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CHAPTER-1
ELECTROLYSIS

Definition and Basic principle of Electro Deposition.

Electro deposition is the process of coating a thin layer of one metal on top of different
metal to modify its surface properties. It is done to achieve the desire electrical and

corrosion resistance, reduce wear &friction, improve heat tolerance and for decoration.

Electroplating Basics

WORK
(CATHODE)

ANODE oy _
IoNS —H ' ‘ : DC.
Iy ol POWER

UNIT

Fig-1. Electrochemical Plating

Figure- 1, schematically illustrates a simple electrochemical plating system. The

“electro” part of the system includes the voltage/current source and the electrodes, anode and
cathode, immersed in the “chemical™ part of the system, the electrolyte or plating bath, with

the circuit being completed by the flow of ions from the plating bath to the electrodes. The

metal to be deposited may be the anode and be ionized and go into solution in the electrolyte,
or come from the composition of the plating bath. Copper, tin, silver and nickel metal usually
comes from anodes, while gold salts are usually added to the plating bath in a controlled

process to maintain the composition of the bath. The plating bath generally contains other

ions to facilitate current flow between the electrodes. The deposition of metal takes place at
the cathode. The overall plating process occurs in the following sequence:

2.

Power supply pumps electrons into the cathode.

An electron from the cathode transfers to a positively charged metal ion in the
solution and the reduced metal plates onto the cathode.

Ionic conduction through the plating bath completes the circuit to the anode.

At the anode two different processes take place depending on whether the anode
material is soluble, the source of the metal to be plated, or insoluble, inert. If the
anode material is soluble, a metal atom gives up an electron and goes into the solution
as a positively charged metal ion replenishing the metal content of the plating bath. If
the anode is inert a negatively charged ion from the plating bath gives up an electron
to the anode.

The electron flows from the anode to the power supply completing the circuit. The
deposition of metal at the cathode requires an electron so the rate of deposition
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depends on the flow of electrons, that is, the current flowing from the rectifier. The
thickness of the deposit, therefore, depends on the current and the length of time the
current 1s applied. This relationship is a result of Faraday’s law which relates the
weight of a substance produced by an anode or cathode electrode reaction during
electrolysis as being directly proportional to the quantity of electricity passed through
the cell.

Faraday’s Laws of Electrolysis

From his experiments, Faraday deduced two fundamental laws which govern the
phenomenon of electrolysis. These are:

(i)

(ii)

First Law. The mass of ions liberated at an electrode is directly proportional to
the quantity of electricity i.e. charge which passes through the electrolyte.
Or
The weight of a substance liberated from an electrolyte in a given time is
proportional to the quantity of electricity passing through the electrolyte.
That is W o« Q It , where I is the current and t is the time.
W ="Zit
Where Z is a constant called electro-chemical equivalent.
If I = 1 ampere and T= one second then,
7Z =W , which gives a definition of Z.
The electro-chemical equivalent of a substance is the amount of that substance by
weight liberated in unit time by unit current.
Second Law. The masses of ions of different substances liberated by the same
quantity of electricity are proportional to their chemical equivalent weights.
or,

If the same current flows through several electrolytes, the weights of ions
liberated are proportional to their chemical equivalents.

The chemical equivalent of a substance is the weight of the substance which
can displace or combine with unit weight of hydrogen .Obviously, the chemical

equivalent of hydrogen is 1 by definition.

DEFINITIONS

1. Current Efficiency

On account of the impurities which cause secondary reactions, the quantity of a
substance liberated is less than that calculated from faraday’s Law.
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Current efficiency is the ratio of the actual mass of a substance liberated from an electrolyte
by the passage of current to the theoretical mass liberated according to Faraday's law. Current
efficiency can be used in measuring electro deposition thickness on materials in electrolysis.
Current efficiency is also known as faradic efficiency, faradic yield and columbic efficiency.

