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PREFACE

This book has been written to cater to the needs of the second semester B.E./B.Tech. 
students according to the new syllabus prescribed by Anna University (Regulation 2013). 

This book comprises five units which cover the entire syllabus. Topics like Water 
Technology, Electrochemistry and Corrosion, Energy Sources, Engineering Materials and 
Fuels and Combustion have been written in a simple and lucid manner. Most of these 
topics are traditionally taught in engineering chemistry courses in several universities and 
institutes. Figures and tables are incorporated wherever necessary to make the concept 
clearer. This book contains several solved problems, short questions with answers, review 
questions and also university question paper. Author hopes that this book will be useful to 
both students and faculty alike.

Despite all precautions and care, some errors or misprints might have been left 
inadvertently. The author welcomes comments, suggestions and criticisms for the 
improvement of the book. Kindly mail your comments to arunluizt@ssn.edu.in

 Dr. ARUN LUIZ T

Disclaimer : While the author of this book has made every effort to avoid any mistakes or omissions and has used his 
skill, expertise and knowledge to the best of his capacity to provide accurate and updated information, the author and 
the publisher do not give any representation or warranty with respect to the accuracy or completeness of the contents of 
this publication and are selling this publication on the condition and understanding that they shall not be made liable in 
any manner whatsoever. The publisher and the author expressly disclaim all and any liability/responsibility to any person, 
whether a purchaser or reader of this publication or not, in respect of anything and everything forming part of the contents 
of this publication. The publisher shall not be responsible for any errors, omissions or damages arising out of the use of the 
information contained in this publication.
Further, the appearance of the personal name, location, place and incidence, if any; in the illustrations used herein is purely 
coincidental and work of imagination. Thus the same should in no manner be termed as defamatory to any individual.
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 SYLLABUS
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CY6251         ENGINEERING CHEMISTRY–II 
(Common to all branches of Engineering and Technology)

L  P  T  C  3 0 0 3
                                                                      
OBJECTIVES:

To make the students conversant with boiler feed water requirements, related problems and 
water treatment techniques.
Principles of electrochemical reactions, redox reactions in corrosion of materials and  
methods for corrosion prevention and protection of materials.
Principles and generation of energy in batteries, nuclear reactors, solar cells, wind mills and 
fuel cells.
Preparation, properties and applications of engineering materials. Types of fuels, calorific 
value calculations, manufacture of solid, liquid and gaseous fuels.

UNIT–I: WATER TECHNOLOGY    9

Introduction to boiler feed water-requirements-formation of deposits in steam boilers 
and heat exchangers- disadvantages (wastage of fuels, decrease in efficiency, boiler  
explosion) prevention of scale formation -softening of hard water -external treatment  zeolite  
and demineralization - internal treatment boiler compounds (phosphate, calgon, carbonate,  
colloidal) – caustic embrittlement -boiler corrosion-priming and foaming- desalination of 
brackish water –reverse osmosis.

UNIT–II: ELECTROCHEMISTRY AND CORROSION  9

Electrochemical cell - redox reaction, electrode potential- origin of electrode potential-  
oxidation potential- reduction potential, measurement and applications - electrochemical 
series and its significance - Nernst equation (derivation and problems). Corrosion- causes- 
factors- types-chemical, electrochemical corrosion (galvanic, differential aeration), corro-
sion control - material selection and design aspects - electrochemical protection – sacrificial 
anode method and impressed current cathodic method. Paints- constituents and function. 
electroplating of copper and electroless plating of nickel.

UNIT–III: ENERGY SOURCES  9

Introduction- nuclear energy- nuclear fission- controlled nuclear fission- nuclear fusion-
differences between nuclear fission and fusion- nuclear chain reactions nuclear reactor 
power generator- classification of nuclear reactor- light water reactor- breeder reactor- solar 
energy conversion- solar cells- wind energy. Batteries and fuel cells: Types of batteries- 
alkaline battery- lead storage battery nickel-cadmium battery- lithium battery- fuel cell  
H2 – O2 fuel cell- applications.

(v)



(vi)

UNIT–IV: ENGINEERING MATERIALS   9

Abrasives: Definition, classification or types, grinding wheel, abrasive paper and
cloth. 
Refractories: Definition, characteristics, classification, properties – refractoriness and 
RUL, dimensional stability, thermal spalling, thermal expansion, porosity; Manufacture of  
alumina, magnesite and silicon carbide. 
Portland cement: Manufacture and properties - setting and hardening of cement, special 
cement- waterproof and white cement–properties and uses. 
Glass: manufacture, types, properties and uses.

