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PREFACE

We are happy to present this book for which the sincere efforts are
taken to compile all important aspects of the newly revised syllabus of
the esteemed University of Mumbai for First Year Engineering (F.E.),
Revised Course (2016-2017), Semester-1, Subject: Applied Chemistry-I.
Efforts are made here to collect and arrange important points of all the
topics stated in each Module therein the subject as well as their sub-
topics to satisfy and justify aim of the subject: Applied Chemistry. The
care has been taken by giving emphasis on scientifically based
knowledge, information and tried to the level best to present it in a much
simplified manners so that students can use this handbook as their quick
memorizer and ready reckoner.

The experiments as stated in the curriculum are also discussed in
this text book with all important aspects of the same, so that the students
can get most reliable procedures of experiments to perform practical.

Thus, this text book would prove itself to be most helpful and be
most easier for students to do their preparation of the subject: Applied
Chemistry – I without much difficulty.

We express our sincere thanks to and sense of gratitude towards all
the government and non-government organizations, institutes, authors,
Google book network, each and every one whose dedication, research,
notes, etc. directly and indirectly proved to be most useful to us in this
endeavor.

Even, the Seed Questions are also given at the concluding section
which may find to be helpful to the students to judge their knowledge of
the subject as well as their preparation from the examination point of
view. I hope, it may found to be useful and user’s friendly to the student
community.

The efforts of preparation of this handbook are made exclusively
and only to help student community. Thus, we hope students will
certainly take full benefit of the same to achieve a grand scholarly
success.

Authors



SYLLABUS
Curriculum (Syllabus), University of Mumbai, First Year Engineering (FE),
Revised Course, (2016-2017) Semester: 1,
Subject: Applied Chemistry-I, Subject Code: FEC103.

Module
Sr. No.

Details Total No.
of Hours

to Module
M-1 Water:

Impurities in water, Hardness of water, Determination of
Hardness of water by EDTA method and problems.
Softening of water by hot and cold lime soda method and
problems. Zeolite process and numerical problems. Ion-
exchange process and numerical problems.
Drinking water or Municipal water, Treatments removal of
microorganisms, by adding Bleaching powder,
Chlorination (no breakpoint chlorination), Disinfection by
Ozone, Electrodialysis and Reverse osmosis, ultra
filtration.
BOD, COD (definition and significance), sewage
treatments (only activated sludge process), numerical
problems related to COD.

12

M-2 Polymers:
Introduction to polymers, Classification, Types of
Polymerization, Thermoplastic and Thermosetting plastic.
Compounding of plastic. Fabrication of plastic by
Compression, Injection, Transfer, Extrusion molding.
Preparation, properties and uses of Phenolformaldehyde,
PMMA, Kevlar. Effect of heat on the polymers (Glass
transition temperatures), Viscoelasticity, Conducting
polymers, Engineering Plastics, Industrial polymers
Polymers in medicine and surgery.
Rubbers:
Natural rubber (latex), Drawbacks of natural rubber,
Vulcanization of rubber, Preparation, properties and uses
of Buna-S, Silicone and polyurethane rubber.

12

M-3 Lubricants:
Introduction, Definition, Mechanism of Lubrication,
Classification of lubricants, Solid lubricants (graphite and
Molybdenum disulphide), Semisolid lubricants, Liquid
lubricants, Additives in blended oils. Important properties
of lubricants, Definition and significance of Viscosity,
Viscosity index, Flash and Fire points, Cloud and Pour
points, Oiliness, Emulsification, Acid value and numerical
problems, Saponification value and numerical problems.

07



M-4 Phase Rule:
Gibb’s Phase Rule, Terms involved with examples, One
Component System (Water), Reduced Phase Rule, Two
Component System (Pb-Ag), Limitations of Phase Rule.

04

M-5 Important Engineering Materials:
Cement – Manufacture of Portland Cement, Chemical
Composition and Constitution of Portland Cement, Setting
and Hardening of Portland Cement, Concrete, RCC and
Decay. Nanomaterials – Preparation (Laser and CVD)
method, properties and uses of CNTS. Fullerene –
properties and uses.

05

TOTAL 40 Hours
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1 WATER

Water is very much important to life. It is most essential
commodity as no one survives without it and it has no substitute. Uses of
agriculture, industrial, household, recreational, environmental activities
and virtually all of these human activities require fresh water. About
97 % of the water on the Earth is salt water. However, only 3% is fresh
water; slightly over two-thirds of this is frozen in glaciers and polar ice
caps. The remaining unfrozen fresh water is found mainly as
groundwater, with only a small fraction present above ground or in the
air. But, these water sources also get contaminated by anthropogenic
(manmade) pollution.

IMPURITIES IN WATER
There are various types of impurities present in water and the type

of impurity is dependent on the source of contamination.

(a) Suspended Particles: Sand, silt, clay and other suspended
particles cause water to be turbid. They are measured with a
turbidity meter and are removed by filters with pore sizes of
1 to 20 microns.

(b) Colloids: Colloidal particles range in size from 0.01-1.0 micron
and can be either organic or inorganic. They are quantified by
measuring the rate that water blocks a sub-micron filter. They
are removed or reduced by macro-reticular anion exchange
resin, ultra filtration, reverse osmosis, and distillation.

