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FUELS AND COMBUSTION 


In this block, you will be exposed to the fundamentals of the various types of fuels, their characteristics and 
 analysis of the combustion reactions and systems. This block contains four units. 


Unit 8 deals with the various types of fuels -like natural fuel, manufactured fuels, and solid, liquid and 
 gaseous fuels and their characteristics. 


Rating of liquid fuel, gasoline in terms of octane and cetane numbers has been discussed in Unit 9. 


Unit 10 describes the stoichiometric calculations and analysis of the various types of combustion systems. 


Analysis of the various types of the reacting systems using first law of thermodynamics has been made in 
Unit 11.
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UNIT 8  TYPES OF FUELS AND THEIR         CHARACTERISTICS 


Structure 


8.1  Introduction 


Objectives  


8.2  Principles of Classification of Fuels 
 8.3  Solid Fuels and their Characteristics 


8.3.1   Woods and their Characteristics 
 8.3.2   Coals and their Characteristics 


8.3.3   Manufactured Solid Fuels and their Characteristics 


8.4  Liquid Fuels and their Characteristics 


8.4.1   Petroleum and its Characteristics 


8.4.2   Manufactured Liquid Fuels and their Characteristics 


8.5  Gaseous Fuels and their Characteristics 


8.5.1   Natural Gas and its Characteristics 


8.5.2   Manufactured Gases and their Characteristics


8.6  Summary 
 8.7  Key Words 
 8.8  Answers to SAQs 



8.1 INTRODUCTION 


Fuel is a substance which, when burnt, i.e., on coming in contact and reacting 
 with oxygen or air, produces heat. Thus, the substances classified as fuel must 
 necessarily contain one or several of the combustible elements: carbon, 
 hydrogen, sulphur, etc. In the process of combustion, the chemical energy of 
 fuel is converted into heat energy. 


To utilize the energy of fuel in most usable form, it is required to transform 
 the fuel from its one state to another i.e., from solid to liquid or gaseous state, 
 liquid to gaseous state, or from its chemical energy to some other form of 
 energy via single or many stages. In this way, the energy of fuels can be 
 utilized more effectively and efficiently for various purposes. 


Objectives 


After reading this unit, you will be able to understand 


  the principle of classification of fuels,  


  the fundamentals of various types of fuels and their characteristics, 
 and 


  their applications in various fields. 



8.2 PRINCIPLES OF CLASSIFICATION OF FUELS 


Fuels may broadly be classified in two ways, i.e.,  


(i)  according to the physical state in which they exist in nature-solid, 
 liquid and gaseous, and 


(ii)  according to the mode of their procurement - natural and 
 manufactured. 


None of these classifications, however, gives an idea of the qualitative or 
intensive value of the fuels i.e., their power of developing the thermal 



(7)intensity or calorimetric temperature under the normal condition of use, i.e., 
 combustion of fuels in mixture with atmospheric air in stoichiometric 
 proportion. 


We shall now proceed with the further description of the fuels. A brief 
 description of natural and manufactured fuels is given in Table 8.1. 


Table 8.1: Natural and Manufactured Fuels Manufactured Fuels 
 Natural Fuels  Manufactured Fuels 


Solid Fuels 
 Wood 


Coal 
 Oil shale 


Tanbark, Bagasse, Straw 
 Charcoal 


Coke 
 Briquettes 
 Liquid Fuels 


Petroleum  Qils from distillation of 


petroleum 
 Coal tar 
 Shale – oil 
 Alcohols, etc. 


Gaseous Fuels 


Natural gas  Coal gas 


Producer gas 
 Water gas 
 Hydrogen 
 Acetylene 
 Blast furnace gas 
 Oil gas 



8.3   SOLID FUELS AND THEIR CHARACTERISTICS 


Solid fuels are mainly classified into two categories 1.e, natural fuels, such as 
 wood, coal. etc. and manufactured fuels, such as charcoal, coke, briquettes, 
 etc. (Table 8.1). 


The various advantages and disadvantages of solid fuels are given below: 


Advantages 


(i)  They are easy to transport.  


(ii)  They are convenient to store without any risk of spontaneous 
 explosion. 


(iii)  Their cost of production is low.  


(iv)  They possess moderate ignition temperature. 


Disadvantages 


(i)  Their ash content is high.  


(ii)  Their large proportion of heat is wasted. 


(iii)  They burn with clinker formation.  


(iv)  Their combustion operation cannot be controlled easily. 


(v)  Their cost of handling is high. 


8.3.1 Woods and their Characteristics 


The most commonly used and easily obtainable solid fuel is wood It is the 
oldest type of fuel which man had used for centuries after the discovery of the 
fire itself In India, wood Is used in almost every village, as well as in small 



(8)towns and cities. In some parts of country such as Kashmir and Mysore, 
 wood is used for industrial purposes as well: 


Constituents of Wood 


Wood is vegetable tissue of trees and bushes. It consists of mainly 
 cellular tissue  


and lignin and lesser parts of fat and tar, as well as sugar. 


The main constituents of several kinds of wood are given in Table 8.2.   


The constituents of cellular tissue and lignin of wood are given in 
 Table 8.3. 


Table 8.2: Constituents of Wood (%) 
 Type of 


Wood 


Water  Sugar  Fat-tar  Cellular 
 Tissue 


Lignin 
 Beech 


wood 


12.57  2.41  0.41  45.47  39.14 


Birch 


wood  12.48  2.65  1.14  55.62  28.21 


Fir(Boot)  13.87  1.26  0.97  55.99  26.91 


Pine wood  12.87  4.05  1.63  53.27  28.18 


Table 8.3: Constituents of Cellular Tissue and Lignin of Wood (%) 


Constituents   Cellular Tissue  Lignin 


Carbon  44.4  54.58 


Hydrogen  6.2  5.8 – 6.3 


Oxygen  49.4  35.39 


The cellular tissue has a definite chemical composition and thus has stable 
 constituents, while those of lignin vary within narrow limits. Hence, the 
 constitute elements of different kinds of wood are slightly variable. Table 8.4 
 gives the constituent elements of wood and the average values of constituents 
 of wood are given in Table 8.5. 


Table 8.4: Constituents of different kinds of Wood (%) 
 Element  Pine Wood   Birch 


Wood  Oak Wood 


C  50.05  48.45  49.8 


H  6.04  5.95  5.81 


O + N  43.21  45.26  44.00 


Ash  0.70  0.34  0.4 


Table 8.5: Average Values of Constituents of Wood 


Element  %, Composition 


C  50.00 


H  6.00 


O  43.10 


N  0.30 


Ash  0.60 


Calorific Value 


Engineer A. Marjhevskee determined the calorific values of different 
kinds of wood with the help 



(9)of the samples taken out from the same tree at different distances from 
 centre. The calorific  


values are given in Table 8.6. 


Table 8.6: Calorific Values of Wood 
 Kinds of Wood  Lowest Calorific 


Value 
 (cal/kg) 


Highest Calorific 
 Value 
 (cal/kg) 


Oak  4729  4750 


Birch  4695  4831 


Elm  4674  4833 


Alder  4745  4839 


Pine  4818  5310 


Fir  4887  4900 


Larch  4775  4840 


Ash  


The ash content of wood is negligible. The ash consists of mineral 
 water that is found in the wood itself, with an admixture of some 
 impurities which accrue during transportation etc. The mineral matter 
 is distributed in the tree rather irregularly. The ash consists of mainly 
 potassium carbonate with varying degrees of calcium, magnesium and 
 sodium carbonate, as well as minute quantities of iron oxides, alumina 
 and silica. Pure ash is white in color.  


