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Units of Hardness

➢ Parts per Million (ppm): The number of parts of calcium carbonate 

equivalent hardness presents in 106 parts of water. 

1ppm = 1 part of CaCO3 eq hardness in 106 parts of water

➢ Milligrams per litre (mg/l): The number of milligrams of calcium carbonate 
equivalent hardness presents in litre of water

1 mg/L = 1 mg of CaCO3 eq hardness in 1 litre of water
But one litre of water weights =1 kg =1000g = 1000 x 1000 mg = 106 mg = 1 ppm. 

➢ Clark’s degree (°Cl): The number of parts of calcium carbonate 
equivalent hardness presents in 70,000 or (7×104 ) parts of water

1° Clarke = 1 part of CaCO3 eq hardness per 70,000 parts of water. 



Units of Hardness

➢ Degree French (°Fr): The number of parts of calcium 
carbonate equivalent hardness presents in 105 parts of 
water. 

1° Fr = 1 part of CaCO3 hardness eq per 105 parts of water.

Relationship between various units of hardness: 

1 ppm = 1 mg/L = 0.1° Fr = 0.07° Cl 

1 mg/L = 1 ppm = 0.1° Fr = 0.07° Cl

1 ° Cl = 1.433° Fr = 14.3 ppm = 14.3 mg/L 

1 ° Fr = 10 ppm = 10 mg/L = 0.7° Cl

























Internal Treatment of Water

Suitable chemicals are added to the boiler water either to precipitate or to 

convert the scale into compounds is called internal treatment of the boiler 

feed water. Internal treatment can be done following types. 

Colloidal conditioning: 

The addition of organic substances such as Kerosene, tannin, Gel. These 

substances gets coated over the scale forming precipitates and gives a loose and 

non-sticky precipitates which can be removed by using blow-down operation.



Internal Treatment of Water

Phosphate conditioning: The addition of sodium phosphate in hard water reacts 
with the hardness causing agents and gives calcium and magnesium phosphates 
which are soft and non-adhere and can be removed easily by blow-down operation.

3CaCl2 + 2Na3PO4 → Ca3(PO4)2 + 6NaCl 

3MgSO4 + 2Na3PO4 → Mg3(PO4)2 + 3Na2SO4 

Generally three types of Phosphates are employed. 

i. Trisodium Phosphate (Na3PO4): is too alkaline used for treat to too acidic water. 

ii. Disodium Phosphate (Na2HPO4): is weakly alkaline used for treat to weakly acidic 
water. 

iii.Sodium dihydrogen Phosphate (Na H2PO4): is too acidic used for treat to too 
alkaline water.



Internal Treatment of Water

Calgon conditioning: Involves in adding calgon to boiler water. 

It prevents the scale and sludge formation by forming soluble 

complex compound with CaSO4. Calgon = Sodium 

hexametaphosphate = Na2 [Na4 (PO3)6] 

Na2 [Na4 (PO3)6] → 2Na+ + [Na4P6O18] -2 

2CaSO4 + [Na4P6O18] -2 → [Ca2 P6O18] -2 + 2Na2SO4







Ion exchange process

Ion exchange process is also known as demineralization 
process. Ion- Exchange resins are insoluble. Cross linked 
long chain organic polymers with a micro porous structure, 
and the “functional Groups” attached to the chains are 
responsible for the ion-exchanging properties. 

❖ Resins with acidic functional group are capable of 
exchanging H+ ions with other cations. 

❖ Resins with basic functional groups are capable of 
exchanging OH− ions with other anions.

Resins are classified as: 

➢ Cation Exchange Resins 
➢ Anion Exchange Resins. 



Ion exchange process

➢ Cation Exchange Resins:

Cation exchange resins are styrene divinylbenzene co-polymers, which on 
sulphonation (or) carboxylation, which contains –COOH, –SO3H functional groups 
which responsible for exchanging their hydrogen ions with cations in water. 

➢ Anion Exchange Resins:

Anion exchange resins are Phenol formaldehyde (or) amine formaldehyde 
copolymers, which contains amino or basic functional groups which responsible 
for exchanging their OH− ions with anions in water.



