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Knowledge of basic concepts of Chemistry for Engineering students will help them as professional 

engineers later in design and material selection, as well as utilizing the available resources. 

 

COURSE OBJECTIVES 

 Importance of usage of plastics in household appliances and composites (FRP) in aerospace 

and automotive industries. 

 Outline the basics for the construction of electrochemical cells, batteries and fuel cells. 

Understand the mechanism of corrosion and how it can be prevented. 

 Express the increases in demand as wide variety of advanced materials are introduced; which 

have excellent engineering properties. 

Classify and discuss the materials used in major industries like steel industry, metallurgical 

industries and construction industries and electrical equipment manufacturing industries. 

Lubrication is also summarized. 

 Relate the need of fuels as a source of energy to any industry, particularly industries like 

thermal power stations, steel industry, fertilizer industry etc., and hence introduced. 

 Explain the importance and usage of water as basic material in almost all the industries; 

interpret drawbacks of steam boilers and also how portable water is supplied for drinking 

purposes. 

 

UNIT I: POLYMER TECHNOLOGY 8 hrs 

Polymerisation:- Introduction, methods of polymerization (emulsion and suspension), mechanical 

properties. 

Plastics: Compounding, fabrication (compression, injection, blown film and extrusion), preparation, 

properties and applications (PVC, polycarbonates and Bakelite), mention some examples of plastic 

materials used in electronic gadgets, recycling of e-plastic waste (waste to wealth). 

Elastomers:- Introduction, preparation, properties and applications (Buna S, thiokol and 

polyurethanes). 

Composite materials: Fiber reinforced plastics, conducting polymers, biodegradable polymers, 

biopolymers, biomedical polymers. 

Course Outcomes: At the end of this unit, the students will be able to 

 Analyze the different types of composite plastic materials and interpret the mechanism of 

conduction in conducting polymers. 

 

UNIT II: ELECTROCHEMICAL CELLS AND CORROSION 10 hrs 

Single electrode potential, electrochemical series and uses of series, standard hydrogen electrode, 

calomel electrode, construction of glass electrode, batteries (Dry cell, Li ion battery and zinc air 

cells), fuel cells (H2-O2, CH3OH-O2, phosphoric acid and molten carbonate). 
Corrosion:-Definition, theories of corrosion (chemical and electrochemical), galvanic corrosion, 

differential aeration corrosion, stress corrosion, galvanic series, factors influencing rate of corrosion,  

corrosion control (proper designing and cathodic protection), Protective coatings (surface preparation, 

cathodic coatings, anodic coatings, electroplating and electroless plating [nickel]), Paints 

(constituents, functions and special paints). 
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Course Outcomes: At the end of this unit, the students will be able to 

 Utilize the theory of construction of electrodes, batteries and fuel cells in redesigning new 

engineering products and categorize the reasons for corrosion and study methods to control 
corrosion. 

 

UNIT III: CHEMISTRY OF MATERIALS 10 hrs 

Part- A: 

Nano materials:- Introduction, sol-gel method, characterization by (Brunauer Emmet Teller [BET]), 

(scanning electron microscopy [SEM]) and (transmission electron microscopy [TEM]) with example 

(TiO2), applications of graphene and fullerenes, carbon nanotubes (types, preparation and 

applications) 

Thermal analysis techniques: Instrumentation and applications of thermogravimetric analysis 

(TGA), differential thermal analysis (DTA), differential scanning calorimetry (DSC). 

Part-B: 

Refractories: - Definition, classification, properties (refractoriness, refractoriness under load, porosity 

and thermal spalling), failure of refractories. 

Lubricants: - Definition, mechanism of lubricants, properties (definition and importance). 
Cement: - Constituents, manufacturing, parameters to characterize the clinker formation: lime 

saturation factor (LSF), silica ratio (SR) and alumina ratio (AR), chemistry of setting and hardening, 

deterioration of cement. 

Course Outcomes: At the end of this unit, the students will be able to 

 Synthesize nanomaterials for modern advances of engineering technology. 

 Summarize the techniques that detect and measure changes of state of reaction. 

 Illustrate the commonly used industrial materials. 

 

UNIT IV: FUELS 10 hrs 

Introduction, calorific value, higher calorific value, lower calorific values, problems using Dulong’s 

formula, proximate and ultimate analysis of coal sample and their significance, numerical problems, 

petroleum (refining-cracking), synthetic petrol (Fischer Tropsch and Bergius), petrol knocking, diesel 

knocking, octane and cetane ratings, anti-knocking agents, Introduction to alternative fuels (Bio- 

diesel, ethanol, methanol, natural gas, liquefied petroleum gas, compressed natural gas), Flue gas 

analysis by Orsat apparatus, rocket fuels. 

Course Outcomes: At the end of this unit, the students will be able to 

 Differentiate petroleum, petrol, synthetic petrol and have knowledge how they are produced. 

 Study alternate fuels and analyse flue gases. 

 

UNIT V: WATER TECHNOLOGY 8 hrs 

Hardness of water, determination of hardness by complexometric method, boiler troubles (priming 

and foaming, scale formation, boiler corrosion, caustic embrittlement), internal treatments, softening 

of hard water (zeolite process and related sums, ion exchange process), treatment of industrial waste 

water, potable water and its specifications, steps involved in purification of water, chlorination, break 

point chlorination-desalination (reverse osmosis and electro dialysis). 

 

Course Outcomes: At the end of this unit, the students will be able to 

 Analyze the suitable methods for purification and treatment of hard water and brackish water. 
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Standard Books: 

 

1. P.C. Jain and M. Jain “Engineering Chemistry”, 15/e, Dhanpat Rai & Sons, Delhi, (Latest 

edition). 

