| CHAPTER 1
ELECTROCHEMISTRY AND CORROSION

1.1 INTRODUCTION

Electrochemistry is the branch of chemistry which deals with the relation
he study of solutions of electrolytes.

between chemical energy and electrical energy- Itist

Also it deals with the chemical reactions produced by passing electric current through an
electrolyte solution. In order to have an electric current, charge carriers as well as driving
force are essential. These charge carriers can be either electrons or ions. A battery or
some other suitable source of electrical energy can be used to provide the necessary
driving force. Substances which allow the passage of electric current through them are
called conductors while those which do not allow electric current to pass through are

called insulators. Conductors are of two different types.

1. Electronic conductors or metallic conductors which allow the conduction of
electricity by the movement of electrons. (e.g. Fe, Cu, Al, Ag etc.)

2. Electrolytic conductors where conduction takes place by the movement of ions

- produced as a result of the decomposition of electrolytes (e.g. acids, bases, salt

solution etc.)
The major differences between electronic and electrolytic conductors are given in the

following Table 1.1

Table 1.1 Comparison between metallic and electrolytic conductors

No. Metallic conductor Electrolytic conductor

1 Conduction takes place by movement Conduction takes place by the movement

of electrons. of charged ions.
2 No chemical or physical changes and Chemical changes take place by the
new products. formation of new products.

3 Do not involve any transfer of matter. Involves transfer of matter.
4 Resistance of the conductor increases Resistance of the conductor decreases with
with rise in temperature. rise in temperature.
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ELECTROCHEMISTRY AND CORROSION ENGINEERING CHEMISTRY

Electrolytes

Are substances which allow the passage of electric current through it, either in molten
stage or in solution (e.g. acids, bases, salt solution etc.). We know that on passing electric
current through an electrolyte solution, a chemical reaction takes place. In other words,
an electric current can cause a chemical reaction to takes place under suitable conditions,
This phenomenon is called electrolysis. The reverse is also true i.e. we can generate
electric current by chemical reaction. Hence, depending upon these two types of chemical
processes, there are two types of cells such as:

1. Electrolytic cells
2. Electrochemical cells

Electrolytic Cells

It is a devise in which electrical cnergy from an external source can be used to bring
about chemical reactions. In other words, in electrolytic cells, electrical energy is
converted into chemical energy. In an electrolytic cell, the redox reaction in the cell is
non-spontancous and occurs as long as the external emf is applied. The electrodes used in
such type of cell may be of the same or different materials, the electrodes are set up in
ond vessel and only single clectrolyte is used. In such a cell the anode is connected to a
pasitive terminal and the cathode to the negative terminal of a battery. The refining of
metals, electroplating with silver, gold or chromium or production of many chemical
substances such as chlorine, sodium hydroxide, hydrogen peroxide etc., are carried out in
electrolytic cells.

1.2 ELECTROCHEMICAL CELL

It is a device which converts chemical energy in to electrical energy. It is also known as
voltaic or galvanic cell. A cell is an arrangement of two electrodes and an electrolytic
solution capable of producing electricity due to chemical reaction within the cell or
producing chemical action due to the passage of electricity through the cell e.g. Daniel
cell. An electrochemical cell is made up of two electrodes. At one electrode, oxidation
takes place, i.e. electrons are evolved. At the other clectrode, reduction takes place, i.c.
clectrons are taken up. The anode is defined as that electrode at which electrons leave the
cell and oxidation occurs. The cathode is defined as that electrode at which electrons
enter the cell and reduction occurs. Each electrode may become either the anode or the
cathode depending on the direction of current flow through the cell.

ELECTROCHEMISTRY AND CORROSION

No Electrolytic Cells

1
2

ENGINEERING CHEMISTRY.

Table 1.2 Comparison between Electrolytic Cells and Electrochemical Cells .

Electrochemical Cells

It requires a source of external energy

It converts electrical energy in to
chemical energy ’

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

Both the electrodes are placed in the
same container in the electrolytic
solution

Salt bridge is not required
Involves oxidation at
reduction at cathode

Here the anode is positive and cathode
is the negative electrode

anode and

It is a source of energy

It converts chemical . énergy in to
electrical energy

The redox reaction is spontaneous and is
responsible for the production of energy.

Two half-cells. are set up in different
containers being connected through salt
bridge. )
Salt bridge is required
Involves oxidation at
reduction at cathode

Here the anode is negative and cathode
is the positive electrode.

anode a.mi

Daniel Cell: Daniel cell is an electrochemical cell consisting of a zinc electrode dipped in
ZnSOs (anode where oxidation takes place) and a copper electrode dipped in CuSO4
solution (cathode where reduction takes place). The two solutions are separated by a salt
bridge and each electrode is referred to as a half cell. The cell can be represented as

Zn(s), Zn* (aq) // Cu**(aq), Cu(s) : )

ZnSOs solution ——

Salt Bridge

Cu+2e—pCu

Figure 1.1 Dapiel Cell

Scanned with CamScanner



ELECTROCHEMISTRY AND CORROSION ENGINEERING CHEMISTRY

than copper. Hence oxidation occurs

The zinc metal has a greater tendency for oxidation 0
lectrode and goes to the solution as

in Zinc and Zn atoms leaves its electrons to the Zn €l
Zn?* ions.
- Zn?* +2¢ (oxidation).

At the anode, Zn ) .
2 jons have a tendency for reduction, by accepting

In the copper compartment, Cu
electrons.

At the cathode, Cu?* +2e'— Cu (reduction)
The overall reaction can be written as, Zn + Cu?*-Zn?* + Cu (cell reaction)

Redox Reactions

Various chemical reactions occur through redistribution of electrons among the
reacting substances. Oxidation is a process, which involves loss of electrons by a
substance; while reduction is a process, which involves gain of electrons by a substance.
Any substance that loses electrons is said to be oxidized and the one which gains
electrons is said to be reduced. However, in a chemical reaction, substance can lose
electrons only if there is another substance, which can gain electrons. This implies that
oxidation can take place only if reduction also occurs at the same time or vice-versa.
These reactions in which reduction and oxidation take place simultaneously are called
redox reactions. Thus, if we place zinc metal in a solution of copper sulphate, immediate
precipitation of Cu takes place. In this change, the zinc atom (Zn) is oxidized to zinc ion
(Zn?), since it loses electrons; while the copper jon (Cu?") is reduced to copper atom,
since it gains electrons.

@) Zng = Zn*gt2e (oxidation).
(ii) Cu?*(ag)+ 2 Cugs) (reduction)
(iii) Zn+Cu?ay - Zn™up+Cu (redox reaction)

Cell diagram or Representation of a Cell

A cell diagram is an abbreviated symbolic depiction of an electrochemical cell.

For this purpose, we will consider that a cell consists of two half-cells. Each half-cell is

made of a metal electrode in contact with metal ions in solution. A single vertical line (|)

represents a phase boundary between metal electrode and ion solution (electrolyte)-
Anode half-cell is written on the left and cathode half-cell on the right. The physical state
is indicated in bracket. For anode, the electrode is written first and then the electrolyte-
For cathode, the electrolyte is written first and then the electrode. In the complete cell
diagram, the two half-cells are separated by a double vertical line (salt bridge) in

ELECTROCHEMISTRY AND CORROSION ENGINEERING CHEMISTRY

between. The symbol of an inert electrode like the platinum electrode is often enclosed i
a bracket. Concentrations of electrolytes and pressures of gases are mentioned. A cell i
constructed by coupling Zn electrode dipped in 0.5 M ZnSO4 and Ni electrode dipped ia
0.05 M NiSOs can be represented as

Zn / ZnS04 (0.5M) // NiSO4 (0.05M) /Ni.
The Hydrogen electrode is represeated, Pt | Ha(g) (1 atm) | H* (IM)

1.3 SINGLE ELECTRODE POTENTIAL

When a strip of metal (M) is brought in contact with the solution containing
its own ions (M™) a half cell or single electrode is formed due to its tendency to gain or
lose etectrons. The electrical potential difference set up between the metal and solution of
its ions is known as half cell electrode potential or Single electrode potential. It can be
determined relative to the standard hydrogen electrode. It is represented as E.

Origin of electrode Potential: When a metal is dipped in a sotution containing its ow.
ions, the metal may undergo oxidation by loosing electrons or the metal jons may
undergo reduction and get deposited on the metal surface.
Consider a metal M, dipped in a solution containing its ions M"*. The tendency of metal
to pass in to solution (oxidation) can be represented as,

M- M™+ ne
Similarly, the metal ions from the solution tend to deposit on the metal as metal atoms
(reduction).

M*+ne= M
The above two opposite tendencies will results in equilibrium as follows

M™+ne= M

<+——— Zincelectrode

Copper

Helmholl

electrical
double layer

Zinc sulphate
solution
solution

Figure 1.2 Helmholtz Electrical Double Layer
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When a metal undergoes oxidation it loses positive ions into solution feaving behing ,

layer of negative charges on its surfaces. This layer attracl:ts positive cﬁall'ge; e;nd I;“lorms~ an
electric double layer (EDL). This electrical double layer is known as elmho \t; ectrica]
Double Layer, because of the formation of EDL electrode.potentlal arises. When meta]
#ons undergo reduction by depositing atoms on the metallic surfaces, the metal surface
becomes positively charged. The accumulated positive char'ge on the metal Sul'ff.we
attracts a layer of -ve charges and forms Helmholtz Electrical Double Layer which
causes the origin of electrode potential

Factors affecting Electrode Potential or emf of Cell

1 Concentration of metal ions in the solution
2. Temperature of the solution
3. Nature of the metal

Standard Electrode Potential (E°)

It is a measure of the tendency of the metal electrode to lose or gain electrons,
when a metal qlectrbde is in contact with its own salt solution of unit concentration (1M
or IN) at 25°C. With gases at 1 atmospheric pressure is a standard condition. For a Zn-
Cu voltaic cell, the standard emf, E°, is 1.10 V. This means that the emf of the cell
operated with [Cu?*] and [Zn?*] both at | M and 25°C is 1.10 V. Standard emf of a cell is
represented by the symbol E°, It is not possible to determine the single clectrode potential
of an electrode since half cell reactions cannot takes place independently. However, the
difference in potential between two electrodes can be measured from a complete cell.
Generally standard hydrogen electrode, whose potential is zero, is taken to complete the
cell. In short, Standard electrode potential is defined as the equilibrium potential

difference between the metal electrode and its surroun

; ding ions of unit concentration (IM
or IN) at 25°C.