Moisture  


A freshly felled tree contains anything from 40% to 60% of 


hygroscopic moisture depending upon the species of the tree as well 
 as the season of the year. On exposure to atmospheric air, the 
 moisture dries up and reduces to 15 20% in about 18 months. On the 
 exposure for a longer period, no appreciable change had been 


observed. When wood is seasoned in water, it absorbs nearly 150% of 
 water by weight. 


Characteristics of Flame 


The nature of the flame depends on the tar content of wood. Pine and 
 birch contain more tar and hence burn with a thick and bright flame, 
 while aspen and alder burn with a dim, transparent flame. The length 
 of the flame also depends on the tar content. 


Combustion Characteristics 


The lighter the wood, the more intensely it burns with a long flame. 


This is because air penetrates easily throughout the whole piece 
 during combustion. If the wood is heavy, i.e., hard, the penetration of 
 air is rendered difficult and a concentrated flame result with the 
 development of more heat at the point of burning. 


Ignition Temperature 


Wood ignites very easily. That is why it is used for lighting other 
fuels. The average ignition temperature of different kinds of wood is 
given in Table 8.7. 



(10)Table 8.7: Ignition Temperatures of Wood Type of Wood 
 Type of Wood  Ignition Temperature(°C) 


Pine  295 


Oak  287 


Larch  290 


Fir  292 


8.3.2 Coals and their Characteristics 


It is commonly adopted view that coal is a mineral substance of vegetable 
 origin. The large deposits of coal in India are in Bengal, Bihar and Madhya 
 Pradesh. Most of the Indian coal is of low-grade variety and coal washing to 
 obtain low ash metallurgical coal is unavoidable Over 30% of coal output is 
 consumed by railways, another similar proportion is used by industry 


including iron and steel works. This leaves barely 40% of coal mined for use 
 of the power supply undertakings.  


Analysis of Coal  


To ascertain the commercial value of coal certain tests regarding its 
 burning properties are performed before it is commercially marketed. 


Two commonly used tests are Proximate analysis and Ultimate 
 analysis of coal. The fuel calorimeter is used to determine the beating 
 value or calorific value of coal. Calorific value of coal is defined as 
 the quantity of heat given out by burning one-unit weight of con 
 calorimeter. 


Proximate Analysis of Coal 


This analysis of coal gives good indication about heating and 
 burning properties of coal. The test gives the composition of 
 coal in respect of moisture, volatile matter, ash and fixed 
 carbon. The moisture test is performed by heating 1 gm of coal 
 sample at 104°C to 110°C for I hour in an oven and finding 
 the loss in weight. The volatile matter is determined by heating 
 1 gm of coal sample in a covered crucible at 950°C for 7 
 minutes and determining loss in weight, from which the 
 moisture content as found from moisture test is deducted. Ash 
 content is found by completely burning the sample of coal in a 
 muffled furnace at 700°C to 750°C and weighing the residue. 


The percentage of fixed carbon is determined by difference 
 when moisture, volatile matter and ash have been accounted 
 for. The results of proximate analysis of most coal indicate the 
 following broad ranges of various constituents by weight: 


Moisture  3 - 30% 


Volatile   3 - 50 % 


Ash  2 – 50% 


Fixed carbon  16 - 92% 


The importance of volatile matter in coal is due to the fact that 
it largely governs the combustion which in turn governs the 
design of grate and combustions space used. High volatile 
matter is desirable in gas making, while low volatile matter for 
manufacture of metallurgical coke. 



(11)The Ultimate Analysis of Coal 


This analysis of coal is more precise way to find the chemical 
 composition of coal with respect to the elements like carbon, 
 hydrogen, oxygen, nitrogen, sulphur and ash. Since the content 
 of carbon and hydrogen that is already combined with oxygen 
 to form carbondioxide and water is of no value for 


combustion, the chemical analysis of the coal alone is not 
 enough to predict the suitability of coal for purpose of heating. 


However, the chemical composition is very useful in 


combustion calculations and in finding the composition of flue 
 gases. For most purposes the proximate analysis of coal is 
 quite sufficient. 


The broad range in which the constituents of coal vary by 
 weight as determined by ultimate analysis is given below: 


Carbon  50 - 95% 


Hydrogen  2.5 - 5% 


Oxygen  2 - 4%  


Sulphur  0.5 - 7% 


Nitrogen  0.5 - 3% 


Ash  2 - 30% 


Classification of Coals 


(i) Peat and its Characteristics 


Peat is a fibrous decaying material, brown in colour and highly moist. 


When dry, it weighs 107 to 918 kg/m3, is easily kindled and burn 
 freely. As a fuel it is used in several countries and also has other uses 
 such as fertilizer or in manufacturing of paper stock and alcohol.  


Typical proximate and ultimate analysis of peat may indicate a 
 composition as given in Table 8.8. 


Table 8.8: The Ultimate and Proximate Analysis of Peat 
 Ultimate Analysis  Proximate Analysis 


Content  % 


Composition 


Content  % 


Composition 


Moisture  90.3  Carbon  58 


Fixed 


carbon  3  Oxygen  35 


Volatile 
 matter 


5  Hydrogen  6 


Ash  1.6  Nitrogen  1 


Sulphur  0.1 


(ii) Lignite and its Characteristics 


Lignite which almost merges with sub-bituminous quality is the 
intermediate stage between peat and bituminous coal. It is brown or 
black in color and exhibits distinctly woody structure. When mined 
lignite has considerable moisture content (30 to 40%) though not as 
much as in peat. When air dried, it has a moisture content of about 15-
20%, the ash context is about 4 to 6% and the fusion temperature of 



(12)ash is about 1090°C. The ash free lignite has 60 to 75% of carbon and 
 20 to 35% of oxygen. The average density varies from 641 kg/m3 to 
 1282 kg/m3. The volatile matter in lignites may be about 50%, and 
 sometime in equal ratio with carbon. The calorific value on a dry, 
 oxygen-free basis varies from 5000 to 6112 kcal/kg. Well dried lignite 
 can be used as pulverized fuel, for locomotive and for production of 
 town gas. The raw lignite after being dried to moisture content of 
 about 15%, is briquetted for industrial and household use. 


Considerable deposits of lignites exist in India, Germany, Russia and 
 Australia. 


(iii)Sub-bituminous Coal and its Characteristics 


Sub-bituminous coal is similar to lignite except in terms of moisture 
 content which is about half of that of the lignite and has a somehow 
 low ash content, but no caking power. The use of this coal like lignite, 
 is in the form of briquettes or pulverized state. 


(iv) Bituminous Coal and its Characteristics 


Bituminous coal is one of the most popular, all purpose fuel and is 
 mostly used for steam generation and is distinguished from the lower 
 grade coal in its ability to resist slacking. The ratio of volatile matter 
 to fixed carbon is about the same as in sub-bituminous or lignite, but 
 weathering has little effect on its commercial value. These coal may 
 be strongly caking, mildly caking or non-caking and are widely used 
 both for industrial and domestic firing. The ash content may vary 
 from 6 to 12%, the fusion temperature of ash being usually over 
 1093°C. 


(v) Semi-bituminous Coal and its Characteristics 


This type of coal is a low volatile variety, which is intermediate 
 between anthracite and bituminous coal in properties, and is widely 
 used for steam raising. It has low percentage of moisture, ash and 
 sulphur, and has usually caking properties. It can be used on grate or 
 in pulverized form. The carbon content ranges between 90-93%, 
 volatile matter between 10-20% and oxygen between 2 to 4%. 


(vi) Anthracite Coal and its Characteristics 


Anthracite is the end product of the metamorphosis of original 
 vegetable material and is ranked highest among coals. It is somewhat 
 rare and has high commercial value. It has over 92% carbon while 
 volatile matter is below 8% and its ash is lower than that of 
 bituminous coal. It has zero caking power. In appearance it is hard 
 and lustrous, and has high density. Anthracite burns only at a high 
 temperature with little or no flame and does not fuse or soften. 