(c) Dissolved Inorganic Solids: Silicates, chlorides, fluorides,
bicarbonates, sulfates, phosphates, nitrates of calcium,
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magnesium, iron, manganese, lead, etc. Compounds are present
as well as they are present as cations (positively charge ions)
and anions (negatively charged ions). They are measured with a
conductivity/resistivity meter. Water with higher concentrations
of ions conducts electricity more easily than water with lower
concentrations of ions.

(d) Dissolved Organics: Various organic solids are present which
are obtained from plant and animal decay and from human
activity such as proteins, alcohols, chloramines, and residues of
pesticides, herbicides and detergents. Their presence is
indicated by the potassium permanganate colour retention test
and measured by a Total Organic Carbon Analyzer. Dissolved
organics may be removed by activated carbon, macro-reticular
resin, reverse osmosis and ultra filtration, and oxidized by
ultraviolet light.

(e) Dissolved Gases: There are certain gases like CO2, O2, H2S, etc.
Which get dissolved into water. Dissolved CO2 forms weakly
acidic carbonic acid (H2CO3). This gas can be measured with a
conductivity/resistivity meter. CO2 is only removed by strong
base anion exchange resins. O2 is the most common non-ionized
gas and is monitored with oxygen sensing electrodes. Oxygen
may cause corrosion of metal surfaces and is removed by anion
exchange resins. The H2S imparts rotten eggs’ odour to water.

(f) Microorganisms: Bacteria, pyrogens, viruses, fungi and algae
are found in most surface waters. They are measured by
culturing a sample and counting the Colony Forming Units per
milliliter (CFU/ml). Generally, for city water supply, the water
is chlorinated to kill microorganisms.

HARDNESS OF WATER
The hardness of water is mainly due to the salts of Ca and Mg as

carbonates and bicarbonates. Hard water cannot be used by industries as
it causes corrosion and scaling of boilers and tanks. It is also not safe for
regular consumption as drinking water and/or cooking, It also causes
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health hazards if not treated before consumption. Hard water can be
softened by simple boiling, putting ferric alum or aluminium sulphate.

Determination of Hardness of Water by EDTA Method
Aim: To determine the hardness (Ca and Mg) content of the water

sample by EDTA titration.

Principle: The hardness of water is mainly due to the salts of Ca
and Mg as carbonates and bicarbonates. The determination of hardness
is, thus, the determination of the concentration of Ca and Mg ions. This
is done by EDTA titration. P & R indicator permits the determination Ca
in the presence of Mg. Titration using EBT indicator gives Ca and Mg
contents together. The difference between the two titration readings
gives the Mg content of the water sample.

Reagents: (1) Patton and Reader’s (P & R) indicator,
(2) Eriochrome Black T (EBT) indicator, (3) Standardized 0.01 M
EDTA solution, (4) 8 M KOH solution, (5) 5% hydroxyl amine
hydrochloride solution.

Procedure
A. Determination of Ca in the sample: Pipette out 50 cm3 aliquot

of the given water sample into a 250 cm3 conical flask. To it, add 4 cm3

of 8 M KOH solution and allow it to stand for 5 minutes. Add 1 cm3 of
4.5% hydroxylamine hydrochloride solution and 50 mg of P & R
indicator and titrate against 0.01 M EDTA solution. till the colour
changes from red to blue. Note down the reading as ‘X’ cm3.

B. Determination of total Ca and Mg: To 50 cm3 of the given
water sample, add 5 cm3 of monoethanolamine buffer followed by 1 cm3

of 4.5% of hydroxyl amine hydrochloride solution. Add 50 mg of EBT
indicator and titrate with standard 0.01 M EDTA till colour changes
from wine red to blue. Let this be ‘Y’ cm3.

Calculations
1000 cm3 of 1 M EDTA = 100.08 gm of CaCO3 ... (1)

1000 cm3 of 1 M EDTA = 84.32 gm of MgCO3 ... (2)
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(i) Calculate the amount of Calcium in terms of CaCO3 by using
equation (1) by substituting the Titration Reading ‘X’ cm3 in to
it.

(ii) Calculate the amount of Magnesium in terms of MgCO3 by
using equation (2) by substituting the factor obtained by
subtracting Titration Reading ‘Y’ cm3 from Titration Reading
‘X’ cm3 that is (X – Y) cm3 in to it.
Report the results as: (a) Hardness of water sample in terms of
CaCO3 = ‘A’ ppm, (b) Hardness of water sample in terms of
MgCO3 = ‘B’ ppm,
Total Hardness of the given water sample = [A + B] ppm
{ppm = mg per litre OR ppm = μg per cm3}

Important Notes
1. When the EBT indicator is used for titration from the Burette

reading, one can directly calculate the “Total hardness” of the
given water sample because EBT indicator gives combined
reading for calcium (Ca), magnesium (Mg) and zinc (Zn)
contents.

2. In case of P & R indicator which is being selective indicator,
when it is used, then the Burette reading so obtained gives only
calcium (Ca) contents in the water sample.