1.4 DIFFERENT TYPES OF ELECTRODES

1. Metal /Metal Ion electrode M/M™)
When a metal is immersed in the respective metal salt solution, Meta| /Metal Ion
electrode is formed. For example, Zn/Zn?",Cu>*/Cy efc, Here the electrode
potential depends on the logarithm of concentration of the metal jon

2. Gas Electrode .
In this type, the gas is passed thro

. ugh an inert electrode Jike lati b
immersed in a solution containing j Platinum which is

ts own ion e.g, hydrogen electrode (Pt/Ho/HY),

!
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Chlorine electrode (Pt/Clo/ClY). Here the electrode potential depends on the
logarithm of concentration of the ior and the pressure at which gas is bubbled.

3. Metal /Insoluble metal salt/Common ion electrode : s
In this type, the metal is covered with paste of its insoluble metal salt which is‘in
contact with a solution containing a common ion with the insoluble salt. Calomel
electrode (Hg/Hg:Cl/KCl), Silver-silver chloride electrode (Ag/AgCl/CI"). Here
the electrode potential depends on the logarithm of the concentration of the
common ion.

4. Redox Electrode
In this type of clectrodes, an electrode like platinum is in contact with a redox
system, e.g. Pt/Fe*/ Fe*, PCe*"/ Ce*. Here the electrode potential depends on
the logarithm of concentration of all ionic species involved in the redox reaction.

5. Ion selective electrode
In this type of electrodes, the sensing part of the electrode is usually made up of an
ion-specific membrane. The membrane can be glass membrane, crystalline
membrane or an ion exchange resin membrane. E.g. glass clectrode. Here the glass
membrane is made of an ion-exchange type of glass which are sensitive to specific
ions like H*, Na*, Ag*etc.

Reference Electrodes

These are the standard electrodes with reference to these, the electrode potentials
of any other electrode can be determined. The Reference Electrodes are of two types.
i) Primary reference electrodes c.g. Standard Hydrogen Electrode
ii) Secondary reference electrodes e.g. Calomel Electrode

L.5 STANDARD HYDROGEN ELECTRODE (SHE)

The standard hydrogen electrode is a primary reference eclectrode. It is a gas clectrode
consisting of a platinum foil connected to platinum wire sealed in a glass tube. The
platinum foil is dipped in 1M HCI. Hydrogen gas at 298K and 1 atmospheric pressure is
passed through the side arm of glass tube as shown in Fig.1.3. The standard electrode
potential of SHE is taken as zero. The clectrode is represented as

Pt | Ha(g) (1 atm) | H* (1IM)
The electrode reactions can be represented as,

2H* + 2e” — H, (Reduction — Cathode)

H; — 2H* + 2e~ (Oxidation — Anode)
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; L___ Platinum wire { 1.6 MEASUREMENT OF ELECTRODE POTENTIAL

: By single electrode potential, we mean the emf of an isolated half-cell or its half-
} reaction. Practically it is not possible to measure the emf of a single half-cell directly.
H; gas at 1 atm f However it can be determined by coupling the given half-cell with another standard half-

) cell. The emf of the newly constructed cell, Ecan, is determined with a voltmeter. The emf

Ecot=Er- EL  0f Ecent= Ecathode— Eanode .
The clectrode potentials of any metal electrode can be determined by using reference
clectrodes like standard hydrogen clectrode (SHE) or calomel clectrode. The SHE is
coupled with the electrode whose clectrode potential is to be determined and the

Glass P | of the unknown half-cell, can then be calculated from the expression,
[
[
|

1 M H*solution at

G clectrode potential of the electrode is determined by fixing the electrode potential of
Platinum foil SHE as zero. For example, for the determination of Single electrode potential of Zinc
clectrode, it is coupled with Standard Hydrogen clectrode as follows. The emf of the cell
. is determined (say 0.76V). That value can directly give the electrode potential (as
Figure 1.3 Standard Hydrogen Elecctrode (S.HE) explained below)
The electrode potential of Zinc electrode can be calculated as
Advantages of Standard hydrogen electrode (SHE) Ecen = Ecathode = Eanode T Ecett = Er- E1
Ecat = Esug — Ezn2v/za
Standard Hydrogen Electrode is a primary reference electrode, The standard Electrode | 0.76 = 0-Eznwza
potential (E) of this clectrode has been arbitrarily fixed as zero. SHE has a number of Eznzwzm= -0.76 V
advantages e
1. Shows no salt errer, negligible internal resistance. : E— \9 —
2. It can be used over the entire p" range
3. Highly accurate |
4. It is a primary reference clectrode, . | A c fl.ﬁ

Limitations of S.H.E | ZaS0uSolution
L. Itis difficult to get pure Ha. |
2. The pressure of H; is to be maintained at I atmospherc all the time.
3. Itis difficalt to set up and transport. [ Znrod
4. The electrode potential changes with pressure. ‘

5. A large volume of test solution is required.

6. It cannot be used in solutions of redox systems.

7. The solution may poison platinum surfac, Hisrellc)Megqmementigh giodunntin)

8. It cannot be used in solutions having metal ions lower in the Electrochemical Series
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Relation between emf and free energy

When a cell produces current, the current can be used to do work for example to

run a motor. Thermodynamic principles can be employed to d.erive a relation between
electrical energy and the maximum amount of work, Wmax obtainable from the celll. The
maximum amount of work obtainable from the cell is the product of .Charge flowing per
mole and maximum potential difference, E, through which the charge is transferred.
Wiax= — DFE..oceencninnn m

Where, n is the number of moles of electrons transferred and is equal to the valence of the
ion participating in the cell reaction. F stands for Faraday and is equal to 96,500
coulombs and E is the emf of the cell. According to thermodynamics, the maximum work
that can be derived from a chemical reaction is equal to the free energy (G) for the

reaction.

Therefore, from (1) and (2), we can write,AG = —nFE

1.7 THE NERNST EQUATION

We know that the potential of a single electrode or half-cell varies with the
concentration of ions in the cell. In 1889 Walter Nernst derived a mathematical
relationship to calculate the electrode potential, E, from the standard electrode potential,
E°, the temperature of the cell and the concentration of the electrolyte. This relation
known as the Nernst equation and can be stated as

2.303RT
E=E° +—Flog[M“"]
Where E° = Standard electrode potential
R = Universal gas constant (8.314 J/K/Mol)
T = Temperature (In Kelvin scale).
n = Number of electrons transferred in the half-reaction
F = Faraday of electricity (96500 Coulombs)

[M™] = Concentration of the electrolyte
Derivation of Nernst Equation: In general, for a reversible cell the equation is,
M™ +pe= M

The electrical energy of a reversible cell can be measured by the decrease in free energy
(- AG) of the reaction taking place in the cell. In the cell, if the reaction involves the
transfer of n number of electrons, then n Faradays of electricity will flow. If E is the emf

10
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of the cell, then the total electrical energy produced in the cell is

-AG = nFE, where, -AG = Decrease in free energy change.
At standard conditions,

-AG’ = nFE’, where, -AG® = standard free energy change.
Standard free energy change is the change in free energy when the concentration of
reactants and products are unity. E° is the standard emf of the cell in which the reactants
and products are kept at 1 molar concentration at 298K. In the reversible electrode
reaction,

M™+pe2 M

The equilibrium constant K can be written as,

_[concentrtion of products] _ M
€~ [concentration of reactants]  [M"*]

K. and AG are related according to Vant Hoff’s reaction isotherm of Thermodynamics,
AG = AG® + RTINK, --mmmmeeeeeeev )

But AG = -nFE and AG’= -nFE° substituting the value of Kc in (1)

-FE = -nFE% RT In [l\[dM"l] ------------ @

Dividing the above equation (2) by — nF

E=E’-0 In[M] -3 (-In[M™]), since [M] = 1, we have In [M] =0

E=E+ :—: In [M™] converting In [M™] to log [M™]

E=E'+2.303 % log [M™] (Nernst equation)

At 298K, R = 8.314J/K/mol, F = 96500 coulombs. Nernst equation becomes,

0.0591
E=E° +T10g[Mn+]

Variation of emf of Daniel cell with Temperature and Concentration

The temperature and concentration dependence of emf can be explained with a Daniel
cell as shown below. Daniel cell can be represented as
Zn(s), Zn** (aq) / Cu**(aq), Cu(s)

11
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The cell reaction can be written as
Zn(S) + Cu?*(aq) = Zn2*(aq) + Cu(S)

Substituting in Nernst equation, we have
0591 [zn?*]

——log =77 ]
Case 1: When [ Zn?*] = [ Cu®'], the loganthmnc term become zero, i.e. Ecen = E2.y1. This
means that the emf of the cell will be independent of temperature.
Case 2: When [ Zn**] > [ Cu?*], the logarithmic term becomes negative, i.e. Ecep < Ed).
This indicates that the emf of the cell decreases with rise in temperature.
Case 3: When [ Zn*] < [ Cu®], the logarithmic term becomes positive, i.e. Ecen > Edgy.
This indicates that the emf of the cell increases with rise in temperature.

