Generally fusion 

temperature lies in the range of 1000l'-1700° C. Ash having fusion temperature below 1900° C  

called fusible ash and above 1430°C is called refractory ash. If ash fuses at working temperature it 

leads to clinker formation. 

 Apart from loss of efficiency of coal, clinker formation also leads to loss of fuel because some coal 

particles also get embedded in the clinkers. 

4. Fixed Carbon: Fixed carbon content increases from low ranking coals such as lignite to high ranking coals 

such as anthracite. Higher the percentage of fixed carbon greater is its calorific value and better is the 

quality of coal. This represents the quantity of carbon that can be bunt by a primary current of air. The 

percentage of fixed carbon is given by: 

% Percentage of fixed carbon = 100 - [% of Moisture + Volatile matter + ash]  

From the above it appears that, what is left after the amount of moisture volatile matter and ash formed 

is subtracted, corresponds to the fixed carbon. However, the term fixed carbon is misnomer because it 

contains other non-volatile elements also along with carbon.  

Significance: 

 Higher the percentage of fixed carbon, greater is the calorific value. 

 The percentage of fixed carbon helps in designing the furnace and shape of the firebox because it 

is the fixed carbon that burns in the solid state. 

ULTIMATE ANALYSIS 

Ultimate analysis of coal is carried out to ascertain the composition of coal. For the utilization of coal for 

industrial purpose, it is necessary to determine the percentages of various components so as to classify 

the coal, to fix its price, along with putting the coal to different uses depending upon its composition. 

Ultimate analysis includes the estimation of carbon, hydrogen, Sulphur, nitrogen and oxygen. 

1. Carbon and Hydrogen: A known amount of coal is taken in excess of pure oxygen (free from moisture 

and CO2). The in the fuel are converted to CO2 and H2O respectively. 

C + O2    CO2 

H2 + ½ O2   H2O 

The gaseous products of combustion are passed through two tubes, one containing weighed amount of 

anhydrous CaCl2 which absorbs water, and the other containing weighed account of KOH which absorbs 

carbon dioxide. The percentage of carbon and hydrogen are calculated from the increase in weight of the 

respective absorption tubes. 
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    2KOH + CO2             K2CO3 + H2O  

                   CaCl2. 7H2O              CaCl2  + H2O 

Let, weight of coal sample taken = x g  

Increase in weight of CaCl2 tube = z g  

Increase in weight of KOH tube = v g 

44 g of CO2 contain =   12 g of carbon 

    y g of CO2 contain = 12/44 * y        g of carbon 

                                                 12  y  

                                         Percentage of carbon =         *                                x 100 

 44          weight of coal taken 

 

18 g of water contain = 2 g of hydrogen 

z g of water contain  = 2/18 x  z g of hydrogen  

Significance: 

 Calorific value of a fuel is directly related to its carbon content. Hence greater the percentage of 

carbon, greater is the calorific value of the fuel. 

 A higher percentage of carbon also reduces the size of the combustion chamber. 

 High percentage of hydrogen also increases the calorific value of coal. The content of hydrogen in 

coals varies between 4.5 to 6.5 percent from peat to bituminous stage. The hydrogen of coal is 

responsible for the production of many useful materials, for example, gaseous hydrogen, and 

methane and coal chemicals in carbonization and gasification industries. 

2. Nitrogen: Nit oge  p ese t i  the oal sa ple a  e esti ated y Kjeidahl s ethod. 

 A known weight of the given coal sample along with K2SO4+HgSO4 which acts as a catalyst is heated 

with cone.  H2SO4 Nitrogen present in coal gets converted to (NH4)2 SO4, quantitatively. 

              Nitrogen    +   H2SO4     
Heat    (NH4)2SO4 

(From Coal) 

 The contents are then transferred to a round-bottomed flask and the solution is heated with excess 

of NaOH. 

 The NH3 gas thus liberated is absorbed in a known volume of a standard solution of acid. 

 The unused acid is then determined by titrating with NaOH. From the volume of acid used by NH3 

liberated, the percentage of nitrogen can be calculated. 

                   (NH4)2 S04      2NaOH            Na2S04 + 2NH3 + 2H20 

                    NH3 + H2S04       (NH4)2S04  
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Let the weight of coal taken = W g  

Volume of the acid used up = V, mL  

Normality of the acid = N1 

       V1 mL of N, acid =  V2 mL of N2 NH3 

  ... V2 mL of N NH3 = V1 x N1 mL of acid 

But 1000 mL of 1 normal ammonia solution = 17 g of NH3 = 14 g of Nitrogen  

V2 mL of 1 normal ammonia solution = 14/1000 x N1 x V1g of Nitrogen (.
.
.V2 = N1V1 ml)  

 

      14 N1 x V1 x 100     1.4 x N1 x V1 

  .
.
. Percentage of nitrogen =             X                            X 

               1000  W  W 

 

Significance: Nitrogen content in most of coals is between 1 and 2 percent. It has no calorific value and 

hence its presence is undesirable. However, it is useful in carbonization industries which recover a part of 

it as valuable by products like NH3 (NH4)2 SO4 and pyridine bases. 