2. Energy Efficiency

On account of secondary reactions, the voltage actually required for the deposition or
liberation of metal is higher than the theoretical value which increases the actual energy
required.

theoretical energy
actual energy required

Energy efficiency is defined as =

It is a process by which a metal is deposited over another metal or non-metal. Electro-plating
is a very common example of such process.

Conditions have to be provided so that the deposit will be fine grained and will

have a smooth appearance. The factors which affect the electro-deposition of metals are :

(i) Current Density

(ii) Electrolyte concentration

(ili) Temperature

(iv)  Addition agents

(v) Nature of electrolyte

(vi)  Nature of the metal on which the deposit is to be made

(vii) Throwing power of the electrolyte

Current density

At low values of current density the ions are released at a slow rate and the rate of
growth of nuclei is more than the rate at which the new nuclei form themselves.
Electro-deposition depends upon the rate at which crystals grow and the rate at
which fresh nuclei are formed. Therefore, at low current densities the deposit will
be coarse and crystalline in nature. At higher values of current density the quality
of deposit becomes more uniform and fine-grained on account of the greater rate
of formation of nuclei. If the current density 1s so high that it exceeds the limiting
value for the electrolyte hydrogen is released and spongy and porous deposit is
obtained.

Electrolytic Concentration

This is more or less complementary to the first factor, i.e. current density, since by

increasing the concentration of the electrolyte higher current density can be
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achieved. Increase of concentration tends to give better deposits and some people
therefore favour it.

Temperature

The temperature of the electrolyte has two contradictory effects. One, at
comparatively high temperature there is more diffusion and even at relatively high
current density smooth deposits may be produced. Two, the rate of crystal growth
increases the possibility of coarse deposits. At moderate temperatures the deposits
are good. In chromium plating the temperature is maintained at 35°C, and in
nickel between 50°C to 60°C .

Addition Agents

the quality of a deposit is improved by the presence of an addition agent which
may be colloidal matter or an organic compound, otherwise the metal deposits in
the form of large crystals and the surface becomes rough. Materials used as
addition agents are gelatin, agar, glue, gums, rubber, alkaloids, sugar etc. The
addition agents are supposed to be absorbed by crystal nuclei and prevent their
growth into large crystals. The discharged ions start to build up new nuclei and the
deposit of metal is fine-grained.

Nature of electrolyte

Smooth deposits are obtained from solutions having complex ions, e.g.,cyanides.
Silver from nitrate solution forms a coarse deposit while from cyanide solution it
forms a smooth deposit. Therefore, the formation of smooth deposit largely
depends upon the nature of electrolyte used.

Nature of the metal on which deposit is to be made

This factor influences the growth of crystals since it is believed that the operation
of crystals is in continuation of these in the base metal.

Throwing Power

The throwing power of an electrolyte may be regarded as the quality which
produces a uniform deposit on a cathode having an irregular shape.Since the shape
1s irregular, The distance of the various parts of the cathode from the anode is not
the same and therefore the conductance of the electrolyte is not the same for all
parts of the cathode. The phenomenon of throwing power has not been clearly
understood so far. In an electrolyte of low conductance, the current will
concentrate on the parts of the cathode which are nearer the cathode resulting in

poor throwing power. If the electrolyte has good conductance, the throwing power
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will also be good. One way to improve the throwing power is to keep a good
distance between the cathode and the anode thereby providing more or less the
same conductance for all parts of cathode. Presence of colloidal matter improves

the throwing power but increase of temperature may produce the opposite effect.

Extraction of Metals

This is done in two ways:

1.

The ore is treated with a strong acid to obtain a salt and the solution of such a salt is
electrolyzed to liberate the metal.
When the ore in molten state is available it is electolysed in a furnace.

Extraction of Zinc

The ore consisting of zinc is treated with concentrated sulphuric acid, roasted and
passed through other processes to get rid of impurities by precipitation. The zinc-
sulphate solution is then electrolysed. The cells consist of large lead-lined wooden
boxes having aluminum cathodes and lead anodes. The current density is about 1000
amperes per square meter. Zinc is deposited on cathodes.