Ecen = Ecen —

Applications of Nernst Equation
i) To calculate electrode potential of unknown metal.

ii) To study the effect of concentratior of electrolytes on electrode potential.

iii) Determination of p" of a solution from the measurement of electrode potential.
iv) Determination of valency of an ion in an electrochemical reaction.

v) Calculation of equilibrium constant for a cell reaction.

vi) Corrosion tendency of metals can be predicted.

Problem 1: Calculate the emf of the cell Fe / Fe** (0.01) // Ag*(0.1) /Ag at 298K, if
standard electrode potential of Fe and Ag electrodes are — 0.42 and 0.8 V respectively.

Solution: Elyy = Elnode — ESnode= Eagt/ag—Erer+) pe=0-8-(-0.42) = 1.22V
0.0591 [Ag*]?

B Fer*]
0.0591_ [0.1]?

2z °80.01]
Ecn = 122 — 0.02955logl =122V

Ecen = E%cell —

Ecn =122—

T
Problem 2: Calculate the equilibrium constant of Daniel cell reaction given, E° n=11V
ce. L

Solution: We know from Nemnst equation of Daniel cell that,

0.0591
Ecen = E%cell — logK

Under equilibrium condition, Ec¢;; = 0, substituting the value of E%,); and simplifying

12
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We have 1.1 =0.02955 log K orlogK=37.22 ieK=167x10"

Problem 3: Calculate the emf of a Daniel cell at 25°C, when the concentration of ZnSO4
and CuSOs are 0.001M and 0.1 M respectively. (Given Egy = 1.1V)

Solution: Daniel cell can be represented as
Zn(s), Zn?* (0.001) // Cu?*(0.1), Cu(s)
The cell reaction can be written as
Zn(S) + Cu?*(0.1) = Zn?*(0.001) + Cu(S)
Substituting in Nernst equation, we have

0.0591 [cu?*] _ o1 _ —
Ecell = E%, + 2 logm 1.1+ 0.02955 log {woon) 1.1+ 0.0591 =1.1591 V

Problem 4: A cell is constructed by coupling Zn electrode dipped in 0.5 M ZnSO4 and
Ni electrode dipped in 0.05SM NiSOs. Write the cell representation, cell reaction.
Calculate the EMF of cell, given E° of Zn and Ni as — 0.76 and — 0.25 volt respectively.
Solution: Cell representation: Zn / ZnS04(0.5M ) // NiSO4 ( 0.05M )/ Ni.

Cell reactions: Zn(S) + Ni**(aq) - Zn**(aq) + Ni(S)
— EQpode= ERj - EZn =-0.25-(-0.76) =0.51V

E¢ent = Edathode
0.0591 [Nit*]

Ecen = Ecell +———log [Zn“‘]
0.0591 [0.05]
Ecan = 0.51 +2=>log = >

=051+ 0.0295510g0.1 0.4805 V
Problem 5: Calculate the equilibrium constant of the reaction
Fe** + Ag* 5 Fo ™ +Ag at 25°C (Given Eggs+jpz+ = 0.75 V and Epgr/pg = 0.85V).

Solution: Eoy = Ef 4/, — Efeas/pez+ = 0.85-(0.75)=0.1V

We know from Nernst equation that,

0.0591

Ecen = E%cell ————log K. Where, K is the equilibrium constant.

Under equilibrium condition, Ece = 0, substituting the value of EC., and simplifying,
Ecell = 25 10gK or log g=Dellxl_ 01 _ 69 .. K = Antilog 1.69 =48.97
0.0591 0.0591

Problem 6: At 25°C the standard emf of a cell having reaction involving 2 electrons are
found to be 0.295 V. Calculate the equilibrium constant of the reaction. (KTU June 2016)

Solution: We know from Nernst equation that,

13
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D0891 logK , where K is the equilibrium constant

2

= 0, substituting the value of Ely @
EOcellx2 _ 2x.295 _

logK or log K== " 0001 9.983

Ecenl = E°cell - "
i ing,
Under equilibrium condition, Ecent nd simplifying.

0.0591
0al] =
Ecell .

~ K = Antilog 9.983 = 9.6 x 10°
(Secondary Reference Electrode)

1.8 CALOMEL ELECTRODE
ning pure mercury at the bottom. A paste of mercurous

chloride (Hg2Clz-calomel) covers the mercury. A solution of potassiurp Chlo:c:‘e is p]:i::d
over the paste. A platinum wire, dipping in to the Ix(ne:'curly ‘llayer, i;cu_z:]t ;r:dr;: fogr
i i ini Cl solution - 3
electrical contact. There is a side-tube containing s -
coupling the electrode to any other electrode (for electrical contact). The electrode is

represented as,

It consists of a glass tube contail

Hg | Hg2Chas | KCliaq)
The calomel electrode acts as anode or cathode dependin

When it acts as anode, the electrode reactions is, o
2Hg + 2CI —Hg:Cla + 2€ (oxidation)

When it acts as cathode, the electrode reaction is )
Hg:Cla + 2¢° —2Hg +2CI" (reduction)

g upon the other electrode used.

Saturated KCI

Pt wire

Hg + Hg:.Ch

- Hg

Figure 1.5 Saturated Calomel Electrode

Electrode potential of the cell is reversible with respect to the chloride ions and depends
on the concentration of KCl used.

o
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Ecatomel = E°alomel — ﬁll [Product]
nf [Reactant]
Ecalomel = E°catomel — % log [P;:{;[E :;]]1

Since the concentrations of the solids are unity, the above equation can be written as
Ecatome! = Ecatomel — % log[C1~]?
On simplification, the above equation becomes,
Ecatomel = Ecalomel — @ log[Cl7]
Table 1.3 Variation of emf with KCl concentration in Calomel Electrode

KCI concentration 0.IN IN (NCE) Saturated (SCE)
Electrode potential | 0.335 0.2810 0.2422
Advantages of Calomel Electrode
1. Easy tosetup.
2. Easily transportable
3. Long shelf life
4. Reproducibility of emf
5. Low temperature coefficient
6. Electrode can be used in a variety of solutions.
7. E%value is accurately known.
Electrode Potential Using Calomel Electrode
[y
| Bsesssesssmccecll|
(&

ZnSOgsolution

Znrod

Figure 1.6 Determination of Electrode Potential
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of an electrode (say Zn electrode), the

de and the emf of the resulting cell is
n we can write,

In order to determine the unknown potential
calomel electrode is coupled with that electros
determined using a potentiometer. By normal conventio!

ECeil = Ecatomel — E%Za ’
n electrode, from the measured value of

When we use saturated calomel electrode and Zi
the emf of the resultant cell, (for instance measured value of emf is 1.0) we can write,

1.0 = 0.2422-E°n

E°z =0.2422-1=- 0.76 Volt

1.9 GLASS ELECTRODE

monly used as secondary reference electrode. Its emf is
determined by coupling with a saturated calomel electrode (SCE). The glass electrode
ds for measuring the pof

provides one of the easiest metho
It consists of a thin walled glass bulb containing AgCl coate . y:
electrode in 0.1 M HCI. The glass has low melting point and high electrical conductivity.

The glass electrode can be represented as
Ag/AgCI(s) /0.1M HCl1/ Glass or Pt,0.1M HCV/Glass

Glass electrode is com
a given solution.

Pt wire

0.l MHCI

TH"

Glass membrane

Fig. 1.7 Glass electrode

Principle: When two solutions of different p! values

16

d Ag electrode or simply a Pt

are seperated by a thin glass

ELECTROCHEMISTRY AND CORROSION EN(‘}INE
ERING CHEMISTRY

memll:ranE, there develops a difference in potential between the two surf:
lops-. ] s
::T:; ' ra;:e ’I;llaes Sp(:;]:ll;]’a:;ff:;:nc'e develope.d is proportional to the diifer::ne:e?i :l:
e e ctions as an ion exchange resin and an equilibrium is
ions of glass and H* ions in solution. The potential of the

electrode Eg is given by,
Eg = E&+ 0.0591log[H*]
E= EQ — 0.0591 p"

Determination of pH of a solution using Glass Electrode

Glass electrode is used as an internal reference electrode. To determine pH of
unknown solution the glass electrode is combined with secondary reference
electrode such as calomel electrode. The two electrodes are ‘connected to

potentiometer. The cell formed is represented as

Pt, H'(0.1M) ,Glass, H* (c=?) // KCI, Hg:Ch (s), Hg

Pt wire or Silver
chloride coated silver

. 0.1 MHCI

H]?
Solution of
unkown P"

Fig.1.8 Determintion of pH using Glass Electrode

It is clear that 1'30 of the glass electrode depends on the pH of the solution in which the
glass electrode is dipped. The potential of the electrode Eg is given by

[¢Y)

the glass electrode. By using a
s mearured. Knowing the value of

Eclass = E% — 0.0591 pH
Where., E% is the standard electrode potential of
potentiometer, the resultant emf of the coupled cell i
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E% of glass clectrode and potential of saturated calomel electrode (Esce), the pH of the

solution can be calculated as follows:
Ecel = Ecathode— Eanode 0T Eright— Eien
Ecen = Esce- Eclass (2
But we know that Esce = 0.2422, sul

bstituting this and the value of Ecuss from egn.1 in

equation 2 we have
Ecan = 0.2422 — (E% — 0.0591 pH) 3)
Rearranging and simplifying equation 3
0.0591 pH = Ecen + E% ™ 0.2422
Ecen +EG-02422
Hence, pH can be determined using the formula pH= 0.0591
n of known pH.

