



FUELS  (ENERGY SOURCES)


CHEMICAL FUELS: A chemical substance, which produces significant amount of heat and light energy when it is burnt in air or oxygen is called a chemical fuel. The main constituents of fuel are carbon and hydrogen.

During the process of combustion of a fuel the atoms of carbon, hydrogen etc. combine with oxygen with the simultaneous liberation of heat at a rapid rate. This energy is liberated due to the rearrangement of valence electrons in the atoms, resulting in the formation of new compounds (like CO2, H2O etc.). Since the heat content of combustion products being lower than that of reactants, the chemical fuels release heat during their combustion process.

FUEL + O2              PRODUCTS + HEAT

The primary or main sources of fuels are coal and petroleum oil. These are stored fuels available in earths crust and are generally called fossil fuels.

Classification of fuels: 

Depending on their origin fuels are classified into primary and secondary fuels. These are again classified into solids, liquids and gases, depending on their physical state.

Primary fuels or natural fuels: Which are found in nature.

 Eg: Solid: wood, peat, lignite, coal.

       Liquid: crude oil.

       Gas: Natural gas.

Secondary fuels: are those that are prepared from the primary fuels.

Eg: Solid: Coke, charcoal, coal etc.

      Liquid: Gasoline, diesel, kerosene, synthetic petrol.

      Gases: Producer gas, water gas, coal gas, LPG, Biogas. 

Characteristics of a good fuel:

 The following are the desirable properties of a good chemical fuel.

1. High calorific value: A fuel should possess high calorific value, since the amount of heat liberated and temperature attained thereby depends upon the calorific value of fuel.

2. Moderate ignition temperature: Ignition temperature is the lowest temperature to which the fuel must be pre heated so that it starts burning smoothly. Low ignition temperature is dangerous for storage and transport of fuel, since it can cause fire hazards. On the other hand, high ignition temperature causes difficulty in igniting the fuel, but the fuel is safe during the storage, handling and transport. Hence, an ideal fuel should have moderate ignition temperature. 

3. Low moisture content: The fuel should have low moisture content. High percentage of moisture increases the ignition temperature and also reduces calorific value.

4. Products of combustion should not be harmful: Fuel, on burning should not giving out harmful gases such as CO, H2S, SO2, PH3 etc. In other words the gaseous products of combustion should not pollute the atmosphere.


5. Combustion control: One can avoid large wastage of valuable fuel if its combustion rate can be properly regulated and burning can be stopped immediately as and when desired.

6. Low cost: A good fuel should be readily available in bulk at a cheap rate.

7. Should not undergo spontaneous combustion.

8. Storage cost in bulk should be low.

9. Should burn in air with efficiency, without much smoke.

10. Fuel must be easy to handle, store and transport at a low cost.

Calorific value:  Calorific value of a fuel is  “the total quantity of heat liberated, when a unit mass or volume of the fuel is burnt completely in air or oxygen”.

Units:

The calorific value is normally expressed in Calories/gram in cgs units.

SI unit for solid fuels J/ kg
For gaseous fuels J/m3
Gross(higher) calorific value (HCV) : 

Gross or HCV is the “ total amount of heat produced, when unit mass/volume of the fuel has been burnt completely and the products of combustion have been cooled to room temperature” Usually all fuels contains some hydrogen and when the calorific value of hydrogen containing fuel is determined experimentally, the hydrogen is converted into steam. If the products of combustion are condensed to the room temperature, the latent heat of condensation of steam also gets included in the measured heat. Therefore it is always higher than the net calorific value.

Net (lower) calorific value (LCV): 

 LCV is  “the net heat produced, when unit mass/volume of the fuel is burnt completely and the products are permitted to escape”.In actual practice combustion products are not cooled to temperature but simply let off into the atmosphere. Since this calorific   value does not include the latent heat of steam, hence, net calorific  value is always lower than gross calorific value.


Net calorific value = GCV – LATENT HEAT OF WATER

                                 9 X H

NCV = GCV –                      X 587

                                 100     

Because 1g of H2 gives 9g of H2O and the latent heat of steam is 587 cal/g.

Experimental determination of calorific value
Bomb calorimeter: Calorific value of solid or liquid fuel is determined by using Bomb calorimeter.

PRINCIPLE: A known weight of the sample (solid or liquid fuel) is burnt completely in excess of oxygen. Surrounding water and calorimeter absorbs the liberated heat. Thus the heat liberated during the combustion of fuel is equal to the heat absorbed by water and copper calorimeter. The higher calorific value of the fuel is calculated from the data.