2. Shikha Agarwal, “Engineering Chemistry”, Cambridge University Press, New Delhi, 

(2019). 

3. S.S. Dara, “A Textbook of Engineering Chemistry”, S.Chand & Co, (2010). 

4. Shashi Chawla, “Engineering Chemistry”, Dhanpat Rai Publicating Co. (Latest edition). 

 

Reference: 

 

1. K. Sesha Maheshwaramma and Mridula Chugh, “Engineering Chemistry”, Pearson India 

Edn. 

2. O.G. Palana, “Engineering Chemistry”, Tata McGraw Hill Education Private Limited, 

(2009). 

3. CNR Rao and JM Honig (Eds) “Preparation and characterization of materials” Academic 

press, New York (latest edition) 

4. B. S. Murthy, P. Shankar and others, “Textbook of Nanoscience and Nanotechnology”, 

University press (latest edition) 
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No. of 

Periods 

required 

Total 

Period 

s 

Referen 

ce Book 

Methodology 

to be adopted 

  Unit-1     

 

 

 

 

 

 

 

 
I 

CO 1, CO3, 

CO4 
Polymerisati
on, Plastics, 
Elastomers 

Introduction, methods of polymerization 
1  

 

 

 

 

 

 

 
14 

 

 

 

 

 

 

 

T1, T2 

R20 

Black Board 

 Emulsion and suspension 

Polymerization 
2 Black Board 

 Mechanical properties of Polymers 1 Black Board 

Compounding, fabrication 1 E- CLASS 

ROOM 

compression, injection moulding 1 Black Board 

 blown film and extrusion 1 E- CLASS 

ROOM 
 preparation, properties and applications 

(PVC, polycarbonates and Bakelite) 2 Black Board 

plastic materials used in electronic 

gadgets 

         1  

 recycling of e-plastic waste 1 Black Board 
Introduction, preparation, properties and 

applications (Buna S, Thiokol and 

polyurethanes 

1 Black Board 

 Fiber reinforced plastics, conducting 

polymers 
1 E- CLASS 

ROOM 
biodegradable polymers, biopolymers, 

biomedical polymers 1 Black Board 

Course Objectives 

 

• Importance of usage of plastics in household appliances and composites (FRP) in aerospace and 

automotive industries. 

 

• Outline the basics for the construction of electrochemical cells, batteries and fuel cells. 

Understand the mechanism of corrosion and how it can be prevented. 

 

• Explain the preparation of semiconductors and nanomaterials, engineering applications of 

nanomaterials, superconductors and liquid crystals. 

 

• Recall the increase in demand for power and hence alternative sources of power are studied due 

to depleting sources of fossil fuels. Advanced instrumental techniques are introduced. 

 

• Outline the basics of computational chemistry and molecular switches 
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Corrosion 

Single electrode potential, electrochemical series 

and uses of series 2  
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standard hydrogen electrode, calomel electrode, 

construction of glass electrode 
2 

Black 
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 batteries (Dry cell, Li ion battery and zinc air 

cells), fuel cells (H2-O2, CH3OH-O2, phosphoric 

acid and molten carbonate) 

2 
E- 
CLASS 
ROOM 

Definition, theories of corrosion (chemical 

and electrochemical), galvanic corrosion, 

differential aeration corrosion, stress corrosion 

2 
Black 

Board 

 galvanic series, factors influencing rate of 

corrosion, corrosion control (proper designing 

and cathodic protection 

2 
Black 
Board 

Protective coatings (surface preparation, cathodic 

coatings, anodic coatings, electroplating and 

electro less plating, Paints (constituents, 

functions and special paints). 

2 
Black 
Board 
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III 

 

 
CO1, CO2, 

CO3 
Nano 

materials, 

Thermal 

analysis 

techniques, 

Lubricants, 

Cement 

Introduction, sol-gel method 2  

 

 

 

 

 

 

 

 

 

 
10 

 

 

 

 

 

 

 

 

 

 

T1, T2 

R20 

Black 
Board 

characterization by (Brunauer Emmet Teller 

[BET]) 
1 

Black 

Board 

 applications of graphene and fullerenes, 

carbon nanotubes (types, preparation and 

applications) 

1 
E- 

CLASS 
ROOM 

Instrumentation and applications of 

thermogravimetric analysis (TGA), 

differential thermal analysis (DTA), 

differential scanning calorimetry (DSC). 

1 
Black 
Board 

Definition, mechanism of lubricants, 

properties (definition and importance). 

           1  

Constituents, manufacturing, parameters to 

characterize the clinker formation: lime 

saturation factor (LSF), 

2 
Black 
Board 

  

silica ratio (SR) and alumina ratio 

(AR),chemistry of setting and hardening, 

deterioration of cement.. 

1 

  

E- CLASS 

ROOM 

  

 
deterioration of cement 

1 

  

Black 
Board 



 
CO 1,  CO3, 

CO4 
FUELS, 

Introduction, 
synthetic 

petrol 

(Fischer 
Tropsch and 

Bergius) 

Unit-4     

Introduction, calorific value, higher 

calorific value 
2 Black Board 

lower calorific values, problems using 

Dulong’s formula, proximate and ultimate 

analysis of coal sample and their 

significance 

2 Black Board 

    

numerical problems, petroleum (refining-

cracking) 
2 E-CLASS 

ROOM 
    

synthetic petrol (Fischer Tropsch and 

Bergius) 
2 Black Board 

    

petrol knocking, diesel knocking,           1 Black Board 
IV    

anti-knocking agents 2 Black Board 
          16  

 Introduction to alternative fuels (Bio- 

diesel, ethanol, , natural gas, liquefied 

petroleum gas, compressed natural gas) 