3. If the hardness of the water sample is caused by its zinc (Zn)
contents, then the titration is to be carried out with EDTA by
using EBT indicator. But it is necessary to add KCN as the
masking agent to mask zinc (Zn) into the titre (aliquot of water
sample taken for titration) taken for titration, so that the burette
reading so obtained corresponds to calcium (Ca) and
magnesium (Mg) that is Ca + Mg. And then the second titration
with another aliquot of water sample is to be carried out using
EBT indicator. But without addition of KCN as masking agent,
the burette reading so obtained corresponds to Ca + Mg + Zn.
By subtracting initial burette reading from the latter one, the
zinc (Zn) contents in the water sample can be calculated.
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PROBLEMS
Problem 1: When 25 cm3 of well water sample titrated against

0.01 M EDTA solution using EBT indicator; the burette reading so
obtained was 8.5 cm3. Calculate the Total hardness of the given water
sample.

Solution:
1000 cm3 of 1 M EDTA = 100.08 gm of CaCO3

Therefore, 8.5 cm3 of 0.01 M EDTA = [100.08 × 8.5 × 0.01]/[ 1000 × 1]
= 0.0085 gm of CaCO3

= 8.50 mg of CaCO3

The volume of well water sample taken for titration = 25 cm3

Thus, 25 cm3 of well water sample contains = 8.50 mg of CaCO3

Hence, 1000 cm3 of well water sample contains = [8.50 × 1000]/[25]
= 340 mg of CaCO3

Result: Total hardness of the given water sample is 340 ppm.
Problem 2: When 100 cm3 aliquots of lake water sample titrated

against 0.01 M EDTA solution, the following observations were
obtained:

1. By using P & R indicator; the burette reading so obtained was
7.5 cm3.

2. By using EBT indicator; the burette reading so obtained was
12.8 cm3.

Calculate the hardness of the given lake water sample caused by
magnesium (Mg) ions contents in terms of MgCO3.

Solution:
1000 cm3 of 1 M EDTA = 84.32 gm of MgCO3

Therefore, (12.8 – 7.5) cm3 of 0.01 M EDTA = [84.32 × (12.8 – 7.5) ×
0.01]/[ 1000 × 1]

= 0.00447 gm of MgCO3

= 4.47 mg of MgCO3

The volume of lake water sample taken for titration = 100 cm3
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Thus, 100 cm3 of lake water sample contains = 4.47 mg of MgCO3

Hence, 1000 cm3 of lake water sample contains = [4.47 × 1000]/[100]
= 44.7 mg of MgCO3

Result: Hardness of the given lake water sample is 44.7 ppm caused by
Mg ions contents in terms of MgCO3.

Problem 3: When 100 cm3 aliquots of borewell water sample
titrated against 0.01 M EDTA solution, the following observations were
obtained:

1. By using P & R indicator, the burette reading so obtained was
9.6 cm3.

2. By using EBT indicator, the burette reading so obtained was
14.9 cm3.

Then, calculate:

(a) the hardness of the given borewell water sample caused by
calcium (Ca) ions contents in terms of CaCO3.

(b) the hardness of the given borewell water sample caused by
magnesium (Mg) ions contents in terms of MgCO3.

(c) the total hardness of the given borewell water sample.

Solution (a):
1000 cm3 of 1 M EDTA = 100.08 gm of CaCO3

Therefore, 9.6 cm3 of 0.01 M EDTA = [100.08 × 9.6 × 0.01]/[1000 × 1]
= 0.00961 gm of CaCO3

= 9.61 mg of CaCO3

The volume of borewell water sample taken for titration = 100 cm3

Thus, 100 cm3 of borewell water sample contains = 9.61 mg of CaCO3

Hence, 1000 cm3 of borewell water sample contains = [9.61× 1000]/[100]
= 96.1 mg of CaCO3

Result: Hardness of the given borewell water sample is 96.1 ppm
caused by calcium (Ca) ions contents in terms of CaCO3 .

Solution (b):
1000 cm3 of 1 M EDTA = 84.32 gm of MgCO3
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Therefore, (14.9 – 9.6) cm3 of 0.01 M EDTA = [84.32 × (14.9 – 9.6) ×
0.01]/[1000 × 1]

= 0.00 gm of MgCO3

= 4.47 mg of MgCO3

The volume of well water sample taken for titration = 100 cm3

Thus, 100 cm3 of borewell water sample contains = 4.47 mg of MgCO3

Hence, 1000 cm3 of borewell water sample contains = [4.47 × 1000]/[100]
= 44.7 mg of MgCO3

Results: Hardness of the given borewell water sample is 44.7 ppm
caused by magnesium (Mg) ions contents in terms of MgCO3.

Solution (c):
Total hardness of the given bore-well water sample = 96.1 + 44.7

= 140.8
Result: Total hardness of the given borewell water sample is

140.8 ppm.