CONSTRUCTION: It consists of a stainless steel airtight sealed cylindrical bomb. The bomb has an inlet valve for oxygen and is provided with two stainless steel electrodes. To one of the electrodes, a small ring attached. In this ring, a nickel or stainless steel crucible can be supported. The bomb is placed in a copper calorimeter, which is surrounded by an airtight and water jacket to prevent heat losses due to radiation. The calorimeter is provided with an electrically operated stirrer and Beckman’s thermometer.

WORKING: A known mass of the given fuel is taken in clean crucible. The crucible is then supported over the ring. Fine magnesium wire touching the fuel sample is then stretched   across the electrodes. The bomb lid is tightly screwed and bomb filled with oxygen to 25atmosphere. The bomb is then placed into copper calorimeter, containing a known mass of water. The stirrer is worked and initial temperature of the water is noted. The electrodes are then connected to 6volt battery and circuit is completed. The sample burns and heat is liberated. Stirring of water is continued and the maximum temperature attained is recorded.

CALCULATION:  

Weight of the fuel= m g

Weight of water taken in the calorimeter = w1g

Water equivalent of calorimeter = w2 g

Initial temperature of water = t10C 

Final temperature of water = t20C 

Specific heat of water = 4.187 kJ/kg

Heat lost by m g of fuel = Heat gained by water + Heat gained by calorimeter

                                      = (w1+ w2) (t2- t1)

	HCV =      (W1 + W2) (t2 – t1)       cal/gm


m



	HCV =    (W1 + W2) (t2 – t1) × 4.184       kJ/kg


m
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Boy’s calorimeter:  The calorific value of the gaseous fuels is experimentally determined by using Boy’s calorimeter.

PRINCIPLE: The calorific value of gaseous fuels is determined by burning a known volume of gas sample in a combustion chamber. The released heat is quantitatively absorbed by cooling water, circulated through the copper coils surrounded the combustion chamber. The mass of the cooling water and its rise in temperature are noted. The mass of water produced by condensation of steam is also recorded. The calorific value of the gas sample is then calculated from these data.

CONSTRUCTION:  Boy’s calorimeter consists of a combustion chamber. Copper tubing’s through which cooling water is circulated, coils the outer and inner walls of the chamber. This water enters the copper tube from the top of the chamber, moves down to the bottom, then goes through the inner coil and finally leaves the combustion chamber from the top exit. The circulated water is collected in a measuring jar. Using a suitable burner kept inside the combustion chamber burns the gas sample. The meter fixed to the gas tube accurately measures its flow rate. The whole assembly is enclosed in an insulated container. The steam produced during combustion is condensed and collected in a trough placed at the bottom. The thermometers t1 and t2   fixed at inflow and out flow points of circulating water record steady temperature.
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WORKING:  The gas sample whose calorific value is to be determined, is burnt at the burner at constant flow rate of the gas and simultaneously cooling water is circulated at a constant rate. The process of burning the gas and circulation of water at constant rate are continued for sometime to establish steady conditions. After attaining the steady state, the following observations are recorded and required calorific value of the fuel sample is calculated.

CALCULATIONS AND OBSERVATIONS: 

Specific heat of water = S
Volume of gas burnt at NTP in time t = Vcm3
Weight of cooling water circulated in time t = W kg 

Steady temperature of inflow water = t10c

Steady temperature of outflow water = t20c

Rise in temperature = (t2 – t1)0c

Weight of water produced from steam condensation = m kg

Heat released by combustion of Vcm3 of gaseous fuel = Heat absorbed by water

HCV x V = W (t2 – t1) x S

HCV =  W (t2 – t1) x 4.187           
kJ/m3

                                                              V

                                                         m x 587 k cal/m3
               Latent heat of steam  =

                                                                   V 

                             = m X 587 X  4.187 KJ/m3  
                                                  V                  

LCV =    W(t2 – t1) x 4.187           __        m x 587 x 4.187           kJ/m3
V                                   V

CRACKING: Is defined as the process of breaking of higher molecular weight hydrocarbons into lower molecular weight hydrocarbons (low B.P).

Cracking process involves breaking of carbon – carbon and carbon – hydrogen bonds.

                          Heat and pressure

Eg:        C14H30                     C7H16 + C7H14 

                          Absence of air

Cracking process aims at:

1. To convert low demand, high boiling fractions into low boiling fractions suitable for automobiles.

2. To produce raw materials for petrochemical industries.

FLUIDISED (MOVING) BED CATALYTIC CRACKING: 

In fluidized bed catalytic cracking, the finely divided catalyst is kept agitated by gas stream (cracking fuel) so that it can be handled like a fluid system i.e. it can be pumped as a true liquid. There is a good contact between the catalyst and the reactant.

OPTIMUM CONDITIONS: 

Feed stocks: gas oil, heavy oil fractions.