2 
Black 
Board 

  

Flue gas analysis by Orsat apparatus 1 

  

Black 
Board 

  

rocket fuels 2 

  

E-CLASS 

ROOM 
  

octane and cetane ratings 1 

  

Black 
Board 

  

methanol. 1 

  

Black 
Board 

 

 
 

 

 

 

 

 

 

 
 

V 

CO 1, CO2, 

CO3, CO4 
Hardness of 

water, 
potable 

water and its 

specification
s 

Unit-5   

 

 

 

 

 

 
 

12 

 

 

 

 

 

 

 

T1, T2 

R20 

Black Board 

Hardness of water, determination of hardness 

by complexometric method 
2 Black Board 

boiler troubles (priming and foaming, 
scale formation 

2 Black Board 

boiler corrosion, caustic embrittlement) 2 E-CLASS 

ROOM 
internal treatments, softening of hard water 

(zeolite process and related sums, ion 

exchange process) 

       2 Black Board 

  

treatment of industrial waste water, 

potable water and its specifications 

2 
  

Black Board 

  

steps involved in purification of water, 

chlorination, break point chlorination-

desalination (reverse osmosis and electro 

dialysis). 

2 
  

Black Board 



Standard Books:  
1. P.C. Jain and M. Jain “Engineering Chemistry”, 15/e, Dhanpat Rai & Sons, Delhi, (Latest  

edition).  

2. Shikha Agarwal, “Engineering Chemistry”, Cambridge University Press, New Delhi,  

(2019).  
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Introduction 

A fuel is a substance that contains carbon and hydrogen undergoes combustion in 

presence of oxygen to gives large amount of energy. 

Fuel + O2 CO2 + H2O + Energy 

 
Classification of Fuel 

On the basis of occurrence fuel is classified into two categories; natural or primary 

fuels and artificial or secondary fuels. 

i) Natural/primary fuels: These fuels are naturally present. 

ii) Artificial/ secondary fuels: They are synthesized by primary fuels. 
 
 

Characteristics of Good Fuel 

i) Fuel should have high calorific value. 

ii) Must have moderate ignition temperature. 

iii) Fuel should have low moisture content. 

iv) Available in bulk at low cost. 

v) Should not burn spontaneously. 

vi) Fuel should burn efficiently, without releasing hazardous pollutants. 

vii) Handling, storage and transportation should be easy. 

Unit of heat 

i) Calorie: it is the amount of heat required to raise the temperature of 1 

gram of water through one degree centigrade. 

ii) British Thermal Unit (BTU): it is the amount of heat required to raise 

the temperature of 1 pond of water to one degree Fahrenheit. 

1 B.T.U. = 252 cal = 0.252 kcal 

1 kcal = 3.968 B.T.U. 

iii) Centigrade Heat Unit (CHU): it is define as the amount of heat 

required to raise the temperature of 1 pond of water to one degree 

centigrade. 



1 kcal = 3.968 B.T.U. = 2.2 C.H.U. 

 

 
Calorific value 

Calorific value of fuel can be define as the amount of heat evolved when one unit 

mass or volume of the fuel undergoes completely combustion in presence of 

oxygen. 

i) High or gross calorific value (HCV or GCV): it is defined as amount of 

heat evolve when one unit mass or volume of the fuel is completely burnt 

and combustible products are cooled to room temperature (25oC or 77oF). 

ii) Low or net calorific value (LCV or NCV): it is defined as amount of heat 

evolve when one unit mass or volume of the fuel is completely burnt and 

combustible products are permitted to escape. Therefore net calorific value 

is lower than gross calorific value. 

 
LCV = HCV – latent heat of water vapour 

LCV = HCV – mass of hydrogen × 9 × latent heat of steam (587 kcal/kg) 

 
One part by mass of hydrogen produced nine parts by mass of water 

molecule. Therefore, 

 
LCV = HCV – H/100 × 𝟗 × 587 kcal/kg 

H = percentage of hydrogen in fuel 

Determination of calorific value 

i) Bomb calorimeter 

Bomb calorimeter is used to determine calorific value of solid and liquid fuels 

experimentally. A bomb calorimeter contains a cylindrical bomb made by stainless 

steel. Combustion takes place in this cylinder. The lid contains two stainless steel 

electrodes. Oxygen is supplied through oxygen valve for combustion. The 

electrode is attached with a small ring which supports nickel or stainless steel made 

crucible. The bomb is taken in a copper calorimeter which is surrounded by air and 

water jacket in order to prevent heat loss by radiation. The copper calorimeter also 

contains electrically operated stirrer and Beckmann’s thermometer (take reading 

with temperature difference up to 0.01oC. 



 
 

Working: In a crucible, a known amount of the fuel is placed in the nickel or 

stainless steel crucible which is supported by a ring. A fine magnesium wire 

touches the fuel sample, which is already connected to the electrodes. The bomb 

lid is lightly screwed and filled with oxygen at about 25 atm pressure, is placed in 

copper calorimeter containing a known amount of water. The electrically operated 

stirrer is driven and notes the initial temperature of water (T1). After that both the 

electrodes are connected to a battery to complete the circuit. The fuel sample is 

burn and heat is liberated. To maintain the uniform temperature, water is 

continuously stirred and the final temperature (T2) of water is noted. 