 3. Sulphur: Sulphur present in the coal is oxidized by fuming nitric acid into sulphuric acid. The sulphuric 

acid is precipitated as 3aSO4 by the addition of BaCl2, quantitatively. Alternatively, the Sulphur can also be 

determined by the washings obtained from the known mass of coal used in a bomb calorimeter for the 

determination of its calorific value. The washings contain Sulphur in the form of sulphate from which it is 

precipitated as BaSO4 by the addition of BaCl2. The precipitate of BaSO4 so obtained from either of the 

above method .is filtered and heated to a constant weight. From the weight of BaSO4 obtained, the Sulphur 

present in the coal is calculated. Let the weight of coal sample=Wg 

The mass of the precipitate be =  W1 g 

.
.
.  233 g of BaSO4    = 32 g of sulphur 

   W1  g of BaSO4  = 32/233 W1 g 
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Percentage of Sulphur =  32/233 * W1 / W * 100                      

                                                                                                 

Significance: Although Sulphur contributes to the calorific value of coal, it is undesirable constituent. It 

emits corrosive SO2, SO3 during combustion and highly objectionable H2S during carbonization of coal. 

These gases also cause atmospheric pollution. Sulphur containing coal is not suitable for the preparation 

of metallurgical coke as it adversely affects the properties of metal.  

4. Ash: It is determined in the same way as in proximate analysis. 

5. Oxygen: The oxygen is usually determined by the method of difference. The carbon, hydrogen, nitrogen 

and Sulphur are expressed in percent basis and their sum is subtracted from 100. 

Percentage of oxygen = 100 - (% of carbon + hydrogen + Nitrogen + Sulphur + ash) 

Significance: Less is the oxygen content, better is the coal. This is because oxygen content of coal is 

generally associated with moisture, low calorific value and low coking power (discussed later).  Moreover, 

oxygen is in combined form with hydrogen in coal and thus hydrogen available for combustion is lesser 

than the total hydrogen present.  

CARBONIZATION OF COAL (MANUFACTURE OF COKE) 

Carbonization of coal is the process of heating the coal in absence of air, to a sufficiently high temperature, 

so that the coal undergoes decomposition and yields a residue which is richer in carbon content than the 

original fuel. This residue is a lustrous, dense, strong, porous and coherent mass and is known as coke. In 

other words the process of converting coal into coke is called carbonization. 

In general, coals with a high percentage of volatile matter are not fit for 'coking' and are used for gas 

making. The coals having 20-30% volatile matter arc good coking coals. 

Process of Carbonization: 

 First moisture and occluded gases arc driven off. 

 At about 260° - 273° carbon, water and H2S, some low molecular alkenes and alkenes are 

evolved. 

 At about 3500C the decomposition of coal is accompanied by evolution of gases and elimination 

of tarry vapors takes place. 

 Around 400°C, caking coals become soft and plastic. 

 At about 700°C, hydrogen is evolved. 

 Above 800°C, main gaseous products are evolved. 

 Gases evolved from the plastic mass; expand it to give foam like appearance. 

 At further high temperatures this foam like mass solidifies to form a solid mass with porous 

structure called coke.     

Types of Carbonization: The properties of the coke produced mainly depend on the type of coal used, 

temperature of carbonization and the rate of carbonization. Depending upon; the temperature, the 

carbonization is of two types: 
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(i) Low temperature carbonization.  

(ii) High temperature carbonization. 

(i) Low temperature Carbonization: When the destructive distillation of coal is carried out at temperatures 

between 500 to 7000 C. it is called low temperature carbonization. The low temperature carbonization is 

practiced for the production of semi coke, which is also called soft coke or char. 

The yield of coke is about 75-80%. The coke thus produced contains 5 to 15% volatile matter and is not 

sufficiently strong to be used as metallurgical fuel.  

The various products of low temperature carbonization are coke, low temperature tar, crude low 

temperature spirit and gas. The quality and yield of these products depend upon the process and the coal 

used. Low temperature carbonization (LTC) plants normally use low rank coals. These low rank coals 

produce excessive smoke on burning, but the coke obtained from them is a clean fuel. Coke from LTC is 

highly reactive and can be easily ignited into a smokeless flame. This is an ideal domestic fuel. The gas, 

which is obtained as a byproduct, has higher calorific value of about 6,500-9,500 k cal/m3. The yield of the 

gas is about 130-150 m3/tons of the coal carbonized and constitutes a valuable fuel. There are two main 

commercial LTC plants in India. One is in Tamil Nadu (Neyveli) and other is in Andhra Pradesh. 

(ii) High-Temperature Carbonization: High temperature carbonization is carried out at 900-12000C. High 

temperature carbonization (HTC) is used for the production of pure, hard, strong and porous metallurgical 

coke, containing 1 to 3% volatile matter. The yield of the coke is 65 to 75%. 

The byproducts - gas and tar have greater amounts of aromatic hydrocarbons. The gas which is obtained 

has lower calorific value of about 5000 to 6000 k cal/m3 than That produced in LTC: but the yield of the 

gas is higher (370-480 m3/tons). The formation of lo e  a ou t of pa affi s a d fo atio  of highe  
amount of gas, indicates that cracking of paraffinic compounds present in coal takes place at high 

temperature, resulting in the formation of gases and greater atomization. 