Ion exchange process

Process:

In ion-exchange process, hard water is allowed to pass through 
cation exchange resins, which remove Ca+2 and Mg+2 ions and 
exchange equivalent amount of H+ ions. 

Anions exchange resins remove bicarbonates, chlorides and 
sulphates from water exchange equivalent amount of OH− ions. 

Thus by passing hard water through cation hardness is observed 
by the following reactions. H + and OH− ions, thus released in 
water from respective cation and anion exchange columns, get 
combined to produce water molecules. 

H + + OH− → H2O

The water coming out from the exchanger is ion free from anions 
and cations. Thus water of zero hardness is obtained.



Ion exchange process

Cation Exchange Resins:

2RH + Ca(HCO)2 → R2Ca + H2CO3 

2RH + Mg(HCO)2 → R2Mg + H2CO3 

2RH + CaCl2 → R2Ca + 2HCl 

2RH + MgCl2 → R2Mg+ 2HCl

2RH + MgSO4 → R2Mg + H2SO4 

2RH + CaSO4 → R2Ca + H2SO4 (RH = Cation exchange resin)

Anion Exchange Resins:

ROH + HCl → RCl + H2O 

2ROH + H2SO4 → R2SO4 + 2H2O 

ROH + H2CO3 → RHCO3 + H2O(ROH = anion exchange resin)





POTABLE WATER

Potable water:

Water which is fit for drinking is called potable water.







Steps involved in the treatment of Potable water

Treatment of water for drinking purposes mainly includes the 

removal of suspended impurities, colloidal impurities and 

harmful pathogenic bacteria. The following stages are 

involved in purification. 

1. Screening: The water is passed through screens having 

larger number of holes; it retains floating impurities like wood 

pieces, leaves, heaver objectives etc.

2. Coagulation: Coagulants like alum, sodium aluminates 

and Aluminum sulphate are added which produce gelatinous 

precipitates called flock. Flock attracts and helps 

accumulation of the colloidal particles resulting in setting of 



Steps involved in the treatment of Potable water

Sedimentation: Water is allowed to stand for few hours so 

that the suspended particles will det settle at the bottom of 

the tank.

Filtration: Filtration helps in removal of the colloidal and 

suspended impurities not removed by sedimentation. Usually 

sand filters are employed. In this filtration fine sand layer on 

the top supported by coarse sand layer, which is supported 

by gravel. 

Disinfection of water by sterilization: The process of 

destroying the harmful bacteria is known as sterilization or 

disinfection.





Disinfection of Potable water

➢ By Ozonization: Ozone is a powerful disinfectant and is 

readily absorbed by water. Ozone is highly unstable and 

breaks down to give nascent oxygen. 

O3 → O2 + [O] nascent oxygen 

The nascent oxygen is a powerful oxidizing agent and kills 

the bacteria. Disadvantages: This process is costly and 

cannot be used in large scale, due to unstable of ozone 

cannot be stored for long time.

➢ By Chlorination: The process of adding chlorine to water 

is called chlorination. Chlorination can be done by the 



Disinfection of Potable water

By adding Chlorine gas: Chlorine gas is a very good 
disinfectant, which can be bubbled in the water. In this 
process calculated amount of chlorine gas is passed in order 
to destroy the pathogenic bacteria is called chlorination. 
Chlorine is also reacts with water and generates 
hypochlorous acid and nascent oxygen, which acts a 
powerful oxidizing agent and kills the bacteria. 

Cl2 + H2O → HOCl (Hypochlorous acid) + HCl 

HOCl → HCl + [O] nascent oxygen

By adding Chloramine: When chlorine and ammonia are 
mixed in the ratio 2:1 a compound chloramine is formed. 

Cl2 + NH3 → ClNH2 + HCl Chloramin



Disinfection of Potable water

ClNH2 + H2O → NH3 + HOCl (Hypochlorous acid) 

HOCl → HCl + [O] nascent oxygen

Chloramine compounds decompose slowly to give nascent 

oxygen which will be act as good disinfectant than the 

Chlorine. 

Chloramine gives good taste to the treated water. 