The E% value of glass electrode can be determined using a buffer solutiol

Advantages of Glass Electrode
i) ‘It is used in colored, turbid and colloid solutions
ii)  Results are accurate
jii)  Electrode is not easily poisoned
iv)  Equilibrium is quickly attained

It can be used in strong oxidizing solutions and alkaline solutions

v)
vi)  Using special glass electrode, pH can be measured from 0 to 12.
vii) It can be used in chemical, industrial, biological and agricultural laboratories.

Disadvantages or Limitations
i) Glass has high resistance. So special electronic potentiometer must be used.
iiy It cannot be used if the solution p"is more than 12

fiiy It cannot be used in pure ethanol or in acetic acid.

1.10 LITHIUM ION CELLS

Lithium ion cell is a type of a battery composed of Lithium, the lightest metal and the |

metal that has the highest electrode potential. Because of its lightness and high energy |
density, Lithium-Ion batteries are ideal for portable devices, such as notebook computers.

In addition, Lithium ion batteries have no memory effect and do not use heavy metals,

such as lead, mercury or cadmium. The only disadvantage to Lithium-Ion batteries is that |

they are currently more expensive than NiCad and NiMH battery packs. Lithium met:
cannot be used safely in secondary batteries. For this reason, various lithium compounds

have been made, which are used in rechargeable batteries, commonly known as lithium
|
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ion cells. These are the most energeti
k getic rechargeable batteri i ithi

ba:‘-il;y( :jsc rcgz:.dcd as a new generation battery since it can ;i::sa:‘::: i’ .L“h“‘m 3
P i M :

) icn ing upon the electrode material). Lithium ion batte (LIBE’“'ymg'fmm >
.ano e, ca't ode and an electrolyte, for which a variety of materi lf)’ o opan
jon battcrlcs arc common in modern consumer electronics, 7 = Y s Litii
Three primary functional components of a lithium jon batt.ery are

. Anode: isti ithi i

1. Anode: Consisting of lithiated graphite (lithium ijons are i i

e diEoratom) : inserted in between the
2. Cathode: Is a mixed metal oxide like LiCo0y, LiMnO;, LiFe0; et
3. El.ect.rolytc: Is a lithium salt like LiBF4, LiPFs LiCIO4,etc i
Thz ][;thxum fons move from the anode to the cathode dm:ing discharging and
cathode to Ianodf: whllv? charging. Lithium is extracted from anode aidg' —
c‘:n 0 efiunng discharging. Various chemical reactions taking place duri mse.“ed 59
discharging can be written as follows, Pace g charging and

Discharging: During disckargi
ging, the cell act as an electrochemi
) ; emical cel
c]hcmlcal ex}ergy is .convcrted to electrical energy. When the cell e 1
electrochemical cell, LiCoO2 acts as cathode and the graphite act as anode i

Anode
Cathode

LiyC, —  xLi* +xe™ + 6C

Li;_x CoO; + xLi* +xe™ =  LiCo0,

Charging: Charging i i i
Char Sgth§ o :trri?i 1sT(;l]onehby épp]ymg a higher voltage than the voltage of the battery
‘ - The charging involves exactly the reve;
: . rse
cell reaction. The various reactions during charging operations can g;ovcv:tst -
en as

Anode (oxidation) LiCoO, — Li,_, CoO, + xLi* + xe~
Cathode (reduction) xLi* + xe™ + 6C — Li.C
X6

During chargi

exwmil Circili?i)agl :);;erzal voltage sour.c.e pulls electrons from the cathode through an
i g u;)d e land causes L1-1'ons to move from the cathode to the anode by
s S e ;} 0d:tecn}'lolyte. During discharge the processes are reversed. Li-
through the extermal e f0 the cathode through the electrolyte while electrons flow
e cholcmr ot | & tom the anode to the cathode and produce power. Depending
id afetyrofs i bor anode, cathode and electrolyte, ‘the voltage, capacity, life

attery can change drastically. ’
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Fig. 1.9 Lithium ion battery

Advantages of lithium ion batteries

ghter than other types of recharge
mory effect.

undreds of charge / discharge cycles.

y of shapes and sizes so as to

They are usually much li able batteries.
Lithium-Ion batteries have no me!
. Lithium-Ion batteries can handle h
. Lithium-Ion batteries can be formed in to a wide variet;
efficiently fill the available space in the device they power.
5. Lithium-lon battery pack loses only 5% of its charge per montl

Joss per month for other batteries.
6. Since Li-ion batteries contain no toxic metals (unlike other types of batterie

may contain lead or cadmium) they are generally categorized as non-hazardous waste.
7. Lithium-ion is a low maintenance battery, an advantage over other batteries.
The load characteristics are reasonably good and behave similarly to nickel-cadmium
in terms of discharge. The high cell voltage of 3.6 volts allows battery pack designs
with only one cell. Most of today's mobile phones run on 2 single cell. A nickel-based
pack would require three 1.2-volt cells connected in series.

£

&> W

h, compared to 20%

s which

[

Limitations of lithium ion batteries

1. Requires protection circuit to maintain voltage and current within safe limits.
2. Transportation restrictions - shipment of larger quantities may be subject to regl
control. This restriction does not apply to personal carry-on batteries -

manufacture - about 40 percent higher in cost than nickel-cadmium-
jon battery

ulatory

3. Expensive to
4. They are extremely sensitive to high temperatures. Heat causes lithium —

pack to degrade much faster than they normally would.
If lithium ion battery gets completely discharged, then it is ruined.

20
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Applications of Lithium Ion Batteries

1. Lithium-Ion batterics are i
s are idcal for portable devi
5 Tt o g port. evices, such as notebook com
e batterics find application in many long-life, critical d P'fm—
, L.'th' ba pdf:cmakcrs and other implantable electronic mcdi::al devi e WC“,
4. Sl lllIJTI atteries also prove valuable in oceanographic applications, -
. Small lithium batterics arc very com )
7 monly used in small
s tone: - , portable clectroni i
ich as PDAs, watches, camcorders, digital cameras, thermomet e

5. Digital cameras and consumer clectronics. ' ok ulbion o5

1.11 POTENTIOMETRIC TITRATIONS

Potentiometric titration mak
cs use of the measurement of i
) o S change in
pot(;m;al upon the addition of the titrant against the volume of litmnt&addc:]e]mglqc
method, a cell is constructed in which 2 et
at least one of the electrodes i i
: ¢ es is revers i

respect to one of the ions taking part in the titration reaction versile wih
Th . F ati ‘
! ctor{ From Nemst cquation, we know that the potential of an clectrode dipped in ar.

ectrolyte depends upon the concentration of active ions which changes the clcclrodt;

potential.
RT
E=E° + ;P: logC

A sm i ive i ion i
conc:[:l cl(;z'mglc mDﬂClch ion concentration in the solution changes the electrode potential

ondingly. During the course of titration, th i

e concentration of active ion d
B . e O N ¢ ion decreases
in:;rr:bty electrode potential of the indicator electrode decreases. Thus the measurement o;'
i A R
i ::cort.ctlcu:rodc ';;;lcntml can give indication about the end point or equivalence point
itration. The potential of the indicat i

3 or electrode is, usually m d

potentiometrically by coupling it wi : . Calom
g it with a reference i

ey electrode like Saturated Calomel
Adva i i itrati
p(mmtrlltages' of ]Totentlomctnc Titrations: There are many situations where

ltl)mcl:\;nc. mratlons have an advantage over “classical” visual indicator methods.

2. o |nd‘1cators are required for potentiometric titrations.

. Potentiometric titrations can be used for the determination of end
colored, turbid or fluorescent solutions.
3. Potentiometric titrations are widely used since the apparatus used are not

points with

expensive and freely available.
4. Potentiometric titrations are more accurate
5, Prior information about the relative strength of titrants are not re
6. Redox and precipitation reactions can be followed.

quired.
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Types of Potentiometric Titrations: There are three types of potemiometric titrations
1. Oxidatioﬁ-rcduction (Redox) titrations

2. Acid-base titrations
3. Precipitation titrations

‘Oxidation-Reduction Titrations

- KeCriO1
solution in
burette

Potentiometer

Saturated KCI

Pt wire

Ptelectrode ~—__|
Hg + HgCl2

FeSO4 solution +
dil.H:804 ——

Fig. 1.10 Oxidation - reduction potentiometric titration

2Cr207 or KMnOs) and reducing agents (like
m indicator electrode.

Titrations involving oxidizing agents (K
0 is shown in Figure

ferrous salts) can be followed potentiometrica]ly by using platinu
The apparatus for the titration of a ferrous salt with acidified K2Crz
1.10. In this case an inert platinum electrode is immersed in a solution con
oxidized and reduced forms of ions. It acts as a redox electrode which is coup
calomel electrode. On adding K2Cr207 from the burette, emf of the cell will increase first

otential due 0

slowly. However, at the equivalence point, there will be a sudden jump inp

the rapid change in ratio of F ¢2*/ Fe?* ion concentration.

R’ 2+
AL L |
F o (Fe*)

The }itration curve is an S- shaped curve and the inflexion point corresponds to end poitt
But ;:n mos't of the cases, the curve may not give a sharp inflexion and hence analyti?®
(or derivative) method is preferred for more accurate results. In analytical metho® 1

22
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first derivative 2 s plotted agai
2y 18 plotted against V. The end point can be detected from the peak of

the curve.