Extraction of Aluminium

Ores of aluminium are bauxite cryolite.Bauxite is treated chemically and reduced to
aluminium oxide and then dissolved in fused cryolite and electrolysed.The furnce is
lined with carbon.The temperature of the furnace is about 1000° C to keep the

electrolyte in a fused state. Aluminium deposits at the cathode.

Refining of Metals

Electrolytic extraction gives about 98 to 99 percent pure metal. Further refining is
done by electrolysis. The anodes are made of the impure metal extracted from its ores
and the electrolyte is a solution of the salt of the metal. Pure metal is deposited on the

cathode.

Example : 1
A 20 cm long portion of a circular shaft 10 cm diameter is to be coated with a layer of

1.5 mm nickel. Determine the quantity of electricity in Ah and the time taken for the
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process. Assume a current density of 195 A/sq.m and a current efficiency of 92
percent. Specific gravity of nickel is 8.9.
Solution :
Wt. of nickel = 8.9 gm/cm?
Wt of nickel to be deposited

:nx10x§x8.9x10'3kg

Electro-chemical equivalent of nickel is 1.0954 kg per 1,000Ah.

Quantity of electricity required

- 838.4x1073x1,000

= 833 Ahr
1.0954%0.92
Current density =195 A/m? .
Time taken = o33 — = 68 hours.
x10%20x10~4x195
XXXXXXXXXX

06



CHAPTER-2
ELECTRICAL HEATING

Electric heating is extensively used both for domestic and industrial applications. Domestic
applications include (i) room heaters (ii) immersion heaters for water heating (iii) hot plates
for cooking (iv) electric kettles (v) electric irons (vi) pop-corn plants (vii) electric ovens for
bakeries and (viii) electric toasters etc. Industrial applications of electric heating include (i)
melting of metals (ii) heat treatment of metals like annealing, tempering, soldering and
brazing etc. (iii) moulding of glass (iv)Baking of insulators (v) enamelling of copper wires
etc.

Advantage of electrical heating:

As compared to other methods of heating using gas, coal and fire etc., electric heating is far
superior for the following reasons:

(i) Cleanliness. Since neither dust nor ash is produced in electric heating, it is a clean system
of heating requiring minimum cost of cleaning.

(ii) No Pollution. Since no flue gases are produced in electric heating, no provision has to be
made for their exit.

(iii) Economical. Electric heating is economical because electric furnaces are cheaper in their
initial cost as well as maintenance cost since they do not require big space for installation or
for storage of coal and wood. Moreover, there is no need to construct any chimney or to
provide extra heat installation.

(iv)Ease of Control. It is easy to control and regulate the temperature of an electric furnace
with the help of manual or automatic devices. Temperature can be controlled within + 5°C
which is not possible in any other form of heating.

(v) Special Heating Requirement. Special heating requirements such as uniform heating of
a material or heating one particular portion of the job without affecting its other parts or
heating with no oxidation can be met only by electric heating.

(vi) Higher Efficiency. Heat produced electrically does not go away waste through the
chimney and other by products. Consequently, most of the heat produced is utilised for
heating the material itself. Hence, electric heating has higher efficiency as compared to other
types of heating.

(vii) Better Working Conditions. Since electric heating produces no irritating noises and
also the radiation losses are low, it results in low ambient temperature. Hence, working with
electric furnaces is convenient and cool.
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(viii) Heating of Bad Conductors. Bad conductors of heat and electricity like wood, plastic
and bakery items can be uniformly and suitably heated with dielectric heating process.

(ix) Safety. Electric heating is quite safe because it responds quickly to the controlled signals.

(x) Lower Attention and Maintenance Cost. Electric heating equipment generally will not
require much attention and supervision and their maintenance cost is almost negligible.
Hence, labour charges are negligibly small as compared to other forms of heating.

