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Module-I Electrochemistry and Energy storage systems

Use of free energy in chemical equilibria
Electrochemistry is the branch of chemistry, that deals with the interconversion

of electrical and chemical energies during spontaneous oxidation and reduction reactions.
An important class of chemical reactions is oxidation-reduction reactions.
In oxidation: a species loses one or more electrons resulting in an increase in its
oxidation number.

M — Mm 4 e

In reduction: the species gains one or more electrons; there is a decrease in
oxidation number.

M +ne — M

A reduction process necessarily accompanies an oxidation process since electrons
can be lost by a species only when there is a counterpart to receive them. Redox reaction
forms the basis of electrochemical cells.

Electrochemical Cells: Electrochemical cells are the device which converts
chemical energy into electrical energy or electrical energy into chemical energy due to
spontaneous oxidation and reduction reactions.

Types of electrochemical cells

Elecctochemical cells

Electrolytic cells Galvanic cells

Electrolytic Cells: These are electrochemical cells in which electrical energy is applied
from the external source to bring about certain chemical changes.

The redox reaction in an electrolytic cell is non-spontaneous. Electrical energy is
required to induce the electrolysis reaction. An example of an electrolytic cell is shown
below, in which aqueous HCI is electrolyzed to form hydrogen and chlorine gas. The
hydrogen ions migrate toward the cathode, where they are reduced to hydrogen gas.
Similarly, chloride ions migrate to the anode and are oxidized to form chlorine gas.

+
Anode | ] | | Cathode

H, gas Clp gas

......................... By || [Tl i ) S .
HCl solution

Electrolysis of HCI
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At anode 2CI—> C(Cl+2¢ Oxidation
Atcathode  2H" 42¢' —= H,  Reduction

Note: common electrolyte is used during electrolysis. Salt bridge is not required

Galvanic cell: These are the electrochemical cells which convert chemical energy into
electrical energy during spontaneous redox reactions inside it. The redox reaction in a
galvanic cell is spontaneous.

Ex: Daniell cell, Leclanche cell etc.

Construction and working of Galvanic cells:
Ex: Daniell cell:

A galvanic cell is formed when two electrodes dipped in two electrolyte solutions
are connected externally by conducting material (Metallic wire) and internally ionic
solutions are connected by a salt bridge and thereby produces an electric current.

It consists of two beakers one of which contains zinc rod immersed in zinc sulphate
solution and the other one contains copper rod in copper sulphate solution. A salt bridge
(U-tube) containing KCl or KNOs connects the solutions of two beakers. The zinc and
copper rods are connected externally by means of metallic through the voltmeter. On
completing the circuit the following changes are observed.

®

|
|

2 +
Znmetal : KCl salt bridge -
stip 5 (FrETTTIITTTTIITTITITITIIT - s | Cumetal
(Anode) ) I: E H strip
| z l: | B (Cathode)
= : 2 =
(X el 0 O fa VY
[ " :
121 "
R b g
IR0 H ——  (uSO,
(IM) ! -
|

Cell representation Zn()/ ZnS04 (1M)//CuS04 (1M) /Cugg

At anode, zinc metal starts dissolving to form Zn?* ions by leaving negative charge.
At cathode, Cu?* ions get deposited to form copper metal by leaving positive charge.
Zinc sulphate solution becomes more concentrated with respect to Zn2* ions

Copper sulphate solution becomes more dilute with respect to Cu?

Migration of ions takes place within the salt bridge to maintain electrical neutrality

VVVVYY

takes place in solution.
Electrode reactions:

At anode Zng — Zn2+m+2€' (Oxidation)

2+ 2
Atcathode Cu™, +2¢° —— Cug, (Reduction)

. 2
Net cell reaction  Zng) + Cu™",, ——— an‘*ﬂq +Cugs)

Note Salt Bridge- A U- tube filled with a solution of salt composed of ions not involved in
the cell reaction. The tube has porous plugs at the ends prevent the solution from pouring
out while still allowing the bridge to exchange ions with the solutions of the half cells.
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Often KCI or KNOs3 as the electrolyte in the salt bridge.
The negative ions diffuse from the salt bridge into the copper half-cell or Cu? ions

leave the solution into the salt bridge to help maintain a neutral solution in the half

cell.

Positive ions from the salt bridge can enter the cell to keep the half cell neutral.

Differences between Galvanic cells and electrolytic cells

Electrochemical cell (Galvanic Cell)

Electrolytic cell

A Galvanic cell converts chemical energy into
electrical energy.

An electrolytic cell converts electrical
energy into chemical energy.

A spontaneous redox reaction occurs and is
responsible for the production of electrical
energy.

The redox reaction is not spontaneous and
electrical energy has to be supplied to
initiate the reaction.

The electrodes are made of dissimilar metals

The electrodes used may be dissimilar
metals or same metals

The two half-cells are set up in different
containers.

Both the electrodes are placed in a same

container in the solution of common

electrolyte.

The electrolytic solutions connected through
the salt bridge.

Salt bridge is not required

Here the anode is negative and the cathode is
the positive electrode. The reaction at the
anode is oxidation and that at the cathode is a
reduction,

Here, the anode is positive and the cathode
is the negative electrode. The reaction at
the anode is oxidation and that at the
cathode is a reduction.

Thermodynamic functions: Free energy and work function —
concepts.

When we talk about our chemical system losing or gaining energy, we need to introduce a
quantity which represents the total energy of the system. It may be chemical, electrical, and
mechanical or any other type of energy you may think of, the sum of all these is the energy of the
system.

In order to find out the spontaneity of a process. we have to see the change in entropy of the
system as well as surroundings. It is difficult to find out entropy of the surrounding every time.

So new thermodynamic functions are introduced. which can be determining more conveniently.

sibbs free emergy: Inthermodynamics, the Gibbs free energy or Gibbs energy or Gibbs
function; also known as free enthalpy is athermodynamic potential that can be used to
calculate the maximum of reversible work that may be performed by a thermodynamic system at

a constant temperature and pressure (isothermal, isobaric).

Gibbs energy is an important thermodynamic property which automatically accounts for the
enthalpy and entropy of the system. It was introduced by American physicist J.W. Gibbs and is
therefore, called Gibbs energy function denoted by symbol G in the honour of the scientist.
Gibbs energy function is defined by

G=H-TS
Where H = Enthalpy of the system
S = Entropy of the system
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T = Temperature on kelvin scale

For a small change.

AG =AH —TAS

The thermodynamic Free energy is the amount of work that a thermodynamic system can

perform.

Or The free energy is the internal energy of a system minus the amount of energy that cannot

be used to perform work.

The Gibbs fiee energy (AG® = AH®-TAS®) (Jin SI units) is the maximum amount of non-
expansion work that can be extracted from a thermodynamically closed system this maximum
can be attained only in a completely reversible process. When a system transforms reversibly
from an initial state to a final state, the decrease in Gibbs free energy equals the work done by

the system to its surroundings, minus the work of the pressure forces.

The Gibbs free energy, originally called available energy. was developed in the 1870s by the

American scientist Josiah Willard Gibbs.

Characteristics of Gibbs energy (G)

1. Gibbs energy is an extensive property. Its value depends on the amount of the system.

2. Gibbs energy of a system is a state property. For a known amount of the system it depends
only on the state Variables (7, P, V). If the state variables are changed the Gibbs energy is also
changed.

3. The change in Gibbs energy (4G) does not depend on the path by which the final state of the
system is reached.

4. The change in Gibbs energy of the system is related to the entropy change of the universe

5. For a spontaneous process there 1s decrease i Gibbs energy and AG system <0

6. In an isothermal reversible process the decrease in Gibbs energy is equal to the net useful
work that can be obtained from the system.

ENTROPY (S)
Entropy is a Greek word which stands for frope meaning change; a prefix 'en’ is written to

identify it as a thermodynamic property which belongs to the family of energy and enthalpy. This
term was introduced by Clausius. He denoted entropy by the symbol §

Entropy, S: At this point, we introduce another thermodynamic function, entropy denoted as S.
It is a measure of the disorder or randomness of a system. Entropy increases as the number of
possible microstates increases

S (gas) > S (liquid) > S (solid)

Characteristics of entropy

1. Entropy is an extensive property. Its value depends upon the amount of the substances Present
in the system.

2. Entropy of a system is a state function. It depends only on the state variables (7, P, V, n).Thus,
the change of entropy is given by 45 = § (final) — S (initial)

3. Entropy change of system (AS system) does not depend on the path followed by the change,
but the entropy change of the smrroundings (AS surronndngs) depends upon the path.
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4. The total entropy change of an isolated system is equal to the sum of the entropy change of
system and the entropy change of the surroundings.

AS total = AS system + AS surroundings

The total entropy change of an isolated system is also called the entropy change of the Universe
(AS universe)

5. Ina reversible process AS system = — AS surroundings

6. In an nreversible process A.S total > (. This implies that in spontaneous changes there is
increase of entropy of universe.

Entropy is the ratio of heat and temperature. Since heat is expressed as joule (J) and temperature
is expressed in kelvin (K), therefore, the entropy and change in entropy is expressed as Joules per

kelvin=J K.’

Electrochemical sign conventions:

i) Sign of electrode potential:
a) The electrode where oxidation occurs is called anode and has negative electrode
potential.

M — M™ +ne E M™M= -ve
b) The electrode where reduction occurs is called cathode and has positive electrode
potential,

M" +ng —»= M E M™M= +ve

ii) Representation of an electrode and cell

a) The electrode (Half cell) at which oxidation occurs is always written on LHS (Left
Hand Side) in the order M/Mn* Ex: Zn/Zn?% / —> Single vertical line
indicates phase boundary.

b) The electrode (Half cell) at which reduction occurs is always written on RHS (Right
Hand Side) in the order M** /M Ex: Cu®/Cu / —> Single vertical line
indicates phase boundary.

c) The two electrodes are joined to a salt bridge represented as double vertical line as
//

d) Concentration of the solution should be mentioned in bracket as (XM )

Consider general cell representation Ex M/M® (XM) // (YM) M»* /M
Ex: Zn/Zn? (1M) //(1M)Cu?* /Cu

Electrode and cell reactions:

For any electrochemical cell, the two electrode reactions are
At anode M, — M;""4ne’  (Oxidation)

At cathode M,"™ + ne’ — M 2 (Reduction)

Net cell rection M +M," —=M,"" + M,

iv) EMF of a cell:
It is defined as the potential as the potential difference between cathode and anode causes
the flow of electrons from one electrode to another electrode. It is represented as EMF or
emf or E can
It is expressed in volts.

E cell= Eculhtng Emuxlc
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a) If Ecen=t+ve — Maximum work is done by the cell.
b) If Ecen =-ve — Minimum work is done by the cell.
c) If Ecen= 0 — System is in equilibrium

Electrode: When metal in contact with a solution of its own ion is known to as a single
electrode or half- cell. Electrode consists electric conducting metal and electrolyte solution,
an interface at which electrode process occurs.

Electrode Potential (E): The potential developed when a metal is in equilibrium with
its own ions in solution is electrode potential or half cell potential. Or

The tendency of an electrode to either loose or gain electrons when it is in contact with
the solution of its own ions is called electrode potential / single electrode potential.
Standard Electrode Potential (E°): The potential developed when a metal is in
equilibrium with its own ionic solution of unit concentration (1IM) at 298K is called
standard electrode potential. If the system involves gaseous substances pressure should be
one atmosphere (101.325Kpa).

Nernst Equation:

Nernst Equation is derived on the basis of thermodynamic considerations. It relates
the relation between electrode potential of the metal and metal ion concentration with the
temperature.

Consider the generally reversible electrode reaction undergoing the spontaneous
process.

M™ 4+ ne =——==— M

The equilibrium constant for the above electrode reversible reaction may be written
by applying law of mass action as
o ML
M™]
Maximum work done for electrochemical cell is the movement of charge at
equilibrium and is expressed as

(1)

W, =nFE (2)
Maximum work done at any electrode is due to spontaneous reaction is the decrease
in the free energy,
Wi = —AG 3)

Equating equations (2) and (3), we get
=ACE = AFE and _AG’= nFE°
Or
AG =—-nFE and AG° =—nFE (@)
Where
AG is the free energy change AG’ is the standard free energy change

o ;
Eis the electrode potential E” is standard electrode potential

n is the number of electrons involved in the redox reaction

F is tha Faraday constant

F=Charge on electron x Avogadros number F=1.6x 10™°C x 6.023 x 10 mol™
=96,500 C mol* =96,500 J V mol™
=96.5kJ V mol™

Note: Faraday constant: It is the quantity of electric current required to discharge or
deposit one gram equivalent of the element during electrolysis.

Free energy change and equilibrium constant are related by Vant Hoff's reaction
isotherm equation.

Engineering Chemistry 6|Page

o



Dr. M.S.Hanagadakar, H.S.I.T.Nidasoshi

AG = AG+RT InK (&)
Substitute the values of K, AG and AGe from equations (1) and (4) in equation (5).
(M]
-nFE=-nFE® + RT In (6)
[(M™]
Dividing equation (6) on both sides by -nF
M
E-EL L In Al (7)
nF  (M™]
M is Metal and [M]=1
1
E= E?_ E {8]
nF ™)
RT
E=E% —In (M™]
In=2.303 log,,
- E=E°+ % log,o [M™] ()

Equation (9) is Nernst equation for the calculation of electrode potential of the given
electrode at given temperature.

At 298K temperature, the equation (9) becomes by substituting the values, T=298K,
R=8.314 J/K/mol and F=96,500 C/mol

o 0.0591
E=E" +

logo [M™] (10)

Equation (10) is called Nernst’s equation at 298K.