UNIT–V: FUELS AND COMBUSTION  9

Fuel: Introduction- classification of fuels- calorific value- higher and lower calorific values- 
coal- analysis of coal (proximate and ultimate)- carbonization manufacture of metallurgi-
cal coke (Otto Hofmann method) – petroleum manufacture of synthetic petrol (Bergius  
process)- knocking- octane number-diesel oil- cetane number - natural gas- compressed 
natural gas(CNG)-liquefied petroleum gas (LPG) - producer gas-water gas. Power  
alcohol and bio diesel. Combustion of fuels: Introduction- theoretical calculation of calorific 
value- calculation of stoichiometry of fuel and air ratio- ignition temperature explosive range 
- flue gas analysis (ORSAT Method).

TOTAL: 45 PERIODS

OUTCOMES:

The knowledge gained on engineering materials, fuels, energy sources and water treatment 
techniques will facilitate better understanding of engineering processes and applications for 
further learning.
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Water Technology

SYLLABUS

Introduction to boiler feed water-requirements-formation of deposits in steam boilers 
and heat exchangers- disadvantages (wastage of fuels, decrease in efficiency, boiler 
explosion) prevention of scale formation -softening of hard water -external treatment 
zeolite and demineralization - internal treatment- boiler compounds (phosphate, calgon, 
carbonate, colloidal) - caustic embrittlement- boiler corrosion-priming and foaming 
desalination of brackish water –reverse osmosis.

 1.1 INTRODUCTION

Earth is the only planet containing water. Hence it is known as “blue planet”. About 
71% of the earth’s surface is covered by water, out of which only 0.014% can be used 
for domestic, agriculture and industrial purposes and rest is locked in oceans, polar 
ice caps, giant glaciers and rock crevices. Nearly 70% of human body is made up of 
water. Water is one of the most widely used and abundant chemical in nature. Water is 
so essential part of plant and animal life that without which life cannot survive. Hence, 
water is also known as “elixir of life”.

1.1.1 Sources of Water

There are two types of sources of water. These are:
 (i) Surface water
 (a) Rain water: It is the purest form of water. However, it may contain dissolved 

gases from industries like CO2, SO2, NO2 etc. and suspended solid particles 
of organic and inorganic origin.

 (b) Lake water: It contains much lesser amount of dissolved minerals than even 
well water but the quantity of organic matter present is very high.

 (c) River water: Since river flows over the land surface, river water contains 
dissolved soluble minerals. River water generally contains dissolved salts like 

Unit I
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bicarbonates, chlorides, sulphates of sodium, calcium, magnesium, iron etc. It 
also contains organic matter and suspended impurities.

 (d) Sea water: Sea water is the most impure form of water. Rivers carry dissolved 
salts and deposit in the sea. Out of the total dissolved salts (3.5%) present in 
the sea water, 2.6% is sodium chloride.

 (ii) Underground water:
 (a) Spring and well water: This water has clearer appearance but contains more 

dissolved salts. Underground water has least organic matter, therefore contains 
more hardness.

1.1.2 Impurities in Water

Water dissolves many salts and gases. So it is known as an “universal solvent”. So many 
undesirable impurities are present in water. These  impurities can be classified as
 1. Dissolved impurities: The following impurities may be present in the water in the 

dissolved form. 
 (a) Inorganic salts: Cations like Ca2+, Mg2+, Na+, K+, Fe2+, Al3+ and sometimes 

traces of Cu2+ and Zn2+ salts. Anions like Cl-, SO4
2-, HCO3

-, NO3
- and sometimes 

F- and NO2
-.

 (b) Organic compounds: Hydrocarbon, phenols etc.
 (c) Dissolved gases: Like O2, CO2, N2, oxides of nitrogen and sulphur, and 

sometimes NH3 and H2S.
 2. Collodial impurities: Like clay, silica, Al(OH)3, Fe(OH)3, organic waste products, 

humic acids, amino acids, proteins etc.
 3. Suspended impurities: Inorganic matter like clay and sand; organic matter like oil 

globules.
 4. Biological impurities: Bacteria and other microorganism like virus, algae, fungi, 

phytoplanktons etc.
These impurities may give water a bad taste, odour, turbidity etc. and cause hardness, 

frothing, corrosiveness, staining etc.