Calculation: 

Mass of fuel (solid or liquid)= x g 

Mass of water taken = W g 

Water equivalent of calorimeter = w g 

Initial temperature of water in calorimeter = T1 K 

Final temperature of water in calorimeter = T2 K 

High or gross calorific value = 
(𝑾+𝒘)(𝐓𝟐−𝐓𝟏) 

cal/g 
𝒙 

 

LCV = HCV – H/100 × 𝟗 × 587 kcal/kg 

H = percentage of hydrogen in fuel 

 

 

 

 
Corrections: 



HCV or GCV = 
(𝐖+𝐰)(𝐓𝟐−𝐓𝟏−𝐓𝐜)− (𝐂𝐬+𝐂𝐧+𝐂𝐟+𝐂𝐜) 

𝐱 
 

Where 

Tc = cooling corrections 

Cs = Corrections for sulphuric acid (H2SO4) 

Cn = Corrections for nitric acid (HNO3) 

Cf = Corrections for fuse wire 

Cc = Corrections for cotton thread 

ii) Theoretical calculation by Dulong’s formula: 

The theoretical calculation of calorific value of a fuel can be approximately 

calculated by Dulong’s formula, based on the percentage of the constituents (C, H, 

O and S) present in the fuel. 

As per Dulong’s formula 
 

HCV = 𝟏 
𝟏𝟎𝟎 

[𝟖𝟎𝟖𝟎 𝑪 + 𝟑𝟒𝟓𝟎𝟎 (𝑯 − 𝑶) + 𝟐𝟐𝟒𝟎 𝑺] 
𝟖 

kcal/kg 
 

Where, C, H, O and S are percentage of carbon, hydrogen, oxygen and sulphur 

present in fuel. In above formula the oxygen is assumed to be present in combined 

form with hydrogen or in form of water (H2O). 

H2 + 1/2O2 H2O 

2g 16g 18g 

1g 8g 9g 

Total mass of hydrogen in fuel – fixed hydrogen 

Total mass of hydrogen in fuel – (1/8) mass of oxygen in the fuel 

∴ 8 part of oxygen combine with 1 part of hydrogen to form H2O. 

Fixed hydrogen = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑥𝑦𝑔𝑒𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑢𝑒𝑙 

8 
 

Then the amount of hydrogen available for combustion 

= total mass of hydrogen in fuel – fixed hydrogen 

= [H-O/8] 



LCV = HCV – H/100 × 𝟗 × 587 kcal/kg 

Analysis of Coal 

The quality of coal can be analyzed by two analysis; proximate and ultimate 

analysis. 

Proximate analysis: 

In this analysis moisture, volatile matter, ash and fixed carbon can be determined. 

Moisture: A known amount of finely powdered air-dried coal sample is taken in 

crucible. The crucible is placed inside an electric hot air-oven, at 105o to 110oC for 

1 hour. The crucible is then taken out, cooled in desiccators and weighed. 

Difference in the weight of sample gives the information about the weight loss due 

to removal of moisture. 
 

% of moisture = 
𝐥𝐨𝐬𝐬 𝐨𝐟 𝐰𝐞𝐢𝐠𝐡𝐭 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐚𝐥 𝐭𝐚𝐤𝐞𝐧 
× 𝟏𝟎𝟎 

 

Lesser the amount of moisture content, better the quality of fuel. 

Volatile matter: The moisture free coal sample is taken in a crucible, covered with 

a lid and placed in muffle furnace (electric furnace) at 950oC for 7 minutes and 

then remove the crucible from the oven and cooled first in air, then cooled in a 

desiccator and weighed again. Loss in weight is due to presence of volatile matter 

in coal sample. 
 

% of volatile matter = 𝐥𝐨𝐬𝐬 𝐨𝐟 𝐰𝐞𝐢𝐠𝐡𝐭 
𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐚𝐥 𝐭𝐚𝐤𝐞𝐧 

× 𝟏𝟎𝟎 

 

Low quantity of volatile matter, better the quality of a coal. 

Ash: The residual coal sample taken in a crucible and then heated without lid in a 

muffle furnace at 700-750oC for an hour. The crucible is then taken out, cooled 

first in air, then in desiccators and weighed again. The process of heating, cooling 

and weighing are repeated until a constant weight is not obtained. The residue is 

reported as ash on percentage-basis. 

% of ash = 
𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐫𝐞𝐬𝐢𝐝𝐮𝐞 𝐥𝐞𝐟𝐭 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐝𝐫𝐲 𝐜𝐨𝐚𝐥 𝐭𝐚𝐤𝐞𝐧 
× 𝟏𝟎𝟎 

 

Ash is non-combustible substance which reduces the calorific value of a coal. 

Therefore, low quantity of ash contents, better the quality of a coal. 

 

 

 
 

Fixed carbon: The fixed carbon percentage is determined by following equation 



% of fixed carbon = 100 – (% of moisture + % of volatile matter + % of ash) 

Greater the calorific value, higher the % of fixed carbon. 

Ultimate analysis: 

Ultimate analysis is involving the measurement of C, H, N, S, and O. 

Carbon and hydrogen: In a combustion apparatus, about 1-2 gram of coal sample 

is burnt in a current of oxygen to convert C and H into CO2 and H2O respectively. 

The gaseous products CO2 and H2O are absorbed in KOH and CaCl2 tubes of 

known weights, respectively. The increase in weights of these (KOH and CaCl2) 

are then determined. 