=k a

e

8 ] 5

5} | 3

< s g

5] : =
E/E“ 4 End

Volume of titrant(V) ——— Volume of ti -

O] ’ l(f)amm B

(a; én potentiometric titration, the point of inflection represents the end point
.
raph of AE/AV against volume (V) of titrant. Maxima gives more accurate end point
(b poin

1.12 ELECTROCHEMICAL SERIES (ECS)

Table 1.4 Electrochemical Series

Metal Electrode [ Electrode Potential
Li Li, Li* -3.05
K K, K* -2.93
Ca Ca, Ca?* -2.90
Mg Mg, Mg?* =237
Al Al, AP* -1.66
Zn Zn, Zn** -0.76
Fe Fe, Fe?* -0.44
Ni Ni, Ni?* -0.23
Pb Pb, Pb** -0.13
H2 Hag,H* 0.00
Cu Cu, Cu? +0.34
Ag Ag, Ag** +0.80
Pt Pt H* +0.86
Au Au, Au* +1.69
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us electrodes in the increasing order of

A series which represents an arrangement of vario e
: g order of their standard oxidation

their standard reduction potentials or decreasin
potential are called ¢lectrochemical series.

Characteristics of Electrochemical Series

1. The most active metals are on the top of the series.

2. The more negative the reduction potential, the more re
displacing other metals from their salts.

3. Metals near the top of the series are strongly electrop:

active will be the metal in

ositive and lose electrons to

give cations.

4. Metals above hydrogen displace hyt

5. Elements near the bottom of the series
electrons readily to form anions.

6. Metals lying above hydrogen are easily rusted, whil
are not rusted.

7. Various oxidizing agents are arranged in the increasing order

. Various reducing agents are arranged in the decreasing order.

9. The emf of a galvanic cell can be readily calculated from the relation

Ecen = Erignt — Ejent = Ecathode — Eanode

drogen from dilute acids.
are highly electronegative and gain

¢ those lying below hydrogen

[

Applications of Electrochemical Series

1. To know the relative ease of oxidation and reduction. Greater the reduction
potential, more easily the substance undergoes reduction.

2. To predict whether a metal reacts with acid to liberate hydrogen gas.

3. To calculate the standard emf of a cell.

4. Calculation of equilibrium constant.

Problem 7: Arrange the following metals in the order in which they displace each other:
Al, Cu, Fe, Mg, Zn. The standard reduction potentials of these metals are -1.66 V,
+0.34 V,-0.44 V, -2.37 V, and -0.76 V respectively.

Solution: When the reduction potential becomes low the metal shows more tendencies t0 ‘

lose electrons and can be displaced and deposited easily. Thus the arrangement is
Mg (-2.37 V) > Al (-1.66 V) > Zn (-0.76 V)>Fe (-0.44 V)> Cu (+034 V)

Problem 8: Can a,Ni spatula be used to stir CuSO i
solution? Gi 5 the
answer. E%=-0.23V, E%, = 0,34V (KTU May 201 74) olution? Give valid reason for o

24

ELECTROCHEMISTRY AND 3
AND CORROSION ENGINEERING CHEMISTRY

Solutlon: E® of Ni is lower than that of Cu. Hence if a Nj spatula is used to stir CuSO.
solution, it will displace Cu from CuSOys solution. So a Nj spatula cannot be used to stir. ‘
Cu'aq) + Ni (s) = Ni**(oq + Cu (s) '

:Z.l)‘l(\,ubl(,l::];b\(/‘;n we use a copper vessel to store IM AgNO; solution? (E%u =+0.34V,
Solution: The reduction potential (E%g) of silver is higher than that of (E%u) coppe
Hence, Cu is incapable of displacing silver from silver nitrate solution. Thus. \:e ca:?.\srt;
a copper vessel to store IM AgNO3 solution. '
Problem 10: When a zinc rod (E%. =-0.76V) is dipped in a copper sulphate solution
(E%u = +0.34V), the blue color of CuSOsis slowly discharged. Explain the phenomenon
Solution: E° of Zn is lower than that of Cu. Hence when a Zn rod is dipped in CuSd
solution, it will displace Cu from CuSOs solution. This will result in the decrease ir:
concentration of Cu®* ions. Due to this the blue color is slowly discharged.

Cu**ag) +Zn (s) — Zn* (g + Cu (s)
Problem 11: A zinc wire is dipped in silver nitrate solution taken in beaker A and a
silv?r wire is dipped in zinc sulphate solution taken in beaker B. Predict in which beaker
1]l1e ions present will get reduced. Given that the standard reduction potential of zinc and
silver are - 0.76 V and 0.80V respectively. (KTU January 2016)
IS-Iolution: In beaker A the ions present will get reduced. E° of Zn is lower than that of Ag
el:::; ];:ir; | ::tif:_ rod is dipped in AgNO; solution, it will displace Ag from the

2Ag"0) +Zn (5) — Zn¥ g + 2Ag(s)
1.13 CORROSION

E:;:;::; ::sh(t:]:si :arlcmess lof gradual .dereriorat.ion of a metal from its surface due to the
Suome i namn;)r E ectrocheml.cal n?actlon of metal with its environment. Even
it mc;a]ptenomenon in \\'.thh Lhr? gases present in the atmosphere react
ity Heele Z “0 ?onvert them into their salts, it results in loss of material and
ogiontng 1 . mcmloys .:lre used as Fonstmction and fabrication materials in
Slowly by the o (f)r alloy stru(;turé 1s not properly maintained, they deteriorate
Bion ac; ) a;xlnospherlc gases, moisture and other chemicals. This
Known as cormais a oys to undergo destruction by the act of environment is

on. Lorrosion is defined as the destruction or deterioration of a metal or

its alloy and c
e]gcm)f 4 onsef]uent loss of metal, caused due to direct chemical action or
chemical reactions with its environment.
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Causes of Corrosion

Metals occur in nature as their oxides, sulphides carbonates ctc. The chemically
combined state is thermodynamically more stable. When we extract a metal from its ore,
the metal is in a higher energy state, which is thermodynamically unstable. So it tries to
go back to the stable state by chemical or electrochemical interaction with the
environment.

3 Ore
Z¥  (Themodynamically
e stable state)

% Pure Metal

(Themodynamically
unstable)

Metallurgical
operations

+ Energy

Corrosion product
T < call

stable)
T T T T T Y

Fig. 1.11 Causes of corrosion

Consequences or Effects of Corrosion

Due to corrosion the useful properties of a metal such as malleability, du'ctility fa.nd
electrical conductivity are lost. The most familiar example of corros%on is rusting of iron
when exposed to atmospheric conditions. During this, a layer of reddish sc.ale and pOWfler
of oxide (Fe304) is formed and the iron becomes weak. Another example is the formation
of green film or basic carbonate [CuCOs + Cu(OH):] on the surface of copper W.hen
exposed to moist air containing CO:. It has been roughly assessed that ﬂ.le amount of iron
wasted due to corrosion is one fourth of world production. The direct loss due Fo
corrosion in India amounts to Rs. 200 crore/annum while the money spent annually in
controlling corrosion is of the order of Rs. 50 crore. It is better to control rather Fhan to
prevent corrosion, since it is impossible to eliminate corrosion. Effects of corrosion are
briefly given below.

1. Efficiency of the machine decreases.

2. Plant has to be shut down due to failure.

3. Product is contaminated.

4. The toxic products of corrosion cause health hazards.

5. There is a necessity to over design to allow for corrosion

Factors affecting corrosion

Metal corrosion is a slow process of destruction of metal surface by its environment. Itis
due to various chemical reactions that occur on the surface of metals and alloys under the
action of the environment. There are two factors influencing the rate of corrosion process:

1. Nature of Metal (Internal factors of corrosion)
2. Nature of corrosive Environment (External factors of corrosion)
26
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Primary factors related to the metal and seconda

. : ry factors related to i
Various factors affecting corrosion are outlined in i

Table.1.5

Table.1.5 Factors affecting corrosion

No. Nature of the metal

Nature of the environment

Position in the Galvanic Series
Relative anodic and cathodic area.
Purity of the metal

Physical state of the metal

Nature of surface film

Solubilities of products of corrosion
Volatility of corrosion products
Overvoltage

Temperature

Humidity

p" of the medium

Conductance of the corroding medium
Formation of oxygen concentration cells
Nature of impurities

Flow velocity of process stream
Presence of impurities

® NN

Mechanism or Theories of Corrosion
1. Dry or Chemical Corrosion
2. Wet or Electrochemical Corrosion
1. Dry or Chemical Corrosion: It is due to the attack on metal surface by atmospheric

gases like Oz, SOz, HaS etc. (e.g.) tamishing of silver by HaS. There are three types of dry
corrosion.