Softening of Water by Hot and Cold Lime Soda Method
(a) Hot Lime Soda Process

This process involves the softening of water by using mixture of
lime and soda at high temperature. The assembly unit consists of two
chambers. The upper one is provided with 3-inlets for: (a) raw water,
(b) mixture of lime + soda ash, and (3) superheated steam respectively
and the reaction vessel. The lower chamber is for collection of softened
water and sludge. Sludge gets settled down and can be withdrawn from
the outlet valve fixed at the bottom; whereas the softened water is further
allowed to pass through the sand filter to remove the particles of
carbonates of various elements. Thus, the soft water is obtained by using
‘hot lime soda process, given in Fig. 1.1.
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Raw Water inlet

Lime + Soda Mixture
inlet [Ca(OH)2 + Na2CO3]

Mechanical Stirrer
Inlet for

Superheated
Steam

Reaction
Conical Vessel

Sand Filter

Outlet for
Softened

Water

Sedimentation Tank
Outlet for SludgePrecipitated Sludge

[CaCO3. Mg(OH)2]

Fig. 1.1

Functions of lime
1. To neutralize the free acid present in water.
2. To precipitate salts of iron (Fe) and aluminium (Al).
3. To precipitate dissolved CO2 as carbonates.
4. To precipitate bicarbonates of calcium (Ca) and magnesium

(Mg) in to carbonates.
Functions of soda ash

1. It removes permanent hardness causing sulphates of calcium
(Ca), magnesium (Mg) and aluminium (Al).

2. Soda ash (Na2CO3) reacts with these sulphates and converts
them into carbonates.

Advantages
1. This process involves the combination of both coagulation and

sedimentation and thus it does not require coagulant.
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2. The soft water obtained by this process has high pH value,
hence the corrosion is reduced.

3. This process also removes iron (Fe) and manganese (Mn) to
certain extent.

4. Process removes dissolved gases.
5. Due to high alkalinity, the development of pathogenic bacteria

is minimized.
Disadvantages

1. The operation of this plant requires a skilled person.
2. Disposal of sludge poses problems.
3. Running cost is comparatively higher than other cold lime soda

process.
(b) Cold Lime Soda Process

This process involves the softening of water by using mixture of
lime, soda ash and coagulant at room temperature. The assembly unit
consists of long elongated reaction chamber fixed at the middle in which
the stirrer is fixed as well as it is provided with the inlets for raw water
and for chemical mixture (Lime + Soda + Coagulants). There is a
provision of sludge outlet valve at its bottom to remove sludge. A
wooden fibre filter is also fixed inside so that softened water will be
filtered while rising upward in the unit chamber. Thus, the soft water is
obtained by using ‘cold lime soda process’ given in Fig. 1.2.
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Sludge Removal
Valve

Stirrer Motor
Raw Water

Feed

Filtered
Softened Water

Lime + Soda
+ Coagulant

Wood Fibre
Filter

Stirrer

Sludge

Fig. 1.2
Advantages

1. This process involves the addition of coagulant along with lime
and soda; as well as the reaction is carried out at normal room
temperature and thus it requires higher quantity of coagulant.

2. Cost of process is low.
3. The soft water obtained by this process has high pH value,

hence the corrosion is reduced.
4. This process removes iron (Fe) and manganese (Mn) to little

extent.
5. Due to high alkalinity, the development of pathogenic bacteria

is minimized.
Disadvantages

1. The operation of this plant requires a skilled person.
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2. The process do not remove the dissolved gases.
3. Filtration is difficult.
4. The capacity of process for softening is low.
5. The hardness of resultant softened water is comparatively high

that is 60 ppm.
6. Disposal of sludge poses problems.

Comparison of both i.e., Hot and Cold Lime Soda Processes:
Sr.
No.

Hot Lime Soda Process Cold Lime Soda Process

1 It is a rapid process It is a slow process

2 It is carried out at high temperature
(95-100°C)

It is carried out at room temperature
(25-30°C).

3 No coagulant required Use of coagulant is a necessary

4 Filtration is easy as viscosity of
water is low

Filtration is not easy

5 Residual hardness is 15-30 ppm Residual hardness is 60 ppm

6 Dissolved gases are removed Dissolved gases are not removed

7 It has high softening capacity It has low softening capacity

Zeolite Process
The working principle of this process is based on ion-exchange

phenomenon. In this process, the Zeolites namely Natrolite and
Anatolite are used for removal of hardness causing elements by
adsorption.

Zeolites:

Na2O.Al2O3.H2O (Natrolite)

Na2O.Al2O3.4SiO2.3H2O (Anatolite)

The unit consists of a reaction vessel in which the thick porous bed
is fixed at the middle on which the zeolite is placed. The reaction vessel
is provided with one inlet at the side for raw water to enter whereas the
other inlet is at the top through which the 10% brine (NaCl) solution can
enter at the time of regeneration of zeolite. There is an outlet at the
bottom of the reaction vessel to withdraw the softened water; even the
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same can be used during regeneration of the zeolite to decant off the
wash liquid. (See Fig. 1.3).

10% Brine for
Regeneration

Valve

Zeolite Bed

Softened Water

Outlet for
Softened Water

Outlet used
during

Regeneration

Raw
Water

Fig. 1.3

The raw water is allowed to enter into the reaction chamber, which
gets percolated through the Zeolite bed layers where the hardness
causing elements are adsorbed by the Zeolite and water free from such
elements get collected at the bottom.