Different Methods of Heat Transfer

The different methods by which heat is transferred from a hot body to a cold body are as
under:

I. Conduction

II. Convection
III. Radiation

I Conduction

In this mode of heat transfer, one molecule of the body gets heated and transfers some of the
heat to the adjacent molecule and so on. There is a temperature gradient between the two
ends of the body being heated.

Consider a solid material of cross-section Asq.m. and thickness x metre as shown in Fig.1.

T, r,

Fig-1
If T1 and T2 are the temperatures of the two sides of the slab in °K, then heat conducted

between the two opposite faces in time t seconds is given by:

KA (T, — Ty)t
e (1x 2)t

(D

Where, K is thermal conductivity of the material.

II. Convection
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In this process, heat is transferred by the flow of hot and cold air currents. This process is
applied in the heating of water by immersion heater or heating of buildings. The quantity of
heat absorbed by the body by convection process depends mainly on the temperature of the
heating element above the surroundings and upon the size of the surface of the heater. It also
depends, to some extent, on the position of the heater. The amount of heat dissipated is given
by H = a (Tl — T2), where a is constant and T1 and T2 are the temperatures of the heating
surface and the fluid in °K respectively. In electric furnaces, heat transferred by convection is
negligible.

II1. Radiation

It is the transfer of heat from a hot body to a cold body in a straight line without affecting the
intervening medium. The rate of heat emission is given by Stefan’s law, according to which
heat dissipated is given by equation—2.

H=572eK [(%)4 . (%ﬂ W/m? ....(2)

Where, K is radiating efficiency and e is known as emissivity of the heating element. If d is
the diameter of the heating wire and lits total length, then its surface area from which heat is
radiated,

S=mdl.... 3)
If H is the power radiated per m? of the heating surface, then,
Total power radiated as heat = Hrdl....(4)
If P is the electrical power input to the heating element, then
P=ndlxH ....(5
Resistance Heating.

It is based on the I’R effect. When current is passed through a resistance element, I’R loss
takes place which produces heat. There are two methods of resistance heating.

(a) Direct Resistance Heating.

In this method the material (or charge) to be heated is treated as a resistance and
current is passed through it. The charge may be in the form of powder, small solid pieces or
liquid. The two electrodes are inserted in the charge and connected to either a.c. or d.c.
supply (Fig. 2). Obviously, two electrodes will be required in the case of d.c. or single-phase
a.c. supply but there would be three electrodes in the case of 3-phase supply. When the
charge is in the form of small pieces, a powder of high resistivity material is sprinkled over
the surface of the charge to avoid direct short circuit. Heat is produced when current passes
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through it. This method of heating has high efficiency because the heat is produced in the
charge itself.

Electric
. Supply

Electrode

High Resistance
Powder

- Furnace

Charge

Fig:2 Direct Resistance heating

b) In-Direct Resistance heating.

In this method of heating, electric current is passed through a resistance element which is
placed in an electric oven. Heat produced is proportional to I’R losses in the heating element.
The heat so produced is delivered to the charge either by radiation or convection or by a
combination of the two. Sometimes, resistance is placed in a cylinder which is surrounded by
the charge placed in the jacket as shown in the Fig.3. This arrangement provides uniform
temperature. Moreover, automatic temperature control can also be provided.

Electric
Supply
o

Cylinder

-~

Heating
Element

AAAAMAM
VAWM

Charge

Jacket

Fig-3 Indirect Resistance heating

Principle of Resistance furnace.