1.1.3 Sources of Impurities in Water

The sources of impurities in water are the following:
 1. Water collects impurities from ground, rock, soil with which it  comes in contact.
 2. Water becomes impure which when comes in contact with sewage, domestic and 

industrial wastes.
 3. Decomposed plants and animal remains will introduce organic impurities, 

microorganisms etc.
 4. Rainwater while falling down dissolves gases like CO2, O2 etc.
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 1.2 PHYSICAL PROPERTIES OF WATER

 1. Colour
  Pure water is colourless. Sometimes underground water is coloured due to humus, 

iron, manganese salts.
 2. Taste
  The taste of water is due to the presence of dissolved minerals and salts. The brackish 

taste of water is due to the presence of excess amounts of salts like NaCl and KCl.
 3. Odour
  Pure water is odourless. Unpleasant odour may be due to the presence of organic 

matter, decaying vegetation, bacteria, gases like H2S and NH3.
 4. Turbidity
  It is due to the presence of finely divided colloidal, insoluble impurities like inorganic 

matter, clay, silica, silt etc.

 1.3 WATER QUALITY REQUIREMENTS

Quality requirements for various uses are given below
Purpose Quality requirements

Drinking Free from odour, colour, turbidity and pathogens. Relative soft 
water, not containing too much salts.

Washing (laundry) Clear and free from odour, colour and turbidity. Low hardness. 
Hardwater results in wastage of soap.

Textile industry Free from odour, turbidity, organic matter, iron and manganese.
Paper industry Free from odour, turbidity, organic matter, iron, manganese, 

silica and alkalinity.
Steam generation in boiler Free from dissolved salts (zero hardness), suspended impurities, 

silica and dissolved gases.
Dairy and food processing Clear and free from colour, odour, turbidity and pathogens.
Construction Moderate or low hardness. Low amount of chlorides.

 1.4 HARDNESS OF WATER

Water which does not produce lather with soap is known as hard water. It is due to the 
presence of bicarbonates, chlorides and sulphates of calcium and magnesium. Salts of 
Fe, Mn and other heavy metals also can cause hardness.

Soap is sodium or potassium salts of higher fatty acids like oleic, palmetic stearic acid 
etc. Sodium salt is soluble in water while corresponding calcium and magnesium salts 
are insoluble in water. When soap is added to soft water, it dissolves and forms lather 
easily. When a hard water sample is treated with soap, it does not form lather but  it gets 
precipitated in the form of insoluble salts(scum/precipitate) of calcium and magnesium. 
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 CaCl2 + 2C17 H35 COONa → (C17 H35 COO)2Ca Ø + 2NaCl

 CaSO4 + 2C17 H35 COONa → (C17 H35 COO)2Ca Ø + 2Na2SO4

 Mg(HCO3)2 + 2C17 H35 COONa → (C17 H35 COO)2Mg Ø + 2NaHCO3
     (From hard water)            (Soap)                        (Insoluble ppt)

In case of hardwater, initially soap is used to precipitate out the hardness causing ions. 
No lather is formed until all the hardness causing ions are removed. So, large amount 
of soap is consumed unnecessarily. Anions associated with these metal ions include 
chloride, sulphate, bicarbonate but these do not contribute to the hardness of water.
Types of Hardness:
Temporary Hardness (Carbonate hardness or alkaline hardness): It is due to the 
presence of bicarbonates of calcium and  magnesium. It can be easily removed by boiling. 
On boiling, bicarbonates are decomposed to insoluble carbonates and hydroxides, which 
can be removed by filtration 
 Ca(HCO3)2  → CaCO3 Ø + H2O + CO2 ≠

 Mg(HCO3)2 → Mg(OH)2 Ø + 2 CO2 ≠
Permanent Hardness (Non-carbonate hardness or non-alkaline hardness): This is 
due to the presence of chlorides and sulphates of calcium and magnesium. This type of 
hardness cannot be removed by boiling. It can be removed by lime soda process, zeolite 
process and ion exchange process.

1.4.1 Calcium Carbonate Equivalent (Degree of Hardness)

The concentration of hardness producing salts or ions such as bicarbonates, chlorides and 
sulphates of Ca, Mg, etc, is measured in terms of equivalent amounts of calcium carbonate.
CaCO3 eq. of hardness

  = 
Mass of hardness producing substance (in mg) × Mol. mass of CaCO3

Molecular mass of hardness producing salt
CaCO3 is particularly selected to express the hardness of water because:
 1. CaCO3 is the most insoluble salt which can be precipitated during the water treatment.
 2. Since the molecular mass of CaCO3  is 100 (eq. weight = 50), the calculation becomes 

easy.