Catalyst used: Al2O3 + SiO2 (FLUIDISED) 

Temperature: 5500c

Pressure: little above the normal pressure.

Production yield: 106 gallons per day. 

PROCESS: The finely divided catalyst bed is fluidized by the upward passage of feed stock vapors in a cracking chamber. Cracked vapors are withdrawn continuously from the top of the cracking chamber and directly fed into a fractionating column to separate into gases, gasoline and uncracked oils. The uncracked oil may be cracked in a second stage cracking, there by increasing the overall yield of the cracked products.

Spent catalyst is drawn continuously from the bottom of the cracking chamber, transported in air stream to a regeneration chamber in which elemental carbon deposited on catalyst is mixed with fresh, feed stock and returned to the cracking chamber.
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REFORMING OF PETROL: The object of reforming is to upgrade the octane number of petrol fraction and to produce hydrocarbons for use as feed stocks in the synthesis of petrochemicals.

Reforming process involves a molecular rearrangement of hydrocarbons without any change in the number of carbon atoms to form new compounds. Reforming process is important in the production of high- octane petrol. Reforming is usually brought about by passing the petroleum fraction at about 500oc over platinum coated on aluminium catalyst in the presence of hydrogen.

The main reactions during the catalytic reforming process are.

1.Dehydrogenation:
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Methyl cyclohexane   
                                toluene             

2.Dehydrocyclization:  
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n-Heptane                                                              cyclohexane                                            benzene                                                    

3.Hydrocracking:  CH3-(CH2)8-CH3                      2 CH3-(CH2)3-CH3       

                                   n-decane                 Pt         n-pentane

4.Isomerization:  CH3-(CH2)4-CH3                       CH3-CH-CH2-CH2-CH3    

                                                                                       CH3  

                               n-Hexane                                 2-Methyl pentane

KNOCKING:  In petrol engine the efficiency depends on the compression ratio, which is the ratio of the volume of the cylinder at the suction stroke Vs to the volume of the cylinder at the compression stroke Vc. The nature of the curve suggests that the efficiency of IC engine increases with compression ratio. In IC engines petrol vapor air mixture is compressed in the cylinder in the compression stroke. Applying an electric spark ignites the mixture. The portion of the fuel nearer to the spark burns first and forms a flame front. As the flame front moves towards the feed end of the engine, the rapidly expanding products of combustion compress the remaining unburnt gases and raise its temperature, if the flame front moves at optimum speed   the remaining fuel mixture burns smoothly and power production is smooth. But if the flame front moves slowly, the remaining un-burnt fuel mixture gets heated up beyond its ignition temperature, and produces instantaneous explosive combustion. This produces a thermal shock wave, which strikes the piston and engine walls and makes a rattling noise called knocking or pinking.

 ADVERSE EFFECT OF KNOCKING:

1. It produces undesirable rattling noise.

2. It increases the fuel consumption.

3. It results in decreased power output.

4. It causes mechanical damage due to overheating, to engine parts such as spark-plug, piston and engine walls.

5. The driving becomes unpleasant.

REMEDIAL MEASURES: 

1. A suitable change in engine design.

2. By using high rating gasoline.

3. By using critical compression ratio.

4. By using anti-knocking agents.

OCTANE NUMBER: Knocking capacity of a fuel is measured in terms of octane number. Branched chain compounds produce low knocking while straight chain compounds produce high knocking. Isooctane, which has an excellent combustion characteristics and very little tendency to knocking is given an octane number 100. While n-Heptane  which has poor combustion characteristics and knocks badly, is given octane number zero.

           CH3    CH3
 CH3-C-CH2-CH-CH3                                             CH3-(CH2)5-CH3
           CH3
     Isooctane       ON=100                                           n-Heptane            ON=O

DEFINITION: Octane number of a fuel is defined as the percentage by volume of isooctane in a mixture of isooctane and n-Heptane blend, which has the same knocking characteristic as the gasoline under test.

Thus if the octane number of a gasoline is 70 it means that its knocking characteristics are similar to that of the knocking characteristics of a mixture of 70% isooctane and 30% n-Heptane.

NOTE: Octane number varies in the following order 

Benzene > Alkenes > Cycloalkane > Branched chain hydrocarbons > Straight chain hydrocarbons

CETANE NUMBER: The Cetane number is a measure of the ease with which the given diesel fuel will undergo compression ignition.

 (-Methylnaphthalene and n- Cetane are specified as standards, since n-Cetane has low ignition lag, its cetane number is fixed as 100, while (-Methylnaphthalene has long ignition lag and its cetane number is fixed as zero.