 

Calculation: 

 

C + O2 CO2 

12     32 44 

 

2KOH + CO2 K2CO3 + H2O 
 

H2 + 1/2O2 H2O 
2 16 18 

 

CaCl2 + 7H2O CaCl2.7H2O 

 

% of carbon = 
𝐈𝐧𝐜𝐫𝐞𝐚𝐬𝐞 𝐢𝐧 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐊𝐎𝐇 ×𝟏𝟐 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐚𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 𝐭𝐚𝐤𝐞𝐧 ×𝟒𝟒 

 

 
× 𝟏𝟎𝟎 

 

% of hydrogen = 
𝐈𝐧𝐜𝐫𝐞𝐚𝐬𝐞 𝐢𝐧 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐂𝐚𝐂𝐥𝟐 ×𝟐 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐚𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 𝐭𝐚𝐤𝐞𝐧 ×𝟏𝟖 
× 𝟏𝟎𝟎 

 

Nitrogen: In Kjeldahl’s flask add accurately weighed powdered coal and heated 

with concentrated H2SO4 and K2SO4 as a catalyst. The solution becomes clear 

when all the nitrogen is converted into ammonium sulphate then it is treated with 

excess of NaOH which convert ammonium sulphate into ammonia; the liberated 

ammonia is distilled over and absorbed in a known volume of standard (N/10) 

H2SO4 solution. From the volume of H2SO4 used by liberated ammonia, the 

percentage of Nitrogen in coal, calculated as follows: 

 

N2 + H2SO4 (NH4)2SO4 
NaOH 2Na2SO4 + 2NH3 + 2H2O 

2NH3 + H2SO4  (NH4)2SO4 

The volume of unused H2SO4 is then determined by titrating against standard 

NaOH solution (N/10) 



𝟒 

Calculation: 

 

The amount of H2SO4 required to neutralize ammonia evolve from coal is 

calculated as follows: 

 

Amount of acid = N/10 V1 – N/10 V2 

= 0.1 (V1 – V2) mili equivalents 

= 𝟎.𝟏 (𝐕𝟏 –𝐕𝟐) equivalents 
𝟏𝟎𝟎𝟎 

Thus, 

Weight of N = 𝟎.𝟏 (𝐕𝟏 –𝐕𝟐) × 𝟏𝟒 
𝟏𝟎𝟎𝟎 

 

V1 = Volume of standard H2SO4 (N/10) solution 

V2 = Volume of standard NaOH (N/10) solution 

Thus, 

% of nitrogen = 
𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐧𝐢𝐭𝐫𝐨𝐠𝐞𝐧 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐚𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 
× 𝟏𝟎𝟎 

 
(V1 –V2) 

0.1 
= 1000 

1 
× 14 × 100 

 

% of nitrogen = 0.1 (V1 – V2) × 𝟏. 𝟒 
 

Sulphur: A known amount of coal sample is burnt in bomb calorimeter in 

presence of oxygen. After that, sulphur present in coal is converted into SO2 and 

SO3. The ash obtained from the bomb calorimeter, is extracted with dil. HCl. The 

washings (acid extracts) are treated with Barium chloride solution and the 

sulphates are precipitate as Barium sulphate. This precipitate is filtered, washed, 

dried and heated to obtain constant weight. 

 

Calculation: 

 
S 𝐒𝐎𝟐− BaSO4 

32 233 

 
𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐬𝐮𝐥𝐩𝐡𝐮𝐫 

= 
𝐚𝐭𝐨𝐦𝐢𝐜 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐬𝐮𝐥𝐩𝐡𝐮𝐫 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐁𝐚𝐒𝐎𝟒 𝐦𝐨𝐥𝐞𝐜𝐮𝐥𝐚𝐫 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐁𝐚𝐒𝐎𝟒 
 

Weight of sulphur = 𝟑𝟐 
𝟐𝟑𝟑 

× weight of BaSO4 

Thus, 

 

% of sulphur = 
𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐁𝐚𝐒𝐎𝟒 𝐨𝐛𝐭𝐚𝐢𝐧𝐞𝐝 ×𝟑𝟐 

𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐚𝐥 𝐭𝐚𝐤𝐞𝐧 𝐢𝐧 𝐛𝐨𝐦𝐛 𝐜𝐚𝐥𝐨𝐫𝐢𝐦𝐞𝐭𝐞𝐫 ×𝟐𝟑𝟑 

 

 
× 𝟏𝟎𝟎 



Ash: Percentage of ash calculated by method given in proximate analysis. 

 

Oxygen: It is calculated by subtracting the sum of total % of carbon, hydrogen, 

nitrogen, sulphur and ash from 100. 

 

Calculation: 

% of oxygen = 100 – [% carbon + % hydrogen + % nitrogen + % sulphur + 

% ash] 

 

 
Biogas 

It is formed by the bacterial degradation of biomass under anaerobic condition 

(airtight digesters). Biogas mainly contains methane (50-70%), carbon dioxide and 

trace amount of water, sulfur and hydrogen sulphide. 

Biogas generation 

The biogas generated by anaerobic digestion of organic waste (animal waste, plant 

residue, crops) in biogas plant, mainly involve three steps: hydrolysis, acid 

formation and gas production. 

Hydrolysis: In this step, macromolecule like fats, proteins, carbohydrates are 

broken down through hydrolysis into fatty acids, amino acids and sugars 

respectively. 

Acid formation: in this step, fatty acids, amino acids and sugars are fermented by 

acid producing bacteria under anaerobic condition into acetic acid, carbon dioxide 

and hydrogen. 

Gas production: In this step, methanogenic bacteria produce methane either by 

fermenting acetic acid to form methane and carbon dioxide or by reduction of 

carbon dioxide into methane. 



 
 

Advantage of biogas 

i) Produce organic waste 

ii) Burn without smoke 

iii) Renewable 

iv) Help to reduce waste. 

Disadvantage of biogas 

i) Methane is health hazardous. 

ii) Not efficient like fossil fuel. 



Content 

 

1. Hardness of water 

2. Types of hardness 

a) Temporary hardness 

b) Permanent hardness 

3. Degree of hardness 

4. Boiler troubles 

a) Scale formation 

b) Sludge formation 

5. Boiler trouble removal by internal treatment 

(i) Calgon treatment 

(ii) Phosphate treatment 

6. Techniques for water softening (External treatment) 

a) Zeolite 

b) Ion exchange resin 

c) Lime-soda 

d) Reverse osmosis 

7. Phase rule 

8. Application of phase rule to water system (One component) 



1. Hardness of water 

Water which does not produce lather with soap is termed as hard water. The hardness is usually 

expressed in terms of Ca & Mg salts like bicarbonate, carbonate, sulphate, chloride etc. 