Pulverization of this variety is difficult and expensive and it is best 
 used on grate with forced draft for production of steam. 


8.3.3 Manufactured Solid Fuels and their Characteristics 


The manufactured solid fuels include charcoal, coke, briquettes, etc. They are 
obtained from the natural fuels, like wood, coal etc. 



(13)(i) Charcoal and its Characteristics 


Out of the mentioned various manufactured fuels, the charcoal 
 occupies the first place in India. In some parts of the country, for 
 example, Mysore, huge quantities of charcoal are being used till today 
 in blast furnaces for reducing iron ores etc., and in many homes, 
 charcoal is used for cooking purposes. Charcoal is a product derived 
 from destructive distillation of wood, being left in the shape of solid 
 residue. Charcoal burns rapidly with a clear flame, producing no 
 smoke and developing heat of about 6,050 cal/kg. 


(ii) Coke and its Characteristics 


It is obtained from destructive distillation of coal, being left in the 
 shape of solid residue. Coke can be classified into two categories: Soft 
 coke and Hard Coke. Soft coke is obtained as the solid residue from 
 the destructive distillation of coal in the temperature range of 600-
 650°C. It contains 5 to 10% volatile matter. It burns without smoke. It 
 is extensively used as domestic fuel. Hard coke is obtained as solid 
 residue from the destructive distillation of coal in the temperature 
 range of 1200-1400°C. It burns with smoke and is a useful fuel for 
 metallurgical process. 


(iii)Briquettes and their Characteristics 


The term briquettes are used in respect of the dust, culm, slack and 
 other small size waste remains of lignite, peat, coke etc., compressed 
 into different shapes of regular form, with or without binder. Dust and 
 rubble result in considerable percentage during mining, transportation, 
 etc. and the briquetting industry is, therefore, an important step 


towards the saving of fuel economy. 


Good briquettes should be quite hard and as little friable as possible. 


They must withstand the hazards of weather, and must be suitable for 
 storing and general handling in use. These properties are impared to 
 briquettes by a correctly selected binder, or suitable processing such 
 as pre-heating, pressing etc. Amongst the binders, asphalt, pitch, are 
 most commonly used, giving fine results. The general conclusion is 
 that 5-8% binder should be used to produce high quality briquettes. 


(iv) Bagasse and its Characteristics 


Bagasse is the residue of sugarcane, left as waste in the extraction of 
 sugar juice. In weight, it is about 20% of virgin cane. By nature, it is 
 fibrous fuel which can be compared to wood. It contains 35-45% 


fibre, 7-10% sucrose and other combustible constituents, and 45-55% 


moisture, and possesses an average calorific value of 2200 cal/kg. On 
 moisture - fibre basis the average composition is: 


C = 45%, H2 = 6%, O2 = 46% and Ash = 3% 


Bagasse is the main fuel satisfying the needs of sugar industries and 
efforts are being made for decreasing the percent moisture of bagasse 
with the help of flue-gas waste heat dryers. Bagasse is a quick burning 
fuel with good efficiency. 
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8.4 LIQUID FUELS AND THEIR CHARACTERISTICS 


The liquid fuels can be classified as follows: 


(i)   Natural or crude oil and  
 (ii)  Artificial or manufactured oils. 


 The advantages and advantages of liquid fuels can be summarized as 
 follows: 


Advantages  


(i)   They possess higher calorific value per unit mass than solid fuels.  


(ii)  They burn without dust, ash, clinkers, etc.  


(iii)  Their firing is easier and also fire can be extinguished easily by 
 stopping liquid fuel supply. 


(iv)  They are easy to transport through pipes. 


(v)  They can be stored indefinitely without any loss. 


(vi)  They are clean in use and economic to handle. 


(vii)  Loss of heat in chimney is very low due to greater cleanliness. 


(viii)  They require less excess air for complete combustion. 


(ix)  They require less furnace space for combustion.  


Disadvantages  


(i)  The cost of liquid fuel is relatively much higher as compared to 
 solid fuel. 


(ii)   Costly special storage tanks are required for storing liquid fuels. 


(iii)  There is a greater risk of fire hazard, particularly, in case of highly 
 inflammable and volatile liquid fuels. 


(iv)  They give bad odour.  


(v)  For efficient burning of liquid fuels, specially constructed burners 
 and spraying apparatus are required. 


8.4.1 Petroleum and its Characteristics 


Petroleum is a basic natural fuel. It is a dark greenish brown, viscous 
 mineral oil, found deep in earth's crust It is mainly composed of various 
 hydrocarbons (like straight chain paraffins, cycloparaffins or napthenes, 
 olefins, and aromatics) together with small amount of organic compounds 
 containing oxygen, nitrogen and Sulphur The average composition of 
 crude petroleum is C = 79.5 to 87.1%; H = 11.5 to 14.8%: S = 0.1 to 
 3.5%; N and O = 0.1 to 0.5%.  


Petroleum are graded according to the following physio-chemical 
 properties:  


(i)  Specific gravity.  


(ii)  Calorific value.  


(iii)  Flash point or ignition point.  


(iv)  Viscosity  
 (v)  Sulphur contents  


(vi)  Moisture and sediment content.  


(vii)  Specific heat and coefficient of expansion. 


Classification of Petroleum  


The chemical nature of crude petroleum varies with the part of the world in 
which it is found. They appear, however. to be three principal varieties.  



(15)(i)  Paraffinic Base Type Crude Petroleum 


This type of petroleum is mainly composed of the saturated 
 hydrocarbons from CH4 to C35 H75 and a little of the napthenes 
 and aromatics. The hydrocarbons from C18 H38 to C35 H72 are 
 sometimes called waxes.  


(ii)  Asphaltic Base Tyne Crude Petroleum 


It contains mainly cycloparaffins or napthenes with smaller 
 amount of paraffins and aromatic hydrocarbons.  


(iii)  Mixed Base Type Crude Petroleum 


It contains both paraffinic and asphaltic hydrocarbons and are 
 generally rich in semi-solid waxes. 


8.4.2 Manufactured Liquid Fuels and their Characteristics 


Manufactured liquid fuels include Gasoline, Diesel oil, Kerosine, Heavy oil, 
 Naptha, Lubricating oils, etc. These are obtained mostly by fractional 
 distillation of crude petroleum or liquifaction of coal.  


(i)  Gasoline or Petrol and its Characteristics 


The straight run gasoline is obtained either from distillation of 
 crude petroleum or by synthesis. It contains some undesirable 
 unsaturated straight chain hydrocarbons and sulphur compounds. 


It has boiling range of 40-120°C.  


The, unsaturated hydrocarbons get oxidised and polymerized, 
 thereby causing gum and sludge formation on storing. On the 
 other hand, sulphur compounds lead to corrosion of internal 
 combustion engine and at the same time they adversely affect 
 tetraethyl lead, which is generally added to gasoline for better 
 ignition properties.  


The sulphur compounds from gasoline are generally removed by 
 treating it with an alkaline solution sodium plumbite. Olefins and 
 colouring matter of gasoline are usually removed by percolating 
 through 'Fuller's earth' which absorbs preferentially only the 
 colours and olefins. It is used in air-crafts. It is also used as motor 
 fuel, in dry-cleaning and as a solvent. 


Some of the characteristics of an ideal gasoline are the following:  


(a) It must be cheap and readily available. 


(b) It must burn clean and produce no corrosion, etc. on 
 combustion 


(c) It should mix readily with air and afford uniform manifold 
 distribution i.e, should easily vaporise. 