Zeolite has its own capacity for adsorption of elements. When its
capacity gets exhausted, then the process of softening is stopped and the
regeneration process of Zeolite is started. Regeneration of Zeolite is
carried out by percolating the 10% brine (NaCl) solution through the
zeolite bed and the wash liquid is decanted off through the bottom outlet
by opening the valve specially provided for it. During the process of
regeneration, the ions from raw water adsorbed by the zeolite molecules
are detached and replaced by the Na+ and Cl– ions of the brine (NaCl)
solution and thus the regeneration of the zeolite is done and the same
Zeolite can be used to continue the process of softening of raw water.
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Advantages
1. It removes hardness almost completely upto 10 ppm.
2. Equipment is compact and space saving.
3. There is no formation of sludge.
4. Softening of raw water requires less time than other processes.
5. It removes iron (Fe) and manganese (Mn) from the raw water.
6. This plant operation is quite simple and does not require skilled

person for operation.
Disadvantages

1. By this process, high turbid raw water cannot be used for
softening.

2. This process removes most of the cations from the raw water,
but not the anions.

ION-EXCHANGE PROCESS
This ion-exchange process for softening of the water is based on

ion-exchange phenomenon to have effective removal of most of the
cations and anions by using two separate exchange resins namely
‘Cation Exchange Resin’ and ‘Anion Exchange Resin’ in tandom
position; that is one after the other which means the raw water is first
allowed to pass through the ‘Cation Exchange Resin’ and thereafter
through the ‘Anion Exchange Resin’; so that cations and anions both are
removed from the raw water.
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0.1 N Acid Solution 0.1 N Alkali Solution

Anion
Exchanger

Cation
Exchanger

Raw
Water
Feed

Degasifier

Deionized Water
Outlet

Fig. 1.4

Initially, raw water is allowed to percolate through Cation
Exchanger bed where most of the cations are removed. Thereafter this
water free from cations is allowed to percolate through the Anion
Exchanger bed to remove most of the anions; thus water absolutely free
from ions (that is cations and anions) is obtained by this ion-exchange
process. To remove the dissolved gasses from the deionized water, it is
necessary to pass it through the ‘Degasifier’. Degasifier consists of
heater and stirrer so that the dissolved gasses can be easily removed.

In this process too, the capacity of cation and anion exchangers get
exhausted after the deionization of raw water; then both these ion-
exchangers are to be regenerated. The cation exchanger is regenerated
by using 0.1 N acid (HCl) solution where the adsorbed cations are
replaced by H+ ions from acid HCl; whereas in anion exchanger, the
adsorbed anions are replaced by OH– ions from alkali NaOH. Thus,
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regenerated exchangers are used again for the deionization process for
raw water.
Advantages

1. Deionized water so obtained from this ion-exchange is free from
all the ions and hence can be used for various purposes.

2. The process is faster and time saving.
3. The water obtained by this process does not cause any corrosion.
4. In this deionized water, the development of microorganisms is

reduced.

DRINKING WATER OR MUNICIPAL WATER
Safe Drinking Water Standards as laid down by the Government of

India are as given below:

Indian Standard Specifications for Drinking Water: IS: 10500
Sr.
No.

Parameter Requirement
Desirable Limit

1 Colour 5

2 Turbidity 10

3 pH 6.5 to 8.5

4 Total Hardness 300

5 Calcium as Ca 75

6 Magnesium as Mg 30

7 Copper as Cu 0.05

8 Iron 0.3

9 Manganese 0.1

10 Chlorides 250

11 Sulphates 150

12 Nitrates 45

13 Fluoride 0.6

14 Phenols 0.001

15 Mercury 0.001

16 Cadmium 0.01

17 Selenium 0.01
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18 Arsenic 0.05

19 Cyanide 0.05

20 Lead 0.1

21 Zinc 5.0

22 Anionic detergents (MBAS) 0.2

23 Chromium as Cr+6 0.05

24 Polynuclear aromatic hydrocarbons —

25 Mineral Oil 0.01

26 Residual Free Chlorine 0.2

27 Pesticides Absent

28 Radioactive —

Treatments for Removal of Microorganisms
Removal of microorganisms from water is the process of

disinfection of water to make it safe for drinking purposes. It is the
process of destroying or killing of disease producing bacteria,
microorganisms from water and making it safe for consumption. Some
of these disinfectant processes are discussed below:

(i) By Adding Bleaching Powder
Bleaching powder is calcium hypochlorite having chemical formula

CaOCl2 or Ca(OCl)2.

It is to be noted here that, with regards to the chemical formula of
bleaching powder, there is a little debate if it is considered as the mix
salt of HCl and HOCl, then Cl-Ca-OCl that is CaOCl2 formula is right
and if it is only the salt of HOCl, then Ca(OCl)2 is correct.

Bleaching powder on dissolution in water reacts with water
forming Calcium hydroxide Ca(OH)2 and Chlorine Cl2. This Cl2 further
reacts with water giving rise to HOCl (Hypochlorite).

CaOCl2 + H2O  Ca(OH)2 + Cl2

Cl2 + H2O  HCl + HOCl

Hypochlorite (HOCl or HClO) is formed when chlorine dissolves
in water, and it is HOCl that actually does the disinfection when chlorine
is used to disinfect water for human consumption. HOCl is an oxidizer
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and it is considered as an active ingredient of bleaching powder and it
acts as bleach, deodorant, and disinfectant. HOCl destroys the
microorganisms as it reacts with enzymes of the cells in the organisms
and arrests the metabolic reaction.

Dose of bleaching powder is 1 kg per 10,000 litres of water.

(ii) Disinfection by Ozone
Ozone (O3) is an excellent disinfectant and can be used in gaseous

form for Ozonization process.

Ozone is produced by passing silent electric discharge through cold
and dry purified air or rarely in oxygen (O2).