1) Oxidation Corrosion
2) Corrosion by Hydrogen
3) Liquid Metal Corrosion

2. Wet or Electrochemical Theory of Corrosion: It is a common type of corrosion of
metal in aqueous corrosive environment. This type of corrosion occurs when the metal
comes in contact with a conducting liquid or when two dissimilar metals are immersed or
dipped partly in a solution. According to this theory, there is the formation of a galvanic
cell on the surface of metals. Some parts of the metal surface act as anodic area and rest
as cathodic area. The chemicals in the environment and humidity act as an electrolyte.
Oxidation of anodic part takes place and it results in corrosion at anode, while reduction
takes place at cathode. The corrosion product is formed on the surface of the metal
between anode and cathode. To explain the wet theory, let us take the example of

corrosion of iron. Depending on the nature of the environment, it may occur in two
different ways.
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1) In acidic environment by evolution of hydrogen: In this case, metals react in the

acidic environment and are dissolved (undergo corrosion) to release Ha gz.15. All
metals above hydrogen in electrochemical series shows this type of corrosion. .In
hydrogen evolution type of corrosion, anodic area is large as compared to its
cathodic area (See Fig 1.12)

Acidic
solution

Diffusion of
ferrous ions
formed into

clectrolyte
Pl Fe—p Fe©

Fig. 1.12 Mechanism of wet corrosion by Hydrogen evolution

At anode: Oxidation occurs. .
Fe - Fe’"+ 2¢”
At cathode: The hydrogen ions (H") are formed due to the acidic environment and the

following reaction occurs in the absence of oxygen
2H* +2¢” — H, T (reduction)

2+
The overall reaction is, Fe + 2H' - Fem + H

2) In neutral or alkaline environment by Absorption of oxygen: This type of
corrosion takes place in neutral or basic medium in the presence of oxygen. The
oxide of iron covers the surface of the iron. The small scratch on the surface
creates small anodic area and rest of the surface acts as cathodic area. The
following chemical reactions occur at anode and cathode.

At anode, oxidation occurs, Fe - Fe** + 2¢~
At cathode, reduction can occur, %02 + H,0 +2¢ - 20H”

The Fe?* ions (at anode) and OH- (at cathode) diffuse and when they meet, ferrous
hydroxide is precipitated.

Fe** 4+ 20H - Fe(OH), !
Ferric hydroxide is actually hydrated ferric oxide, Fe:0.H.0, which is yellowish rUs_L
Anhydrous magnetite, Fe3O4 [a mixture of (FeO + Fe:03)], is also formed, which i
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brown-black in color. It is to be noted that the corrosion occurs at anode but the corrosion
product is formed near cathode. It is because of the rapid diffusion of Fe?* as compared to

OH’ (see Fig.1.13). Hence corrosion occurs at anode, but rust is deposited in between
anode and cathode.

Aqueous neutral solution
of electrolyte

/ 2 / Small andi ara 7
O

7%

Fig.1.13 Mechanism of wet corrosion by oxygen absorption

Types of Electrochemical Corrosion

1. Galvanic corrosion (Bimetallic corrosion): This type of electrochemical
corrosion occurs when two dissimilar metals are connected and exposed to an
electrolyte. These dissimilar metals will form a galvanic cell. The anodic metal
will be oxidized and it will undergo corrosion. For instance, Zinc and copper
metals connected with each other in an electrolyte medium form a galvanic cell.
Zinc acts as anode and undergoes corrosion while cathode (copper) will be
unaffected.

Examples: (i) Steel screws in a brass marine hardware; (ii) Lead-antimony solder
around copper wire (iii) steel propeller shaft in bronze bearing (iv) steel pipe
connected to copper plumbing.

2. Differential aeration corrosion (Concentration Cell Corrosion): Differential
aeration corrosion is the most common type of electrochemical corrosion. This
type of corrosion is more common whenever a metal or alloy structure is partially
dipped in an electrolyte. The portion dipped in water is poor in oxygen, works as
anode which gets corroded and the portion above water acts as cathode which is
protected. The system will act as a concentration cell.

Examples: (i) Half-immersed iron plate in aqueous solution (ii) Ocean going ships
(iiii) Steel storage tanks (iv) steel pipe carrying any liquid exposed to atmosphere.

29

Scanned with CamScanner



I
{
!
i
i
|
|
i

ELECTROCHEMISTRY AND CORROSION ENGINEERING CHEMISTRY

Corrosion Control

There are various corrosion control techniques as the corrosion depends on the nature of
the environment. Some of the corrosion control methods are

1. Corrosion inhibitors

2. By cathodic protection

3. Using corrosion Inhibitor

4, By proper designing

5. By the application of protective coating

1.14 CATHODIC PROTECTION

Cathodic protection is an electrochemical method of mitigating corrosion on metallic
structures that are exposed to electrolytes such as soils and waters. The corrosion of metal
takes place at the anodic region whereas at the cathodic region, metal is unaffected. The
principle of cathodic protection involves the elimination of anodic sites and conversion of
the entire metal into cathodic site. In other words, the principle involved in this method is
to force the metal to be protected to behave like a cathode, thereby corrosion does not
oceur. This can be achieved by providing electrons from an external source so that the
specimen always remains cathode. This technique of offering protection to a metal
against corrosion by providing electrons from an external source is called cathodic
protection. There are two types of cathodic protections:

1. Sacrificial Anodic Protection Method

In this protection method, the metallic structure (to be protected) is connected by a wire
to a more anodic metal, so that all the corresion is concentrated at this more active metal.
The more active metal itself gets corroded slowly; while the parent structure (cathodic) is
protected.

Earth surface

4—— Insulated copper wire

Buried pipe made cathode (protected)
Fig. 1.14 Sacrificial anodic Pprotection
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The more active metal so-employed is called “sacrificial anode”. The corroded sacrificial
anode block is replaced by a fresh one, when consumed completely. Metals commonly
employed as sacrificial anodes are magnesium, zinc, aluminium and their alloys.

Applications of sacrificial anodic protection

Important applications of sacrificial anodic method include:
1. Protection of buried pipelines and distribution systems
2. Protection of underground cables
3. Protection of marine structures, ship-hulls etc.
4. Protection of water heaters and boilers
5. Protection of water-tanks, piers etc.

Advantages of sacrificial anodic protection systems.

. No external power is required.

. No regulation is required.

. Easy to install.

Minimum cathodic interference problem.
Anodes can be readily added.

. Minimum maintenance required.

. Uniform distribution of current.

. Efficient use of protective current.

. Installation can be inexpensive if installed at the time of construction.

VPN L A WL~

Limitations of Sacrificial Anodic Protection.

. Limited driving potential.

- Poorly coated structures may require many anodes.

- Lower/ limited current ouput.

- Can be ineffective in high — resistivity environments.

- Installation can be expensive if installed after construction.

[V N ICR N R

2. Impressed Current Cathodic Protection

Corros.mn occurs in metals depending on the environment to which it is exposed. The

corrosion current always flows from the anodic area to the cathodic area of the metal. In

::ﬁ;’:;stesec::;:t 'cathodic protection method, a curren.t is applied in opposite direction to

oo At sion current, ar{d cor?ven the corroding metal from anode to cathode.

rciltliaﬁ c);, e 1mpr§ssed .currenf is derived from a direct currefn source (like battery or
on A.C. line) with an insoluble anode (like graphite, high silica iron, scrap iron,
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steel etc.). Usually, a sufficient D.C. current is applied to an msolu:le ar::ldl::é
buried in the soil (or immersed in the corroding medium), and' connected to the mzed e
structure to be protected (see Fig.1.15). The anode is usually, m' a backfill (co:ir}po <
coke breeze or gypsum) so as 1o increase the electrical contact with the surrounding SOLL.

stainless

Source of impressed direct current

Cathode

Anode

Earth surface

4— Insulated copper wire

Buried pipe made cathode (protected)

Fig.1.15 Impressed Current Cathodic Protection

Table. 1.6 Comparison of Sacrificial Anodic and Impressed Current Cathodic methods

No Sacrificial Anodic Protection Impressed Current Cathodic Protection
External power supply required

More suitable for long term operations.
High investment required

Suitable when the current requirements
and the resistivity of the electrolytes are
relatively high

Anodes are relatively stable and do not
corrode.

1 No external power supply required

2 Economical for short term protection.

3 Investment is less

4 Suitable when the current requirements
and the resistivity of the clectrolytes
are relatively low

5  Requires periodical replacement of
anodic material,

Applications of impressed current cathodic protection
Impressed current cathodic protection is generally applied in
1. Protection of buried pipelines and distribution systems
2. Protection of underground oil pipelines, marine piers etc.

2
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3. Protection of transmission line towers.
4. Protection of condensers, laid-up ships etc.
5. Protection of large structures for long-term operations.

Advantages of impressed current cathodic protection systems

. Can be designed for a wide range of voltage and current.

. High ampere output is available from single ground bed.

. Large areas can be protected by single installation.

. Variable voltage and current output.

. Applicable in high — resistivity areas.

6. Effective in protecting un coated and poorly coated structures.

AW -

Disadvantages of impressed —current cathodic protection systems
1. Are subjected to power failure and vandalism.
2. Require periodic inspection and maintenance.
3. Requires external power, resulting in monthly power costs.
4. Overprotection can cause coating damage.

1.15 GALVANIC SERIES

Galvanic series indicates the relative corrosion tendency of a metal or alloy when
exposed to the seawater at a specific temperature for a specified period of time. The
electrochemical series (ECS) give useful information regarding the reactivity of metals,
but it does not provide sufficient information in predicting the corrosion behavior. In
electrochemical series, the metals having lower reduction potential in the series are more
anodic and undergo corrosion faster. However, as a result of passivity some metals
exhibit noble behavior, due to the change of electrode potenti=! more positive. So a more
practical series called galvanic series have been prepared. A sciies obtained by arranging
metals and alloys in the order of corrosion tendencies is known as galvanic series.
Galvanic series is a more practical series which give real and useful information
regarding the corrosion behavior of metals and alloys in a given environment. It predicts
the corrosion tendencies of both metals and non metals in actual environments. It is
dC\{eloped by studying corrosion of metals and alloys in unpolluted sca water without
their oxide films. In galvanic series electrode potentials are measured using calomel
electrode as the reference electrode. The position of a particular metal may be changed in
llfe galvanic series. The position of a metal when present in the form of an alloy is
different from that of pure metal.
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ical Series and Galvanic Series

Table 1. 7 Comparison of electrochem

|
|
|

Galvanic Series |

Electrochemical Series

1. Is an arrangement of various metal
electrodes in the increasing order of
their standard reduction potentials.

2. ECS predicts the relative
displacement tendencies of metals in
electrolytes.

3. In ECS, electrode potentials  are
measured by using SHE as the
reference electrode.

4. The position of a particular metal is
fixed in the electrochemical series.

5. Alloys of metals are not included in
the electrochemical series.

6. Electrode potential is measured by
dipping pure metals in 1M salt

solution

1.16 ELECTROLESS PLATING

Electroless plating (also known as autocataly

metal from its salt solution on a catalytically act
lectrical energy. The reduc

ver the catalytically activated surface giving 2
hemical reaction and is autocatal

a suitable reducing agent without using €
metal ion in to metal which gets plated o
thin uniform coating. The process is a c

decrease in free energy involved in the redox reaction is resp
ited evenly long edges, inside holes, and ove

this plating, metal is depos

shaped objects that are difficult to plate evenly with electroplating. Electrole
also used to deposit a conductive surface on a non-conductive object to improve
g. This technique was introduced by Brenner and Riddell in 1946.

electroplatin

Is a serics obtained by arranging metals
and alloys in the order of corrosion
tendencies.