(d) It must be knock resistant. 


(e) It should not pre-ignite easily. 


(f) It must have a high calorific value. 


(i)  Diesel Fuel and its Characteristics 


The diesel fuel or gas oil is obtained between 250 – 320°C during 
the fractional distillation of crude petroleum. This oil generally 



(16)contains 85% C, 12% H. Its calorific value is about 11,000 
 kcal/kg.  


The suitability of a diesel fuel is determined by its cetane value. 


Diesel fuels consist of longer hydrocarbons and have low values 
 of ash, sediment, water and asphalt contents.  


The main characteristics of a diesel fuel is that it should easily 
 ignite below compression temperature. The hydrocarbon 
 molecules in a diesel fuel should be, as far as possible, the 
 straight-chain ones, with a minimum admixture of aromatic and 
 side-chain hydrocarbon molecules. It is used in diesel engines as 
 heating oil and for cracking to get gasoline.  


(ii)  Kerosine Oil and its Characteristics  


Kerosine oil is obtained between 180 - 250°C during fractional 
 distillation of crude petroleum. It is used as an illuminant, jet 
 engine fuel, tractor fuel, and for preparing laboratory gas. With the 
 development of jet engine Kerosine has become a material of far 
 greater importance than it is used to be When Kerosine is used in 
 domestic appliances, it is always vaporised before combustion. By 
 using a fair excess of air, it burns with a smokeless blue flame. 


(iii)  Heavy Oil and its Characteristics 


It is a fraction obtained between 320 - 400°C during fractional 
 distillation of crude petroleum. This oil on refractionation gives: 


(a) Lubricating oils which are used as lubricants.  


(b) Petroleum-jelly (Vaseline) which is used as lubricants in 
 medicines and in cosmetics. 


(c) Greases which are used as lubricants. 


(d) Paraffin wax which is used in candles, boot polishes, wax 
 paper, tarpolin cloth and for electrical insulation purposes 



8.5 GASEOUS FUELS AND THEIR CHARACTERISTICS 


Gaseous fuels occur in nature, besides being manufactured from solid and 
 liquid fuels. The advantages and disadvantages of gaseous fuels are given 
 below:  


Advantages 


Gaseous fuels due to ease and flexibility of their applications, possess the 
 following advantages over solid or liquid fuels.  


(i)  They can be conveyed easily through pipelines to the actual 
 place of need, thereby eliminating manual labour in 


transportation.  


(ii)  They can be lighted at ease.  


(iii)  They have high heat contents and hence help us in having 
 higher temperatures. 


(iv)  They can be pre-heated by the heat of hot waste gases, thereby 
 affecting economy in heat, 


(v)  Their combustion can readily be controlled for change in 
 demand like oxidizing or reducing atmosphere, length flame, 
 temperature, etc.  


(vi)  They are clean in use. 


(vii)  They do not require any special burner.  



(17)(viii)  They burn without any shoot, or smoke, and ashes. 


(ix)  They are free from impurities found in solid and liquid fuels. 


Disadvantages  


(i)   Very large storage tanks are needed.  


(ii)  They are highly inflammable, so chances of fire hazards in their 
 use is high. 


8.5.1 Natural Gas and its Characteristics 


Natural gas is generally associated with petroleum deposits and is obtained 
 from wells dug in the oil-bearing regions. The approximate composition of 
 natural gas is: 


CH4 = 70.9%; C2H6 = 5.10%; H2 = 3%; CO + CO2 = 22% 


The calorific value varies from 12,000 to 14,000 kcal/m3. It is an excellent 
 domestic fuel and is conveyed in pipelines over very large distances. In 
 America, it is available to a great extent, and so, is quite popular a domestic 
 fuel. It is now used in the manufacture of chemicals by synthetic process.  


It is a colourless gas and is nonpoisonous. Its specific gravity is usually 
 between 0.57 to 0.7. 


8.5.2 Manufactured Gases and their Characteristics 


Manufactured gases are obtained from solid and liquid fuels. Some of the 
 important manufactured gaseous fuels whose characteristics are discussed in 
 the following sections are coal gas, blast furnace gas, water gas, producer gas 
 and oil gas. 


(i)  Coal Gas and its Characteristics 


Coal gas is obtained when it is carbonized or heated in absence of 
 air at about 1300°C in either coke ovens    or gas-making retorts. 


In gas making retort process coal is fed in closed silica retorts, 
 which are then heated to about 1300°C by burning producer gas 
 and air mixture.  


 COAL ⎯⎯⎯ °  COKE + COAL GAS  
        (in absence of air)        (Residue) 


Coal gas is a colourless gas having a characteristic odour. It is 
 lighter than air and burns with a long smoky flame. Its average 
 composition is: H2 = 47%  CH4 = 32%; CO = 7%; C2H4 =2%; 


C2H2 = 3%, N2 = 4%; CO2 = 1% and rest = 4%. Its calorific value 
 is about 4,900 kcal/m3. 


      It is used as (a) illuminant in cities and town, (b) a fuel, and (c) in 
 metallurgical operations for providing reducing atmosphere.  


(ii)  Blast Furnace Gas and its Characteristics  


It is a byproduct flue gas obtained during the reduction of iron ore 
by coke in the blast furnace. Its calorific value is about 1,000 
kcal/m3. It contains about 20 -25 % carbon monoxide along with 
CO2, N2 etc. About 1/3 of this gas is used for preheating air used 
in blast furnace itself, while the remaining 2/3rd is available for 
use in boilers or after cleaning in gas engines. It is also used for 



(18)burning in a special type of stoves (called Cowper’s stove) where 
 the furnace is preheated.  


This gas contains much dust and is usually cleaned before use by 
 dust settlers, cyclones or electrolytic precipitators.  


(iii)  Water Gas and its Characteristics  


Water gas is essentially a mixture of combustible gases CO and H, 
 with a little fraction of non-combustible gases. It is made by 
 passing alternatively steam and little air through a bed of red-hot 
 coal or coke maintained at about 900 to 1000°C in a reactor, 
 which consists of a steel vessel about 3 m wide and 4 m in height. 


It is lined inside with fire-bricks. It has a cup and cone feeder at 
 the top and an opening at the top for the exit of water gas. At the 
 base, it is provided with inlet pipes for passing air and steam. 


Reactions: Supplied steam reacts with red hot coke (or coal) at 
 900 – 1000°C to form CO and H2.  


C+ H20 → CO + H2 - 29 kcal 
 C+ 02 → CO2 + 97 kcal 


Composition: The average composition of water gas is: H2 = 51%; 


CO = 41%; N2 = 4%; CO2 = 4%. Its calorific value is about 2,800 
 kcal/m3.   


Uses: It is used as (a) a source of hydrogen gas, (b) an 
 illuminating gas, and (c) a fuel gas. 


(iv)  Producer Gas and its Characteristics  


Producer gas is essentially a mixture of combustible gases carbon 
 monoxide and hydrogen associated with non-combustible gases 
 N2, CO, etc. It is prepared by passing air mixed with little steam 
 (about 0.35 kg/kg of coal) over a red-hot coal or coke bed 
 maintained at about 1100°C in a special gas producer. It consists 
 of a steel vessel about 3 m in dia and reactor called 4 m in height. 


The vessel is lined inside with fire bricks. It is provided with a cup 
 and cone feeder at the top and a side opening for the exit of 
 producer gas. At the base it has an inlet for passing air and steam. 


The producer at the base is also provided with an exit for the ash 
 formed.  


Reactions: The gas production reactions can be divided into four 
 zones as follows: 


(a) Ash zone: The lowest zone consists of mainly of ash, and 
 therefore, it is known as ash zone. 