 C10H7-CH3                                                               CH3-(CH2)14-CH3
(-Methylnaphthalene                                                         n-Cetane

Cetane number=0                                                     cetane number=100
DEFINITION: Cetane number is defined as the percentage of n-Cetane in a mixture of n-Cetane and (-Methylnaphthalene that has the same ignition characteristics as the diesel fuel under test.

The structural requirements for a diesel fuel are

1.The straight chain alkanes like n-Cetane, which ignite readily, are good diesel fuels.

2.Aromatics like (-Methylnaphthalene that has long ignition delay are poor diesel fuels.

3. The cetane number of a diesel fuels can be raised by the addition of small quantity of ethyl nitrite, isoamylnitrite and acetone peroxide.   

PREVENTION OF KNOCKING: 

Anti-knocking agents: Knocking of petrol may be reduced by the addition of some organo- lead compounds into it.

The substances added to motor or aviation gasoline to control knocking is called anti-knocking agents.

1. Tetraethyl lead 2.tetramethyl lead and a mixture of TEL AND TML is used as anti-knocking agents. They are used along with ethylene dichloride or ethylene dibromide.

TEL and TML get converted to Pb or PbO and get deposited on the engine parts or the exhaust pipe causing damages. But if they are used along with ethylene dichloride or dibromide, Pb and PbO are converted to volatile PbCl2 or PbBr2 that escape as gases into atmosphere. 

UNLEADED PETROL:  one, which does not   contain any lead compound. To improve its octane number, the process of reforming increases concentration of high-octane components. In addition to it, compounds like Methyl tertiary butyl ether (MTBE) is added to improve octane number of unleaded petrol in IC engines, thereby reducing considerably the formation of peroxy compounds (which causes knocking)                                         

ADVANTAGES OF UNLEADED PETROL: 

1.Eliminates the pollution level of lead in atmosphere.

2.This permits the attachment of catalytic converters to the exhaust pipe in automobiles.

The catalyst converts the toxic exhaust gases like CO and NO to non- toxic gases CO2 and N2 respectively. Consequently, the pollution level is reduced to a great extent.

NOTE: Leaded petrol cannot be used in automobile exhaust pipes fitted with catalytic converter, since the released lead compounds poisons the catalyst itself, thereby destroying its catalytic activity.

POWER ALCOHOL: Ethyl alcohol used in the generation of power in internal combustion engines is called power alcohol.

MANUFACTURE OF POWER ALCOHOL: The raw materials for the manufacture of power alcohol or ethyl alcohol are saccharine materials (molasses, sugar cane, sugar beets etc.) starchy materials (such as potatoes, starch etc.) cellulose materials (sulphite liquor from paper mills) and hydrocarbon gases.

ETHYL ALCOHOL FROM MOLASSES: Molasses is mother liquor left behind after the crystallization of cane sugar from cane juice. Molasses is converted into ethyl alcohol by means of yeast, which contains enzymes invertase and zymase responsible for fermentation. 

                                                           INVERTASE

C12H22O11                                    C6H12O6 + C6H12O6
Sucrose                                       glucose       fructose

                                                           ZYMASE

C6H12O6                            2 C2H5OH + 2 CO2
Before mixing with yeast, the molasses is diluted with water to bring down the concentration of sugar to 10-12%. The diluted solution is acidified with dilute sulphuric acid to maintain the pH between 4 and 5, which favors the function of enzymes. After fermentation for 48-60 hrs, it is distilled to get ethyl alcohol, which is mixed with water. 97.6% ethyl alcohol is obtained by repeated distillation. 

Absolute alcohol can be obtained from the above azeotropic process in which benzene is used to form ternary mixture with water and alcohol. The ternary mixture boils at 65oc and pure ethyl alcohol boils at 78.5oc. So the vapors of ternary mixture go out at 65oc taking away all the water and leaving behind absolute alcohol.

Power alcohol as a fuel: Power alcohol is used as a fuel by blending with petrol in IC engine as a motor spirit. Blends containing up to 25% of alcohol with petrol are used. Industrial alcohol containing 95% alcohol and 5% of water can also be blended with petrol but using some blending agents such as benzene, ether etc.

Advantages of alcohol blended petrol: 

1.Alcohol blended petrol posse4sses better anti-knocking properties.

2.Because of the higher octane number, alcohol blended petrol can be used in engines with higher compression ratio.

2. There is no starting difficulty with alcohol petrol blend.

3. Lubrication in case of alcohol petrol blend and pure petrol is the same.

4. Air required for complete combustion is less.

Disadvantages of alcohol blended petrol: 

1.Alcohol lowers the calorific value of petrol.

2. Alcohol is easily oxidized to acids hence alcohol may cause corrosion.

3.Alcohol absorbs moisture and as a result separation of alcohol and petrol layers takes place especially at low temperature. To avoid this, blending agents such as benzene or toluene are used.
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