Note: The cell potential may be calculated by using the equation.

2303RT | M™ cahode

E ||:E0 ||+ 10
Cel cel nF [Mn+]An°’de
Or
%
o 0.0591 | {M“ ]Cathndc
EcarmE cen t OB10 VG
[ ]Anode

ELECTROCHEMICAL ENERGY SYSTEM

Indicator electrodes:

The electrodes whose potential is dependent upon the concentration of the ion to be
determined are called indicator electrodes.
Ex: Metal-Metal ion electrode, Glass electrode etc.

Reference electrodes:

Reference electrodes are the electrodes whose potential is known and with
reference to those, the electrode potential of any other electrode can be measured.
There are 2 types of reference electrodes
1) Primary reference electrode 2) Secondary reference electrode:

Secondary reference electrodes:

Since a standard hydrogen electrode is difficult to prepare and maintain, it is
usually replaced by other reference electrodes, which are known as secondary reference
electrodes. These are convenient to handle and are prepared easily. The most widely used
reference electrodes in electrochemical cells and maintains constant potential, these are
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the electrodes having constant electrode potential value and their potential is known with
respect to SHE, hence they are called as secondary reference electrodes.
For the sake of simplicity and to overcome the difficulties of SHE, there was a need

for the development of secondary reference electrodes.
Ex 1. Calomel electrode 2. Ag- AgCl electrode.
Advantages of secondary reference electrodes:

a. The electrodes can be constructed easily.

b. The electrodes are not bulky and space occupying.

c. These electrodes are not poisoned by the impurities.

d. The electrode potential is not changed by a change in pH.

e. These electrodes have constant and stable potential value at given temperature.
Calomel electrode:

&

o Hg Cl, + Hg
(Calomel)

— Hg
Construction:-

Calomel electrode is a secondary reference electrode. It consists of a long glass tube having
two side tubes as depicted in the figure. The small tube is used to fill the KCl solution into a
long glass tube and other bent tube helps to make a connection through the salt bridge with
another electrode. Highly pure mercury (Hg) is placed at the bottom of the tube and is
covered by a paste of mercurous chloride (Hg:Cl;) and KCl solution. The electrical
connection is made by means of platinum wire sealed into another small glass tube having
little mercury at the bottom.

Calomel electrode is represented as Hgq/HgzClz(),KClg

Electrode reactions
At anode At cathode
2Hg; ——» Hg,”" +2e- Hg,Cl, ——» H822+E_M)+2Cl-(aq)
He, ™ o +2CT o Hg:xChy Hg,™ +2e- —— 2 Hg,
2Hg 1+ 2C > H:Clyf2¢ Hg,Clys) +2¢° — 2Hgg, +2C1

The electrode potential of calomel electrode depends on KCl solution with which the
tubeis filled.

Eca[()me]: EQ‘ 0 . 059 1 ng [C] ‘]

0.1NKCI solution = 0.334 V (Decinormal Calomel electrode)
1NKCI solution = 0.280 V (Normal Calomel electrode)
Saturated KCl solution —— (0.2422 V (Saturated Calomel electrode)
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Advantages and applications of calomel electrodes
e Simple to construct
e Maintains constant potential
e Itisused as reference electrode to measure the pH of given solution

Silver-Silver chloride electrode:

In recent time Ag-AgCl electrode has been frequently used as a reference electrode
for the accurate determination of standard electrode potential of the electrodes.

'

= Rubber stopper

t I Ag wire coated
with AgCl

- .|——= Glass ube

™ Saturated KCl

e
= Porous plug

Construction: Silver-chloride electrode consists glass or plastic tube containing a silver

wire coated with thin layer of silver-chloride either by electroplating or by dipping wire in

molten silver-chloride. Finally, it is immersed in KCl(Saturated) solution. Silver-chloride

electrode is represented as Ag(y) /AgCls)/ KCL

Electrode reactions:

At anode At cathode
+ =
Agm —_— Ag+ +e- AgClgy — Ag (a9) +Cl &)
+ a — Ag+ nq'i'ﬁ‘- —_— Ag[
A (ag) +Cl ag) AgCly 9

- - AgCl +e¢ —»= Ao +CI.
Ag yrCligg—™ AgCly +e B2 1% &s) (aq)

The electrode potential of Ag-AgCl electrode depends on KCl solution with which the
tubeis filled.

Ecalome]: EO_ 0 . 059 1 log[C] ']

0.1NKCI solution —> (.288 V (Decinormal Ag-AgCl electrode)
INKCI solution — (.223V (Normal Ag-AgCl electrode)
Saturated KCl solution =™ (0.199 V (Saturated Ag-AgCl electrode)
Advantages and applications of Ag-AgCl electrodes
e Simple to construct
e Maintains constant potential
e [tis simple to use, inexpensive and used above 130°C
e Itisused as a reference electrode to measure the pH of given solution, photography
films, and plate.

Engineering Chemistry 9|Page
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Measurement of single electrode potential using calomel electrode:

a) Measurement of electrode potential of anode: - To measure the electrode potential
of Zn?* /Zn, i.e., Zinc electrode is coupled with standard calomel electrode. In this cell, zinc
electrode acts as an anode and the reference calomel electrode acts as a cathode. As the
potential of calomel electrode is known, the potential of zinc electrode can be calculated.

YVoll meter

T

Zn metal
sirip ————————————
CAnode)

ZnSO,
48N 5

Cell representation: Zng)/ ZnS0, (1M)//KCI (Sat) /HgzClz/Hg
Electrode reactions

Caloanel
elecirodre
{Cathode)

LU (T TR TR T T
S

2+ -
Atanode:- Zn,, —> Zn™ pyyt 2e

At cathode:- Hg,Cly, + 26— 2Hgg+2Cl )

Net cell reaction Zn(s) + Hg,Cly, ——— Zn™ gmy+ 2Hge+2Clg

EMF of cell

Ece=E E

cel cathode™ “anode

=E('.al0mei- Ezn2+/2n

2+ oz
= Ezn /Zn_Eceil'Ecaiomel

2+ -
Ezn /Zn_EcanmeI' Ecel]

2
E.n  /zn=0.2422- Eo

b) Measurement of electrode potential of cathode: - To measure the electrode potential
of Cu?*/Cu, i.e,, a copper electrode is coupled with standard calomel electrode. In this cell,
Copper electrode acts as a cathode and the reference calomel electrode acts as an anode. As
the potential of calomel electrode is known, the potential of the copper electrode can be
calculated.

Volt meter

:  ———
|

Cu metal
—_— sirip
(Cathode)

Calomel
electrodre
(Anode)

Saturated KCI1

Cell representation: Hg;, / Hg,Cl, (s)/ KCl (Sat) //CuSO,4 (IM)/Cu,

=
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Electrode reactions

Atanode:- 2Hgg+2CI' Hg,Cly, +2e

(ag)

2 - —
At cathode:- Cu™ (jyy+ 2e Cu,

. -
Net cell reaction: Cu™ jm+ 2Hga+ 2Cl g —— Cuy+ HgCly

EMF of cell Ecen= Ecathode-Eanode

- 2+
"ECu Jcu” Et‘:atr_rmel

2+ _
ECu {Cu'EceIi+Eca}omei

Eco’ jcu=Ecert0.2422

Ion-selective electrode:

The electrodes, which responds to specific ions only and develops a potential against
that ions while ignoring the other ions present in the solution are called ion-selective
electrodes. In other words, the potential developed only on the concentration of specific species
or ions, For Ex. Glass electrode is only H ions selective.

Construction:

The glass electrode is constructed by immersing Ag-AgCl internal reference electrode in a
glass bulb containing 0.1M HCI solution. The glass bulb is made up of a long glass tube with a
thin highly conducting glass membrane at the bottom. The glass membrane is selective to H"
ions in the solution and is made up of silicate glass having a composition of 72% SiO», 22%
Na>O and 6% CaO.

Ar/ArC| Elecirode

Analylical | Glass Internal ref
soluon{a) rence
sulution

Intermal reference solulion
= @u)(0.1M HCI)

Analytical solifion  4— R
{a1) (XM HCI} :

Glass bulp

A glass electrode is quite hygroscopic and takes a significant amount of water forms water
layer across the membrane. The bulb of the glass electrode is dipped into any solution containing
hydrogen ions. If the hydrogen ion concentrations of the solution inside and outside the glass
membrane are different then the potential develops across the glass membrane. The probable
reaction is

NaG +gt ——> HG+ Na"

: On the surface of
Glass Membrane  In solution glass membrane

In solution

When a thin glass membrane is placed between two solutions of different pH values, a
potential difference develops across the glass membrane is known as boundary potential or
junction potential

When a thin-walled glass bulb containing acid, H* solution is immersed in an acidic
solution of different concentration [a;>az] a boundary potential, Er is developed across gel layers
of the glass membrane. This potential Ey arises due to the difference in the H" ion concentration
inside and outside the glass bulb i.e.

Eb=E, - E;=0.0591 log

4

dy
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Since n=1 for H ions
Eb =0.0591log a;-0.0591 loga,

Since the H+ on concentration inside the glass bulb is a constant, the term on RHS of the
equation becomes constant,

Eb =0.0591log a,-+ K Since K=-0.0591 log a,
=0.05911log [H'] +K
=-0.0591 pH+ K Since pH = log[H]

The overall potential of glass electrode includes also the potential of internal reference and
asymmetric potential. The potential of glass electrode is

EG=Et|+E'mf+ Eﬂb‘}'
E=-0.0591pH + K+E,+E,,, Since E’G=K+E, +E,,
EG=E’;-0.0591pH

Note: Ew=0, when C;=C;. But in practice it is observed that small potential developed when
Ci=C; is known as asymmetric potential (E.y). This is due to the difference in the radius of
curvature of glass membrane results on the two surfaces.

Construction of glass electrode:

Ag/AgCl Electrode

0.1M HCI

Glass Membrane

Glass Electrode

Glass electrode is a pH sensitive electrode widely used for pH determinations.
It is consisting of a long glass tube at the bottom of which a thin and delicate glass
bulb, which made up of special type of glass (12 % Ba,0, 6% of Cao, 72% of SiO,)
with low melting point and high electrical conductance is used. The glass bulb is filled
with 0.1.M HCI and Ag — AgCl is used as a internal reference electrode. A platinum wire
is used for electrical constant. The glass electrode can be represented

Glass electrode representation: Ag(s)/AgCl(s) /0.1M HCl /glass membrane.

Advantages:

1. It can be employed in the presence of strong oxidizing agent or reducing agent or organic
substances,

It is not poisoned easily.

Equilibrium reached quickly.

Requires small amount of solutions.

Simple to operate.

woE W
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6. It is used in chemical, industrial, agricultural and biological laboratories for the
measurement of pH.

7. Itused to colored, turbid and colloidal solutions.

8. It can be used in solution with pH values ranging from 0 to 9.

9. It provides accurate results.

Limitations:

1. Glass electrode cannot be used in presence of fluoride ions.

2. It cannot be employed in pure ethyl alcohol and acetic acid.

3. Glass electrode cannot be used when P! of the solution is above 9, as it introduces
alkaline error.

Determination of pH of a solution using a glass electrode

Glass electrode ™ Calomel electrode

Analytical solution

The cell consists of glass electrode as an indicator electrode and calomel electrode as
reference electrode, are immersed in a solution whose pH is to be determined. The cell The two
electrodes are connected to potentiometer or pH meter. The combined electrodes can be
represented as.

Cell representation
Hg/Hg,Cl1,,KCl ., //Analytical solution/Glass/(0.1M )JHCVAgCl/Ag
The pH value of the experimental solution can be calculated by using the following

Ecenl = Ecathode-Eanode
Ecelr= EG-Ecalomel
Eeett =[E'6-0.0591pH]- Ecatomel
-0.0591pH= Ecei- E'- Ecatomel
0.0591pH= E’G -Eceir- Ecatomel

E°G —Ecell- Ecalomel

H=
p 0.0591
Or
E°G —Ecell- 0.2422
pH=
0.0591

Electrolyte Concentration Cells:
The two electrodes made up of the same element (metal) in contact with a same

electrolytic solution of different concentrations are known as electrolytic concentration
cells.

For example Zinc concentration cell consists of two half-cells, in which both electrodes are
made up of Zinc metal dipped ZnSO; solution of different concentrations.

=
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Volt meter

+
Zn rod KCI salt bridge ‘_
(Anode j-—— 2 | ey Y = Znrod
H (Cathode)
ZnSOg—=" g et e ST ZnS0,
- i vl oo [N o oo B

Zinc concentration cell consists of two half-cells, in which both electrodes are
made up of Zinc metal dipped ZnSO; solution of different concentrations as shown in the
figure. The half cell (electrode) having a lower concentration of Zn?" ions has the tendency
to get involved in an oxidation reaction and the electrode (half cell) possessing a higher
concentration of Zn?* ions has the tendency to get involved in the reduction reaction.
Concentration cell can be represented as

Zng) / ZnS04 (C1)//ZnS04(C2)/Zn  C2>Cy

Electrode reactions:

At anode Zng, — Zn™*(C,)+2¢  (Oxidation)
: 2+ .
At cathode Zn (C2)+2B_b- Z“{s; (Reduclion)
Net cell reaction Zn2* c,) —— Zn2+[C1]

EMF of cell reaction

Eeai=E %202t zat 0.0591 log o Co— E°z. 2 /z.+ 0.0591 log 1(C,
n n

i 39 a9 2 o_ 2
Since E'cen=E za""rzn —~ E'zy"'zn =0

E.a= 0.0591 [log;o Co—log 10Ci]

n
Eear= 0.0591 logo Cs Or  Eca=2.303RT log;oC;
n C,y nk C,

The following conclusions can be made by the above equation:

i) If C,=C4 |°g1n& =0 o B0 . Cellis in equilibrium
G

i) If C;>C,  0810Co  _ e .. Eca *Ve "+ Cell reaction is
(o5} spontaneous

ii)if <G logypC  __ ve - Eei==Ve - cell reactionis non
038 spontaneous
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Module-1
Chapter-2 BATTERY TECHNOLOGY

BATTERY: A Battery is an electrochemical cell or device with three basic components an
anode (Negative electrode) a cathode (Positive electrode) and an electrolyte which converts
chemical energy into electrical energy.