(b) Combustion zone: The zone next to the ash zone is known as 
 oxidation or combustion zone. Here the carbon burns and form 
 CO and CO2. The temperature of this zone is about 1100°C. 


The following reaction takes place:-  
C+ O2 → CO2 + 94 kcal 
C+  O2 → CO + 29.5 kcal 



(19)(c) Reduction Zone: Here Carbon dioxide and steam combines 
 with red hot carbon and liberates free hydrogen and carbon 
 monoxide. The reaction are:  


CO2 + C → 2CO - 94 kcal 
 C+ H2O → CO + H2 - 29 kcal 
 C+ 2H2O → CO2 + 2H2 - 19 kcal 
 All these reduction reactions are endothermic, so, the 
 temperature in the endothermic zone falls to 1000°C. 


(d) Distillation Zone: In this zone (400 - 800°C) the incoming 
 coal is heated by outgoing gases by giving sensible heat of the 
 coal. The heat given by the gases and heat radiated from the 
 reduction zone helps to distillate the fuel thereby volatile 
 matter of coal is added to the outgoing gas. 


Composition: The average composition of producer gas is CO = 
 22.3%; H2 = 8.12%; N2 = 52.55%, CO2 = 3%. Its calorific value is 
 about 1,300 kcal/m3. 


Uses: It is cheap, clean and easily preparable gas and is used (i) 
 for heating open-hearth furnaces (in steel and glass manufacture), 
 muffle furnaces, retorts (used in coke and coal gas manufacture), 
 etc. and (ii) as a reducing agent in metallurgical operations. 


(v)  Oil Gas and its Characteristics  


Oil gas is obtained by cracking Kerosine oil. Oil in a thin steam is 
 allowed to fall on a stout red hot cast iron retort, which is heated 
 in coal fired furnace. The resulting gaseous mixture passes out 
 through a bonet cover to a hydraulic main, a tank containing 
 water. Here tar gets condensed. Then at the testing cap, the proper 
 cracking of oil is estimated from the colour of the gas produced. A 
 good oil gas should have a golden colour. By proper adjusting the 
 supply of air, gas of required colour can be obtained. The gas is 
 finally stored over water in gas holders.  


Composition: The average composition of oil gas is: CH4 = 
 25.30%; H2 = 50-55%; CO = 10.12%; CO2 = 3%. Its calorific 
 value is about 6,600 kcal/m3.   


Uses: It is used as laboratory gas. 


SAQ 1 


(a) What is the difference between natural and manufactured fuels?  


(b) What are the merits and demerits of solid fuels?  


(c) What are the main constituents of wood?  


(d) What is the difference between ultimate analysis and proximate 
 analysis of coal?  


(e) Mention the uses of different types of coal.  


(f) What are the characteristics of coke and briquette fuels?  


(g) Mention the composition of crude petroleum.  


(h) Mention the uses of different types of manufactured liquid fuels.  



(20)(i) Mention the origin and composition of natural gas.   


(j) Mention the characteristics of the following gaseous fuels.  


(a) Coal gas,  
 (b) Water gas,  
 (c) Producer gas,  
 (d) Blast furnace gas.  



8.6 SUMMARY 


Fuels can be classified either into natural and artificial or manufactured on 
 the basis of procurement.  


According to the physical state in which the fuels exist, they can be classified 
 as solid, liquid and gaseous fuels.  


The natural solid fuels include wood, coal, oil shale and manufactured fuels 
 include charcoal, coke, briquette, bagasse, etc. The manufactured solid fuels 
 can be obtained by using methods of destructive distillation, briquetting etc.  


The natural liquid fuel includes petroleum and manufactured liquid fuels 
 include gasoline, or petrol, diesel oil, heavy oil, Kerosine oil, coaltar etc. The 
 manufactured liquid fuels can be obtained by fractional distillation of natural 
 petroleum or destructive distillation of solid fuels.  


The natural gaseous fuel includes natural gas and artificial gaseous fuels 
 include coal gas, water gas, producer gas, blast furnace gas, oil gas etc. 



8.7 KEY WORDS 


Natural Fuel: Naturally occurring fuel.  


Manufactured Fuel: Artificial or man made fuel.  


Calorific Value of Fuel: It is the amount of heat released when one unit 
 quantity of fuel is burnt in a calorimeter.  


Calorific Value of Fuel Carbonization: It is also called destructive 
 distillation.  


Destructive Distillation: Heating of a fuel in absence of air or oxygen.  


Fractional Distillation: Fractionation of a fuel to obtain different 
 components in different temperature ranges.  


Cracking: Decomposition of bigger hydrocarbon molecules into simpler low 
 boiling hydrocarbon of lower molecular weight. 


Fuel Gas: Product gas obtained from combustion of fuel.  



8.8 ANSWERS TO SAQs 


SAQ 1  


(a) Natural fuels occur in nature, whereas manufactured fuels are 
 obtained by using some artificial methods. 


(b) Merits of Solid Fuels  


(i)  Solid fuels are convenient to storage without any risk of 
 spontaneous explosion.  


(ii)  Their cost of production is low.  


(iii)  They are easy to transport.  


(iv)  They possess moderate ignition temperature.  



(21)Demerits  


(i)  Their ash content is high.  


(ii)  Their large proportion of heat is wasted.  


(iii)  They burn with clinker formation.  


(iv)  Their cost of handling is high.  


(c) The main constituents of wood are cellular tissue, lignin, tar and 
 sugar.  


(d) The proximate analysis of coal gives the composition in respect of 
 moisture, volatile matter, ash and fixed carbon, but the ultimate 
 analysis gives precise chemical composition with respect to the 
 elements like carbon, hydrogen, nitrogen, sulphur and ash. 


(e) Uses of Solid Fuels  


Peat: Manufacture of paper stock and alcohols.  


Lignite: It is used as pulverized fuel for locomotive and production of 
 town gas.  


Bituminous: It is widely used both for domestic and industrial firing.  


Anthracite: It is used as a fuel for production of steam.  


(f) Coke 


(i)  Soft coke contains 5 to 10% moisture. It burns without smoke. 


(ii)  Hard coke: It contains less moisture than soft coke. It burns 
 with smoke.  


Briquette  


(i)  They are hard and little friable.  


(ii)  They can withstand weather hazards.  


(iii)  They are suitable for storing and general handling.  


(g) The composition of crude petroleum is:  


C = 79.5 to 87 1%, H = 11.5 to 14.8%, S= 0.1% to 3.5%,  
 N and O = 0.1 to 0.5%. 


(h) Uses of manufactured liquid fuels: 


(a) Gasoline or Petrol: Aircrafts, automobiles, as a solvent. 


(b) Diesel Fuel: Automobiles, as heating oil and for cracking to get 
 gasoline. 


(c) Kerosine Oil: It is used as illuminant, in jet engine, tractor and 
 preparing laboratory gas and for cooking. 


(d) Heavy Oil: It is used to obtain lubricating oils, petroleum-jelly, 
 greases, etc. by fractional distillation.  


(i) Natural gas is generally associated with petroleum deposits and is 
 obtained from wells dug in oil bearing regions.  


The approximate composition of natural gas is:  


CH4 = 70.9%; C2H6 = 5.10%;  


H2 = 3%. CO + CO2 = 22%. 


(j) (a)  Coal Gas  


(i)  It is a colourless gas having characteristic odour.  


(ii)  It is lighter than air.  


(iii)  It burns with a long smoky flame.  



(22)(b)   Water Gas  


It is essentially a mixture of combustible gases CO2 and H2, 
 with a little non-combustible 


gases. It burns with blue flame.  


(c)Producer Gas 


(i)  It is cheap, clean and easily preparable gas.  


(ii)  It burns with blue flame.  