These are suitably-insulated closed chambers with a provision for ventilation and are
used for a wide variety of purposes including heat treatment of metals like annealing and
hardening etc., staving of enamelled wares, drying and baking of potteries, vulcanizing and
hardening of synthetic materials and for commercial and domestic heating. Temperatures up
to 1000°C can be obtained by using heating elements made of nickel, chromium and iron.
Ovens using heating elements made of graphite can produce temperatures up to 3000°C.
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Fig-11(a) Fig-11(b)

Direct Arc Furnace

It could be either of conducting-bottom type [Fig.12 (a)] or non-conducting bottom type
[Fig.12 (b)]. As seen from Fig.12 (a), bottom of the furnace forms part of the electric circuit
so that current passes through the body of the charge which offers very low resistance.
Hence, it is possible to obtain high temperatures in such furnaces. Moreover, it produces
uniform heating of charge without stirring it mechanically. In Fig.12 (b), no current passes
through the body of the furnace. Most common application of these furnaces is in the
production of steel because of the ease with which the composition of the final product can be
controlled during refining. Most of the furnaces in general use are of non-conducting bottom
type due to insulation problem faced in case of conducting bottom.

Refractory
Lining

/
Ao
LI WY dp gy By

LV '
HV
. :
o \

L . - 54 . '
Y ‘
; Be Step-Down
Steel Transformer

Bottom Non-Conducting
Bottom
Fig-12(a) Fig-12(b)

Indirect Arc Furnace

Fig.13 shows a single-phase indirect arc furnace which is cylindrical in shape. The arc is
struck by short circuiting the electrodes manually or automatically for a moment and then,
withdrawing them apart. The heat from the arc and the hot refractory lining is transferred to
the top layer of the charge by radiation. The heat from the hot top layer of the charge is
further transferred to other parts of the charge by conduction. Since no current passes through
the body of the charge, there is no inherent stirring action due to electro-magnetic forces set
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up by the current. Hence, such furnaces have to be rocked continuously in order to distribute
heat uniformly by exposing different layers of the charge to the heat of the arc. An electric
motor is used to operate suitable grinders and rollers to impart rocking motion to the furnace.
Rocking action provides not only thorough mixing of the charge, it also increases the furnace
efficiency in addition to increasing the life of the refractory lining material. Since in this
furnace, charge is heated by radiation only, its temperature is lower than that obtainable in a
direct arc furnace. Such furnaces are mainly used for melting nonferrous metals although they
can be used in iron foundries where small quantities of iron are required frequently.

Packing
Wheels

Fig-13

Induction Heating

This heating process makes use of the currents induced by the electro-magnetic action
in the charge to be heated. In fact, induction heating is based on the principle of transformer
working. The primary winding which is supplied from an a.c. source is magnetically coupled
to the charge which acts as a short circuited secondary of single turn. When an a.c. voltage is
applied to the primary, it induces voltage in the secondary i.e. charge. The secondary current
heats up the charge in the same way, as any electric current does while passing through a
resistance. If V is the voltage induced in the charge and R is the charge resistance, then heat
produced = V 2/R. The value of current induced in the charge depends on (i) magnitude of
the primary current (ii) turn ratio of the transformer (iii) co-efficient of magnetic coupling.
Low-frequency induction furnaces are used for melting and refining of different metals.
However, for other processes like case hardening and soldering etc., high frequency eddy-
current heating is employed. Low frequency induction furnaces employed for the melting of
metals are of the following two types:

(a) Core-type Furnaces — It operates just like a two winding transformer. These can be
further sub-divided into (i) Direct core-type furnaces (ii) Vertical core-type furnaces and (iii)
Indirect core-type furnaces.

(b) Coreless-type Furnaces — in which an inductively-heated element is made to transfer
heat to the charge by radiation.

Core Type Induction Furnace
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It is shown in Fig.14 and is essentially a transformer in which the charge to be heated forms a
single-turn short-circuited secondary and is magnetically coupled to the primary by an iron
core. The furnace consists of a circular hearth which contains the charge to be melted in the
form of an annular ring. When there is no molten metal in the ring, the secondary becomes
open-circuited there-by cutting off the secondary current. Hence, to start the furnace, molten
metal has to be poured in the annular hearth. Since, magnetic coupling between the primary
and secondary is very poor, it results in high leakage and low power factor. In order to nullify
the effect of increased leakage reactance, low primary frequency of the order of 10 Hz is
used. If the transformer secondary current density exceeds 500 A/cm2 then, due to the
interaction of secondary current with the alternating magnetic field, the molten metal is
squeezed to the extent that secondary circuit 1s interrupted. This effect i1s known as “pinch
effect”.