The coke obtained is very much harder than the coke obtained from LTC process and hence is called hard 

coke. This is used as an industrial as well as domestic fuel. 
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Low and High Temperature Carbonization 

Characteristic  Low Temperature 

Carbonization  

High Temperature Carbonization  

1. Carbonization Temp.  

2. Yield  

3. Volatile matter 

4. Mechanical strength  

5.  Hardness  

6. Use 

7. Yield of the gas 

8.Calorific value of the gas 

9.Percentage of straight chain 

hydrocarbons in the byproducts 

(tar and gas) 

10. Percentage of aromatics in the 

by-products 

11. Smoke produced on burning 

500-700° C  

75-80%  

5-15% 

It is not mechanically strong 

Sufi coke  

Used for domestic purposes 

Lower (About 130-

150m3/tonne) 

Higher (6500-9500 k cal/m3) 

Higher 

 

Lower 

 

Smokeless 

 

1000-1200°c     

65-75%  

1 -3%  

It is mechanically strong 

Hard coke  

Used for metallurgical purposes 

Higher (About 300-390m3/tonne) 

Lower (5400-6000 k cal/m3) 

Lower 

 

Higher 

 

Smoky 

 

METALLURGICAL COKE: 

The properties of coke depend on porosity, reactivity and the amount of volatile matter retained by coke 

during carbonization. Coke is mainly used as a heat source and reducing agent in metallurgy. A good coke 

used in metallurgical process should possess the following requisites: 

(i) Purity: The metallurgical coke should contain lowest percentages of moisture, ash, sulphur and 

phosphorus. Moisture reduces the calorific value whereas ash hinders the heating and also restricts the 

passage of air and lowers the rate of combustion. High percentage of ash also aids in slag formation. 

Sulphur and phosphorus if present adversely affect the quality of the metal being produced. 

(ii) Porosity: The coke should be porous so as to provide contact between carbon and oxygen, which 

ensures efficient and complete combustion of the fuel in the furnace. 

(iii) Strength: The coke used in metallurgical process should have high strength so as to withstand the 

weight of the ore, flux etc. in the furnaces. 
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(iv) Size: Metallurgical coke should be of medium size-neither too big nor to small. A big size of coke does 

not give uniform heating whereas if the size is too small, it may cause choking. 

(v) Combustibility: Coke should burn easily. The combustibility of coke depends on the nature of the coal, 

carbonization temperature and reaction temperature. Weakly caking or non-caking coals are more 

combustible than strongly coking coals. Low temperature carbonization produces coke, which are easily 

combustible, as compared to those obtained by high temperature carbonization. However, at high 

combustion temperature (8000 – 9000C) all cokes have comparable combustibility. At temperature around 

10000C, the rate of combustion depends upon the rate at which air is supplied. 

(vi) Calorific value: The calorific value should be high. 

(vii) Reactivity:  Reactivity of coke is generally considered as its ability to react with CO2, steam, air and 

O2. The reactivity should not be too high.  

(viii) Cost: Coke should be cheap and easily available near the site of the metallurgical plant. 

Manufacture of Metallurgical Coke: 

Coke required for metallurgic purposes can be prepared by two methods which are as follows: 

(i) Beehive oven 

(ii) Otto Hoffmann oven 

(i) Beehive Oven: Up to the end of 19th century, the entire requirement of the metallurgical coke of the 

o ld as fulfilled y the oke a ufa tu ed i  eehi e o e s . A eehi e o e  is a fi e-brick chamber 

having a dome-shaped structure. It is called beehive oven because it resembles in shape to that of a 

beehive. The dimensions of a typical oven are 4 m wide and 2.5m high. The roof is provided with a hole 

for charging the coal from the top. Another hole, the discharging hole is provided in the circumference of 

the lower part of the wall. A number of ovens are built in a row with common walls between neighboring 

ovens. 

 

 

 

 

 

 

The coal is introduced through the top hole in the dome and is spread evenly on the floor to produce a 

layer of about 60 to 90 cm deep. Some air is supplied initially to ignite the coal. Carbonization starts and 

volatile matter burns inside the partially closed side door. The carbonization proceeds from the top to 

bottom of the charge and is completed in two to three days. Heat is supplied by the burning of the volatile 

matter and hence no by-products are recovered. The exhaust gases are allowed to escape to the 

atmosphere. At the end of carbonization, the hot coke is quenched with water and is discharged manually 

through the slide door. The walls and roof of the emptied oven retain enough heat to initiate the 

carbonization of the next charge. The yield of the coke is about 80% of the coal charged. 
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The process can be made economical by operating a series of ovens in such a way that the hot ovens gases 

escaping to the atmosphere are utilized to ignite the charge in the adjacent oven. 

Demerits o Beehive Ovens: 

The demerits are: 

 No recovery of by-products, which are useful chemicals and are allowed to escape. 

 Lower coke yield due to partial combustion. 

 Lack of flexibility of operation. 

 (ii) Otto Hoff a ’s Ove  or By-product oven:The beehive-ovens have been mostly replaced by the 

chamber ovens which operate on regenerative principle of heat economy i.e. utilization of the waste fuel 

gases for heating of the checker work of bricks. Moreover, all the valuable products are recovered from 

the outgoing flue gases. 

Construction: The Otto Hoff a s o e  o sists of a u e  of a o  e ta gula  ha e s ade up 
of silica bricks. The usual dimensions are 12 to 14m length, 4 to 5 m height and .5 m width: The chambers 

are tightly closed so that no air can enter. At the top of each chamber there are three holes for charging 

the coal. Each chamber is further provided with a gas take off and refractory-lined cast iron door at each 

end for discharging the coke. These carbonization chambers are created side by side with vertical flues or 

interspaces for combustion in between them. The ovens (chambers) form a sort of battery of 10 to 100 

ovens. One single oven is capable of holding 16 to 24 tons of coal. 

Working: Coal is charged into the chamber and the chambers are closed tightly at both the ends. The coke 

ovens are heated to 12000C by burning gaseous fuels usually coke oven gas. 

The process of carbonization takes place layer by layer in the coal charge starting from the two side walls 

of the oven and moving towards the center. As the coal adjacent to the oven walls gets heated, a plastic 

zone is formed which moves away from the walls towards the central zone. This moving plastic zone thus 

in turn heats up the central zone. 