(d) Blast Furnace Gas  


(i)  It is a by product of flue gas obtained during the 
 reduction of iron ore by coke in blast furnace.  


(ii)  It contains much dust and needs to be cleaned before 
use. 
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UNIT 9RATING OF FUELS 


Structure 
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9.8  Key Words 
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9.1 INTRODUCTION 


Automobile industry is the biggest consumer of liquid fuel. Petroleum, the 
 naturally occurring liquid fuel, produces different ranges of liquid fuels on 
 distillation. Petrol or gasoline, one of the most important distillates of 
 petroleum, is consumed by aeroplane and other lighter machines and 


vehicles. Second important distilled fuel is diesel oil which is generally used 
 in the heavy machines such as truck and tractor. Inside the engine fuel 
 undergoes chemical reaction to produce carbon dioxide (CO2) and water (H2


O). The presence of undesirable components resists this oxidation process 
 and undesirable products evolve instead of carbon dioxide and water. This 
 undesirable component not only changes this product range but also changes 
 the oxidation rate. Rapid rate causes accidents within the machine. So the 
 maintenance of proper composition of the fuel is a very important job. Octane 
 number and cetane number of the fuels help in this matter.  


Objectives 


After studying this unit, you should be able to understand  


  the fundamental of the rating of the gasoline and diesel fuels,  


  octane value of gasoline fuel,  


  cetane value of diesel fuel, and  


  methods for improvement of them. 



9.2 RATING 


Rating is used to indicate the smooth burning capacity of a fuel. Many factors 
affect the fuel-oxidation process. The two most important factors are air/fuel 
ratio and composition of fuel. Assuming air-fuel ratio remains constant then 
fuel composition plays an important role in the combustion process. Crude 
petroleum is a mixture of different components. Two important distilled 
products of petroleum are most usable and suitable fuel for the lighter and 



(25)heavier machines though others can also burn. These two fuels are gasoline 
 petrol and diesel oil. So, we are most interested to know the burning 
 capability of these two fuels. On the basis of this two fuels rating can be 
 classified into two types: 


(i)  Octane number used for gasoline, and 
 (ii)  Octane number used for diesel oil.  


9.2.1 Octane Number  


Octane number is generally used for gasoline fuel. The rating of a gasoline 
 (or any other internal combustion engine fuel) is the percentage of iso-octane. 


In a mixture of iso-octane and n-heptane (CH2 – CH2 – CH2 – CH2 – CH2 – 
 CH2 – CH3). It has been found that n-heptane burns very badly and hence its 
 anti-knock value has arbitrarily been given zero. On the other hand, iso-
 octane burns in a very good way, so its anti-knock value has been given as 
 100. 


9.2.2 Cetane Number  


Cetane number is generally used for diesel fuel. Cetane number indicates the 
 percentage of hexadecane in a mixture of hexadecane [cetane (C6H34)] and 2 
 methyl naphthalene (C10 H7 CH3), The cetane number of cetane is 100 and 
 the cetane number of 2 methyl naphthalene is zero. 


9.2.3 Knocking and Anti-Knocking Characteristics of Fuel 


In thermal combustion engine, a mixture of gasoline vapours and air is used 
 as a fuel. After the initiation of combustion reaction by spark in the cylinder, 
 the flame should spread rapidly and smoothly through the gaseous mixture, 
 thereby the expanding gas driving the piston down the cylinder. The ratio of 
 gaseous mixture in the solution at the end of the suction- stroke to the volume 
 at the end of compression stroke of the piston is known as the “Compression 
 Ratio”. The efficiency of an internal combustion engine increases with the 
 combustion ratio. However, successful high compression ratio is dependent 
 on the nature of constituents present in the gasoline used. 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 get ignited instantaneously producing an explosive violence known 
 as ‘Knocking’. Thus, knocking results in loss of efficiency since this 
 ultimately decreases the compression ratio. The most common way of 
 expressing the knocking characteristics of a combustion engine fuel is by 
 octane number or rating. 


Knocking characteristics of a fuel depends upon the chemical structure of its 
 components present in it. The tendency of fuel to knock is in the following 
 order. Straight-chain paraffins > branched chain paraffin (i.e., iso paraffins) > 


olefins > cycloparaffins (i.e., napthenes) > aromatics. The olefins of the same 
 carbons chain length possess lesser anti-knock properties than the 


corresponding paraffin’s and so on.  
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9.3 IMPROVEMENT OF OCTANE NUMBER OF FUEL 


From the knocking characteristic of fuel, it can be said that rating or octane 
 number completely depends on the anti-knock characteristics of fuel. The 
 rating or octane number of many otherwise poor fuels can be raised by the 
 following two methods.  


(i)  Addition of tetraethyl lead (T.E.L)  


(ii)  Change of chemical structure of the components present in the 
 fuel by various chemical processes.  



9.4 EFFECT OF TETRAETHYL LEAD (TEL) ON FUEL 


Tetraethyl lead is an extremely poisonous material. In motor spirit (or motor 
 fuel) about 0.5 ml and in aviation fuels about 1.0 to 1.5 ml of tetraethyl lead 
 (T.E.L) is added per litre of petrol. The mode of action of TEL is still a matter 
 of controversy. According to the most accepted theory, TEL is converted into 
 a cloud of finely divided lead oxide particlesin the cylinder and these 


particles reacts with any hydrocarbon peroxide molecules formed, thereby 
 slowing down the chain oxidation reaction and thus decreasing the chances of 
 any early detonation. However, deposit of lead oxide is harmful to the engine 
 life. Consequently, in order to help the simultaneous elimination of lead oxide 
 formed from the engine, a small amount of ethylene dibromide is also added 
 to petrol. The added ethylene dibromide removes lead oxide along with the 
 exhaust gases. The presence of sulphur compounds in petrol reduces the 
 effectiveness of the TEL. Moreover, TEL is more effective on saturated 
 hydrocarbons than on unsaturated ones. Since lead is a poisonous air 
 pollutant that’s why it is now banned. 



9.5 RATING AND CHEMICAL STRUCTURE 


It has already been stated that the rating or octane number depends on the 
 chemical structure of the components present in it. Branched chain 


compounds, olefinic compounds and aromatic compounds have good octane 
 number. So we have the tendency to change the structure of the components 
 by some chemical processes to get branched chain, olefinic and aromatic 
 compounds. The chemical processes are cracking, polymerization, alkylation, 
 isomerization, cyclization and dehydrogenation.  


9.5.1 Cracking 


Here the bigger straight chain hydrocarbon is converted into gasoline (C5 – 
 C9) range of hydrocarbons e.g., 


C10H22         ⎯⎯⎯⎯⎯  C5H12 + C5H10


      (Decane)      (n-pentane)   (pentene) 
       B. Pt = 174°C       B. Pt. = 36.1°C 
 The middle heavier fractions are cracked to make petrol. The petrol made by 
 cracking has far better characteristics as far as the internal combustion engine 
 is concerned than ‘straight run’ petrol. Petrol from cracking methods now 
 contributes to about half of the total petrol used. There are two methods of 
 cracking in use:  


(i)  Thermal cracking, and 



(27)(ii)  Catalytic cracking. 


(i)  Thermal Cracking  


In this method the heavy oils are subjected to high temperature and 
 pressure when the bigger hydrocarbon molecules break down to give 
 smaller molecules of the paraffins and olefins. This process may be 
 carried out either in liquid phase or in vapour phase.  


a)  Liquid Phase Thermal Cracking  


In this method the heavy oil or gas oil stock is cracked at a 


suitable temperature of 475-530°C and under pressure 100 kg/cm2. 
 The cracked products are then separated in a fraction column. The 
 yield is 50-60% and octane rating of the petrol produced is 65-70. 


b)  Vapour Phase Thermal Cracking 


In this method the cracking oil is first vapourised and then cracked 
 at about 600-650°C and under a low pressure of 10-20 kg/cm2. 
 This type of pressure is suitable only for those oils which may be 
 readily vapourised. This method requires less time than the liquid 
 phase method. Petrol obtained from vapour-phase cracking has 
 better anti-knock properties than petrol produced from liquid 
 phase cracking.  