— Charge

o——————

8 N =
—’“T Primar :
E Winding _\Q(_,__h :
Z ] 12

q_ ] \
- — \

Annular
Hearth

Iron Core
Fig-14
This furnace suffers from the following drawbacks:

1. It has to be run on low-frequency supply which entails extra expenditure on motor-
generator set or frequency convertor.

2. It suffers from pinching effect.

3. The crucible for charge is of odd shape and is very inconvenient for tapping the molten
charge.

4. It does not function if there is no molten metal in the hearth i.e. when the secondary is
open. Every time molten metal has to be poured to start the furnace.

5. It is not suitable for intermittent service. However, in this furnace, melting is rapid and
clean and temperature can be controlled easily. Moreover, inherent stirring action of the

charge by electro-magnetic forces ensures greater uniformity of the end product.
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Vertical Core-Type Induction Furnace

It is also known as Ajax-Wyatt furnace and represents an improvement over the core-type
furnace discussed above. As shown in Fig.15, it has vertical channel (instead of a horizontal
one) for the charge, so that the crucible used is also vertical which is convenient from
metallurgical point of view. In this furnace, magnetic coupling is comparatively better and
power factor is high. Hence, it can be operated from normal frequency supply. The
circulation of the molten metal is kept up round the Vee portion by convection currents as
shown in Fig.15. As Vee channel is narrow, even a small quantity of charge is sufficient to
keep the secondary circuit closed. However, Vee channel must be kept full of charge in order
to maintain continuity of secondary circuit. This fact makes this furnace suitable for
continuous operation. The tendency of the secondary circuit to rupture due to pinch-effect is
counteracted by the weight of the charge in the crucible. The choice of material for inner
lining of the furnace depends on the type of charge used. Clay lining is used for yellow brass.
For red brass and bronze, an alloy of magnetia and alumina or corundum is used. The top of
the furnace is covered with an insulated cover which can be removed for charging. The
furnace can be tilted by the suitable hydraulic arrangement for taking out the molten metal.
This furnace is widely used for melting and refining of brass and other non-ferrous metals. As
said earlier, it is suitable for continuous operation. It has a p.f. of 0.8-0.85. With normal
supply frequency, its efficiency is about 75% and its standard size varies from 60-300 kW, all
single phase.

- Charging
— Furnace
T T 1

1} Charge

Primary 2 /
Winding * Refractory
— Lining

Fig-15 Core type Induction furnace

Indirect Core-Type Induction Furnace

In this furnace, a suitable element is heated by induction which, in turn, transfers the heat to
the charge by radiation. So far as the charge is concerned, the conditions are similar to those
in a resistance oven. As shown in Fig.16, the secondary consists of a metal container which
forms the walls of the furnace proper. The primary winding is magnetically coupled to this
secondary by an iron core. When primary winding is connected to a.c. supply, secondary
current is induced in the metal container by transformer action which heats up the container.
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The metal container transfers this heat to the charge. A special advantage of this furnace is
that its temperature can be automatically controlled without the use of an external equipment.
The part AB of the magnetic circuit situated inside the oven chamber consists of a special
alloy which loses its magnetic properties at a particular temperature but regains them when
cooled back to the same temperature. As soon as the chamber attains the critical temperature,
reluctance of the magnetic circuit increases manifold thereby cutting off the heat supply. The
bar AB is detachable and can be replaced by other bars having different critical temperatures.