Formation of Hard water: 

Hard water is formed due to presence of minerals like Ca and Mg. they are not removed or 

separated by sedimentation or filtration. When hard water reacts with soap (sodium salt of 

stearic acid or pametic acid) gives curdy precipitate. 

2C17H35COONa + CaCl2 → Ca(C17H35COO)2↓ + NaCl 

2 C17H35COONa + MgSO4 → (C17H35COO)2Mg↓ + Na2SO4 

In above reaction hard water react with sodium salt of stearic acid to form calcium stearate or 

magnesium stearate which being insoluble and separate out without producing lather. 

2. Types of hardness 

 

 
a) Temporary hardness: 

Temporary hardness of water is caused by Ca and Mg bicarbonate. This can be removed 

by simply boiling of water. Due to boiling bicarbonate is converted into carbonate 

(insoluble precipitate) 

 
Ca(HCO3)2 →  CaCO3↓ + H2O + CO2↑ 

Mg(HCO3)2 → Mg(OH)2↓ + 2CO2↑ 

Temporary hardness can also be removed by adding hydrated lime to precipitate 

insoluble carbonate. 
 

Ca(HCO3)2 + Ca(OH)2  → 2CaCO3↓ + 2H2O 

Mg(HCO3)2 + Ca(OH)2 → Mg(OH)2↓ + 2CaCO3↓ + 2H2O 

 
b) Permanent hardness: 

Permanent hardness is caused by the presence of soluble salt of Ca and Mg other than 

bicarbonate such as chloride and sulphate. Permanent hardness cannot be removed by 

boiling of water or hydrated lime. It can be eliminate by water softening techniques like 

Lime-soda process, Zeolite, Ion-exchange resin, reverese osmosis etc. 



𝑙𝑖𝑡 
)]

 

3. Degree of hardness 

The unit in which hardness is usually expressed, known as degree of hardness. Degree of 

hardness is expressed in terms of calcium carbonate (CaCO3) equivalent because CaCO3 

have molecular weight 100 and it is easily precipitate. Degree of hardness may be 

expressed as follows- 

 

[𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 (
𝑚𝑔

)]×[ 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑒𝑞𝑢𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 CaCO3] ×2 
Equivalent of CaCO3 = 𝑙𝑖𝑡  

[ 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒] ×2 
 

OR 
 
 

 
Equivalent of CaCO = [𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 (

𝑚𝑔
 

 
×100 

3 
[ ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒] ×2 

 
 
 

Unit of hardness: 

i) Parts per million (ppm): it is the number of equivalent part CaCO3 present per 

million (106) part of water by weight. 

ii) Milligram per litre (mg/lit): it is the number of milligram of CaCO3 present in 

one litre of water. 

iii) Degree Clarke (oCl): it is the number of equivalent part of CaCO3 present per 

70,000 part of water. 

iv) Degree French (oFr): it is the number of equivalent part of CaCO3 present per 105 

part of water. 

Correlation between ppm, mg/lit, oCl and oFr: 

[1ppm= 1mg/lit=0.07 oCl= 0.1 oFr] 

 

 
4. Boiler Trouble 

Boilers are used in industries and power station to generate steam. During conversion of 

water into steam in boiler, the dissolve and suspended solids are not removed. All the 

impurities are deposited in form of scale and sludge within the boiler and causes boiler 

troubles. 



a) Scales formation: 

Scales are hard deposits, which stick on the inner wall of the boiler. These are formed 

by CaCO3, CaSO4, Ca(HCO3)2, Mg(OH)2 etc. in hot portion of boiler. 

 
b) Sludge formation: 

Sludge form loose, slimy and soft precipitate in the colder area of the boiler. The 

sludge formed by the CaCl2, MgCl2, MgCO3, MgSO4 etc. 

Problems caused in boilers: 

i) Scales and sludge is poor conductor of heat & therefore prevent effective transfer 

of heat to water. 

ii) In this condition excessive heat is required which increase fuel consumption. 

iii) Scale often crack due to their uneven expansion allowing the water to come 

immediately in contact with overheated metal. This suddenly result in the 

formation of large quantity of steam which in turn leads to excess pressure and 

then to explosion. 

 

5. Boiler trouble removal by internal treatment 

Internal treatment: 
 

i) Sludge formation can be removed by blow down operation. In this case impurities 

can be removed by an outlet present at the bottom of boiler. 

ii) Scale formation can be prevented by internal treatment that involve addition of 

chemical to the boiler water either to ppt the scale forming impurities in the form 

of sludge so that they can be removed by blow down method or to convert them 

into soluble compounds. 

a) Calgon treatment: 

Calgon is sodium meta hexa phoaphate, which can be used to covert CaSO4 into 

soluble complex. 

Na2[Na4(PO3)6] + 2CaSO4 Na2[Ca2(PO3)6] + 2Na2SO4 

Calgon soluble 

b) Phosphate treatment: 

Scale formation can be removed by adding sodium phosphate, which reacts with 

hardness of water and form soft sludge of Ca and Mg phosphates which can be 

removed by blow-down operation. 