Uses: Batteries are used in calculators, watches and pacemakers for heart-beat hearing aids,
computers, car engines, standby power supplies, emergency lighting in hospitals, electroplating
industrial tractions and military and space applications.

Note: The size of the batteries ranges from a fraction of a cubic centimeter to several cubic
decimeters.

Components of battery: The cell consists of four major components.

1. The anode (Negative electrode): The electrode at which oxidation of electrons takes
place is known as anode. It gives electrons to the external circuit.
A good anodic material, should possess the following characteristics such as
i) Easily oxidizable ii) Good conductivity iii) Easy to fabricate iv) Low cost v) Good stability
vi) High columbic output Ex: Zn, Li etc.

2. The cathode (Positive electrode): The electrode at which reduction of elecirons takes
place is known as the cathode. It accepts electrons to the external circuit.
A good cathodic material, should possess the following characteristics such as

i) High reduction potential and stability ii) Resistant electrolyte Ex: Cu, Ag, etc.

3. The electrolyte (Ionic conductor): Electrolyte is a material with high ionic conductivity
between the anode and cathode of the cell. It is commonly a solution of acids, alkalis or
salt of high ionic conductivity. Solid electrolyte with high ionic conductivity can also be
used as an electrolyte. A good electrolyte should possess the following characteristics
such as i) The electrolyte must have good ionic conductivity but not electrical
conductivity.

ii) The electrolyte should non reactive with the electrode materials and safe to handle.

4. Separator: The material that electronically isolates anode and cathode in a battery to
prevent internal short circuiting. Ex: Cellulose vinyl polymer, Teflon, cellophane and
nafion membranes are used for this purpose.

A good separator should possess the following characteristics such as it should be
permeable to the passage to the ions from anode to cathode and vice-versa.

Commercial importance of cells: A useful commercial cell should meet the following basic
requirements.

1. Portability.

2. Should be compact and lightweight.

3. Should provide economically priced, continuous electric supply.

4. Should be capable of recharging.

5. Should have a long shelf life.
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Battery characteristics: The performance characteristics of commercial batteries are given
below.

1.Cell potential or Voltage: It is measure of the force or push given by the electrons in an
electrical circuit. It may be also defined as measure of electrode potential.

According to Nernst equation at 298K

EcemE en - 2:303RT lo -
Cel=E cenl g Q Where Q=
nF [Reactant]
The EMF of the battery depends on the following factors

[Product ]

i. The EMF of a battery largely depends on E'ceir = E catode —E Amde the difference in the
standard electrode potentials of the two electrodes. As E'ceir increase the EMF also
increases for a given value of Q at constant temperature.

ii. Increase in the value of Q marginally decreases the EMF. This is because Q decreases when
[products] increases i.e when current is drawn from the cell.

iii.  As the temperature increasing the voltage of the cell decreases.
iv.  High potential is obtained by using high conductivity of the electrolyte.

2. Capacity: The capacity of a battery is the quantity of electrical charge in ampere hours (Ah)
that can be withdrawn (obtained) from a fully charged battery or cell under specified conditions
during discharge. Itis. The capacity of a battery depends on

i) Size of a battery

i) Discharge conditions

The capacity of a battery is to be determined by
According to Faraday law Capacity(C) = “:I—IF

Where,

C -Capacity of battery (in Ah), W - Weight of the active material, n - number of electrons.

F - Faradays constant, M -Molar mass

It is measured by finding, for a fixed current discharge, the time t taken for the battery to reach a
minimum voltage, when the cell is said to be dead. A plot of voltage against time at a fixed
current discharge is shown in the fig. The variation of the battery voltage during discharge is
shown by the flatness of the curve. The length of the flat portion of the curve is a measure of the
capacity of the battery. Flatter and longer the curve better is the capacity.

I \ Ece[lmin

Cell voltage

Time ———>

3. Current: An electric current, which is the flow of charge, occurs when there is a potential
difference between the electrodes. For a current to flow it require complete circuit.

Current (I) is measured in ampere (A) and it is the amount of charge flowing in coulomb per
second.

C
5 with units A= T—

I= t Sec
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4. Electricity storage density: Electricity storage density is a measure of the charge unit
weight stored in the battery. The weight includes the weight of the battery. The weight includes
the weight of electrolyte, electrodes considered. High storage density indicates good battery.

In addition to the above requirement, the batteries should have long shelf life, tolerance at
different conditions such as temperature, vibration and shock.

5. Energy efficiency: It is defined as the ratio of useful energy output to the total energy
input. The battery should have high-energy efficiency. The percent energy efficiency for the
battery is given by.

Energy released on discharge

% of energy efficiency = "
Energy required for charge
6. Cycle Life: Primary batteries are designed for single discharge and secondary batteries can
be chargeable again and again.
The number of charge and discharge cycles that are possible in secondary batteries, before
failure occurs is called cycle life.
The cycle life of batteries must be high. The factors which decrease the cycle life are:

i.For a secondary battery it is essential to charge and discharge cycle to reform the active material
in a suitable state for further discharge. The cycle life depends upon how effectively this is
achieved.

il. Also depends upon the depth of each discharge attempts to discharge totally damaging to the
electrodes.

7. Shelf life: The duration of storage under specified conditions at the end of which a cell or a
battery retains its ability to a specified performance is called shelf life. A good battery should
have more shelf life. It depends on self-discharge reactions and corrosion.

Classification of batteries.

The batteries are classified as

1.Primary battery or primary cells (Non rechargeable battery): A primary cell is
the one in which electrical energy can be obtained at the expense of chemical energy only as
long as the active materials are still present . i.e cells in which the cell reaction is not
completely reversible. These are not rechargeable and once discharged have no further electrical
use hence they are discarded.

Ex; Dry cell or Zn-MnO: Cell, Li-MnO: cell.

2. Secondary battery (Rechargeable battery): The cell reaction occurring in secondary
cells is reversible and these are rechargeable. They are also referred to as storage cells or
reversible batteries. After discharge, secondary batteries can be electrically recharged to their
original condition by supplying current in the opposite direction to the discharge current.

Ex. Lead-Acid storage cell, Ni-Cd cell and Ni-MH cell.

3. Reserve Batteries: In these batteries, a key component is separated from the rest of the
battery prior to activation. Usually the electrolyte is the component that is isolated. In this
condition, chemical deterioration or self- discharge is essentially eliminated and the battery is
capable of long- term storage. These batteries are primarily used to deliver high power for short
time after activation. Hence these batteries use in missiles and space applications.

% Batteries can be stored for a longer period.

To prevent corrosion at contact points during storage.

Self-discharging reactions during storage can be eliminated or avoided.

They can be used whenever they are required.

Egs: Magnesium water activated batteries (Mg-AgCl, Mg-CuCl), Zn—Ag>0 batteries etc.

,
L

-
"

L7
o
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Zinc -air battery

AMmesde ol — e -
L AT e e N R S e e

o
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Cathode can - — 5%

Tnsulator

praskot
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= R
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R e S e T

A schematic representation of a typical zinc air cell is Zn|KOH (5M)|air,C

»

>

»

>

It is a metal —air battery, which use oxygen directly from the atmosphere to produce
electrochemical energy.

The zinc air cell consists of an anode, made up of loose granulated powder of zinc mixed with
electrolyte 5SM KOH and a gelling agent to immobilize the composite and to ensure adequate
electrolyte contact with zinc granules.

The air diffuses into the cell, as it is needed. The air cathode acts only as a reaction site and is
not consumed. The catalyst layer contains porous carbon blended with oxides of manganese
to form a conducting medium.

The material is laminated with Teflon layer on one side and porous separating membrane is
placed directly over air holes to ensure uniform distribution across the electrode and also
avoids leakage.

An air access hole on the positive terminal of a zinc air cell provides a path for oxygen to
enter the cell and diffuse to the cathode catalyst site.

The anode and cathode compartments are separated by a separator and both are encased in
plastic or ebonite insulator.

Electrode reactions:

At the anode: Zn — 5 Zn* +2¢

Zn*t +20H —— Zn(OH):
Zn(OH)2 —— ZnO +H:0

Overall reaction: Zn +20H" » 700 +H,0 +2¢

At the cathode: Y2 O2+ H:0 + 2 — 20H-

Cell reaction: n+%2 0, —» ZnO

>
>

The cell produces an open circuit potential of 1.45V.

ADVANTAGES: 1.High energy density and capacity.
2. Flat discharge voltage.
3. Long shelf life.
4. No ecological problems.
5. Low cost.
6. Operating temperature is 10 to 55°C.
DISADVANTAGES: 1.Cell performance depends on the relative humidity.
2. Pure oxygen is required. In the presence of CO; clogs the
pores by forming carbonates.
3. Short activated life.
Uses: Uses as power source for hearing aids, electronics pagers, telemetry (voice
transmitters) portable battery charges, finds applications in railways and military radio
receivers.

Engineering Chemistry 4|Page



Dr. M. S. Hanagadakar

Nickel-Metal hydride battery

Contact spring

\— —> Seal
» Anode

—* Cathode

A schematic representation of a typical cell is MH|KOH (30 % )|Ni(OH):|NiO(OH)

>
»

Nickel-Metal hydride battery is rechargeable battery.

Nickel-Metal hydride battery is made up of anode containing metal hydride such as ZrHz,
VH2and TiH2 with hydrogen storage metal alloy such as La Nis or TiNi. The anode is highly
porous structure using a perforated nickel foil or grid onto which the plastic bonded active
hydrogen storage alloy is coated.

The cathode containing highly porous nickel oxyhydroxide NiO(OH) compound is
impregnated or pasted and converted into the active material by deposition.

Both the compartments are separated by polypropylene as an insulator between two
electrodes and medium for absorbing the electrolyte.

An aqueous solution of 30% potassium hydroxide (KOH) as an electrolyte.

» Electrode reactions that occurs during discharge and charging are,

At the anode: MH +OH —— M +H,0 +¢’

At the cathode: NiOOH + H>0 +¢° — Ni(OH), + OH’
Disharge

M +Ni(OH),

Overall cell reactions  MH +NiOOH
Charge

» Open circuit voltage of the cell ranges from-1.25to 1.35 V
» ADVANTAGES: i) High capacity than Ni-Cd cell

i1) Rapid recharge capability
iii) Long Shelf and cycle life

iv) Minimum environmental pollution.

> DISADVANTAGES: i) Poor performance as compared to Ni-Cd battery.

ii) High cost

iii) Poor charge retention.

> Uses: Used in computers, cellular phones and other portable and consumer electronic

devices.
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LITHIUM CELLS: Lithium metal is attractive as a battery anode material because of its
lightweight, high voltage, high electrical equivalence and good conductivity. Because of these
outstanding features, the use of lithium has predominated in the development of high

performance primary and secondary batteries.
ADVANTAGES OF LITHIUM CELLS:
1.
2,
3.

<V

High voltage.

High energy density.

Operation over a wide range of temperature. Many of the lithium cells will perform over
a temperature range from about 70-40°C.

Good power density.

Flat discharge characteristics.

Superior shelf life.

Lithium -Manganese dioxide cell:

Cathode can

Anode cap  Collector Neg&?tivc elecurode (1.8

L bt obbibobdtiobeidioe bt Sicledd, . |
i o B i T I
Oirganic electrolyie i =
Posttive clectrnde (MnQ,)
and scparator

» A schematic representation of Li-MnOz cell is- Li, Non aq LiX| MnO2

» It is primary type of battery and available in many configuration like coil, bobbin,
cylindrical, prismatic etc.

» Figure shows the illustration of a typical bobbin cell.

» Lithium manganese dioxide cell consisting of anode can containing lithium and the
cathode can consisting of specially heat-treated manganese dioxide (MnOz).

» Both anode and cathode are seperated by a separator made up of polypropylene
impregnated with the electrolyte.(metal salt such as LiCl, LiBr, LiAlCl4 which are
mixed in a organic solvent such as 1.2 dimethoxy ethane, and propylene carbonate.)

» The cell delivers an emf of 3V,

> The cell reactions.

Anode: Li —pLi"+e

Cathode: MnO; + Li+ + ¢ —— LiMnO»

The overall reactionis Li+ Mn0O> —% LiMnO;

» Manganese dioxide is reduced from the tetravalent to the trivalent state by lithium.
LiMnO: signifies that the Li* ion enters into the MnO: crystal lattice. The theoretical
voltage of the total cell reaction is about 3.5V.

» Advantages: i) Highest energy density & Power density
ii) Wider operating temperature use
iii) Lowest self discharge
iv) Good discharge performance.
» Disadvantages: Aqueous electrolyte cannot be used because lithium is highly reactive
with water.
» Applications: Safety and security devices, watches, calculators, cameras, walkie-talkies,
video games, many consumer electronic devices.
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Lithium-ion battery (Li-ion Battery) Rechargeable batteries
Applications:

Li-ion batteries are now used in very high volumes in a number of relatively new
applications, such as in mobile phones, laptops. cameras and many other consumer products. The
typical Li-ion cells use carbon as the anode and LiCoO3, LiNiO: or LiMn20s as the cathode.