(ii)  Catalytic Cracking  


The quality and yield of gasoline produced by cracking can be greatly 
 improved by using a suitable catalyst like aluminium silicate [Al2(SiO3)3] 
 or alumina (Al203). The catalytic cracking possesses the following 
 advantages over the thermal cracking method.  


1)  The yield of petrol is higher. 


2)  The quality of petrol produced is better. 


3)  No external fuel is necessary for cracking. The heat required for 
 cracking is derived from the coal embedded in the catalyst.   


4)  A much lower pressure (about 1-5 kg/cm2) is needed in catalytic 
 cracking.  


5)  The cracking process can easily be controlled to produce desired 
 products.  


6)  The evolution of by-product gases can be minimized thereby the yield 
 of desired petrol is higher. 


7)  The product of cracking contains a higher amount of aromatic and 
 hence it possesses better ‘anti-knock’ characteristics.  


8)  Isomerization to branched chain compounds (isoparaffins) occur, 
 thereby better petrol is produced.  


9)  The product contains very little amount of undesirable S – because a 
 major portion of it escapes out as H2S gas during cracking.  


10) In presence of catalyst, cracking is more of naphthenic material than 
 paraffinic. So, the products of catalytic cracking are more paraffinic.  


11) Decomposition of aromatics removes only the side chains, but no ring 
 broken. There are following two methods of catalytic cracking in use. 


There are following two methods of catalytic cracking in use.  


(a) Fixed-bed Catalytic Cracking  


In this method, the oil vapours are heated in a pre-heater to cracking 
temperatures (425-450°C) and forced through a catalytic chamber 
(containing artificial clay mixed with zirconium oxide) maintained at 
425 -450°C and1.5 kg/cm2 pressure. During their passage through the 
tower about 40% of the charge is converted into gasoline and about 



(28)2.4% carbon is formed. The latter gets absorbed on the catalyst bed 
 (Figure 9.1). 


Figure 9.1: Fixed Bed Catalystic Cracking 


The product vapours are then passed through a fractionating column, 
 where heavy oil fractions condense. The vapours are then led through 
 a cooler where some of the gases are condensed along with gasoline 
 and uncondensed gases move on. The gasoline containing some 
 dissolved gases is then sent to a stabilizer where the dissolved gases 
 are removed and pure gasoline is obtained.  


The catalyst after 8 to 10 hours stops functioning due to the deposit of 
 black layer of carbon formed during cracking. This is re-activated by 
 burning off the deposited carbon. During the reactivation interval, the 
 vapours are diverted through another catalyst chamber.  


(b) Moving-bed Catalytic Cracking 


In this method, the solid catalyst is very finely powdered so that it 
 behaves almost as a fluid, which can be circulated in gas stream. The 
 vapours of cracking stock (gas oil, heavy oil, etc.) mixed with 
 fluidised catalyst is forced up into a large reactor (maintained at 
 510°C), where the mixture forms a floating turbulent ‘bed’ in which 
 cracking of the heavier into light molecules occurs (see Figure 9.2). 


Near the top of the reactor is a centrifugal separator (called cyclone) 
 which allows only the cracked oil vapours to pass on to the 


fractionating column but retains all the catalyst powder in the reactor 
itself. The catalyst powder gradually becomes heavier due to coating 
with carbon and it settles to the bottom where it is forced by an air 
blast to regenerator (maintained at 593°C). In regenerator carbon is 
burnt and the regenerated catalyst then flows through a stand pipe for 
mixing with fresh batch of incoming cracking oil. At the top of the 
regenerator, there is a separator which permits only gases (CO2 etc.) 
to pass out but holds back catalyst particles. 



(29)Figure 9.2: Moving-bed Type Catalystic Cracking  
 9.5.2 Polymerization 


In this method two or more olefinic molecules with lower number of carbon 
 atoms combine to form high rating gasoline. Generally C3 and C4 olefins are 
 used, e.g., 


Mechanism  


The above reaction takes place in three steps (a) carbonium ion 
 formation, (b) addition, and (c) regeneration. This is further explained 
 below:  


(a) 


(b) 


3, 4 , 4 – trimethyl pent - 2 – ene 


Heat acid or solid catalysts are generally used. 



(30)Acid Catalyst 


a.  65% H2SO4 at 20 - 36°C (cold process) or 93°C (hot process) 
 b.  liquid phosphoric acid. 


Solid Catalyst 


Temperature : 150 - 220°C 
 Pressure : 25 – 100 atm 
 9.5.3 Alkylation 


Alkylation processes are similar to those of polymerization but differ in that 
 olefines react specifically with isoparaffines eg., 


Mechanism 


The alkylation process takes place in three steps:  


(a) carbonium ion formation,  
 (b) addition, and  


(c) regeneration. 



(31)9.5.4 Isomerization 


(i) Normal paraffin to isoparaffin, or  


(ii) Lower number cycloparaffin to benzene isomer, e.g., 


Catalyst: Aluminium trichloride - HCL promoted.  


Temperature: 100-150°C,  
 Pressure: 17-27 atm. 


9.5.5 Cyclization 


Here straight chain compound is converted into cyclic compound, e.g.,  


9.5.6 Dehydrogenation 


Here hydrogens are removed to get unsaturated compounds with higher 
 octane number, e.g., 



9.6 CETANE VALUE OR DIESEL ENGINE FUELS          VALUE 


The combustion nature of gasoline is expressed by its ‘octane number’, on the 
 other hand the same nature of diesel oil is expressed by its ‘cetane value’ In a 
 diesel engine the fuel exploded not by a spark but by the application of heat 
 and pressure. Diesel engine fuels consist of longer chain hydrocarbons than 
 internal combustion engine fuels. The main characteristic of a diesel engine 
 fuel is that it should easily ignite below compression temperature. In diesel 
 engines the fuel is injected into air heated on account of compression. The 
 fuel must ignite easily when brought in contact with the air. The 


inflammability of the fuel is estimated by the minimum time interval 
practicable from the moment of injection of the fuel to the moment of its 
spontaneous ignition. This time interval is known as ignition lag and is 



(32)estimated in terms of cetane number. With the increase of cetane number of 
 the fuel the ignition lag decreases. There should be as short an ignition lag as 
 possible This means that it is essential that the hydrocarbon molecules in a 
 diesel fuel should be as far as possible, the straight-chain ones, with a 
 minimum admixture of aromatic and side-chain hydrocarbon molecules. It is 
 already stated that cetane number is the percentage of hexadecane in a 
 mixture of hexadecane and 2-methyl naphthalene. The cetane number of a 
 diesel fuel can be raised by the addition of small quantity of certain “pre 
 ignition dopes” like ethyl nitrate, isoamyl-nitrate and acetone peroxide etc. 


The usual diesel engine fuel is diesel oil or gas oil (C/5 – C/8), a fraction 
 obtained between 250-320°C during the fractional distillation of crude 
 petroleum. The oil generally contains 85% C, 12% H. Its calorific value is 
 about 11000 kcal/kg. The cetane number for diesel fuels is about 50. For high 
 speed engines a minimum cetane number of 48 is essential. For engines with 
 speeds of over 1500 rpm, the range of cetane number is from 50 to 40. A fuel 
 with lesser cetane value would cause the engine to ‘knock’.  