 
3CaCl2 + 2Na3PO4 Ca3(PO4)2↓ + 6NaCl 

MgSO4 + 2Na3PO4 Mg3(PO4)2↓ + 3Na2SO4 



6. Techniques for water softening (External treatment) 

a) Zeolite process 

Zeolite is a three-dimensional silicate. The chemical formula of zeolite is hydrated 

sodium aluminum silicate represented as Na2OAl2O3.xSiO2.yH2O (x = 2-10 & y = 2- 

6). Zeolites are capable exchanging ions with sodium ions. So it is capable of 

exchanging hardness producing icons present in water. This process also called as 

permutit process. Zeolite can be written as Na2Ze The two Na+ icons is replaced by 

one Ca2+ or Mg2+ ions. 

Na2Ze + Ca2+ CaZe + 2Na+ 

Process:- 

The apparatus is made of cylindrical metallic vessel several beds are made inside it 

where zeolite salt is kept. Raw water is poured inside the apparatus through inlet that 

passes through beds and thus chemical ion exchange reactions are takes place. After 

the use of this process for a certain time, Zeolite is exhausted i.e all Na+ ions are 

replaced by Ca2+ or Mg2+ and therefore this will not be used for soften the water. 

 

Na2Ze + CaCl2/CaSO4/ Ca(HCO3)2 CaZe + 2NaCl/Na2SO4/2NaHCO3 

 

Regeneration: 

 

Exhausted zeolite can be regenerated by treating it with brine solution (10% NaCl 

solution) 

(Ca2+/Mg2+) Ze + NaCl Na2Ze + CaCl2 (or) MgCl2 

Exhausted Zeolite on washing with cold water, CaCl2 & MgCl2 can be removed and 

regenerated zeolite is this ready to be reused. 
 



3 

3 

4 

b) Ion-exchange resin: 

In this process cations and anions are completely removed by passing impure water 

into two different columns. First column contain sulphuric acid resin with acidic 

group –SO3H. This column is known as cation exchange resin because it exchange 

only cations like Ca2+, Mg2+, Na+ etc. 

Resin–SO3H + Na+ resin- 𝑆𝑂−Na+ + H+ 

2Resin–SO3H + Ca2+ (resin- 𝑆𝑂3 )2Ca + 2H+ 

2Resin–SO3H + Mg2+ (resin- 𝑆𝑂3 )2Mg + 2H+ 

Whereas, second column contain resin with basic group like –𝑁𝑅+ 𝑂𝐻−. It is known 

as anion exchange resin because it exchanges anions like 𝐶𝑙−, 𝑆𝑂2− etc. 

resin–𝑁𝑅+ 𝑂𝐻− + 𝐶𝑙− resin–𝑁𝑅+ 𝐶𝑙− + 𝑂𝐻− 
3 3 

 

The removal of H+ ions from the first column and 𝑂𝐻− ions from the second column 

react to form water. 

Regeneration: 

when both the column are exhausted, then first and second column are treated with 

dilute sulphuric acid or HCl (generate H+ ions) and aqueous NaOH (generate OH– 

ions) respectively. So, they have to be regenerated. 

(resin- 𝑆𝑂3 )2Ca + 2H+ 2Resin–SO3H + Ca2+ 

(resin- 𝑆𝑂3 )2Mg + 2H+  2Resin–SO3H + Mg2+ 

 



c) Lime-soda process: 

In this process, hydrated lime & sada ash use to remove hardness from water. 

i) Hydrated lime: 

Hydrated lime is used to remove temporary hardness of water. It react with Ca(HCO 3)2 & 

Mg(CO3)2 to form insoluble precipitate of calcium carbonate and magnesium hydroxide 

respectively. 

Ca(HCO3)2 + Ca(OH)2 2CaCO3↓ + 2H2O 

Mg(HCO3)2 + 2Ca(OH)2 Mg(OH)2↓ + 2CaCO3↓ + 2H2O 

Hydrated lime is also used to remove permanent hardness (magnesium salt impurities 

only) from water. It reacts with MgSO4 & MgCl2 to form insoluble precipitate of 

magnesium hydroxide. 

MgCl2 + Ca(OH)2 Mg(OH)2↓ + CaCl2 

MgSO4 + Ca(OH)2 Mg(OH)2↓ + CaSO4 

In above reaction calcium based impurities like CaCl2 & CaSO4 also form, which are 

soluble in water. Therefore calcium based impurities (CaCl2 & CaSO4) are not removed 

by lime treatment. 

ii) Soda ash: 

Sodium carbonate (Na2CO3) is used to remove permanent hardness of water which 

caused by MgSO4 & MgCl2 or CaCl2 & CaSO4. 

CaCl2 + Na2CO3 CaCO3↓ + 2NaCl 

CaSO4 + Na2CO3  CaCO3↓ + Na2SO4 

MgCl2 + Na2CO3  MgCO3↓ + 2NaCl 

MgSO4 + Na2CO3   MgCO3↓ + Na2SO4 

 
The amount of lime-sada required for the softening of hard water can be calculated 

by following formula- 
 
 

 

Lime requirement = 74 
100 

[temporary hardness of Ca + 2 × temporary hardness of 

 

Mg + permanent hardness of Mg in terms of CaCO3 equivalents] 



Soda requirement = 106 [permanent hardness of CaCl2 + CaSO4 + MgCl2 + MgSO4 
100 

 

in terms of CaCO3 equivalents] 

 

 
d) Reverse osmosis: 

The minimum excess pressure yhat has to be applied on the solution to prevent the 

entry of the solvent molecule (pure water) into solution through semi permeable 

membrane is known as osmotic pressure (lower concentration to higher 

concentration). 

 

 
If a pressure higher than the osmotic pressure is applied on the solution, the solvent 

(pure water) will flow reverse, higher concentration solution to low concentration 

solution, the process is known as reverse osmosis. 