It predicts the corrosion ten
actual environments.

dencies in

In galvanic series electrode potentials are

measured by using calomel electrode as

the reference electrode.

The position of particular metal may be
changed in the galvanic series.
Position of a metal when present in alloy
form is different from that of pure metal.
Electrode potential is measured by dipping |

metals and alloys in unpolluted sea water.

tic plating) is a method of depositing 2
ive surface of the metal to be plated using |
ing agent reduces the

ytic. The
onsible for the plating: In
¢ irregularly

SS plating 15
its

Metal Ion |+ |Reducing Agent | — MetalI+ Oxidized Eroduci
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ELECTROLESS PLATING OF NICKEL
In electroless plating of Nickel, following steps are followed
cd.

1. Pretreatment and activation
. of the surface: Th i
degreased by usmg. organic solvents or alkali fullow::dsll::;:f :‘c:iedt;e:e iy
a) S}lr(‘ncc of stainless steel is activated by dipping in h ‘mcf“'
HHSOn ping in hot solution of 50%
b) Mg alloy surface is activated by thi i
i y thin coating of zinc and c. i
c) Metals like Cu, Al and alloys like brass can be di dow el i
e irectly Ni plated without
d) Non-metallic articles like i
plastics, glasses are activated by dippi
. .. : i
solluuon containing SnClz and HCI followed by dippingya g:glg tl.lelm'm %
thin layer of palladium will be formed on the surface upon drying .

Plating Bath
Table.1.8 various ingredients in plating bath
No Ingredient type Ingredient Function Qty. (2/1)
; Coating solution NiClz Coating 20
: ?z::x::‘(gl :%eant Sod%um hy'po.phosphite Metal deposition 20
. xing agent :od.lum succinate Quality improvement 15
odium acetate buffer pH maintenance 10

Procedure: The o
2 pretreated object is immersed in the plati
i i ating bath e
2110wmg reactions occur and Ni gets coated over the Oijecxg for required time. The

anode: d .
At cathode: S:ioi : %‘I:O; H:POy" +2H*+2¢e
Net Reaction: r 2¢"— Ni

ion: Ni2* + HoPOy + H20 — H2POy™ + 2H* +Ni

Applications of Electroless Plating

L E s
; ﬁl?cvoles.s Ni plating is extensively used in electronic applications.
3. is usedim domestic (e.g. Jewellery, perfume bottle top etc.)
. Automotive fields ( Car trims) .
4. Electroless Ni pl i
plated polymers (like ABS plasti i i
as functional applications. et premel I Semmr e
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Advantages

1. No electricity required. _

2. Electroless plating can be carried out on insulators and semiconduc.:tor materials.

3. Electroless plating can be used to obtain uniform coating on irregular shaped
objects.

4. The deposits are more compact and highly adherent

5. No elaborate arrangements are required

ELECTROLESS PLATING OF COPPER

Copper is an ideal material in electroless plating due to itsbouts‘tandin.g electrocon:ucctt(:::
properties and the possibility of coating on various mau?nals including non-condu h,
Non-conductive surfaces may be metalized by employing electroless baths, since the
baths contain their own source of electrons.

Components of electroless plating bath of copper
Electroless plating bath for copper consists of the following components:

. Copper sulphate as source for copper.

. Formaldehyde as reducing agent.

. Caustic-basic medium -

. Chelating agents (amines, gluconates, glucoheptaonates, various EDTAs, and
tartarates). ) )

These agents govern the plating rate and have a marked influence on the properties of the

deposit and the bath stability.

BAWRN -

Chemical reactions during electroless copper plating

By maintaining a pH of 11-12 using a buffer solution (NaOH 12-15 g/l and Rochclle‘salt
14 g/) and at an optimum temperature of around 25°C the following redox reactions
takes place.

At Anode:
At Cathode:
Net redox reaction:

2HCHO + 40H™ — 2HCOO™ + 2H,0 + Ha +2¢~
Cu?*+2¢~ — Cu
2HCHO + 40H™+ Cu** — 2HCOO™ + 2H,0 + H2 +Cu

. oxide |
However, the reduction proceeds through a cuprous state. An excess of cuprous

¢ A ¥ y . vy the
formation will cause the reduction reaction to proceed out of control. To inhibl
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formation of cuprous oxide, air is bubb]

ed slowly through
and small complexing agents are added ; ShCeleciro)

€ss copper soluti.
to the solution,

Disadvantages of electroless copper plating

1. The chelating agent creates difficulties an
2. The reducing agent, formaldehyde, is a h
3. The instability of the electroless copper

d interferes with waste Water treatmen
uman health hazard,

bath creates difficulties in process control.
Applications of Electroless plating of Copper

1. Widely used for metalizing printed circuit boards

2. For producing through- hole connections (through hole connections are necessary

when double sided printed circuit boards are fabrica

between two sides of the board are made b;
holes by electroless plating.).

3. For plating on non-conductors

4.

5.

ted. The electrical connections
y drilling hole and then plating througf

As a base for subsequent conventional electroplating
Applied on wave guides and for decorative plating on plastics.

1.17 CONDUCTIVITY

The flow of electricity through a conductor involves the transfer of charges from a higher

negative potential to one of lower positive potential. The resistance of an electric

conductor to current passage can be determined by applying Ohm’s law. According to
this law

E
I= R
Where, I is the strength of current in ampere
under an applied potential difference E. This

directly proportional to the difference in potential and inversely proportional to the
Tesistance in electronic conduction. The te

rm conductance (C) is frequently used in
electrochemistry instead of resistance. This term implies the ease which the current flows
through a conductor. It s therefore defined as the reciprocal of resistance, i.e.

C=1R

Conductance is expressed in the unit Ohm! or mho. In SI system the unit of conductance
is Siemens S. In an ionic solution the cations and anions are free to move and both can
transport charge. When a current is passed through an ionic solution the ions carry
current. The ability of an ion in a solution to carry current is called conductivity. The

s flowing through a resistance R in Ohms
equation indicates that current strength is
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conductivity of a solution depends upon the number of cations and anions present in it
and the readiness of ions to move.

Specific conductance: The conductivity of a solution is measure!
ponductivity cell. The conductivity of a solution of 1 cm length and 1 cm? area of cross
epction is the specific conductance K.
Coll Constant: The electrodes in a conductivity cell may not be exactly one cm apart and
may not have an area of one sq.cm. Thus the measured conductivity value using the
conductivity cell will not be equal to the specific conductivity, but a value proportional to
it. It is therefore essential to calculate a factor for the conductivity cell, called the cell
constant, which when multiplied by the observed conductance gives the value of specific
conductance. This factor is known as the cell constant. Cell constant is a factor, which
must be multiplied by the observed conductivity to get the specific conductivity. It is the
ratio of distance between the two electrodes and the area of the electrodes in the

conductivity cell

d by a cell, known as

1
Specific conductance K= [;] C

Where :' is the cell constant, expressed in cm’!

K = Cell constant x conductance

Specific conductance
— e
Cell constant = & = cance.

_Conducﬁvity Cell

i 5]
- - “
Fig.1.16. Various types of conductivity cells (a), (b) cup type and (c) dip tyP®
Various types of cells are used for the measuring the conductance which differ it
shape and structure. Two main types of cells are commonly used one is called the cup

type and thf: other is the dip type. They are made of highly insoluble glass such as Py
or quartz with two platinum electrodes fused in to the glass. The relative positions of
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two electrodes are fi

(abolutely pure wa[):d. lj'c;]r aCCI.]rate \.;vork solutions are prepared in conductivi

measured is taken i with no impurity). The solution whose conductaj “},:‘y .
; ken in cup type cell, where as the dip t i ance has to be

solution taken in a beaker. ype cell is kept dipped in to the

Measurement of conductivity of a solution

Measurement of solution con i i e

that ﬁnc:ls'application in a variety of g;z:?cc:l :n: Zlizscs}::xiizlimo f‘“al)’t"cal e
COnduCth.lty of ionic solutions can be measured by usina oo aies o
elef:trolytlc conductance measurements usually involve thge ad condl'mo'meter. o
resistance of a segment of a solution between the parallel electrod . T
are n'1ade ‘b:%sed on the principle of Wheatstone bridge. To measur est.hThe doctanee of 4
:;)lu;}on,l it f1-s p;aged in a conductivity cell carrying a ;_mir of plati(:zune] :;’er::dt:::iancelf'f:

e firmly fixed in position. The platinum electrodes are il it

il generally electroplated

sonductiv::iia;l;,d;‘:eer.eahsl.lremcnts are made' by connecting the conductange cell ‘t‘:‘:
ot it ;imuli 1sdm1;1de up of a uniform resistance wire AB. A resistance R is
o e ¢ detle z:nd the sliding contact D is moved along the wire AB till a null
o o DB» & r:e by the head phone or any other detector. The balancing
b e e Onhzassoulll'i?ofrom the scale fixed below the wire AB. Since R is
P Sl n can be calculated. Reciprocal of this resistance gives

variable resistance

Detector

e

Conductance

()

Wheastone Bridge

Fig.
ig. 1.17 Measurement of Conductivity using Wheastone Bridge
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Resistance of the solution _ Eé
Resistance R DB
Applications of conductance measurements

ak electrolytes
\

e of dissociation
aringly soluble salts

f solutions by conducto!