3O2  2O3

Ozone is highly unstable and breaks down immediately by
liberating nascent oxygen (O). This nascent oxygen (O) is the real active
element responsible for disinfection of water. This nascent oxygen (O)
destroys the microorganisms as it reacts with enzymes of the cells in the
organisms and arrests the metabolic reaction.

The dose is 2 to 3 ppm and time required for disinfection is 10 to
15 mins. This process is costly as compared to chlorination.

(iii) Chlorination (No Breakpoint Chlorination)
Chlorination is carried out for Municipal water supply to make it

safe for human consumption. The chlorination process is carried out
with the help of chlorine gas (Cl2) which is allowed to react with water
in specially designed ‘Chlorinator’ as shown in Fig. 1.5.
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Chlorine gasRaw water

Outlet for
Chlorinated water

Fig. 1.5

Cl2 + H2O  HCl + HOCl

Chlorine (Cl2) reacts with water forming hypochlorite (HOCl)
which acts as bleach, deodorant, and disinfectant and destroys the
microorganisms as it reacts with enzymes of the cells in the organisms
and arrests the metabolic reaction.

It is to be noted that the concentration of free chlorine in
chlorinated water should not exceed 0.1 to 0.2 ppm. If the threshold
value is exceeded, then it will develop unpleasant taste and odour as well
as it will cause irritation of mucous membrane and throat.
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(iv) Electrodialysis and Reverse Osmosis
(a) Electrodialysis (ED)

Electrodialysis is based on the principle of transportation of ions
from one solution through ion-exchange membranes to another solution
under the influence of externally applied electric potential difference.
This process of separation of ions under the applied electric field is
called as electrodialysis and the apparatus used is referred to as cell.
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– +

– – +
+

–
–

+
+

++

–– +

Treated Water Outlet

Cation-exchange Membrane (C)
Anion-exchange Membrane (A)

(C) (A) (C) (A)

Cathode –Anode +

Concentrate

Waste Water Feed

Concentrate

Fig. 1.6

The electrodialysis cell consists of a feed compartment at the mid-
center and a concentrate (brine) compartment formed by an anion
exchange membrane and a cation exchange membrane placed between
two electrodes. The alternating anion and cation exchange membranes
form the multiple electrodialysis cells. Electrodialysis process is
different to the membrane based process such as reverse osmosis. In this
technique of ED, the dissolved species are moved away from the feed
stream under the influence of electric +ve and –ve charged electrodes
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Anode and Cathode respectively. ED offers the practical advantage of
much higher feed recovery in many applications.

Anode and Cathode Reactions
At the cathode:

2e– + 2H2O → H2(g) + 2OH–

At the anode:
H2O → 2H+ + ½ O2(g) + 2e– or 2Cl– → Cl2(g) + 2e–

Small amounts of hydrogen gas are generated at the cathode and
small amounts of either oxygen or chlorine gas (depending on
composition of the E stream and end ion-exchange membrane
arrangement) at the anode.
(b) Reverse Osmosis

Reverse Osmosis, where water impurities are larger than water
molecules, the process applies pressure on the water through a
membrane and only the smaller water molecules are allowed to pass
through it, for treatment purposes.
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to Drain
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Dissolved inorganic
Solids, Salts of
Calcium, Magnesium,
Sulphates, Cadmium,
Dissolved Organic
Solids, Pesticides,
Odour and Colour
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matters, Asbestos, etc.
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Fig. 1.7
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Reverse Osmosis is a process in which dissolved inorganic solids
(such as salts) are removed from a solution (such as water). This is
accomplished by household water pressure pushing the tap water
through a semi-permeable membrane. The membrane which is about as
thick as cellophane allows only the water to pass through, not the
impurities or contaminates. These impurities and contaminates are
flushed down the drain. A reverse osmosis membrane will remove
impurities and particles larger than 0.001 microns.

(v) Ultra Filtration (UF)
It is a type of membrane filtration in which pressure or

concentration gradients forces lead to a separation through a semi-
permeable membrane. Suspended solids and solutes of high molecular
weight are retained in the so-called retentate, while water and low
molecular weight solutes pass through the membrane in the permeate.

This separation process is used in industry and research laboratories
for purifying and concentrating macromolecular (103 – 106 Da, Atomic
mass unit) solutions. Ultra filtration is not fundamentally different from
microfiltration. Both of these separations are based on size exclusion or
particle capture. Ultra filtration membranes are defined by the Molecular
Weight Cut-off (MWCO) of the membrane used. Ultra filtration is
applied in cross-flow or dead-end mode.

Ultra Filtration can be used for the removal of particulates and
macromolecules from raw water to produce potable water.