As the coal is converted into coke, there is decrease in volume. This is because of the removed of volatile 

matter in the form of tar and gas at about 5000C. At further higher temperature (around 750-8000C), the 

plastic mass solidified into hard and porous mass called coke. The hardness is due to dehydrogenation 

accompanied by aromatization in the coal. 

Regenerative principle is employed to achieve as economical heating as possible. The waste gases 

produced during combustion (flue gases) are passed through the regenerators and then let off to the 

atmosphere through the chimney. Regenerators are built underneath the ovens. The flue gases pass their 

sensible heat to the checker brick work of regenerators until the temperature rises to 10000C. The flow of 

heating flue gases is then reversed and the inlet gases (fuel gas and air) used for combustion are passed 

through the heated checker brickwork of regenerators. Thus inlet gases are preheated before entering 

into the interspace for combustion. After some time, the flow of gases is again reversed so that the waste 

combustion gases again heat the checker brick work. Thus regenerators work on the principle of alternate 
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heating and cooling cycles. This is achieved by periodically changing the direction of flow of gases through 

the vertical flues every 30 minutes or so. 

Carbonization of a charge of coal takes about between 11 to 18 hours. After the process is complete, red-

hot coke is pushed outside by means of a ram, which is electrically driven. The coke falls into a quenching 

car. The yield of the coke is about 75% coal. 

 

 

 

 

 

 

The quenching of red hot coke is achieved by spraying water (wet quenching) or by passing inert gases 

from boilers (dry quenching). Dry quenching is advantageous over wet quenching because the coke 

produced is more strong, and dense. Moreover in wet quenching the sensible heat of the coke is wasted 

whereas in dry quenching the inert gases after quenching the coke become heated up and are then 

circulated to boilers where they pre-heat the boiler-feed water and then re-circulated for cooling fresh 

charge of coke. 

Recovery of by-products: The gases and vapors evolved on carbonization in coke ovens are not allowed 

to mix with the combustion and are collected separately. The gas known as coke oven gas is treated 

separately for the recovery of the valuable by-products. First the gas, which is a high temperature, is 

allowed to bubble through water in this hydraulic main, which acts as a water seal preventing the passage 

of the gases back into the retort when it is opened.  

(i) Recovery of Tar: The gas from the coke ovens is passed through a tower in which liquor ammonia is 

sprayed. Tar and dust get collected in a tank. The tank is provided with heating coils to recover back the 

a o ia. The a o ia is used agai . The oal ta  is a alua le sou e of he i als. The ta  o tai ed is 
distilled to give a number of products like crude benzole, phenolic compounds, pyridine bases, heavy 

naphtha, anthracene oil etc. 

(ii) Recovery of Ammonia: Next, the gases are then passed through a tower where water is sprayed to 

recover ammonia. The ammonia can also be removed by dissolving it in H2SO4 to form (NH4)2 SO4, which 

is then, used a fertilizer. The removal of ammonia from the gas is necessary otherwise it may cause 

blockage of the gas pipes in the form of (NH4)2CO3. 

(iii) Recovery of Naphthalene: The gases are passed through a cooling tower, where water at a low 

temperature is sprayed. The gas is scrubbed with water until its temperature reduces. The 

naphthalene gets condensed here which is collected along with water and recovered. 

 

Downloaded from  be.rgpvnotes.in

Page no: 17 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

CDGI, INDORE Page 18 
 

 

(iv) Recovery of Benzoyl: The gases are then introduced into a light oil or benzoyl scrubber, where benzene 

along with its homologue is removed and is collected at the bottom. The wash oil along with the benzene 

homologues is known as the light oil. (Light oil is lighter than water and hence it is called light oil. It is a 

mixture of low boiling hydrocarbons, benzene, benzene homologues and the solvent used for washing. 

The solvent is a mixture of ethyl, methyl benzene, trimethyl benzene etc.) Separation of different 

components of the light oil is carried out by distillation. The solvent is returned to the scrubber. 

(v) Recovery of H2S: H2S and other sulphur compounds are removed from the coke oven gas after the light 

oil has been separated out.Sulphur compounds present in coal gas must be removed because sulphur 

along with its oxides. SO2 and SO3 aid corrosion. Moreover H2S has offensive odor.For the removal of 

sulphur and H2S gas, the gas is passed through a chamber, packed with moist Fe2O3, which reacts with H2S 

to give Fe2S3. 

Fe2O3 + 3H2S               Fe2S3 + 3H2O 

After some time when all the Fe2O3 is converted into Fe2 S3, the purifier is exposed to the atmosphere 

when Fe2 S3 is oxidized to the oxide. 

2Fe2S3 + 402      2FeO + 3S02 

4FeO + 02      2Fe203 

The SO2 obtained can be used for the manufacturing sulphuric acid, which can be used to absorb NH, from 

the coal gas. The purified coke oven gas is finally stored over water in holders. It is mostly used as domestic 

fuel in countries where coal is cheap. The main components of coal gas or coke oven gas are CH4 and H2 

along with small percentage of CO2, CO, N2 and oxygen. 

                    AMMONIA         WATER       LOW TEMP.   WASH OIL 

 

 

 

 

 

LIQUID FUELS: Liquid fuels are used extensively these days in industrial and domestic fields. Their 

importance is best understood by the fact that almost all internal combustion engines rim on them. 

The largest source of liquid fuels is petroleum. The calorific value of petroleum is about 40000 kJ/kg. 