Chemistry and construction

In order to overcome the problems associated with the high reactivity of lithium. the
anode material is not purely the metal, it is a non-metallic compound, e.g. carbon, which can
store and exchange lithium ions. A lithium ion-accepting material, for example Mn2»0y, is then
used as the cathode material, and lithium ions are exchanged back and forth between the two
during discharging and charging. These are called intercalation (Insertion) electrodes. This type
of battery 1s known as a “rocking chair battery” as the ions simply “rock™ back and forth between

the two electrodes.

Cathode materials

The most common compounds used for cathode materials are LiCoO., LiNiO; and
LiMn:04. Of these, LiCoO: has the best performance but is very high in cost, is toxic and has
limited lithium content range over which it is stable. LiNiO2 is more stable, however the nickel
ions can disorder. LiMn;0s is generally the best value for money, and is also better for the
environment.
Anode material

Graphite is by far the most common material for the negative electrode, but some other
technologies are under development. The anode material is carbon (Graphite) based, usually with
composition LigsCs. This lithium content is lower than would be ideal, however higher capacity

carbons pose safety issues.

Electrolyte

Since lithium reacts violently with water. and the cell voltage is so high that water would
decompose, a non-aqueous electrolyte must be used. A typical electrolyte is LiPFs dissolved in

an ethylene carbonate and dimethyl carbonate mixture.
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The following reactions take place upon discharge and charge:
At the anode: Li,C, ———= xLi" 4+ 6C + xe-

At the anode: xLi" + LiMn,O,+ x € ——= Li,Mn>O,

disharging
Net cell reaction: Li , Cg + LiMn, 0O, ——— Li Mn-,O, + 6C
- charging -
Or
LiMOs represents LiCoOs or LiNiO-s
At anode LiC — xLi'+xe”
At cathode xLi'+ LiMO,+ xe’ — Li MO,

. ) . E : dishargi z =
Net cell reaction: LiC + LiMO, el Li MO,+ C

charging
Advantages: The main advantage of lithium-ion batteries is their high energy density. They
have a long cycle life, the cycle life of Li-ion batteries are between 500 to 1000 cycles and do not
self-discharge rate. Li-ion batteries do not contain toxic heavy metals.
Disadvantages: The main disadvantage of Li-ion batteries is that they require careful attention
to safety. Overcharging, overheating, or short-circuiting a charged Li-ion battery can result in
fire or explosion. For a safe and long-lasting product, Li-ion-specific safety issues must be taken

into account in product design.
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Fuel cells

Fuel cell was discovered by a British judge, Sir William Grove. The research on fuel
cell’s got importance as we know conventional energy sources are depleting and also to reduce
green house effect and global warming. The fuel cells play an important role in the next days as a
source of energy in 21" century.

Fuel cells are like galvanic cell in which the chemical energy is converted to electrical energy
by the continuous supply of chemical fuels and oxidant from the outside.

A fuel cell has two electrodes and an electrolyte. In fuel cells fuel and oxidizing agents
are continuously supplied at respective electrodes, where electrochemical redox reactions are
taking place to generate electrical energy. It is not recharging.

General representation of fuel cell
Fuel/ Electrode/ Electrolyte /Electrode /Oxidant
At anode, oxidation of fuel takes place
Fuel — Oxidation products + ne’
At cathode, reduction of oxidant takes place

Oxidant+ ne” — Reduction products

Differences between a battery and fuel cell

SL Battery Fuel cell

No

1. Batteries store chemical energy Fuel cells do not store chemical energy

2, Reactants and products are stored in the | Reactants are supplied from the outside and
cell products formed are removed

simultaneously

3 The electricity is generated till the active | The electricity is generated as long as fuel
components present in the cell and oxidants are supplied from the outside.

4, Harmful waste products are formed. Harmful waste products are not formed.

5 They can be recharged. They cannot be recharged.

Advantages:

i.  Power efficiency is high.
ii.  Silent operation.
iii.  Recharging is not required.
iv.  No harmful waste products formed and products are eco-friendly.
v.  Less attention is required.
vi.  Produce direct current for long period at low cost,

Limitations:

The only disadvantage of the fuel cells associated with the cost. The two basic reasons are
i) High costs compared to other energy systems technology

it) Fuel cells are slightly bigger compared with batteries.

iii) The technology is not yet developed.
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Methanol- Oxygen Fuel cell

Cathode + | IAM | Anode -

Cathode E 7 Aonocle

Separaior
Membrane

Excess of O, & l |
WWoaler

Construction: This fuel cell is operated below 100°C. Methanol is one of the most organic
fuel containing carbon and dilute H2SOs is used as the electrolyte. It consists of anodic and
cathodic compartments containing platinum electrodes. Methanol containing H>SO: is passed
through anodic compartment and oxygen is passed through cathodic compartment. Electrolyte
consisting a membrane, which prevents diffusion of methanol into the cathode. The emf of the
cell is 1.2V at 25°C.

Electrode reactions:
At anode : CH;OH + Hy; O ————= CO,+6H" +6¢~

.S O, Electolyvie

CHL,OH +T1,850,

O

3 -
At cathode: ? ()2 +6H+ +He — AH,O

Overall cell reaction CHi;OH + 2 O,  CO, +2H,O
>

Uses: Methanol- Oxygen Fuel cell is used in military applications and in large scale power

production.
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Fuel cells

Fuel cell was discovered by a British judge, Sir William Grove. The research on fuel

cell’'s got importance as we know conventional energy sources are depleting and also to

reduce green house effect and global warming. The fuel cells play an important role in the

next days as a source of energy in 215t century.

Fuel cells are like galvanic cell in which the chemical energy is converted to electrical energy

by the continuous supply of chemical fuels and oxidant from the outside.

A fuel cell has two electrodes and an electrolyte. In fuel cells fuel and oxidizing

agents are continuously supplied at respective electrodes, where electrochemical redox

reactions are taking place to generate electrical energy. It is not recharging.

General representation of fuel cell

Fuel/ Electrode/ Electrolyte /Electrode /Oxidant

At anode, oxidation of fuel takes place

Fuel — Oxidation products + ne

At cathode, reduction of oxidant takes place

Differences between a battery and fuel cell

Oxidant+ nee — ™ Reduction products

SI. No Battery Fuel cell
1. Batteries store chemical energy Fuel cells do not store chemical energy
2. Reactants and products are stored in | Reactants are supplied from the outside
the cell and products formed are removed
simultaneously
3. The electricity is generated till the | The electricity is generated as long as fuel
active components present in the cell and oxidants are supplied from the
outside.
4, Harmful waste products are formed. Harmful waste products are not formed.
5. They can be recharged. They cannot be recharged.
Advantages:
1. Power efficiency is high.
2. Silent operation.
3. Rechargingis not required.
4. No harmful waste products formed and products are eco-friendly.
5. Less attention is required.
6. Produce direct current for long period at low cost.
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Solid Oxide Fuel Cell (SOFC)

Fuel: Hydrogen

Electrolyte: Ceramic compounds of metal oxides Ex: Calcium oxide or Zirconium oxide
Electrodes: Carbon or metal based.

Catalyst: Ceramic

operating temperature: 1000°C
Fuel cell reaction

At anode H, O~ —— H,0+2e

At cathode_1 0,+ 2e’ — 7~

Overall cell reaction H2+:£_'C}2 _— H,0
Fuel cell efficiency:50- 60%
Uses: SOFC’s are considered for large power plants and for industrial applications because of
resistance nature of electrolyte to poisoning.

Methanol- Oxygen Fuel cell

CO,

Cathode +

f

Cathode = L »  Anode

Separator
Membrane

= H,S0, Electolyte

L CH;OH +H,S0,

- COg

Excess of O, &
Water

Construction: This fuel cell is operated below 100°C. Methanol is one of the most organic

fuel containing carbon and dilute H,SO4 is used as the electrolyte. It consists of anodic and
cathodic compartments containing platinum electrodes. Methanol containing H.SO4 is
passed through anodic compartment and oxygen is passed through cathodic compartment.
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Electrolyte consisting a membrane, which prevents diffusion of methanol into the cathode.
The emf of the cell is 1.2V at 25°C.

Electrode reactions:
Atanode : CH;0H +H, 0 ————> CO,+6H" +6e°

At cathode: % 0, +6H" +667 —————— 3H,0

Overall cell reaction CH;0H + 3 0; ™ C0,+2H,0

Uses: Methanol- Oxygen Fuel cell is used in military applications and in large scale power

production.
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Dr. M.S.Hanagadakar Asso. Prof. H.I.T.Nidasoshi

Nanomaterials

Introduction:
Nanoscience:

Nanoscience deals with the scientific study of objects with sizes in the 1 — 100 nm range in at
least one dimension.

Nanotechnology:
Nanotechnology is the creation of functional materials, devices, and systems through control of

product on the nanometer (1 to 100 nm) length with possible practical application.

It is a field of science whose goal is to control individual atoms and molecules to create devices
that are thousands of times smaller than present technologies permit. An important idea of
nanotechnology is that by controlling composition, size, and structure at the nanoscale one can
engineer almost any desired properties.
Nano size: 1 nm = 10°® millimeter (mm) = 10°° meter (m)
Combination of atoms or molecules to form objects of nanometer scale

Nanomaterials are foundation stone of nanoscience and nanotechnology.
Nanostructure science and technology is a broad and interdisciplinary area of research and
development activity that has been growing explosively worldwide in the past few years.
What are nanomaterials?
The materials which are created from blocks of nanoparticles or they are defined as a set of
substances where at least one dimension is less than approximately 100 nanometers.
o A nanometer is one millionth of a millimeter - approximately 100,000 times smaller than the

diameter of a human hair.

100 slices

= WT'II IIIIIIII»

Take 1 ,/ \.
slic o-/

=
Inm

T m: T -=I|r 1000 =l 1 pm

e Nanomaterials are of interest because at this scale unique optical, magnetic, electrical, and
biological system other properties emerge. These emergent properties have the potential for great
impacts in electronics, medicine, and other fields. Nano carbons such as fullerenes and carbon

nanotubes are excellent examples of nanomaterials.
Classification of Nanomaterials:

According to Siegel Nanostructured materials are classified. (dimensions of the nanomaterials)
are the ordered system of one dimension, two dimensions or three dimensions of nanomaterials,
assembled with nanometer scale in certain pattern. Nanomaterials have extremely small size
which having at least one dimension 100 nm or less. Nanomaterials can be nanoscale in a) zero

dimension (eg. spheres and clusters), b) One dimension (eg. nanofibers, wires, and rods),

Engineering Chemistry Page 1
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¢) two dimensions (eg. plates, and networks), and d) three dimensions (eg. particles)..
Common types of nanomaterials include nanotubes, dendrimers, quantum dots and fullerenes.
Nanomaterials have applications in the field of nano technology, and displays different physical
chemical characteristics from normal chemicals (i.e., silver nano, carbon nanotube, fullerene,
photocatalyst, carbon nano, silica)

0 A
//"

@®

& HII

Classification of Nanomaterials (a) 0D spheres and clusters, (b) 1D nanofibers, wires, and
rods, (¢) 2D films, plates, and networks, (d) 3D nanomaterials.

Properties of Nanomaterials:
® Properties depends on size, composition and structure
® Nano size increases the surface area
® Change in surface energy (higher)
¢ Change in the electronic properties
® Change in optical band gap.

® Change in electrical conductivity.

e Higher and specific catalytic activity

® Change thermal and mechanical stabilities

¢ Different melting and phase transition temperatures

e Change in catalytic and chemical reactivities.

Nanomaterials have properties that are different from those of bulk materials. Most
nanostructure materials are crystalline in nature and they have unique properties. Filling
polymers with nanoparticles or nanorods and nanotubes, respectively. leads to significant
improvements in their mechanical properties.

Physical Properties: Crystal structure of nanoparticles is same as bulk structure with different
lattice parameters. The inter-atomic spacing decreases with size and this is due to long range
electrostatic forces and the short range core-core repulsion. The melting point of nanoparticles
decreases with size.

Chemical Properties: A large fraction of the atoms are located at the surface of the
nanomaterial which increase its reactivity and catalytic activity. The large surface area to
volume ratio, the variations in geometry and the electronic structure of nano particles have a
strong effect on catalytic properties.

Electrical properties: The energy band structure and charge carrier density in the materials can
be modified quite differently from their bulk and in turn will modify the electronic properties of

L_________________________________________________________________________________________________________________________|
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the materials. Nanoparticles made of semiconducting materials like Germanium, Silicon and
Cadmium are not semiconductor. Nanoclusters of different sizes will have different electronic
structures and different energy level separations. So they show diverse electronic properties
which depend on its size.

Magnetic Properties:

The magnetic moment of nano particles is found to be very when compared them with its bulk
size. Actually, it should be possible that non-ferromagnetic bulk exhibit ferromagnetic-like
behavior when prepared in nano range. Bulk gold and Pt are non-magnetic, but at the nano size
they are magnetic. This phenomenon opens the possibility to modify the physical properties of
the nanoparticles by capping them with appropriate molecules. Actually, it should be possible
that non-ferromagnetic bulk materials exhibit ferromagnetic-like behavior when prepared in
nano range. One can obtain magnetic nanoparticles of Pd. Pt and the surprising case of Au (that
is diamagnetic in bulk) from non-magnetic bulk materials. In the case of Pt and Pd, the
ferromagnetism arises from the structural changes associated with size effects. However, gold
nanoparticles become ferromagnetic when they are capped with appropriate molecules: the
charge localized at the particle surface gives rise to ferromagnetic-like behavior.