It has been used to either replace existing secondary (coagulation,
flocculation and sedimentation) and tertiary filtration (sand filtration and
chlorination) systems employed in water treatment plants. When treating
water with high suspended solids, UF is often integrated into the process,
utilizing primary treatments like screening, flotation, filtration and some
secondary treatments as pre-treatment stages.
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Permeate = Filtered water +
Low-molecular
weight solutes

Clean Water

UF – Membrane

Retentate

Retentate =
Suspended solids +
High-molecular
weight solutes

Raw Water
Feed

Fig. 1.8

UF processes are currently preferred over traditional treatment
methods for the following reasons:

1. No chemicals are required for treatment.
2. Only cleaning is required.
3. It gives constant product quality regardless of feed quality of

water.
4. It has compact plant size.
5. It is capable of exceeding regulatory standards of water quality,

achieving 90-100% pathogen removal.
[Note: UF is fundamentally different from membrane gas

separation in which separation is based on different amounts of
absorption and different rates of diffusion.]
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BIOLOGICAL OXYGEN DEMAND (BOD)
Definition

BOD is usually defined as the amount of oxygen required by
bacteria while stabilizing decomposable organic matter under aerobic
conditions. The term decomposable matter may be interpreted as the
organic matter which can serve as food for the bacteria and the energy is
derived from its oxidation.

Significance
Theoretically, an infinite time is required for complete BOD

reaction to occur. The time required for completion of reaction is
20 days; which is too long period to wait. Therefore, practically 5 days
incubation period is suitably selected which gives about 70% to 80% of
the total BOD.

For measurement of BOD, sometimes a suitable aliquot of the
samples are diluted to a known volume and then it is taken for BOD
determination (this is in the cases, where DO level has reached
saturation value) or otherwise in cases of low BOD, the sample is taken
directly without dilution.

This is determined by measuring the loss in dissolved oxygen (DO)
of the sample after incubating it for 5 days at 20°C.

Determination of BOD by Iodometry Method
Aim of Experiment: To determine biological oxygen demand of

the given water sample.

Principle: The DO in natural water is determined by Winkler
method (by iodometry). In this procedure, the sample is first treated with
an excess of Mn(+2), KI and NaOH. The White Mn(+2) hydroxide that
forms, reacts rapidly with oxygen to form brown Mn(+3) hydroxide.
That is

4 Mn(OH)2 + O2 + 2H2O + 2H2O  4 Mn (OH)3

When acidified, the Mn(+3) oxidizes iodide to iodine. Thus,
2Mn+3 (OH)3 + 2I– + 6H+  I2 + 3H2O + 2Mn2+
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The liberated iodine is titrated in the usual way.
2Na2S2O3 + I2  2NaI + Na2S4O6

Success of method is critically dependent upon the manner in
which the sample is manipulated; at all stages; every effect must be
made to assure that oxygen is neither introduced to nor from the sample.

Biological oxygen demand (BOD) bottles are designed to minimize
the entrapment of air. Ordinary 250 cm3 glass stopper bottle can be used.
The sample should be free of any solutes that will oxidize iodide or
reduce iodine.

Procedure: Transfer the water sample to BOD bottle or glass
stopper reagent bottle, with care being taken to minimize exposure to air.
Use a tube to introduce water to the bottom of the bottle; remove the
tube slowly while the bottle is overflowing.

Add 1 cm3 of MnSO4 reagent with a dropper, discharge the reagent
well below the surface, some overflow will occur. Similarly, introduce
1 cm3 of KI/NaOH reagent. Place the stopper in the bottle; be sure that
no air becomes entrapped. Invert the bottle to distribute the precipitate
uniformly.

When, the precipitate has settled at least 3 cm below the stopper,
introduce 1 cm3 of conc. H2SO4 well below the surface (Note: Care
should be taken to avoid exposure to the overflow, as the solution is
quite alkaline). Replace the stopper and mix until the precipitate
dissolves.

With the help of a graduated cylinder, measure exactly
100/200 cm3 of the acidified sample into a 250/500 cm3 conical flask.
(Note: For most purposes, the accuracy required is such that careful
measurement of the sample volume with a graduated cylinder suffices.
Furthermore, correction of the volume for the two additions of reagents
is unnecessary).

Titrate with std. 0.025 N Na2S2O3 solution until the iodine colour
becomes faint. Then introduce 5 cm3 of starch indicator and complete
the titration. Report the milliliters/gm of oxygen (STP) in each litre of
water sample.
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BOD (5-days at 20°C) mg/L = [Initial DO (mg/L)] – [DO after 5-
days (mg/L)]

CHEMICAL OXYGEN DEMAND (COD)
Definition

The organic and inorganic matters which are present in the water
get decomposed on reacting with oxygen present in the water; thus, this
decomposition process consumes dissolved oxygen content of water.
Hence, the Chemical Oxygen Demand (COD) can be defined as a
measure of the capacity of water to consume oxygen during the
decomposition of organic matter and the oxidation of inorganic
chemicals.

Significance
COD measurements are commonly made on samples of waste

waters or of natural waters contaminated by domestic or industrial
wastes. Chemical oxygen demand is measured as a standardized
laboratory assay in which a closed water sample is incubated with a
strong chemical oxidant like acidified K2Cr2O7, under specific
conditions of temperature and for a particular period of time.

Determination of COD by Redox Titrimetry Method
Aim of Experiment: To determine chemical oxygen demand of the

given water sample.

Principle: The amount of organic matter in water is estimated
based on their oxidizability by chemical oxidants, such as potassium
dichromate. In this method, a fixed volume of oxidant (here potassium
dichromate) is added to the water sample. The organic matter present in
the water sample is first oxidized with known excess volume of
potassium dichromate and then unreacted potassium dichromate is
allowed to react with ferrous ammonium sulphate (FAS) solution using
Ferroin indicator. Then blank titration is carried out by taking same
volume of potassium dichromate solution (which was added to the
sample) and titrate it against FAS as titrant using Ferroin indicator. The
difference between the two readings is used to calculate COD of the
given water sample.