Though petroleum accounts for the bulk of the liquid fuels, the other sources also supplement the 

requirement of liquid fuels such as coal tar. Crude benzoyl, synthetic liquid fuels made from coal etc. 
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Petroleum: The term petroleum means "rock oil' (in Latin, petra means rock and oleum means oil.) It 

is also called mineral oil. Petroleum is a complex mixture of paraffinic, olefinic and aromatic 

hydrocarbons with small quantities of organic compounds containing oxygen, nitrogen and sulphur. 

Cracking: Of all the fractions obtained by fractional distillation of crude petroleum, gasoline is 

considered to be the most important fraction. With the rapid growth of automobile industry, the 

consumption of petrol has increased many folds, but the yield of this fraction is only 20% of the crude 

oil. Also the quality of the gasoline obtained is not good. This gasoline is called straight run gasoline. 

On the other hand, the yield of heavier petroleum fractions is quite high. Thus, it is necessary to make 

better use of these heavy fractions, by converting them into more useful fraction, gasoline. This is 

a hie ed y a te h i ue alled a ki g . 

'Cracking' is the processes by which heavier fractions are converted into lighter fractions by the 

application of heal, with or without catalyst. Cracking involves the rupture of C-C and C-H bonds in the 

chains of high molecular weight hydrocarbons. For example - 

C10 H22            C5 H12 + C5 H10 

Decane      B-pentane Pentene 

B.pt = 1740 C  B.pt= 360 C 

C8 H18  C5 H12 + C3 H6 

Nearly 50% of today's gasoline is obtained by cracking. It may be emphasized here, that the gasoline 

obtained by cracking is far more superior to the straight run gasoline. The process of cracking 

involves the following chemical changes: 

 Higher hydrocarbons are converted to lower hydrocarbons by C-C cleavage. The products obtained 

on cracking have low boiling points than initial reactant.  

 Formation of branched chain hydrocarbons takes place from straight chain alkanes. 

 Unsaturated hydrocarbons are formed from saturated hydrocarbons. 

 Cyclization may take place. 

Though, the chief application of commercial cracking is the production of gasoline but it is also 

used for the production of olefins from naphtha, oil gas from kerosene and the reduction of 

viscosity of straight run residues. Cracking can be carried out by two methods: 

1.  Thermal Cracking: When cracking takes place simply by the application of heat and pressure, 

the process is called thermal cracking. The heavy oils are subjected to high temperature and 

pressure, when the bigger hydrocarbons break down to give smaller molecules of paraffins, 

olefins etc. The thermal stability among the constituents of petroleum fractions increases as 

Paraffins <naphthenes (alicyclics) <aromatics. The products obtained, depend upon the operating 

conditions. Thermal cracking may be carried out either in liquid phase or vapor phase. 

(a)Liquid phase thermal cracking: By this method, any type of oil (residues, heavy oil) can be 

cracked. The charge is kept in the liquid form by applying high pressures of the range 30 kg/cm2 

to 100 kg/cm2 at a suitable temperature of 476-5300C. The cracked products are separated in a 

fractionating column. The important fractions are: Cracked gasoline (30-35%), Cracking gases (10-

45%), cracked fuel oil (50-55%). 
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The cracked gasoline has an octane number of about 70. The cracking gases constitute raw 

materials for petrochemicals. The cracking residue is used as a fuel. 

(b)Vapour phase then at cracking: -By this method, only those oils that can vaporize at low 

temperatures can be cracked. The petroleum fractions of low boiling range like kerosene oil, are 

heated at a temperature of 670-720" C under low pressure of 10-20 kg/cm2. The time required 

for cricking in this process is much less as compared to liquid phase thermal cracking. Petrol 

obtained from vapour phase cracking has better antiknock properties but poorer stability. 

In general, thermal cracking produces pectoris, which are less stable than straight run petrols due 

to the presence of highly reactive unsaturated hydrocarbons in them. 

Comparison of liquid and vapor phase thermal cracking 

Characteristic Liquid Phase Thermal 

Cracking 

Vapour Phase Thermal 

Cracking 

Cracking temperature  475-5300C 670-7200C 

Pressure 100kg/cm2 10-20 kg/cm2 

Octane rating of Petrol 65 – 70 > 70 

Type of oil Any heavy oil can be 

cracked 

Oil should be readily 

vaporized 

Mechanism of thermal cracking: Thermal cracking is believed to follow free radical mechanism. 

The mechanism can be illustrated by taking the example of n-nonane. 

Initiation:  CH3(CH2)7CH3   CH3(CH2)3CH2 + CH2(CH2)2 CH3 

Propagation: The f ee adi als fo ed a e the ally u sta le a d u de go fissio  at the β-

position to yield new radical and an olefin. 

CH3 – CH2-CH2 – CH2 – .CH2  CH3 – CH2 – .CH2 + CH2 = CH2 

This β scission continues, till a thermally more stable radical is formed. 

CH3 – CH2 – .CH2          .CH3 + CH2 = CH2 

CH3 (CH2)7 CH3 + .CH3              CH3 (CH2)5 CH – CH2 – CH3 + CH4 

 The radicals having no C – C o d i  the β position give rise to hydrogen free radicals. 

CH3 .CH2 CH2 = CH2 + .H 

Termination: .CH3 + .CH3  CH3 – CH3 

             2CH3 – .CH2  CH3 – CH2 – CH2 – CH3 

                           CH3 – .CH2 + .H                  CH3 – CH3 
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2. Catalytic Cracking: In this method the cracking is brought about in the presence of a catalyst 

at much lower temperatures and pressures. The catalyst used is usually a mixture of silica and 

alumina (hydrated aluminum silicate). The most recent catalyst used is zeolite. The quality and 

yield of gasoline produced by catalytic cracking is greatly improved.  