Primary
/ Winding
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) |
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Fig-16
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Fig-17

As shown in Fig.17, the three main parts of the furnace are (i) primary coil (ii) a ceramic
crucible containing charge which forms the secondary and (iii) the frame which includes
supports and tilting mechanism. The distinctive feature of this furnace is that it contains no
heavy iron core with the result that there is no continuous path for the magnetic flux. The
crucible and the coil are relatively light in construction and can be conveniently tilted for
pouring. The charge is put into the crucible and primary winding is connected to a high-
frequency a.c. supply. The flux produce by the primary sets up eddy-currents in the charge
and heats it up to the melting point. The charge need not be in the molten state at the start as
was required by core-type furnaces. The eddy- currents also set up electromotive forces
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which produce stirring action which is essential for obtaining uniforms quality of metal.
Since flux density is low (due to the absence of the magnetic core) high frequency supply has
to be used because eddy-current loss WeoxcB?,..f 2. However, this high frequency increases
the resistance of the primary winding due to skin effect, thereby increasing primary Cu
losses. Hence, the primary winding is not made of Cu wire but consists of hollow Cu tubes
which are cooled by water circulating through them. Since magnetic coupling between the
primary and secondary windings is low, the furnace p.f. lies between 0.1 and 0.3. Hence,
static capacitors are invariably used in parallel with the furnace to improve its p.f. Such
furnaces are commonly used for steel production and for melting of non-ferrous metals like
brass, bronze, copper and aluminium etc., along with various alloys of these elements.
Special application of these furnaces include vacuum melting, melting in a controlled
atmosphere and melting for precision casting where high frequency induction heating is used.
It also finds wide use in electronic industry and in other industrial activities like soldering,
brazing hardening and annealing and sterilizing surgical instruments etc. Some of the
advantages of coreless induction furnaces are as follows:

They are fast in operation.

They produce most uniform quality of product.

They can be operated intermittently.

Their operation is free from smoke, dirt, dust and noises.

They can be used for all industrial applications requiring heating and melting.
They have low erection and operating costs.

Their charging and pouring is simple.

S Ow e e SO0 RO e

Dielectric Heating

It 1s also called high-frequency capacitive heating and is used for heating insulators like
wood, plastics and ceramics etc. which cannot be heated easily and uniformly by other
methods. The supply frequency required for dielectric heating is between 10-50 MHz and the
applied voltage is up to 20 kV. The overall efficiency of dielectric heating is about 50%.

Dielectric Loss

When a practical capacitor is connected across an a.c. supply, it draws a current which leads
the voltage by an angle @, which is a little less than 90° or falls short of 90° by an angle o. It
means that there is a certain component of the current which is in phase with the voltage and
hence produces some loss called dielectric loss. At the normal supply frequency of 50 Hz,
this loss 1s negligibly small but at higher frequencies of 50 MHz or so, this loss becomes so
large that it is sufficient to heat the dielectric in which it takes place. The insulating material
to be heated is placed between two conducting plates in order to form a parallel-plate
capacitor as shown in Fig.19 (a). Fig.19 (b) shows the equivalent circuit of the capacitor and
Fig.19 (c) gives its vector diagram.
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Power drawn from supply = VI cos @

Now, Ic=1=V/Xc=2af CV

=P = V(2afCV) cos ¢ = 2xfCV> cos ¢

Now, @ = (90° - 3), cos © = cos (90° -8)=sind=tan 8= 35
whered is very small and is expressed in radians.

P = 27fCV>3 watts

Here,

.
C= COEF'E

Where, d is the thickness and A is the surface area of the dielectric slab.

This power is converted into heat. Since for a given insulator material, C and ¢ are constant,
the dielectric loss is directly proportional to V 2 f. That is why high-frequency voltage is used
in dielectric heating. Generally, a.c. voltage of about 20 kV at a frequency of 10-30 MHz is
used.

Advantages of Dielectric Heating

1. Since heat is generated within the dielectric medium itself, it results in uniform
heating.

Heating becomes faster with increasing frequency.

It is the only method for heating bad conductors of heat.

Heating is fastest in this method of heating.

Sl -

Since no naked flame appears in the process, inflammable articles like plastics and
wooden products etc. can be heated safely.

6. Heating can be stopped immediately as and when desired.
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