The important things in a diesel fuel are low ash, sediment, water, and asphalt 
 contents. High ash content would cause quick engine wear and the limit of 
 ash is about 0.01%. Water content permissible in diesel fuels is 0.15% and 
 hard asphalt content for high speed engines is 0.1%, which is easily 


obtainable with distillate fuels. Typical specifications of a diesel engine fuel 
 for engines running at about 1000 rpm are given below: 


Content  Maximum 


Allowed 


Ash  0.1% 


Water  0.1% 


Asphalt  0.1% 


Sulphur  1.5% 


Carbon  0.2% 


Pourpoint  -7°C (20°F) 


SAQ 1  


(a) What do you mean by rating of a fuel?  


(b) What is octane number? 


(c) What is cetane number?  


(d) What is knocking?  


(e) What are the methods by which cetane number of a fuel can be 
 improved?  


(f) Mention the range of octane number of petroleum products.  


(g) What is the cetane number of 2-methyl naphthalene? 



9.7 SUMMARY 


Rating of a fuel is used to indicate the smooth burning capacity of the fuel. 


Octane number is used for gasoline fuel and it indicates its composition and 
 burning characteristics. 


Cetane number is used for diesel fuel and it indicates the percentage of 
hexadecane in a mixture hexadecane and 2-methyl naphthalene. 



(33)Octane number of many poor fuels can be improved by two methods:  


(i)  Addition of tetramethyl lead, and  


(ii)  Change of chemical structure of the compounds present in the fuel 
 by various chemical processes, such as Cracking, Polymerization, 
 Alkylation, Isomerization, Cyclization, Dehydration etc.  



9.8 KEY WORDS 


Rating       :   Index of burning of fuel. 


Octane Number   :    Index of gasoline fuel.  


Cetane Number   :    Index of diesel fuel.  


Knocking       :    Index of burning characteristics of fuel. 



9.9 ANSWERS TO SAQs 


SAQ 1 


(i)  Rating is used to indicate the smooth burning capacity of a fuel.  


(ii)  Octane number is used for gasoline fuel to indicate its burning 
 characteristics and composition. 


(iii)  Cetane number is used for diesel fuel. It indicates the percentage of 
 hexadecane is a mixture of hexadecane and the 2-methyl 


napthalene.  


(iv)  Knocking is the explosive violence produced by the fuel when 
 ignited in a closed chamber.  


(v)  (i) Addition of tetramethyl lead.  


    (ii) Change of chemical structure of the compounds.  


(vi)  Range 60-70.  


(vii)  Zero. 
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UNIT 10  STOICHIOMETRY 


Structure 


10.1  Introduction 


Objectives  


10.2  Fundamental Physical Laws used for Stoichiometric Analysis 


10.2.1  Conservation of Mass 
 10.2.2  Conservation of Energy 
 10.2.3  Law of Combination Weights 
 10.2.4  Ideal Gas Law 


10.2.5  Avogadro’s Law 
 10.2.6  Dalton’s Law 
 10.2.7  Amagat’s Law


10.3  Application of Fundamental Laws for Stoichiometric Analysis 


10.3.1  Stoichiometric Analysis for Combination with Oxygen 
 10.3.2  Stoichiometric Analysis for Combination with Air  
 10.3.3  Stoichiometric Analysis for Combination of Liquid Fuels 
 10.3.4  Stoichiometric Analysis for Combination of Gaseous Fuels 
 10.3.5  Stoichiometric Analysis for Combination of Coal and Solid Fuels 
 10.3.6  Stoichiometric Analysis for Combination with Insufficient Air 


10.4  Theoretical Air Requirement for the Combustion of a Fuel 
 10.5   Summary 


10.6  Key Words 
 10.7  Answers to SAQs 



10.1 INTRODUCTION 


Stoichiometry deals with the laws of conservation of mass and energy. For 
 stoichiometric analysis of a system, stoichiometric calculations are done and 
 these calculations deal with the weights of materials and quantities of energy 
 entering and leaving the chemical reactions. Fundamental stoichiometric 
 calculations dealing with combustion are idealized chemical reactions 


wherein fuel and air combine chemically to form the products of combustion. 


Actually, burning process is extremely complicated and no theory completely 
 explains all the phenomena of combustion.  


When the fuel is burned very rapidly under high pressure as in the cylinder of 
 an internal-combustion engine, the products of reaction vary with the physical 
 conditions of temperature and pressure in the cylinder. In other type of 
 combustion equipment, the degree of mixing of the fuel and air is a 


controlling factor in the reactions which occur, once the fuel and air mixture 
 is ignited. What is more, it is thought that all the burning is the result of a 
 series of very complicated and rapid chemical reactions.  


In this unit, however, it is assumed that the fuel is completely mixed with air 
 or oxygen, and that combustion proceeds directly to the simple end products 
 of the complete chemical reaction, namely, carbon dioxide and water. Later, 
 the effects of incomplete mixing of fuel and air, high temperatures and 
 pressures of combustion gases, and rapid cooling of these gases have been 
 discussed. The simplified reactions used in the stoichiometric calculations 
 which follow, are found to yield results which are sufficiently accurate for 
 most types of design or efficiency computations. 


Objectives 


After studying this unit, you should be able to understand the  



(35)  function of fundamental laws in stoichiometric analysis of the 
 combustion,  


  stoichiometric calculations with oxygen or air and  


  methods of finding the composition of combustion products, air-fuel 
 ratio, etc., for combustion of different types of fuel. 



10.2 FUNDAMENTAL PHYSICAL LAWS USER FOR           STOICHIOMETRIC ANALYSIS


The calculations used involved34 combustion processes are comparatively 
 simple, once the physical principles involved are thoroughly understood. The 
 need for a thoroughly understanding of the seven laws enumerated below 
 cannot be emphasized too strongly. These laws are the promises upon which 
 all calculations that follow are based. In their simplest form, the seven 
 fundamental physical laws of immediate concern are: 


(i)  Conservation of Mass: Matter can neither be destroyed not created.  


(ii)  Conservation of Energy: Energy can neither be destroyed nor 
 created.  


(iii)  Law of Combining Weights: All substances combine in accordance 
 with sample, definite weight relationship.  


(iv)  Ideal Gas Law: The volume of an ideal gas is directly proportional 
 to its absolute temperature and inversely proportional to the absolute 
 pressure.  


(v)  Avogadro’s Law: Equal volumes of perfect gases under identical 
 conditions of temperature and pressure have the same number of 
 molecules.  


(vi)  Dalton’s Law: The total pressure of a mixture of gases is the sum of 
 the partial pressures which would be exerted by each of the 


constituents if each gas were to occupy alone the same volume as 
 that of the mixture. 


(vii) Amagat’s Law: The total volume occupied by a mixture of gases is 
 equal to the sum of the volume which would be occupied by each 
 constituents when at the same temperature and the pressure as the 
 mixture. 


10.2.1 Conservation of Mass  


The total mass of material that enters into a process remain unchanged, even 
 though there may be some rearrangement of atom or molecules. In the normal 
 thermodynamic processes associated with the best power field, this concept is 
 easily understood because the molecules remain unchanged.  


In the combustion process, the atoms rearrange themselves to form new 
 molecules and liberate chemical energy in doing so. However, every atom in 
 the material that leaves, there is no change of weight during the process. 


The concept of the conservation of mass may be illustrated by an internal 
 combustion engine operating on an air/fuel ratio of 15 to 1 by weight. In 
 burning 1 kg of fuel, 15 kg of air is used and 16 kg of exhaust products are 
 formed. The chemical energy in 1 kg of fuel is released as heat energy which 
 is then converted to mechanical work or dissipated as heat.  


Hydrogen burns to form water according to the following chemical equation. 
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