The catalytic cracking and advantages over the thermal cracking: 

(i) High temperatures and pressures are not required in presence of a catalyst and hence there 

is saving in the production costs.  

(ii) The use of catalyst not only accelerates the cracking reactions (decomposition, 

dehydrogenation, isomerization and polymerization), but also introduces new reactions which 

considerably modify the yield and the nature of the products. 

(iv) The yield of the gasoline is higher. About 70% of raw material is converted into gasoline. 

(v) The gasoline obtained by catalytic cracking contains low percentage of olefins and high 

percentage of is paraffin and aromatic hydrocarbons.  This increases the anti-knock 

properties of gasoline.  

(v) No external fuel is required for cracking, since the heat required is obtained by burning off 

the coke deposited on the catalyst itself, during regeneration process. 

(vi) The process can be better controlled than that of thermal pieces, so desired products can 

be obtained. 

(vii) The product contains a very little amount of undesirable sulphur, because a major portion 

of it escapes out as H2S gas, during cracking.  

(viii) The gasoline formed contains much less gum and gum forming compounds. 

(ix) Compared with the thermal process the catalytic cracking yields less coke, jess gas and 

more liquid products.  

 (x) Coke forming materials are absorbed by the catalysts as soon as they are formed.  

Depending upon how the catalyst is used, the catalyst cracking is of two types: 

(i) Fixed bed catalytic Cracking: In this type of cracking the catalyst is in the form of granules or 

pellets. These pellets or granules are used in the form of fixed beds in catalyst towers. 
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The heavy oil charge is passed through a heater and heated to a cracking temperature (420-

450°C). The charge is then passed through a catalyst chamber. The catalyst used either silica-

alumina gel (SiO2. Al2O3) or bauxite, mixed with clay and zirconium oxide. The catalyst tower is 

also maintained at 420°-450° C and at a pressure of 1 to 5 kg/cm2. Cracking of the heavy oil vapors 

takes place in the catalytic chamber and about 30-40% of the charge is converted into low 

molecular weight hydrocarbons. The carbon formed (about 4%) during the cracking process gets 

adsorbed on the catalyst thereby deactivating it. The cracked vapors are passed through the 

fractionating column, where the gasoline vapors are recovered from the top and the heavy oil 

gets condensed at the bottom. The gasoline vapors are subjected to a cooler where gasoline 

along with some other gaseous products gets condensed. Thereafter the gasoline is sent to a 

stabilizer, where the dissolved gases are removed from the top and pure gasoline is obtained, 

having the desired boiling range  

During the process, the catalyst stops working after about 10-11 hours, due to the deposition of-

carbon particles formed during the cracking process. This is reactivated by burning off the carbon 

in a stream of hot air. During the reactivation of the catalyst, the vapors of heavy oil are diverted 

through another stand by catalytic chamber, so that the reaction proceeds continuously. 

As the cracking reactions are endothermic, the temperature in the catalytic chamber is 

maintained by circulating monen sail (mixture of sodium nitrate and sodium nitrite) in pipes 

passing through the catalyst bed. 

(ii) Moving bed Catalytic Cracking: This is also known as fluid bed catalytic cracking. In this type 

of cracking, the catalyst is in the form of fine powder which flows down to the cracking chamber, 

through a hopper. The catalyst gets mixed with the heavy oil vapors and behaves much like a 

fluid, which can be circulated in gas streams. The plant for fluid bed or moving bed catalyst 

cracking consists of a reactor and a regenerator placed side by side. 
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The heavy oil is heated in a healer and the vapors are allowed to mix with the hot catalyst in 

the form of tine powder, which is introduced from the regenerator. The mixture is forced into 

a large reactor maintained at 500° C. Due to the high temperature of the catalyst (6000C), the 

cracking of the heavy oil starts even before its entry into the reactor. This facilitates the 

cracking the high boiling fractions also. After cracking of the heavy oil in the reactor, the 

cracked vapors are allowed to pass on to the fractionating column, through the internal 

cyclone. The internal cyclone is fixed at the top of the reactor which allows only the cracked 

oil vapors to pass on to fractionating column, retaining the catalyst powder in the reactor itself 

through the centrifugal action. The catalyst powder gradually becomes heavier due to the 

deposition of carbon and settles at the bottom. The spent catalyst is forced by an air blast to 

the regenerator maintained at 600° C. In regenerator carbon is burnt off and catalyst is 

reactivated. The reactivated catalyst then flows down through a stand pipe to get mixed with 

a fresh charge. The cyclone fixed at the top of the regenerator allows only the gases such as 

C02 etc to pass, retaining the catalyst particles. The heat liberated during the regeneration 

process is used to preheat the catalyst. 

Mechanism: Catalytic cracking is believed to involve carbonium-ion intermediates. This can be 

illustrated by taking the example of n-nonane. First, due to thermal cracking, small amount of 

alkenes produced. The alkene produced is thus protonated by the catalyst. 

C9H20          CH3 – CH2 – CH = CH2 – C5H12 

CH3 – CH2 – CH = CH2 + CH2 + H+  CH3 – CH2 – CH – CH3 

Knocking: 

The fuel used for internal combustion engines is gasoline or diesel. In internal combustion 

engines, a mixture of fuel (gasoline or diesel) is ignited in a cylinder. The ignition is brought 

about by means of an electric spark (in petrol engines) or by compressing the air (in diesel 

engines). 