1.4.2 Units of Hardness

 1. Milligrams per litre (mg/l): It is the number of milligrams of CaCO3  equivalent 
hardness present in one litre of water.  1 mg/l = ... 1 mg of CaCO3  equivalent 
hardness per litre of water.

 2. Parts per million (ppm):  It is the number of milligrams of CaCO3  equivalent 
hardness present per million (106) parts of water.  

  1 ppm = 1 parts of CaCO3  equivalent hardness per 106 parts of water.  
  1 mg/l = 1 ppm.
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 1.5 ADVANTANGES AND DISADVANTAGES OF HARD WATER

Advantages: 
 (i) Soft water has a ‘flat’ taste. Dissolved salts in water gives it a refreshing taste. But, 

very hard water, which contains large amounts of dissolved salts can lead to stomach 
problems.

 (ii) Very soft water dissolves small amounts of lead from distributing pipelines. This 
may lead to lead poisoning. For this reason water distributed in large cities for 
drinking purposes are made a little hard, so that such poisoning will not occur.

Disadvantages: 
 (i) Continuous use of hard water may affect the digestive system and may cause 

constipation, loss of appetite, etc. It may also cause the formation and deposition 
of calcium oxalate crystals in the urinary track.

 (ii) Due to the presence of dissolved salts, boiling point of water increases. So when 
food is cooked in hard water, more heat and time is required causing wastage of 
fuel and money. Moreover, the food cooked in hard water has an unpleasant taste.

 (iii) When hard water is used for washing clothes it consumes lot of soap, i.e. soap is 
wasted. It also causes spotting of clothes, staining of fabric etc.

 (iv) Hard water results in the formation of sludge and scale, priming and foaming in boilers.
 (v) In paper industry, hard water is undesirable as it may result in poor glaze and finishing 

of paper. 
 (vi) Use of hard water in sugar industry may result in difficulty of crystallization of 

sugar, imparting Colour or becoming deliquescent.

 1.6 BOILERS

Boilers are used for generating steam (for industries) by boiling water. Boilers are 
classified into five depending on operating pressures. They are
 (i) Low pressure boilers (~10-15 kg/cm2)
 (ii) Medium or intermediate pressure boilers (~15-35 kg/cm2)
 (iii) High pressure boilers (~ 50-140 kg/cm2)
 (iv) Very high pressure boilers (~150-225 kg/cm2)
 (v) Supercritical boilers ( >225 kg/cm2)

1.6.1 Essential Requirements of Boiler feed Water

Water used in boilers has stringent specifications with respect to hardness and dissolved 
salts. Water fed into the boiler for the production of steam is called boiler feed water.
Boiler feed water must be free from the following:
 1. Turbidity, oil and non scaling dissolved salts to reduce the tendency of priming and 

foaming.
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 2. Salts of Ca and Mg which results in the formation sludge and scales.
 3. Dissolved O2 and CO2 in order to prevent corrosion of boiler.
 4. Caustic alkali as it can result in caustic embrittlement.

1.6.2 Suggested Limits of Tolerance for Boiler Feed water

Sl No. Parameter Amount
1. Hardness

For 0-10 kg/cm2 boiler
10-15 kg/cm2 boiler
15-30 kg/cm2 boiler
Above 30 kg/cm2 boiler

80 ppm (max)
40 ppm (max)
10 ppm (max)
2 ppm (max)

2. pH 7.0
3. Colour Colourless
4. Odour Odourless
5. Dissolved O2 and CO2 0 ppm

Water present in the boiler will have varying composition (during process) as water is 
constantly evaporating. Water present inside the boiler is called boiler water. 

 1.7 BOILER PROBLEMS OR BOILER TROUBLES

If hard water obtained from the natural sources is fed directly into the boilers, it can 
result in reduced efficiency or malfunctioning of the boiler. Main problems associated 
with boilers are 
 1. Sludge and scale formation
 2. Priming and foaming
 3. Caustic embrittlement
 4. Boiler corrosion

1.7.1 Sludge and Scale Formation

In bolier, water is continuously converted into steam. Due to this continuous evaporation 
of water, the concentration of soluble salts increases progressively. Salts start separating 
out from the solution in the order of solubility, the least soluble one separating out first. 
The precipitate may appear in two forms, i.e. loose slimy precipitate (sludge) or hard 
adhering material(scale).

1.7.1.1 Sludge
Sludge is a soft, loose and slimy precipitate formed within the boiler.  It is formed at 
comparatively colder portions of the boiler and collects in the bends and areas of the 
system where flow rate is slow. It usually floats on the surface.
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