Study of strong and we
Determination of degre
Determination of solubility of sp
ntration 0

i

ii.
iii.
iv.

Determination of conce: metric titration
N/2 solution of an electrolyte in a cell was found to be 45
ductance of the solution, if the electrodes in the cell are

3.8 cm®

Problem 12: The resistance of
ohms. Calculate the specific con
2.2 cm apart and have an area of

22 g
Solution: We know that the cell constant =£ =37 0.5789 cm’!

The conductance of the solution C = 1/R = 1/45 mhos = 0.0222 ohm!

of the solution k = Cell constant X condu

0.01286 ohm! cro™!
nductance of a decinormal solution O

g the solution at 18°C was

ctance

Specific conductance
=0.0222x 0.5789 =
Problem 13: The specific co
mhos. The resistance of a cell containin;
What is the cell constant?

Solution: Sp. Conductance (k)

£KCl at 18°C is 0.0112
found to be 55 ohms.

— Cell constant x conductance

Cell constant

But conductance = 1/ Resistance, i.€. Sp Conductance (k) = y—

+ Cell constant = Sp. Conductance (k) x Resistance
ce (k) = 0.01 120hm! cnr! and Resistance =

0.01120hm™ cm’! x 55 ohm = 0.616 cm™.

55 ohm

We have Sp. Conductan
» Cell constant = |
N/50 KCl solution at 25°C is 0.0002765 mhos

Problem 14: Specific conductivity of an
lution is 500 ohms, calculate ifS cell |

cm’!. If the resistance of cell containing this so

constant. (KTU May 2016)

Solution: Specific conductance
Measured conductance = 1/500 ohms

=0.0002765 ohm'cm!
=0.002 ohm’!

Specific conductance 0.0002765

Cell constant = =
Measured conductance. 0.002

em!=0.138 cm!

—
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Problem 14: A conductivity cell ha:
! s two parallel plates of 1.25 cm?
;:)no gpe;lrt, when filled with a solution of an electrolyte, the ;'esi:tr: B
ohms. Calculate the cell constant and the specific c;nductance “::ihwas lf"“ﬂd o e
of the solution.

Solution: Cell constant =[]~ 10.5 cr/ 1.25cm? = 8.4 cr!
Meas.ured conductance = 1/2000 ohms = 0.0005ohm!
SpecTﬁc conductance = cell constant x measured conductan
Specific conductance = 8.4 cm! x 0.00050hm™ =4.2 x 10 f)ilm" !
% cm
SOLVED PROBLEMS

1. Determine the concentration of Cd“" ions in the followmg electrochemical cell
3
Fe, Fe (OlM)//Cd (XM), Cd

Ajssuming that activities equal concentrations,
Given the EMF of the cell E= -0.02V and E’=0.04V and 25°C.

Solution: Over all cell reaction:
2
Fe(s) + Cd**(aq) = Fe**(aq) + Cd(s) therefore,

0.0591 [F 2+
E=E— e**]
2 log [Cd“']
00591, 01

—0.02 = 0.04 — —
0.04 2 log
X = 0.00093 or X= 0.001M (approx)

2. Two electrodes are gi i
given with their reducti i -
gy : ion potentials Pb*",Pb (-0.126
-ty ;ggoma:V), Tombu.ne the two electrodes to form an electro-chemical c:,/l)l tah;l d
eously. Write the cell reaction and calculate potential *
Solution: The cell formed is Pb ,Pb** /Ag* Ag
Oxidation at the anode Pb - Pb™ +2
€
Reduction at the cathode Agt+e-A
-
g
Cell reaction, Pb +2Ag* > Pb?* +2Ag
Eet =Epg —Ep, = 0.7999-(-0.126) = 0.9259 V
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2+ (0.0004)/ /& (0.02),Cd. The standard
i \tage of the cell Zn, Zn’ (0.0 e tespectwe‘yv
| e \:'oa\ of zinc and cadmium are -0.763 an
‘. reduction potent
Solution . b - .
00591 toglC]
Ecg=Ecat—5
0403 + 22 logl-02] =+ 0.4532
| = —0.
0.0591 ]
2" log|Zn'
Em= Enz,, + > og[

005911 510.0004]= - 0.8634
= —0.763 + = log[

= . = 4 4) =0. 102V
E E Ezn - 0. 532—(-0.863 ) 0.4
cell Cd

| M solution of zinc sulphate

i ina0.1 > :
A Zinc rod is placed in a : 10 96%
* l::zcxl rof the clectrode at this temperature, assuming
poten

and E(Zn?*/Zn)=0.76V..

% _96x% 107°M
=01X% . 9
Solution: Concentration 0

f Zn2*(with 96% dissociation)

Zr (aq) 2¢7 = Zﬂ(S)
cording to the Nemes equation, he potentlal of the electrode 18
Accord to the N t t trod

o R

HSE nF ln(—Z;ZT)
8314x298 L\ 079V
; = (=076) = J 5550 1n(96x10‘3) o

i i t is 2
5. A Zinc electrode is dipped in a 0.1 M solution at 25°C. Assuming that sal
. dissociated, calculate the reduction potential (Given, E® za2+/z0 = -0.76 V).

Solution: Zn?*  +2e — Zn(s)
; (Zn¥* =222 = 0,02 M; From Nernst equation we have
Ezuze 2= E'zue 20 + S0 log [Z02]  =-0.76 + 10g0.02 =-081
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IMPORTANT QUESTIONS

1) Nernst equation derivation. (Amaravati Dec.2000, Tripura,2000 )

2) Construction and working of a fuel cell with an example and its advantages.

3) Write note on the characteristics of Electrochemical Series

4) Briefly explain the applications of Electrochemical Series

) 5) Explain the working and applications of lithium jon battery.

6) (a) How will you determine the PH of a solution, using calomel electrode.
(b) Write note on calomel electrode. (KTU Jan 2015)

7) Derive Nernst equation for electrode potential (K.U.2014) KTU 2015 Jan

8) What is Helmholtz electrical double layer? (K.U.April.,2014)

9) What is reference electrode? Explain the working of one such electrode.

10)Draw neatly a labeled diagram of saturated calomel electrode. Also give the redox
reaction involved. (KTU 2015 Jan)

11)What is electrode potential? Explain Helmholtz double layer theory for its origin.
(K.U.April.,2014)

12)Write a short note on fuel cells. (M.G.U 2006) (KTU 2015 Jan)

13)Derive Nernst equation for the electrode potential.

14)Give an experiment to find out the emf of an unknown cell.

15)Describe the experimental determination of single electrode potential.

16)What are fuel cells? Write the chemical reaction of H2-O> fuel cell.

17)Explain glass electrode and describe the determination of P! using glass electrode.

18)Why can glass electrode not be used for a solution of high alkalinity? ( Anna,05)

19)Compare electronic and electrolytic conductors.(Dibrugathune, 2000)

20)What is meant by single electrode potential? How is it meas

21)Differentiate the terms: Single electrode potential and stand.

22)Explain the terms electrode potential and electromotive fo

23)State and explain Nernst equation. What are its applicatio

24)Using Nernst equation calculate the Ereq of the following

ured?

ard electrode potential.
rce of a cell.

ns?

electrode.

Pt, Cl,(1.5atm)
25)What is cell constant? ( KTU
26) What is a conductivity cell?
27) What are the applications of
28) Explain the procedure for ¢
29) Explain the term specific coy
30) Explain the mechanism of e
31) Write note on Corrosion i
32) Distinguish between Gal

12C17(0.01M); E’cip/cr = 1.36V
2016)

Explain the different forms.
conductance measurements?

onductivity measurements.
nductance

lectrochemical corrosion
nhibitors. ( K.U.2014)
vanic series and Electro Chemical Series (K.U.2010)

(wet corrosion)(K.U. 2007)
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33) What are inhibitors? Explain with examples. (KU.2006,2009,2014,201 1,May)
34) Discuss electrochemical corrosion and action of inhibitqrs. (KU.2008,June)
35) What are the advantages of electroless plating |
36) Write any five important applications of e_lectroless plating.
37) Explain the theory behind electroless plating.
38) Describe in detail electroless glati.ng. - clectrode
1 w pH is determined using g L N
i?))) I\E’:’{E};zlgollvjn tl?xe procedures for the measurement olff:onduchw?y .( K";[PJT{?_JO 21 gi;;m)
41) Describe i) Cell constant ii) Specific conductance iii) Conductivity (
42) What are the various types of electrodes? ( KTU ?019.Jun<z) ) e
43) If you take a mixture of ZnSO4 and CuSO4 s.o¥ut10ns_ in a bea erKTU  Zn rod
a Cu rod are inserted in it, will you get electricity? G?Ve reason ( ne)
44) Discuss the variation in emf of a Daniel cell with respect to temperature at
different concentration ratios of Zn*" and Cu?* (KTU 2019 June)
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