The gases evolved ignition, force the piston down due to high pressure, thus providing the 

power stroke. 

 

Petrol Engine Fuel: The whole process comprises of four strokes in petrol engine. 
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(i) The fuel vapors with air in the carburetor is drawn into the cylinder during the induction 

part and this step is termed as suction stroke.  

(ii) The-fuel air mixture is compressed constituting the- compression stroke. 

(iii)The mixture is ignited by an electric spark. The hot gases produced due to combustion 

increase the pressure and push the piston down. This is known as the power stroke. 

(iv) In the last stroke, termed as 'exhaust' stroke, the piston ascends and expels the exhaust 

gases from the cylinder. 

The next cycle starts again. The fuel air mixture must burn smoothly and rapidly i.e. after the 

reaction is initiated by a spark, a flame should spread rapidly and uniformly through this gas 

mixture so that the expanding gas drives the piston down the cylinder smoothly. 

The ratio of the gaseous volume in the cylinder at the end of the suction-stroke to the volume 

at the end of compression-stroke of the piston is termed as compression-ratio. The efficiency 

of the engine depends upon this ratio. Higher the compression ratio, higher is the efficiency of 

the engine. However if the compression ratio exceeds a certain limit, the fuel-air mixture may 

get heated to a temperature greater than its ignition temperature and spontaneous 

combustion occurs even, before sparking. This is called pre-ignition. Further, it may also 

happen that the last unburnt portion of the fuel-air mixture after sparking, undergoes 

spontaneous self-ignition resulting in an explosive violence. This explosion produces a shocking 

wave, which dissipates its energy by hitting the walls of the cylinder and the piston, producing 

a characteristic metallic sound termed as knocking.  

Knocking is tints a sharp metallic sound similar to rattling of hammer, which is produced in 

internal combustion engines due to immature ignition of air gasoline mixture. 

Knocking not only decreases the efficiency of the engine but also causes huge loss of energy 

and damage to piston and cylinder. The phenomenon of knocking is not yet fully understood 

but is believed to be closely related with chemical composition of the fuel. The cause of 

knocking is characteristic of the fuel and engine design. 

Chemical structure and knocking: The chemical structure of the fuel used has a close relation 

with knocking characteristics. 

 The knocking tendency decreases with increase in the compactness of the molecules, 

double bonds and cyclic structures. Thus, olefins of the same carbon-chain length 

possess better antiknock properties than the corresponding paraffins. 

 With normal paraffins the knocking increases with increase in the length of the 

hydrocarbon chain. Thus the tendency to knock in straight chain paraffins follow the 

order: 

                                     n-heptane>n-hexane>n-pentene>n-butane 
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 Branched chain paraffins have better antiknock properties than straight chain 

paraffins. The resistance to knock increases with the number of branches and their 

position. Thus the knocking tendency of different isomers of heptane follow the 

order: 

                                    n-heptane>2-methyl hexane>2, 2 dimethyl pentane. 

 Aromatics such as benzene and toluene have very high antiknock properties. 

In general, the tendency of constituent of a fuel to knock is in the following order: 

Straight chain paraffins>Branched chain paraffins>olefins>Cycloparaffins 

(Naphethenes)>Aromatics 

Octane Rating: The ant knocking characteristic of gasoline (resistance to knocking) cannot be 

defined in absolute terms. In order to classify the fuels according to their knocking property, 

an arbitrary scale has been established by Edger in 1926, known as Octane rating or Octane 

number. It was observed that n-heptane knocks very badly and hence it was assigned an 

antiknock value of zero. On the other hand, iso octane (2, 2, 4 trimethul pentane) has a high 

resistance to knocking and hence was arbitrary assigned a value of 100. 

Octane number of a fuel is defined as the percentage of iso octane present in a mixture of iso-

octane and n-heptane, which has the same knocking characteristics as that of fuel under 

examination, under same set of conditions. Thus a gasoline with an octane number of 80, 

would give the same knocking as a mixture of iso octane and n-heptane containing 80% of iso 

octane by volume. Greater the octane number, greater is the antiknock property of the fuel. 

The octane number of cracked gasoline is higher than straight run gasoline, due to much higher 

percentage of unsaturated and cyclic hydrocarbons in cracked gasoline. The octane numbers 

of some common hydrocarbons are given as follows:  

Hydrocarbon Octane Number Hydrocarbon Octane Number 

Benzene 106 N-pentene 62 

Isopentane 90 N-hexane 26 

Cyclohexane 77 Alcohol 95 

A certain minimum anti-knock quality is required for knock-free operation of a gasoline engine. 

In USA the motor gasoline is marketed in two grades, regular having octane number 94 and 

premium having octane number 100. In India the motor gasoline have specified octane 

number of 83. 

Antiknock Agents: The octane rating of commercial gasolines is not entirely due to the 

hydrocarbons only. Certain additives are added to the gasoline to improve its antiknock 
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characteristics. These additives are known as antiknock agents. Benzol and alcohols can be 

used as antiknock agents as these have high antiknock values. 

Tetraethyl lead Pb(C2H5)4 is added to gasoline to increase its octane number. TEL is a colorless 

liquid and is highly poisonous. About 0.5 ml of TEL per liter is added to motor oils and about 1 

ml of TEL per liter is generally added for aviation petrol. To indicate that petrol is leaded a 2% 

red dye is also added. 

Knocking is believed to be a free radical mechanism leading to a chain reaction which results 

in an explosion during combustion Pb (C2 H5)4 forms Pb and PbO. These act as free radical chain 

inhibitors and hence the propagation of the chain reaction leading to knocking do not take 

place. 