Optical properties: One of the most fascinating and useful aspects of nanomaterials is their
optical properties. Applications based on optical properties of nanomaterials include optical
detector, laser, sensor, imaging, phosphor, display, solar cell, photocatalysis,
photoelectrochemistry and biomedicine. The optical properties of nanomaterials depend on
parameters such as feature size, shape, surface characteristics, and other variables including

doping and interaction with the surrounding environment or other nanostructures.

. Synthesis of Nanomaterials:

Top-down Top-down Methods:
=M echanical grinding
Bulk: T roglon Top down

-}*-

Nanoparticles
Seses®

-.? Clusters
o® ‘ﬁ‘ e®
® - Bottom-up Methods:
- = Aprusol Lechnigues
- = al Le
ﬂ. Aroms =Chomical precipitation

Bottom-up =Sell assembly

Schematic of Bottom-up and Top-down approaches

The goal of any synthetic method for nanomaterials is to yield a material that exhibits properties
that are a result of their characteristic length scale being in the nanometer range (~1 — 100 nm).
Accordingly, the synthetic method should exhibit control of size in this range so that one
property or another can be attained. Often the methods are divided into two main types "Bottom
Up approach” and "Top Down approach.”

In Top-down approach (shape away atoms). one considers the evolution of the properties of a
sample as its size is shape down from macroscopic toward nanometric lengths.
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In Bottom-up approach (or Atom-Atom Assembly), Bottom up methods involve the assembly
of atoms or molecules into nano structured arrays. In these methods the raw material sources
can be in the form of gases, liquids or solids. The latter requiring some sort of disassembly prior
to their incorporation onto a nanostructure. Example: Precipitation synthesis techniques.

One assembles atoms and molecules into objects whose properties vary discretely with the
number of constituent entities, and then increases the size of the object until this discretisation
gives way in the limit to continuous variation. The relevant parameter becomes the size rather

than the exact number of atoms contained in the object.

The latter approach is far more popular in the synthesis of nanoparticles owing to several
advantages associated with it. Figure shows the general overview of the two approaches. There
are many bottom up methods of synthesizing metal oxide nanomaterials, such as hydrothermal,

combustion synthesis, gas-phase methods, microwave synthesis and sol-gel processing

1. Sol-gel method:
« Sol-gel processing refers to the hydrolysis and condensation of alkoxide-based

« precursors such as Si(OEt)s (tetraethyl orthosilicate, or TEOS).
¢ The reactions involved in the sol-gel chemistry based on the hydrolysis and

+ condensation of metal alkoxides can be described as follows:

| Hydrolysis
—8i—OR + HOH —_————— —Si—O0OH -+ ROH
| Reesterification |

Water

Condensation | |
—_— Si—o—Ssi— + 101l

Hydrolysis | |

—8i—OH + —Si—0OH

| | Alcohol | |
—Si—OoH Y —si—OR C‘:ndensatlon — Si—O—Si— + ROH
| [ Alcoholysis I |

L _______________________________________________________________________________________________________________________|
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‘ mThm Film Coating ;
Powder

Schematic representation of sol-gel process of synthesis of nanomaterials.

Over all Steps:
Step 1: Formation of different stable solutions of the alkoxide (the sol).

Step 2: Gelation resulting from the formation of an oxide- or alcohol- bridged network (the gel)
by a polycondensation or polyesterification reaction

Step 3: Aging of the gel. during which the polycondensation reactions continue until the gel
transforms into a solid mass, accompanied by contraction of the gel network and expulsion of
solvent from gel pores.

Step 4: Drying of the gel. when water and other volatile liquids are removed from the gel
network.If isolated by thermal evaporation, the resulting monolith is termed a xerogel. If the
solvent (such as water) is extracted under supercritical or near super critical conditions, the
product is an aerogel.

Step 5: Dehydration, during which surface- bound M-OH groups are removed, there by
stabilizing the gel against rehydration. This is normally achieved by calcining the monolith at
temperatures up to 800°C.

Step 6: Densification and decomposition of the gels at high temperatures (T>800°C). The pores
of the gel network are collapsed, and remaining organic species are volatilized. The typical steps

that are involved in sol-gel processing are shown in the schematic diagram.

2. Gas Condensation Processing (GCP)-Bottom-up approach:
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Homogenous
nucleation in gas
phase
: Nanoparticles
Metal in Thermal or electric P
crucihle E— P deposits
or e- beam
(2-50nm)
Metal cluster
(gaseous state)
Cooling

Method:

eln this technique, a metallic or inorganic material, e.g. a suboxide, is vaporized using thermal
evaporation sources such as crucibles, electron beam evaporation devices or sputtering sources in
an atmosphere of 1-50 mbar He (or another inert gas like Ar, Ne, Kr).

sThe cluster or particle size depends critically on the residence time of the particles in the growth
system and can be influenced by the gas pressure, the kind of inert gas, i.e. He, Ar or Kr, and on the
evaporation rate/vapour pressure of the evaporating material.

eThe synthesis of nanocrystalline pure metals is relatively straightforward as long as evaporation

can be done from refractory metal crucibles (W, Ta or Mo).

condensatio :
% cold
f Inert gas ' f = Finger

Awmmosphere |

Carrier
gas

WVAAT  Joule Heating
“ Electric Arc
@Lasor Ablation

Particles
collected

k,a: :
collected into
a solvent

Mechanical
FPress

consolidated
sample

Process |

Process Il

Schematic representation of typical set-up for gas condensation synthesis of nano materials
oIf metals with high melting points or metals which react with the crucibles, are to be prepared,

sputtering, i.e. for W and Zr, or laser or electron beam evaporation has to be used.

e Composite materials such as Cu/Bi or W/Ga have been synthesised by simultaneous evaporation
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from two separate crucibles onto a rotating collection device. It has been found that excellent
intermixing on the scale of the particle size can be obtained.

eNanocrystalline oxide powders are formed by controlled postoxidation of primary nanoparticles of
a pure metal (e.g. Ti to TiO2) or a suboxide (e.g. ZrO to ZrQOz). Although the gas condensation
method including the variations have been widely employed to prepared a variety of metallic and
ceramic materials, quantities have so far been limited to a laboratory scale.

® The quantities of metals are below 1 g/day, while quantities of oxides can be as high as 20 g/day
for simple oxides such as CeO2 or ZrOs. These quantities are sufficient for materials testing but not
for industrial production.

Advantages:
= Major advantage over conventional gas flow is the improved control of the particle sizes.
¢ These methods allow for the continuous operation of the collection device and are better
suited for larger scale synthesis of nanopowders.
+ However, these methods can only be used in a system designed for gas flow, i.e. a dynamic
vacuum is generated by means of both continuous pumping and gas inlet via mass flow
controller.

Limitation:-

1.Control of the composition of the elements has been difficult and reproducibility is poor.
2.0xide impurities are often formed.
3. The method is extremely slow.

3. Chemical Vapour Condensation (CVC)
The schematic figure of Chemical Vapour Condensation or the CVC process shown is shown
below.

Other Scrapper
Reactants -——_—__—j

e

gas

e Involves pyrolysis (heat treatment) of vapors of metal organic precursors (starting materials) like
Hexamethyldisilazane (CH32)3Si-NH-Si-(CH3)3 to produce SiCiN,O..

e Evaporate source in the GPC is replaced by a hot wall reactor in the CVC process.

ePrecursor residence time is the key parameter to control the size of nanoparticle here (gas flow

rate, pressure, heating temperature can be controlled).

s Adjusting the residence time of the precursor molecules by changing the gas flow rate, the
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pressure difference between the precursor delivery system and the main chamber occurs.

e Then the temperature of the hot wall reactor results in the fertile production of nano sized
particles of metals and ceramics instead of thin films as in CVD processing.

e In the simplest form a metal organic precursor is introduced into the hot zone of the reactor using
mass flow controller. In addition to the formation of single phase nanoparticles by CVC of a single
precursor the reactor allows the synthesis of

1. Mixtures of nanoparticles of two phases or doped nanoparticles by supplying two precursors at
the front end of the reactor, and

2. Coated nanoparticles, i.e., n-ZrO2 coated with n-Al2O3 or vice versa, by supplying a second

precursor at a second stage of the reactor. In this case nanoparticles which have been formed by
homogeneous nucleation are coated by heterogeneous nucleation in a second stage of the
reactor,
sBecause CVC processing is continuous, the production capabilities are much larger than in Gas
condensation processing.
® Quantities in excess of 20 g/hr have been readily produced with a small scale laboratory reactor.
A further expansion can be envisaged by simply enlarging the diameter of the hot wall reactor and
the mass flow through the reactor.
4. Precipitation method:
This method is more economical and wide range used for the synthesis of nonmaterials in the
form of oxide may be of single component or more than one components.

Synthesis Method TAA

0.05 M Zn?*/
70°C/pH2

e Nanomaterials are produced by precipitation from a solution.

e In this method by the precipitation of inorganic metal salts like chloride, nitrate, acetate etc
are dissolved in solvent like water

e The method involves high degree of homogenization and low processing temperature.

e 7ZnS powders were produced by reaction of aqueous zinc salt solutions with thioacetamide
(TAA).

e Precursor zinc salts were chloride, nitric acid solutions, or zinc salts with ligands (i.e.,
acetylacetonate, trifluorocarbonsulfonate, and dithiocarbamate).

e The precipitate is then washed with distilled water, filtered and dried.

e The dried precipitate on calcined to obtain final metal oxide nano powder.
Nano scale materials-
1. Carbon Nanotubes (CNT)
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Carbon Nanotubes (CNTs) are allotropes of carbon. These cylindrical carbon molecules
have interesting properties that make them potentially useful in many applications in
nanotechnology. electronics, optics and other fields of materials science, as well as potential
uses in architectural fields. They exhibit extraordinary strength and unique electrical
properties, and are efficient conductors of heat. Their final usage, however, may be limited

by their potential toxicity.

oCNTs are at least 100 times stronger than steel, but only one-sixth as dense. In addition,
they conduct heat and electricity far better than copper. So, CNTs can be used in tiny,
physically strong conducting devices.

o CNTs have been filled with potassium atoms, making them even better electrical
conductors.

oCNTs may be synthesized, with sizes ranging from a few microns to a few nanometers and

with thicknesses of many carbon layers down to single-walled structures. The unique
structure of these nanotubes gives them advantageous behavior relative to properties such as

electrical and thermal conductivity, strength, stiffness, and toughness.

o Types of Carbon Nanotubes: i) Single walled nanotubes (SWNTs) ii) Multi walled nanotubes

(MWNTs).

e A single-walled carbon nanotube (SWNT) consists of a single graphene cylinder whereas a

multi-walled carbon nanotube (MWNT) comprises of several concentric graphene cylinders.

graphene MWCNT

Application of Carbon Nano tubes:

Bicycle components

Wind turbines

Flat panel displays

Scanning probe microscopes

Sensing machines
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s The sports equipment like bats of baseball, hockey sticks, archery arrows and surf
boards etc.
« Batteries with long lifetime
« Electronics
e Electrical Circuits:
e Paper Batteries:
e  Solar Cells
2. Nanowires: Nanowires are microscopic wires that have a width measured in nanometers. It
is defined as the ratio of the length to width being greater than 1000 times. A nanowire isa

connecting structure that has a diameter of 10 meters, which is extremely small.

e Typically, the diameter of nanowires range from 40 to 50 nanometers, but their length is not
so limited. Since they can be lengthened by simply attaching more wires end to end or just by
growing them longer, they can be as long as desired.

e Nanowires are also known as Quantum Wires, these connectors are used to connect tiny
components together into very small circuits.

e Four Different types of Nanowires: They are (a) Metal nanowires are made from nickel,
platinum or gold (b) Semi-conducting wires are comprised of silicon, indium phosphide or
gallium nitride, (c) Insulating wires are made of silicon dioxide or titanium dioxide (d) To
create a Molecular nanowire, the process involves repeating organic or inorganic molecular
units in a particular format.

¢ Some uses of nanowires include: Nanowires are simply very small wires that will be able
to greatly reduce the size of electronic devices while allowing us to increase the efficiency
of those devices.

e The most apparent impact this will have on society would be the increase of storage space
for MP3 players, computers, and phones without increasing size.

1. Data storage/transfer - transfer data up to 1,000 times faster, and store data for as long as

100,000 years without degradation

2. Batteries/generators - tiny, efficient solar panels, turning light into energy, able to hold 10

times the charge of existing batteries.

3. Transistors, LED’s, Optoelectronic devices, Biochemical sensors and Heat-pumping

thermoelectric devices.

3. Fullerenes
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Structure of fullerenes.

e Fullerenes are made by the heating of graphite in an electric arc in the presence of inert gases
such as helium or argon. The sooty material formed by condensation of vapourized Ca small
molecules consists of mainly C60 with smaller quantity of C70 and traces of fullerenes
consisting of even number of carbon atoms up to 350 or above.

s [Fullerenes can be of a different type C 60, C 70, C 76, C 78, C 80 etc. depending on the number
of carbon atoms, The most important fullerene is a C60 containing 60carbon atom which is
commonly known as Buckminster fullerene.

e Fullerenes are cage like molecules. Ceo molecule has a shape like soccer ball and called
Buckminsterfullerene. Spherical fullerenes are also called Bucky balls in short.

e Fullerenes are a class of cage-like carbon compounds that contained 60 carbon atoms,
composed of fused pentagonal and hexagonal carbon rings, looking just like a soccer ball. It
contains 20, six- membered rings and 12, five membered rings.

e A six membered ring is fused with six or five membered rings but a five membered ring can
only fuse with six membered rings. C-60 can be used as excellent microscopic ball bearings,
lubricant and catalyst

e Some uses of fullerenes include:

(1) Used for the conversion of diamonds.

(2) For making carbon films, double layer capacitors and storage devices.