BREAK POINT CHLORINATION

Break-point chlorination: The amount of chlorine required to kill bacteria and to remove 

organic matter is called breakpoint chlorination. 

The water sample is treated with chlorine and estimated for the residual chlorine in water 

and plotted a graph as shown below which gives the break-point chlorination. 

From graph it is clear that: ‘a’ gms of chlorine added oxidizes reducing impurities of water. 

‘b’ gms of chlorine added forms chloramines and other chloro compounds. 

‘c’ gms of chlorine added causes destruction of bacteria. 

‘d’ gms of chlorine is residual chlorine. ‘c’ gms is the break point for addition of chlorine to 

water. 

This is called break- point chlorination. 





BREAK POINT CHLORINATION

Advantages of breakpoint chlorination:

➢ It removes bad taste, colour, oxidizes completely organic compounds, ammonia and other 

reducing impurities ➢ It destroys completely (100%) all disease producing bacteria. 

➢ It prevents growth of any weeds in water. 



UNIT -II

BATTERY CHEMISTRY AND CORROSION



Battery: 

A battery is an arrangement of several 

electrochemical cells connected in series that 

can be used as a source of direct electric current

Cell: contains one anode and one cathode

Battery contains several anodes and several 

cathodes



Types of batteries

Primary batteries:

Not rechargeable

Electrode reactions cannot be 
reversed

Examples : Dry cell, mercury 
cells, lithium cells

Secondary batteries:

Can be recharged

Electrode reactions can be 

reversed

Examples: Lithium ion cell, 

lead acid battery, nickel 

cadmium battery



Lithium cells

Lithium cells with solid cathode

Anode: Li

Cathode: MnO2

Electrolyte: LiBF4 salt in a 

solution of propylene carbonate & 

dimethoxyethane

Lithium cells with liquid cathode

Anode: Li

Cathode: SOCl2

Electrode: SOCl2



A LIB is an electrochemical device that stores/delivers electrical energy through a reversible 

intercalation reaction in which Li+ ions are shuttled between two dissimilar electrode 

materials separated by the Li+ ion conducting electrolyte solution.

Lithium-ion batteries consisting of LiCoO2 and graphite are popular worldwide as power 

sources for mobile phones, laptop computers, and other electronic devices. Graphite and 

LiCoO2 are called lithium insertion materials. In other words, the lithium-ion Battery consists 

of two lithium insertion materials. The combination of two lithium insertion materials is 

essential for the basic function of the lithium-ion battery. An advantage of the lithium-ion 

battery concept is that the operating voltage of the battery can be designed by the choice of 

insertion reaction in terms of operating voltage and its charge–discharge profile.

Cathode, Anode and Electrolyte are the basic building blocks of Cells and Batteries.





Lithium Ion Cells

When discharge begins the lithiated carbon releases a Li+ 

ion and a free electron. Electrolyte, that can readily 

transports ions, contains a lithium salt that is dissolved in 

an organic solvent. The Li+ ion, which moves towards the 

electrolyte, replaces another Li + ion from the electrolyte, 

which moves towards the cathode. At the 

cathode/electrolyte interface, Li+ ions then become 

intercalated into the cathode and the associated electron is 

used by the external device.





ANODE - CATHODE

Anode and Cathode are not fixed and change positions depending on whether the cell is being 

charged or discharged. It is therefore incorrect to state that the electrons move from Cathode 

to Anode during the recharging process. The – and + electrodes (terminals) however stay put. 

For example, in a typical Lithium ion cobalt oxide battery, graphite is the – electrode and LCO 

is the + electrode at all times.

Cathode

When discharging a battery, the cathode is the positive electrode, at which electrochemical 

reduction takes place. As current flows, electrons from the circuit and cations from the 

electrolytic solution in the device move towards the cathode. Although these processes are 

reversed during cell charge in secondary batteries, the positive electrode in these systems is 

still commonly, if somewhat inaccurately, referred to as the cathode, and the negative as the 

anode.