But lead and lead oxide vapors so formed may contaminate the atmosphere. As soon as 

explosive combustion occurs, the lead oxide is rapidly reduced to metallic lead, which is 

deposited on the spark plug points, the cylinder walls and the piston head. In order to prevent 

these problems, ethylene dibromide (C2H4Br2) is also added, so that lead formed is converted 

into lead bromide. 

Pb + C2H4Br2        Pb Br2 + CH2 = CH2 

Lead bromide so formed is volatile and escape along with other exhaust gases. 

Due to environmental pollution the use of leaded petrol is being minimized now a days. 

Other anti-knock agents are tertiary butyl acetate and diethyl teliuride, benzol and alcohol. 

Tricresylphosphate which is capable of suppressing pre-ignition of the fuel can also be used. 

Benzene is another good antiknock agent. But benzene is carcinogenic and hence it should be 

used in very low concentrations. 

Diesel Engine Fuels:  (Compression Ignition Engine fuels)   

In a diesel engine, the fuel is ignited by the application of heat and pressure and not by a spark. 

In diesel engine, air is first drawn into the cylinder (suction stroke) and compressed to a 

pressure of about 30 to 50 kg/cm2 (compression stroke). Towards the end of the compression 

stroke, the diesel oil is injected in the form of fine droplets into the very hot compressed air. 

The fine particles of fuel absorb heal from the compressed air and ignite. The pressure of the 

eases evolved during the ignition/combustion pushes the piston downwards (power stroke). 

The cycle is completed at the exhaust stroke whereby the expulsion of hot gases from the 

cylinder takes place. 

Knocking in diesel engine:  The main characteristic of diesel fuel is that it should easily ignite 

below compression temperature. The interval between the start of fuel injection and its 

ignition is termed as ignition delay or induction lag. It is obvious that for efficient functioning 

of the diesel engine, this induction lag should be as brief as possible. 
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When a fuel has long induction lag, a large portion of the injected fuel gets accumulated in the 

cylinder even before ignition and when ignition takes place, the accumulated fuel burn violently 

with a sudden increase in temperature and pressure. This non-uniform burning of the fuel is known 

as diesel knocking. The greater is the induction lag, higher is the diesel knock. 

Chemically, diesel engine fuels consist of straight chain hydrocarbons with minimum-amount of 

branched chain and aromatic hydrocarbons. Thus, in contrast to gasoline, the diesel engine fuels 

should have low spontaneous ignition temperatures so as to minimize the induction lag. 

Cetane Rating: Fuels required for diesel engine are in contrast to petrol engine fuels, hence a 

separate scale is used to grade the diesel oils as they cannot be graded on octane number scale. 

Cetane number is the measure of the ease with which the fuel will ignite under compression. The 

hydrocarbon cetane (n-hexadecane) has a very short ignition delay as compared to any diesel fuel 

and is assigned an arbitrary value of 100. Whereas -methylnaphthalene has a longer ignition delay 

as compared to any other diesel fuel and hence is assigned a value of 0. 

The cetane number of a diesel oil may be defined as the percentage of cetane in a mixture of cetane 

and -methyl naphthalene which will have the same ignition characteristics as the fuel under test, 

under same set of conditions. For example a diesel fuel will be assigned a cetane number 45 if it 

has the same ignition characteristics as that of a mixture of 45% cetane and 55% -methyl 

naphthalene. 
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The cetane rating of a fuel depends upon the nature and composition of hydrocarbon. The straight chain 

hydrocarbons ignite quite readily while aromatic, do not ignite easily Ignition quality order among the 

constituents of diesel engine fuels in order of decreasing cetane number, is as follows:  n-alkanes > 

naphthnes > alkenes > branched alkanes > arornatics 

From the above it is clear that the conditions for diesel knock are just the opposite as required for knocking 

in petrol engines. This is because the cause of knocking is different in the two cases. In petrol engines pre-

ignition by compression leads to knocking and hence fuels with higher ignition temperatures are required. 

On the other hand in diesel engines ignition delay is the cause of knocking and the fuels with low ignition 

temperatures are required. Thus, a good petrol engine fuel is a bad fuel for diesel engine and vice versa. 

The cetane number of diesel oil can be increased by adding certain additives like ethyl nitrate, isoamyl 

nitrate, acetone etc.  

Difference between Octane and Cetane number 

 Octane Number Cetane Number 

1. Octane number is the percentage of iso-

octane in a mixture of n-heptane and iso-

octane.  

CH3-(CH2)5-CH3 

n-Heptane 

(Octane number = 0) Knocks very badly 

Iso-octane (Octane number = 100) Give 

very little knocking. 

 

Cetane number is the percentage of 

hexadecane in a mixture of 1-methyl 

naphthalene and n-Hexa decane. 

           CH3  

 

1-methyl naphthalene 

(cetane number = 0) 

Knocks very badly 

CH3-(CH2)4-CH3 

n-Hexa decane 

(cetane number = 100) 

Very little knocking 

2. By octane number we calculate the 

knocking character of petrol fuel. 

By cetane number we calculate the knocking 

character of diesel fuel. 

3. In octane number of internal combustion 

fuels can be raised by adding of TEL 

(Tetraethyl lead) (C2H5)4Pb and diethyl 

telluride (C2H5)2Te. 

In cetane number of diesel fuel can be raised 

by adding of ethyl nitrite, isoamyl nitrite, 

acetane peroxide etc. 

4. Straight chain hydrocarbon molecules are 

worst fuels. 

Straight chain hydrocarbon molecules are 

best. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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