(3) Used as lubricants, adhesives, cosmetics, catalysts etc.

(4) In secondary battery, non-aqueous batteries and in fuel cells as electrodes.

(5) As gas sensors, temperature sensors, particle sensors and detection of organic vapors.

(6) Used for the conversion of diamond.

4. Dendrimers

Ga+—— generation
#g?‘ numbers

focal point
termini (chemically addressable group)

branching
points

DENDRIMER DENDRON

o The word Dendrimer comes from the Greek word”’DENDRON " meaning tree and “MEROS™
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meaning part.

e A dendrimer is generally described as a macromolecule, which is characterized by its highly
branched 3D structure that provides a high degree of surface functionality. Dendrimers have
often been referred to as the “Polymers of the 21st century™.

e Dendrimers are large and complex molecules with very well defined chemical structures.

e Each step of addition of branches to a dendrimer is called as a generation.

e A dendrimer can be grown up to 10-15 generations. Low generation dendrimers have a disc-
like structure, while higher generations have a globular or spherical shape.

e Dendrimers are manmade, nanoscale compounds with unique properties that make them
useful to the health and pharmaceutical industry as both enhancements to existing products
and as entirely new products.

e Dendrimers are constructed by the successive addition of layers of branching groups. Each
new layer is called a generation. The final generation incorporates the surface molecules that
give the dendrimer the desired function for pharmaceutical, life science, chemical, electronic
and materials applications.

e Because they are built up layer by layer and the properties of any individual layer can be
controlled through selection of the monomer, they are ideal building blocks in nanochemistry
for the creation of more complex three-dimensional structures.

In addition, the chemical reactivity and properties of their periphery and core can be
controlled easily and independently.

Some uses of dendrimers include:

5.

Targeted And Controlled Release Drug Delivery.
Delivery of Anticancer Drugs
Dendrimer As Solubility Enhancers
Cellular Delivery Using Dendrimer Carriers
Dendrimers As Nano-Drugs
Dendrimers In Photodynamic Therapy
Diagnostics-MRI
Dendritic Catalysts / Enzymes
Metallodendritic catalysts.
Catalysis with phosphine-based dendrimers
Catalysis with (metallo) dendrimers containing chiral ligands.
Non-metal containing dendrimers.
Industrial Processes.
Nanocomposites
e Nanocomposite is a multiphase solid material where one of the phases has one. two or three
dimensions of less than 100 nanometers (nm), or structures having nano-scale repeat

distances between the different phases that make up the material.
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e Nanocomposites encompass a large variety of systems composed of dissimilar components
that are mixed at the nanometer scale. These systems can be one-, two-, or three-
dimensional; organic or inorganic; crystalline or amorphous.

® Nanocomposites can be classified into three types,

1. Ceramic Matrix Nanocomcomposites (CMNCs)
2. Metal Matrix Nanocomcomposites (MMNCs) and

3. Polymer Matrix Nanocomcomposites (PMNCs)

e The behavior of nanocomposites is dependent on not only the properties of the components, but
also morphology and interactions between the individual components. which can give rise to
novel properties not exhibited by the parent materials.

e  Most important, the size reduction from micro composites to nanocomposites yields an increase

in surface area.
Some uses of nanocomposites include:

I. In producing batteries with greater power output.

2. Inspeeding up the healing process for broken bones.
3. In producing structural components with a high strength to weight ratio.
4. In making lightweight sensors with nanocomposities.
5. As light weight materials in vehicles for fuel economy.
6. Itis economically beneficial for artificial joints.
6. Nanorods

# In nanotechnology, nanorods are one morphology of nanoscale objects. Each of their
dimensions range from 1-100 nm.

® They may be synthesized from metals or semiconducting materials. Standard aspect ratios
(length divided by width) are 3-5.

® Nanorods are produced by direct chemical synthesis. A combination of ligands act as shape
control agents and bond to different facets of the nanorod with different strengths. This
allows different faces of the nanorod to grow at different rates, producing an elongated
object.

L _______________________________________________________________________________________________________________________|
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# Some uses of nanorods include:

1. One potential application of nanorods is in display technologies, because the reflectivity of
the rods can be changed by changing their orientation with an applied electric field.

2. Another application is for microelectromechanical systems (MEMS). Nanorods, along
with other noble metal nanoparticles, also function as theragnostic agents.

3. Nanorods absorb in the near IR, and generate heat when excited with IR light. This
property has led to the use of nanorods as cancer therapeutics. Nanorods can be conjugated
with tumor targeting motifs and ingested. When a patient is exposed to IR light (which
passes through body tissue).

4. Nanorods selectively taken up by tumor cells are locally heated, destroying only the
cancerous tissue while leaving healthy cells intact.

5. Nanorods based on semiconducting materials have also been investigated for application as

energy harvesting and light emitting devices.

L ________________________________________________________________________________________________________________________|
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Nanocrystals and Clusters

Nanocrystals are crystals of nanometer dimensions, usually consisting of aggregates of a

few hundred to tens of thousands of atoms combined into a cluster. Nanocrystals have

typical dimensions of 1 to 50 nanometers (nm),
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Figure 1. Molecular representation of a dendrimer (left) and a 3-D molecular model of the

same dendrimer (right).

and thus they are intermediate in size between molecules and bulk materials and exhibit
properties that are also intermediate . For example, the small size

of semiconductor quantum "dots" leads to a shifted light emission spectrum through
quantum confinement effects—with the magnitude of the shift being determined by the size
of the nanocrystal. Nanocrystals are of great interest because of their promise in high
density data storage and in optoelectronic applications, as they can be efficient light
emitters. Nanocrystals have also found applications as biochemical tags, as laser and optical

components, for the preparation of display devices, and for chemicalcatalysis .

Hydrothermal method:

Hydrothermal synthesis is typically carried out in a pressurized vessel called an
autoclave with the reaction in aqueous solution . The temperature in the autoclave
can be raised above the boiling point of water, reaching the pressure of vapour

saturation. Hydrothermal synthesis is widely used for the preparation of metal
L _________________________________________________________________________________________________________________________|
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Water Technology

Water plays an important role in our daily life. 70% of the earth is covered by water, out
of which 97% is in oceans and hence saline (not usable) 2% is locked in polar ice caps (not
available for use) only 1% is available as surface and ground water (Usable) Though the ground
water is clear. it contains dissolved salts, hence not pure. Surface water contains dissolved salts,
dissolved gases, and suspended impurities. Water is an essential commodity for any engineering
industry. The sources for water are of stationary or of flowing type. Depending on the source,
water may consist of impurities insoluble or dispersed or suspended form. The impurities in
water impart some undesirable properties to water and hence render water ineffective for the

particular engineering application.

Distribution of Earth’s Water

Fresh- :
water 3% Other 0.9% R . Rivers 2%
water
Ground 0.3%
30.1%
Earth's water Freshwater Fresh
surface water
(liquid)

Importance of water

e Living things are indeed in need of water,

e It cleanses our body.

e Itenergises us every day.

e It keeps our body temperature at the right level.

e [t is one of the essential resources for our health.
Uses of water: Domestic, Agriculture, Industry, Power generation: Hydroelectric power.
The chief sources of waterfall in two main groups,

1. Surface water

2. Underground water

Surface Water: Surface water exists as

i) Rainwater: It is the main source of water obtained as a result of evaporation of seawater. Rainwater
may be the purest form of water. It is made impure by the polluted atmosphere. It contains a considerable
amount of industrial gases (like CO:z SOz, NO: etc.) and suspended solid particles, both of organic and
inorganic origin.

ii) River water: It is the water that flows over the surface of the land. River water starts from spring
water and fed by rainwater. It flows through a different kind of terrain and dissolves the soluble minerals of the
soil. Chlorides, sulphates, bicarbonates of sodium, calcium, magnesium and iron are some of the major mineral
salts present in river water. River water also contains organic matter. produced by the decomposition of plants

and small particles of sand and rock suspension.
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iii) Sea water: Sea Water it is the most impure water. Continuous evaporation of water makes

it continuously richer in dissolved impurities. About 3.5% of the seawater contains dissolved

salts, out of which 2.6% contains sodium chloride. Sulphates of sodium. bicarbonates of

potassium, calcium, magnesium and a number of other compounds.

iv) Lake water: It contains fewer amounts of dissolved materials and high quantity of organic

impurities. Its chemical composition is constant.

Underground Water: Underground water shallow and deep springs and wells. About

9.86% of the total freshwater resources are in the form of ground water. A part of rain water

which falls on earth surface percolates into the earth and continues its journey till it meets a hard

rock where it may be stored or come in the form of spring. During its downward journey. it

dissolves a number of salts.

Types of impurities:

1) Dissolved Impurities: -

a) Dissolved salts: Inorganic salts of Na, K, Ca, Mg, Al, Fe and traces of other metals as

chlorides, sulphates, bicarbonates, etc. Dissolved impurities cause hardness, alkalinity etc.

b) Dissolved gases — Most of the water contains dissolved gases like oxygen. nitrogen, CO> and
some water contains oxides of N and S, NH3, or H2S which gives the bad odour.

2) Suspended Impurities: -Mainly aluminium hydroxide, ferric hydroxide, insoluble minerals

such as clay, sand etc. Because of these impurities, water gets turbidity, colour, and odour.

a)Organic impurities: - Oil, vegetable and animal matter. The presence of organic impurities

colour and odour and alters the taste of water.

Inorganic impurities: - Clay and sand. Because of these impurities, water gets turbidity, colour,

and odour. Because of these impurities, water gets turbidity, colour, and odour.

3) Colloidal Impurities: - Finely divided silica and clay, organic waste products, amino acids.

Because of these impurities, water gets turbidity.

4) Microbial and biological impurities — Pathogenic microorganisms like fungi and bacteria,

Spread various disease like typhoid, dysentery. hepatitis etc.

Boiler Feed Water:

In Industry, one of the chief uses of water is a generation of steam by boilers. The water fed

into the boiler for the production of steam is called boiler feed water.

Requirements of boiler feed water

1. It should have zero hardness.

2

It must be free from dissolved gases like Oz, CO2, etc.
It should be free from suspended impurities.
It should be free from dissolved salts and alkalinity

It should be free from turbidity and oil.

It should be free from hardness causing and scale-forming constituents like Ca and Mg

salts.
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Boiler troubles (or) Disadvantages of using hard water in boilers
If the boiler feed water contains impurities (or) if the hard water obtained from natural sources is
fed directly to the boilers, the following troubles may arise.

1. Formation of deposits (scales and sludges).

2. Priming and foaming (carry over).

3. Boiler corrosion.

1. Scale and Sludge Formation in Boilers

In boilers, water evaporates continuously and the concentration of the dissolved salts

increases progressively. When the salts concentration reaches their saturation point, they are

thrown out of water in the form of precipitates on the inner walls of the boiler.

Loose precipitate tiard adheri

su in water st e

STITET
innecr walls of boiler (scalc)

(=) (b)

Scale: If the precipitate forms hard and adherent coating on the inner walls of the boiler is
known as scale. It is formed by the substances like CaSQ4. Mg (OH) > and Ca (HCO3)..

1. Decomposition of calcium bicarbonate.
2. Deposition of calcium sulphate,
3. Hydrolysis of magnesium salts.

4. The presence of silica.

Scale Formation
i.  The scale is a hard, adherent coating forms on the inner walls of the boiler during steam
generation.
ii. Ina low-pressure boiler, the main scale forming substances are Ca(HCO3)2 and MgCl.
iti. In high-pressure boiler, the scale forming substances are mainly CaSOas and Silica
Scales are difficult to remove even with the help of a hammer and cut in slices. Scales
are the main sources of boiler troubles. Formation of scales may be due to

a) In Low-Pressure Boilers
1. Decomposition of Ca (HCO;):
Ca (HCOz); —»CaCO3 + H.0 +CO2
Soft Scale
(Insoluble)
2. Hydrolysis of Magnesium Salts
Dissolved magnesium salts undergo hydrolysis forming magnesium hydroxide
precipitate.
MgCl +2H,0 —Mg (OH) 2 +2HCI
Soft Scale
(Precipitate)
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b) In High-Pressure Boilers
1. Deposition of CaSO4
The solubility of calcium sulphate in water decreases with rising of temperature. CaSOs gets
precipitate as hard scale on the heated portion of the boiler. CaSOs is quite adherent and difficult
to remove.
2. Presence of SiO; (Silica)
SiO; present in water even in small quantities deposits as CaSiO3 and MgSiOs. These deposits
stick very firmly to the inner side of the boiler surface and are very difficult to remove.
Disadvantages of Scale Formation
1. Wastage of Fuel
Scale acts thermal insulator in boilers. Because scale has low thermal conductivity. Scale deposit
decreases the rate of heat transfer from the boiler to inside water. So, more amount of fuel is required
in order to get a steady supply of heat to water. This causes an increase in fuel consumption.
2. Decrease in Efficiency
The scale may sometimes, deposit in the valves, condensers of the boiler and choke them partially.
This results in a decrease in efficiency of the boiler.
3. Danger of Explosion
When a thick scale develops. any cracks due to uneven expansion, water comes suddenly in
contact with the overheated surface of the iron plate. This causes the formation of a large amount
of steam. So sudden high pressure is developed inside the boiler which may lead to an explosion
in boilers.
Prevention of Scale Formation
Scale formation in boilers can be prevented by
1. External treatment
This method involves the removal of scale forming impurities from water before feeding to the
boiler.
Example
» Lime soda processt Softening of water by using lime Ca(OH): for to remove bicarbonate
hardness and soda ash Na>CO3 for to remove non carbonate hardness.
» Zeolite process: Zeolite is a hydrated sodium alumino silicate (Nax0O, ALO3, x8i0s,
yH20),( where x=2-10 and y=2-6) is used to remove Ca’* and Mg*
» Demineralization process: lon exchange process is used to dematerialize the water.
2. Internal treatment
This method involves the addition of chemicals directly to the water in boilers to remove the
scale forming substances which were not completely removed during external treat ment.
Example
> Colloidal Conditioning: - spreading of organic compounds like tannin, agar gel-act
as protective colloid-prevent precipitation of scale forming substances
» Carbonate Conditioning: Scale formation can be avoided by adding Na>COs to the
boiler water. It is used only in low pressure boilers. The scale forming salt like CaSO; is

converted into CaCO3, Which can be removed easily.
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CaS04+ NaxCO3;— CaCOs+ Naz SO4
» Calgon Conditioning: Calgon is sodium hexa Meta phosphate Nax [Nas (PO3)s].
This substance interacts with calcium ions forming a highly soluble complex and thus
prevents the precipitation of scale forming salt.
Naz [Nas (POs)g] — 2Na* + [Nas (PsO15)]>

Calogensodium hexa
meta phosphate

» Phosphate Conditioning: Scale formation can be prevented by adding sodium
phosphate to the boiler water which reacts with the
hardness producing ions and forms easily removable phosphate salts of respective ions

3CaCl (Boiler water) + 2 NasPOs— Caz(POs): + 6 NaCl
Sludge: In a boiler, water contains the precipitate loose and slimy is known as sludge. It is
formed by the substances like CaCl,, MgCl, MgSO4and MgCOs.