 

Reverse osmosis process can also be used in purification of sea water, for this purpose 

sea water is delivered under pressure through the semi-permeable membrane where 

water permeate the minute pores of the membrane & is delivered as purified water. 
 
 



Advantages: 

1) Reverse osmosis system have low maintenance requirement. 

2) It removes colloidal silica, which is not removed by demineralization. 

3) RO system required less energy as compare to other technology. 

4) The reverse osmosis is gaining ground at present for converting sea water into 

drinking water and for obtaining water for very high pressure boilers. 

 

 
7. Phase rule 

 
Phase rule (Willard Gibbs in 1874), play an important role to know the behavior of 

heterogeneous system whereas as law of mass action is apply to know the behavior of 

homogenous system. If the equilibrium between any numbers of phases is not influenced 

by gravitational/electrical/magnetic forces but is influenced by pressure, temperature and 

concentration, then the number of degrees of freedom (F) is related to the number of 

components (C) and the number of phases (P) as: 

F = C − P + 2 

 

Explanation of terms used in phase rule: 

1) Phase (P): 

Phase is defined as “any homogeneous, physically distinct, mechanically separable 

portion of a system which is separated from other part of system by distinct interface”. 

a) Gaseous phase: 

All the gases are completely miscible and have no boundary between them. Hence 

all the gases constitute a single phase. For example O2, N2, H2, CO2 etc. form air, 

which constitute a single phase. 

b) Liquid phase: 

The number of liquid phase depends upon the number of liquid present and their 

miscibility. If two liquid are miscible then they form single phase eg. Alcohol in 

water. If two liquids are immiscible then they form two separate phase eg. Benzene 

in water, oil in water etc. 

c) Solid phase: 

All the solid phase constitutes the separate phase. 

 

CaCO3 (s) CaO (s) + CO2 (g) (C=3) 

 

2) Component (P): 

Component is defined as “number of independent variable like temperature, pressure 

and concentration by means of which composition of each phase can be expressed in 

terms of chemical equation”. 

 

Ice(s) Water(l) Vapour(g) (C= 1) 

H2O H2O H2O 



3) Degree of freedom (F): 

Degree of freedom is defined as “number of independent variable like temperature, 

pressure and concentration must be fixed to define the system completely”. 
 

F=C-P+2 

Where, 

F=0 (Invarient) 

F=1 (Univarient) 

F=2 (Bivarient)………& so on 
 

F 𝖺 𝐶 
 

F 𝖺 
1

 
𝑃 

 

 

8. Application of phase rule one component water system 
 

Water exists in 3 possible phases, namely solid ice, liquid water and water-vapour. 

Hence, there can be three forms of equilibria, each involving two phases such as. 

Solid Ice Liquid Water 

Liquid Water Water-vapour 

Solid Ice Water-vapour 

The phase diagram for the water system is as follows and it contains curves, areas, and 

triple point. 



Curve OA 

The curve OA is called vapourisation curve, it represents the equilibrium between 

water and vapour. At any point on the curve the following equilibrium will exist. 

 
Liquid Water Water- vapour 

This equilibrium (i.e. line OA) will extend upto the critical temperature (374°C). 

Beyond the critical temperature the equilibrium will disappear and only water vapour 

will exist 

 
Curve OB 

The curve OB is called sublimation curve of ice, it represents the equilibrium between 

solid ice and water-vapour. At any point on the curve the following equilibrium will 

exist. 

Solid Ice Water- vapour 

This equilibrium (i.e.line OB) will extend up to the absolute zero (− 273°C). 

Beyond absolute zero only solid ice will exist and no water-vapour. 

 
Curve OC 

The curve OC is called melting point curve of ice, it represents the equilibrium 

between ice and water. At any point on the curve the following equilibrium will 

exist. 

 
Solid Ice Liquid Water 

The curve OC is slightly inclined towards pressure axis. This shows that melting 

point of ice decreases with increase of pressure. 

 

Curve OB′(Metastable Equilibrium) 

The curve OB′ is called vapour pressure curve of the super-cooled water (or) 

metastable equilibrium where the following equilibrium will exist. 

Super- cooled water Water- vapour 

Sometimes water can be cooled below it‟s freezing point (0°C) without the 

formation of ice, this water is called super-cooled water. Super cooled water is 

unstable and it can be converted into solid ice by “seeding” (or) by slight 

disturbance. 

 
Along the curves OA,OB,OC and OB′ 

 

The no. of phases(P) is 2 ,component(C) is 1 and the degree of freedom of the 

system is one i.e., univariant. This is predicted by the phase rule: 

F = C − P + 2; F = 1 − 2 + 2; F = 1 

Therefore, either temperature (or) pressure must be fixed to define the system. 



Point ‘O’ (Triple point) 
 

The three curves OA, OB and OC meet at a point „O‟, where three phases namely 

solid ice, liquid water and water-vapour are simultaneously at equilibrium. This 

point is called triple point, at this point the following equilibrium will exist 

 
Ice(s) Water(l) Vapour(g) 

 

At this point the no. of phases (P) is 3, component(C) is 1 and the degree of 

freedom of the system is zero i.e., nonvariant. This is predicted by the phase rule: 

F = C − P + 2; F = 1 − 3 + 2; F = 0 

This takes place only at a constant temperature (0.0075°C) and pressure (4.58 mm 

of Hg). 

 

Areas 
 

Areas AOC, BOC, AOB represent liquid water, solid ice and water-vapour 

respectively where the no. of phases (P) and component(C) are one. Hence the 

degree of freedom of the system is two i.e., bivariant. This is predicted by the 

phase rule: 

F = C − P + 2; F = 1 − 1 + 2; F = 2 

Therefore, both temperature and pressure must be fixed to define the system at any 

point in the areas. 
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