Handbook on Applied Chemistry – I– 26 –

Reagents: (1) 0.1 N acidified K2Cr2O7 solution, (2) conc. H2SO4,
(3) standardized 0.1 N Ferrous ammonium sulphate (FAS) solution,
(4) Ferroin indicator (a solution of 1.485 g 1,10-phenolphtroline
monohydrate is added to a solution of 695 mg FeSO4·7H2O in distilled
water, and the resulting red solution is diluted to 100 cm3).

Procedure
Part-I: Main Titration: Take known volume of the given water

sample into the round bottom flask and then add 10 cm3 of conc. H2SO4

followed by addition of sufficient known volume of K2Cr2O7 solution.
Attach water condenser and reflux on water bath for 1 hour. Cool and
titrate against standard 0.1 N FAS solution using Ferroin indicator. Note
down the titration reading as ‘X’ cm3.

Part-II: Blank Titration: Take same volume of K2Cr2O7 solution
which was taken in Part-I into the round bottom flask and then add
10 cm3 of conc. H2SO4. Attach water condenser and reflux on water bath
for 1-hour. Cool and titrate against standard 0.1-N FAS solution using
Ferroin indicator. Note down the titration reading as ‘Y’ cm3.

Calculations
COD = [ 8000 (Y – X) N]/volume of the water sample

where,

Y = Blank titration reading in cm3

X = Main titration reading in cm3

N = Normality of FAS solution

Report the results of COD in mg/L.

Due to today’s problems of increase in water pollution by
discharging large amount of various chemicals, the aquatic life has
grossly been affected and hence determination of BOD values alone
does not give a clear picture of organic matter contamination. Hence,
chemical oxygen demand (COD) test is a better estimate of organic
matter which needs no sophistication and is time saving.

It is to be noted that, COD that is the oxygen consumed (OC) does
not differentiate the stable organic matter from the unstable form;
therefore, the COD value are not directly comparable to that of BOD.
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Numerical Problems Related to COD
Problem (1):

When a 50 cm3 of given water sample subjected for its COD
determination, the following data was obtained:

Blank titration reading = 24.5 cm3

Main titration reading = 18.6 cm3

Normality of FAS solution = 0.05 N

Calculate the COD mg/L in the given water sample.

Solution is as given below:

COD = [ 8000 (Y – X) N]/volume of the water sample

Now, substitute the above given data in this equation as:

COD = [8000 (24.5 – 18.6) × 0.05]/50

= 47.2 mg/L
Problem (2):

When a 25 cm3 of given water sample subjected for its COD
determination the following data was obtained:

Blank titration reading = 25.0 cm3

Main titration reading = 15.2 cm3

Normality of FAS solution = 0.05 N

Calculate the COD mg/L in the given water sample.

Solution is as given below:

COD = [ 8000 (Y – X) N]/volume of the water sample

Now, substitute the above given data in this equation as:

COD = [8000 (25.0 – 15.2) × 0.05]/25

= 156.8 mg/L

Sewage Treatments: Activated Sludge Process
In fact, the treatment for domestic and/or industrial waste water

and/or sewage is more or less similar. Sometimes, the sewage from
industrial waste water may contain some toxic pollutants which are
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necessary to be removed before it is subjected for further part of the
treatment process.

The main aspects of the treatment process are briefed as below:

Treatments
Treatment of industrial effluent is necessary to remove toxic

elements from it before it is disposed into sewage as given below:

 Coagulation
 Sedimentation and Filtration.
 Softening and Filtration.

Sewage Treatment
1. Primary: Screening → to remove Suspended Matters, Oil and

Grease and Sedimentation.
2. Secondary: Biological Treatment → Aerobic OR Anaerobic,

Aerobic = (a) Activated Sludge Process (b) Trickling Filters
Anaerobic = Septic Tank → In this, organic matters are
biochemically oxidized by Anaerobic Bacteria.

Activated Sludge Process
Activated sludge process is a biochemical process for treating

sewage and industrial waste water that uses air (or oxygen) and
microorganisms to biologically oxidize organic pollutants, producing a
waste sludge (or floc) containing the oxidized material.
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Tank

Clarifier &
Settler

A
ir

Recycle Sludge

Treated
Waste Water

After Primary Treatment
Waste Water

Waste Sludge
to

Sludge Treatment

Fig. 1.9
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In general, an activated sludge process includes:

As shown in the above schematic diagram, the aeration tank is
provided with air compressor to agitate the waste water in the aeration
tank. Thus, the waste water after the primary treatments such as
screening, removal of suspended matters, oils, greases, etc. is allowed to
enter into the ‘Aeration tank’ where it is agitated with air to oxidize the
various waste matters present.

Then it is allowed to enter into ‘Clarifier and Settler, and allowed to
stand for a day or two. In the Clarifier and Settler, the waste sludge is
settled down and can be easily be removed from the bottom of the tank;
whereas the waste water free from waste sludge is sent for tertiary
treatment.

Part of the waste sludge is recycled to the aeration tank and the
remaining waste sludge is removed for further treatment and ultimate
disposal.

♠♠♠♠
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