1. Sludge is a soft, loose and slimy precipitate forms inside the boiler during steam generation.

2. The main sludge forming substances in water are MgCO3, MgClz, MgSQ4, CaClz etc.,

3. Sludges are generally formed at cooler portions of the boiler.

4. Sludges can be easily scraped off with a wire brush.
Sludge Formation

1. Sludge is a soft, loose and slimy precipitate forms inside the boiler during steam generation.

2. The main sludge forming substances in water are MgCO3, MgCl2, MgSQO4, CaClzete.,

3. Sludges are generally formed at cooler portions of the bailer.

4. Sludges can be easily scrapped off with a wire brush.

Disadvantages of Sludge Formation

1. Sludges are poor conductors of heat, so they waste a portion of the heat generated.

2. Excess of sludge formation decreases the efficiency of the boiler.

3. If sludges are formed along with scales, then both will be deposited on inner walls of the boiler as
scales, and then it cannot be removed easily.

Prevention of Sludge Formation

Sludge formation in boilers can be prevented

1. By using well-softened water.

2. Blow-dewn operation should be carried out (Blow - down operation is a process in which a portion
of concentrated water containing large amount of dissolved salts is replaced with fresh water
frequently, during steam making).

3. It can be easily scraped off with a wire brush.

2. Priming and Foaming (Carry Over Process)
Steam sometimes may be associated with small droplets of water. Such steam containing

liquid water is called wet steam. These droplets of water may carry with them some dissolved
salts and sludge materials present in water. This phenomenon is called Carry Over Process. This
occurs mainly due to Priming and Foaming.

Priming: Process in which some water droplets are carried along with the steam is

called priming. The resulting process is called as wet steam or carry over. The process of

formation of wet steam in boilers is called as priming.
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Priming
Causes : Priming may be caused by
i) High steam velocity.
ii) The Very high water level in the boiler.
iii) Improper boiler design.
iv) Sudden boiling of water.
v) Presence of dissolved salts.
Prevention: Priming can be controlled by
i) Controlling the velocity of steam.
ii) Keeping the water level lower.
iii) Good boiler design.

Foaming: Formation of continuous foam or hard bubblers in boilers is called

foaming. These bubbles are carried along with steam leading to excessive priming.

Foaming

Causes : Due to the presence of substance like oil & grease in boiling water., presence of
sludge particles
Prevention: Foaming can be prevented by

i) Adding coagulants like sodium aluminate. aluminium hydroxide, ferrous sulphate etc..
ii) Adding anti-foaming chemicals such as castor oil and synthetic polyamides.
3. Boiler corrosion: The decay of boiler material by its environment is termed as boiler

corrosion.
Degradation or destruction of boiler materials (Fe) due to the chemical or

electrochemical attack of dissolved gases or salts is called boiler corrosion.

Corrosion in boilers is due to the presence of

i) Dissolved oxygen

i1) Dissolved carbon dioxide

iii) Dissolved salts

i) Dissolved Oxygen: The presence of dissolved oxygen in water is the main cause of boiler
corrosion. When water containing dissolved oxygen is heated in the boiler. the dissolved oxygen gets

liberated and corrodes the boiler material as follows
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2Fe + 02+ 2H:0— 2 Fe (OH)2|
4 Fe (OH): +02 —  2[Fe 03.2H20]]
Ferrous hydroxide Rust

Removal of Dissolved Oxygen: Dissolved oxygen can be removed by chemical (or)
mechanical methods.
Mechanical method: Dissolved oxygen can also be removed from water by mechanical de-

aeration.
Chemical method: Sodium sulphite, hydrazine is some of the chemicals used for removing oxygen.
2 Na;SO; + O —2 Na SOy

Sodium sulphite Sodium sulphate
N2Hs 402 —N2 T+ 2 H20
Hydrazine

Hydrazine is found to be an ideal compound for removing dissolved oxygen in the water. It
reacts with oxygen forming nitrogen and water. Nitrogen is harmless,
it) Dissolved carbon dioxide: Dissolved carbon dioxide in water produces carbonic acid,
which is acidic.
CO2 + H20 —H2CO3 (Carbonic Acid)
Carbon dioxide is also released inside the boiler, if water used for steam generation contains
bicarbonates of Calcium and Magnesium.
Ca(HCO3)2 -CaCO3 +H20 +CO2¢

Mg(HCO3)2—+ MgCO3 +H20 +CO21
Removal of dissolved carbon dioxide
a) Carbon dioxide may be removed by adding calculated amount of NHs OH into water.

2NH40H + CO:— (NH4).CO; + H:O
b) Carbon dioxide along with oxygen in water can be removed by mechanical de-aeration.
iti) Dissolved salts
If water used for steam-generation contains dissolved magnesium salts, they liberate acids on
hydrolysis.

MgCl2 +2H20 —Mg (OH) 2 + 2HCI
The liberated acid reacts with iron material of the boiler in a chain-like reaction producing HCI again
and again.

Fe+2HCl— FeCl2 + H2
FeClz + 2H20— Fe (OH) 2 + 2HCI
4 Fe (OH), 402 —  2[Fe:03.2H:0]]
Ferrous hydroxide Rust

Thus presence of even a small amount of MgClz will cause corrosion of iron to a large extent.
Removal of acids: Corrosion by acids can be avoided by the addition of alkali to the boiler
water.

HCI + NaOH— NaCl + H,O
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DISSOLVED OXYGEN (DO):

It is the amount of free molecular oxygen dissolved in water. It is expressed in
mg/litre of molecular oxygen. Dissolved oxygen (DO) is essential for the survival of aquatic
animals. In a water sample containing biological organisms such as virus, bacteria. etc., the
amount of dissolved oxygen (DO) would be less as they utilize it for their growth.

Dissolved oxygen (DO) determination measures the amount of dissolved (or free) oxygen
present in water or wastewater. Aerobic bacteria and aquatic life such as fish need dissolved
oxygen to survive. If the amount of free or DO present in the wastewater process is too low, the
aerobic bacteria that normally treat the sewage will die.

The presence of oxygen in water is a good sign. Depletion of dissolved oxygen in water
supplies can encourage the microbial reduction of nitrate to nitrite and sulfate to sulfide. Hence,
analysis of dissolved oxygen is an important step in water pollution control and wastewater
treatment process control.

In a healthy body of water such as a lake, river, or stream, the dissolved oxygen is about 8
parts per million. The minimum DO level of 4 to 5 mg/L or ppm is desirable for survival of
aquatic life.

Determination of DO is by the Winkler’s method:

Principle: 1. Dissolved molecular oxygen in water is not capable of reacting with KI, therefore
an oxygen carrier such as manganese hydroxide is used. Mn(OH); is produced by the action of
KOH on MnSOs.

2. Mn(OH)2 so obtained reacts with dissolved molecular oxygen to form a brown precipitate of
basic manganic oxide, MnO(OH ),.

3. MnO(OH); then reacts with concentrated sulphuric acid to liberate nascent oxygen.

4. Nascent oxygen results in oxidation of KI to I>.

5. This liberated iodine is then titrated against standard sodium thiosulphate solution using starch
as an indicator,

6. Thiosulphate reduces iodine to iodide ions and itself gets oxidized to tetrathionate ion.

Reactions
MnS0:4+2KOH - Mn (OH)2 + K2804 ...(1)
2Mn (OH)2+ 02— 2MnO (OH) 2 ... (2)
Oxygen carrier Basic Manganese oxide (Brown ppt)
MnO(OH)z2 + H2S04 -MnSO04 + 2H20 + [0] ...(3)
2KI+ H2804+ [0] — K2S0a+ H20 + 12 ... (4)
2Na:S:0;3 +I; —»NaxS40s+2Nal. .. (5)
2NaN;3+ H2S04—2NH34+NaxS0s.. ... (6)
To destroy nitrates
HNO2+HN3—N>0+N2+H20. ... (7)
Procedure:

1. 250 cm’ of water sample is pipette out into a clean Winkler’s flask, 2em’ of
manganous suphate and 2cm’alkaline KI containing sodium azide are added.
2. The Winkler’s flask was stoppered and shaken well, brown ppt. was formed and it is allowed

to settle down for 10 to 15 minutes.
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3. Then add 1 cm® of concentrated H2SO: is added slowly and mixed well to dissolve the
precipitate.

4. Pipette out 100 cm? of solution into a clean conical flask and titrate with standard sodium
thiosulphate solution till it turns to pale yellow.

5. Then add 2 to 3 drops of starch indicator, titrate against standard sodium thiosulphate
solution till the blue colour disappears. Note down the volume of standard sodium
thiosulphate solution as V; cm’.

Calculation:

Normality of Na25203 solution=N,

2

Volume of Na»S:0; solution=V;

2 ;: N1xVq
3. Normality of dissolved oxygen=—"—"—""
100
N, XV, X8 i
4. Amount of dissolved oxygen in terms of equivalent ofoxygenzﬁ gm/lzrre
Ny XV, X8x10° -
“"Tooxio00 PP

Biochemical oxygen demand or biological oxygen demand: (BOD)
Biochemical oxygen demand is also called biological oxygen demand) is the quantity of
dissolved oxygen needed (i.e., demanded) by micro organisms to break down organic material
present in one litre(1000cm™) water sample at 20 °C temperature and for a time period of 5 days.

It represents the quantity of oxygen which is consumed in the course of aerobic processes
of decomposition of organic materials, caused by microorganisms. The BOD therefore provides
information on the biologically-convertible proportion of the organic content of a sample of
water. BOD is stated in mg/l of oxygen and is usually measured within a period of 5 days
(BOD:).

Determining BOD values after five days (BODs) has been adopted as a compromise between a
short test-period and the detection of a practically complete biological breakdown of organic materials.
With domestic effluents, at 20 °C a complete degradation (= 100 % BOD) is achieved only after 20 days

(BODz): however, after only 5 days, 70 % of the biologically convertible substances are broken down.

Measurement of biochemical oxygen demand (BOD):

Two bottles are filled with water sample and dissolved oxygen of the first bottle is determined

immediately by the Winkler’s method. The second bottle is incubated under 20°C (adjusted to

pH between 6.5 and 8.5 in the dark under standard conditions) for 5 days and the dissolved

oxygen is once more measured. The difference between the two DO values is the amount of

oxygen that is consumed by microorganisms during the 5 days and is reported as BOD5 (5-day

BOD) value of the sample.

Blank Titration:

1. DO in one bottle is determined immediately by taking 250 cm’ of water sample is pipette out
into a clean Winkler’s flask 2cm® of manganous suphate and 2cm’alkaline KI containing

sodium azide are added.
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2. The Winkler’s flask was stoppered and shaken well, brown ppt. was formed and it is allowed
to settle down for 10 to 15 minutes.

3. Then add 1 c¢cm® of concentrated H:SO: is added slowly and mixed well to dissolve the
precipitate.

4. Pipette out 100 ¢cm’ of solution into a clean conical flask and titrate with standard sodium
thiosulphate solution till it turns to pale yellow,

5. Then add 2 to 3 drops of starch indicator, titrate against standard sodium thiosulphate
solution till the blue colour disappears. Note down the volume of standard sodium
thiosulphate solution consumed.

6. DO 1 calculated by Winkler’s method and represented as D,

Sample Titration:

1. The second bottle is incubated for 5 days at 20°C. After 5 days unconsumed DO is measured
as above procedure.
2. Calculated DO content is represented as Ds.

Calculation: The BOD of a sample is given by

BODs==—" x B mg/L

Chemical oxygen demand (COD):

It is a measure of both biologically oxidizable and inorganic matters in a water sample.

It is the amount of oxygen required by organic and inorganic matters in a 1000 ml of
waste water using a strong chemical oxidizing agent like acidified K:Cr:07 for refluxing

two hours.

Measurement of chemical oxygen demand (COD):

Principle: A known volume of waste water is refluxed with known concentration with known
volume of KaCr207 solution with dilute H2SO4 medium. Add 1gm of HgSOy (catalyst) and Igm
Ag>xS04 (Avoids interference of Cl- ions). The reaction mixture was refluxed about two hours for
complete oxidation. Part of K:Cr>0O7 used is used for the oxidation of impurities. The remaining
unreacted K>Cr207 is determined by titration with standard FAS solution using ferroin indicator

till the colour changes from blue green to reddish brown.

Sample Titration:

i) A known volume (Vem?) of waste water is pipetted out into a round bottom flask and add
known concentration with known volume of K:Cr:0; solution with dilute H>SO4. Add
Igm of HgSO4 (catalyst) and 1gm Ag>SOs (Avoids interference of Cl- ions).

ii) The flask is refluxed with reflux condenser and the mixture is refluxed for 2 hours.

iii) The contents are cooled and transferred into a clean conical flask, add 5 drops of ferroin
indicator and titrated against standard FAS solution till the colour changes from blue green
to reddish brown.

iv) Note down volume of FAS used as A cm®.
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Blank Titration:

i) The above procedure is repeated by taking same volume of distilled water in place of
waste water.

ii) Note down volume of FAS used as B cm’.
Calculation: The COD of the waste water sample is given by

COD="C=2 x 8 x 1000 mg/L

N= Normality of FAS

V= Volume of the waste water sample

A= Volume of FAS used for sample titration
B= Volume of FAS used for Blank titration
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Sewage and its treatment: Sewage treatment is the process of removing contaminants
from wastewater, primarily from household sewage. It includes physical, chemical, and
biological processes to remove these contaminants and produce environmentally safe treated

wastewater (or treated effluent).
Treatment Objectives:

i.Sources: Lakes and rivers- do not meet all the required specifications of drinking water-
contain suspended inorganic and org particles and micro-organics.

ii. Render water free from these disease producing organisms and toxic substances.

iii. Make it free from color, turbidity, taste, odors

iv. Does not aim at removing all dissolved salt: Does not supply softened water.

When effluent discharged into a river body such as lake, river or sea a number of process
occur like physical, chemical and biological characteristics of water change which cause loss of
organism. Large quantity of biodegradable waste can affect living organism in the water bodies in
which waste are discharged. It is necessary to treat effluent or waste water before discharging in
water body.

Sewage is the water containing domestic, industrial, agriculture wastes etc., which is
unfit for using.

It is more than 99% water, but the remainder contains some ions, suspended solids and
harmful bacteria that must be removed before the water is released into the water streams.
The treatment of domestic sewage is carried out in 3 stages. a) Primary treatment. b) Secondary

treatment. ¢) Tertiary treatment.

primary treatment Air secondary
l l’ 1 l treatment dismfection
. " B ) . . TS
- prelam. L] : x 2 2 —_—— " -*—D‘_"
TT11 trtmt | oy Acration Tank wo:@an final
- i clarifier clarifier efMuent
| recycle
wastewater l activated sludge
mnfluent 2
_sienarl waste
lud .
= &e activated
to sludge treatment sludge

and disposal

Primary and Secondary Wastewater Treatment

1. Primary Treatment: In primary treatment Oil, fatty acids and suspended solid and floating
material is removed by the use of the following techniques:

Physical Treatment:Physical chemical waste water treatment techniques are techniques to
remove the coarse fraction,

a) Screen chamber: Effluent is passes through a screen which is used to remove certain
material like wood pieces, plastic. paper, floating debris. Screen chamber remove dead animals,
branches of tree, logs of wood and other coarse floating material. The effluent is passed through
the bar screens for rag removal. In this section, two automatic bar screen cleaners remove large
solids (rags, plastics, etc.) from the raw sewage.

b) Grit Chamber: Grit include sand, ash, egg shell etc . Of diameter less than 0.2 mm. Next, the

effluent moves to the grit tanks. These tanks reduce the velocity of the effluent so that heavy
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particles may fall to the bottom. The solids are pumped to an auger pump which separates the
water from the grit while the water moves onward. The grit (mostly inorganic solids) goes to a
dumpster which is taken to a landfill.
¢) Floatation or skimming tank : Fats, waxes, fatty acid, soap, minerals and vegetable oil
present in waste water are collectively called as oil and grease. As oil and grease are lighter than
water they are normally separated by natural flotation. The air bubbles are passed on the bottom
of the tank and floating matter rises and remain on the surface of waste water which can be
separated easily.
Pysical chemical Treatment: Physical chemical treatment is normally used to prepare the waste
water for the next treatment technique. in many cases biological treatment.
a) Sedimentation:- Coagulation In plain sedimentation, the heavier particles settle down.
However fine particles take many hours or sometimes days to settle down. - Colloidal particles
which are fine particles of size finer than 0.0001 mm. The water possesses colour which is
mainly due to colloidal matter and dissolve organic matter in water. The turbidity in water is
mainly due to the presence of very fine particles of clay, silt and organic matter, Sedimentation
alone is not sufficient o remove all the suspended matter.
b) Coagulation: The process of coagulation is used to remove colloidal particles from water.-
Coagulation is the process in which certain chemical agent is.mixed with water then colloidal
and suspended particles are agglomerated and form insoluble metal hydroxide known as flocks.
The most common coagulant are aluminum sulfhate, chlorinated copper, ferrous sulpahte, lime,
magnesium carbonate, polyelectrolyte and sodium aluminates. Aluminum sulphate, (Al> (SO4)3.
18 H>O is also known as potash alum. It is most common coagulant that is available and used in
the form of flakes.
¢) Flocculation:- Flocculation is the agglomeration of destabilized particles into micro-floc and
after into bulky floccules which can be settled called floc. The addition of another reagent called
flocculants or a flocculants aid may promote the formation of the floc.
d)Filteration: - The filtering medium in a sand filter consists of three layers. The top layer is
thick and is made of fine sand. The middle layer consists of coarse sand, while the bottom layer
consists of gravels. The filter is provided with an inlet for water and an under drain channel at
the bottom for the exit of the filtered water.
2. Secondary Treatment or Biological Treatment:

It is the process in which microorganism play a very important role for the treatment of
effluent. Microorganism like bacteria, fungi decomposes the organic waste and converts into
simpler form. The sewage is mixed with activated sludge composed of bacteria into a tank. Air is
passed vigorously from bottom of the tank in order to bring about good contact between the
organic waste and bacteria under aerobic conditions; oxidation occurs of the organic matters. The
effluent along with sludge is sent to a settling tank, where sludge settles down. A part of sludge

is reused for purification of fresh batch of sewage and rest is used as fertilizer.
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2. Tertiary treatment:

i. Removal of phosphate: It is carried out by treating waste water with lime at pH 10.

3Ca (OH) 2+2PO4*—Caj; (POy4)+60H

ii. Removal of Heavy metals: By treating waste water with S*, heavy metal ions can be
removed as insoluble sulphides.

iii. Degasification: Dissolved gases can be removed by passing water through a degasifier. In
this dissolved gases like H>S, NH3 and CO: can be removed. Activated charcoal can be used
to adsorb any dissolved organic compounds.

iv. Disinfection: Destruction of harmful (pathogenic) microorganisms, ie. disease causing
germs. The chemicals used for deactivating or killing micro-organisms are called
disinfectants.

Some of the important disinfectants are i) Chlorination ii) Ozone iii) UV treatment
iv)Hydrogen peroxide.

Chlorination: By adding chlorine compounds like bleaching powder, chlorine gas, chloramines

and sodium hypochlorite:

Cl2 + H20 — HOCI+ H" + CI
Hypochlorous acid
NaOCl + H,O — Na* + HOCI + OH-

This produces nascent oxygen which is a powerful oxidizing agent.
HOCI — HCl + [O]
Nascent oxygen

The nascent oxygen oxidizes undesirable organic and inorganic compounds, thus removing
offensive taste and odour as well as potential toxicity.
Desalination of Brackish Saline Water:

What is Desalination?
A desalination plants turns salt water (brackish or seawater) into fresh water (potable or distillate

water).
The process of removing dissolved salts from sea water to make it potable for
drinking and suitable for agriculture purpose is called as desalination.
1. Electro dialysis:
The process of removing dissolved ionic impurities (salt, organic dyes) from water by using

membranes and electric field is known as electro dialysis.
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1. The basic principles of the electro-dialysis (ED) treatment process is dissolved ions
present in water have either a positive or negative charge and are attracted to electrodes
with an opposite electric charge.

2. Both cation and anion selective membranes to segregate charged ions extracted from a
saline water.

Method:

» An electro-dialysis cell consists of a large number of paired sets of polymer membranes.
The membranes are ion-selective.

» The cation selective membrane will allow only cations to pass through it, as it consist of
functional groups like -COO", -SO3™ etc (which repel and do not allow anion to pass
through it).

» The anion selective membrane will allow only anions to pass through it, as it consists of
functional groups like -NR** (which repel and do not allow cation to pass through it).

» It can be applicable for removing ionic pollutant, salts from sea water. The drinking

water can be obtained by this technique.

Saline feed

Anion selective
membrane

Cation Selective
membrane

DC current

DC current positive pole

negative pole

Fresh water

Concentrated brine

In a typical ED cell, a series of anion and cation exchange membranes are arranged in an
alternating pattern between an anode and a cathode to form individual cells. When a DC
potential is applied between two electrodes, positively charged cations move toward the cathode,
pass through the negatively charged cation exchange membrane and are retained by the
positively charged anion exchange membrane. On the other hand, negatively charged anions
move toward the anode, pass through the positively charged anion exchange membrane and are
retained by the negatively charged cation exchange membrane. At the end, ion concentration
increases in alternate compartments with a simultaneous decrease of ion concentration in other

compartments. A schematic view of an ED cell is presented in Figure.
2. Reverse Osmosis

If two solutions of different concentration are separated by a semi-permeable membrane which is
permeable to the smaller solvent molecules but not to the larger solute molecules, then the
Solvent will tend to diffuse across the membrane from the less concentrated to the more

concentrated solution. This process is called osmosis.
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* When a semi permeable membrane separates a dilute solution from a concentrated solution,
solvent crosses from the dilute to the concentrated side of the membrane in an attempt to
equalize concentrations.

Reverse 0smosis: Reverse osmosis is a membrane separation process for removing
solvent from a solution in which solvent will flow from the concentrated to the dilute
solution.

Pure solvent is separated from its contaminates rather than contaminates from the water

* It is done by applying an opposing hydrostatic pressure to the concentrated solution.

* The magnitude of the pressure required to completely slow down the flow of solvent due to
osmosis is defined as the "osmotic pressure”.

» If the applied hydrostatic pressure exceeds the osmotic pressure flow of solvent will be
reversed, that is, solvent will flow from the concentrated to the dilute solution.

* Also called 'Super filtration’ or ‘Hyper filtration’.

semipermeable
pressure membrane

4

salt
water

e Water is pressurized (15-40kg/cm”) on one side of a semi permeable membrane.

e The pressure must be high enough to exceed the osmotic pressure to cause reverse
osmotic flow of water.

e The membrane is highly permeable to water, but essentially impermeable to dissolved
solutes, pure water crosses the membrane.

e Membrane consists of very thin films of cellulose acetate, metha acrylate or polyamide
polymers.

e As pure water crosses the membrane, the concentration of dissolved impurities increases
in the remaining sea water and, as a consequence, the osmotic pressure increases.

e A point is reached at which the applied pressure is no longer able to overcome the
osmotic pressure and no further flow of product water occurs. The membrane becomes

stained by precipitated
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Softening of water by ion exchange process:

In this method ion exchange resins are used as softening material. In this process cations
like Ca**, Mg?* and anions like CI, SOs* which are responsible for hardness are removed
respectively by cation exchange resins and anion exchange resins.

lon exchange resins are insoluble, cross linked, long chain organic polymers with a micro
porous structure. The functional groups attached to the chains are responsible for the ion-

exchanging properties.

Cation exchange resins (RH*)
Resin containing acidic functional groups (-COOH, -SO;H) are capable of exchanging their H*
ions with cations of hard water.
Example: (i) Sulphonated coals.

(ii) Sulphonated polystyrene.

R-SO;H; R-COOH =RH2

Anion exchange resins (ROH"): Resins containing basic functional groups (-NHaz, -OH) are
capable of exchanging their OH- ions with the anions of hard water.

Example: (i) Cross-linked quaternary ammonium salts.

(ii) Urea-formaldehyde resin

R-NR;OH; R-OH; R-NH, = R(OH)3

Process
The hard water first passed through a cation exchange column which absorbs all the cations like

Ca’*, Mg**, Na*, K* etc.. present in the hard water.
2RH* + CaCl; —R,Ca + 2HCI
2RH+ + MgS04 —R2Mg + H2S04
RH* + NaCl —»RNa + HCl
The cation free water is then passed through an anion exchange column, which absorbs all

the anions like CI;, SO4> etc., present in the water.

2ROH" + 2ZHCl— 2RCl + 2H:20
2ROH" + H280s— R2S0: + 2H20

Thus the water coming out from the anion exchange is free from both cations and anions. This
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water is known as ion-free water (or) deionised (or) demineralised water.
Regeneration
When the cation exchange column is exhausted, it can be regenerated by passing a solution of
dil. HCI (or) dil.Hz SOu.
R>Ca + 2HCl— 2RH* + CaCl,
R:Mg + H2SO4— 2RH" + MgS0y4
RNa + HCl— RH* + NaCl

When the anion exchange column is exhausted, it can be regenerated by passing a solution of dil.
NaOH.

2RClI + 2NaOH —2ROH" + 2NaCl

R2504 + 2NaOH —2ROH™ + Na:SO+

Advantages
1. The process can be used to soften highly acidic (or) alkaline water.

2. It produces water of very low hardness (Zppm).
Disadvantages:

1. The equipment is costly and more expensive chemicals are needed.

2, If the water contains turbidity, the output is low due to clogging.

Engineering Chemistry 18 |Page


http://www.tcpdf.org