Cathode active material in Lithium Ion battery are most likely metal oxides. Some of the 

common CAM are given below



•Lithium Iron Phosphate – LFP or LiFePO4

•Lithium Nickel Manganese Cobalt oxide – LiNiMnCoO2 or NMC

•Lithium Manganese Oxide – LiMnO2

•Lithium Cobalt Oxide – LiCoO2

Many materials in cathode especially Lithium, Cobalt are rare and expensive. One of the ways to 

improve Lifecycle sustainability of Li Ion Batteries is to recycle the batteries especially to recover 

the cathode materials.

Cathode materials market was estimated $30Billion in 2023 and expected to grow to $70Billion 

by 2030. Cathode material today represents 30% approx of EV Battery cost.

Anode

The Anode is the negative or reducing electrode that releases electrons to the external circuit 

and oxidizes during and electrochemical reaction. In a lithium ion cell the anode is commonly 

graphite or graphite and silicon.

Anode Components

The anode is not just graphite or graphite and silicon. It needs additives to increase the 

conductivity and a binder to hold it all together.

Active material

graphite

natural synthetic graphite and

siliconsilicon



conductive additive

1.Carbon Black

Binder

1.Carboxymethyl Cellulose (CMC)

2.Styrene Butadiene Rubber (SBR)

Electrolyte

Electrolyte is an ionic transport medium. It can be liquid or solid. Liquid electrolytes transport 

ions between the electrodes and thus facilitate flow of electrical current in the cell or 

batteries.

Charging and Discharging cycle

To understand better cathode, anode and electrolyte lets see what role they play in 

functioning of a cell or battery.





Charging cycle























Construction and working











 INTRODUCTION

 CAUSES OF CORROSION

 THEORIES OF CORROSION

 CORROSION REACTIONS

 FACTORS EFFECTING THE CORROSION

 TYPES OF CORROSION

 CORROSION CONTROL METHODS



 Destruction of a metal by chemical or electrochemical reaction

with its environment.

 Physical or mechanical wearing away of a metal is not called

corrosion but is called erosion

 If corrosion and erosion take place together the destruction of

the metal takes place very much faster

 Corrosion is an unintentional attack on a material by reaction

with a surrounding medium

 The corrosion problem should be very seriously considered in

all those cases where the structure or the equipment is meant

to last many years say 20 years…



Corrosion is the deterioration of materials by chemical interaction
with their environment. The term corrosion is sometimes also
applied to the degradation of plastics, concrete and wood, but
generally refers to metals.







 The chemical combined state of the metal is known as “ore”

 The ore has low energy in its thermodynamical state.

 The extracted metal has high energy ,thermodynamically
unstable .

 Metal converts itself into stable state by reacting with the
environment and undergoes corrosion.

 The corroded metal is thermodynamically stable.





 The valuable metallic properties like conductivity,malleability,
ductility etc are lost due to corrosion.

 Life span of the metallic parts of the machineries is reduced.

 The process of corrosion is very harmful and is responsible for
the enormous wastage of metal in the form of its compound.

 The failure of the machinery takes place due to lose of useful
properties of metals.

 The approximate estimate of loss of metal due to corrosion is
2 to 2.5 billion dollars per annum all over the world.









Different types of electrochemical corrosions are

 Galvanic corrosion

 Pitting corrosion

 Intergrannular corrosion

 Water line corrosion



 This corrosion occurs when different metals are in contact and

exposed to corrosive atmosphere.

 The metal which has higher electrode potential value will form

anode and undergoes corrosion. Example: Zn-Cu galvanic

cell zinc behaves as anode and corrosion occurs, copper

behaves as cathode and protected.





 When corrosion starts on a metal surface
at certain spots they become less open to
oxygen with the result that corrosion
proceeds faster at those very spots making
deeper and deeper cavities.

 Pitting corrosion can be explained on the
basis of differential aeration.

 The pit created becomes deeper, its
bottom becomes less open to oxygen
which makes it more anodic.

 The part which has higher oxygen
concentration is cathodic.





 The concentration of oxygen dissolved in

water is greater at the surface than deeper

down. This causes formation of a

concentration cell.

 Anode is the lower portion .

 Cathode is at the water level.

 Due to the poor conductivity of water the

ions just below the water level are

available for reaction, the metal corrodes

just below the water level.







Theories of corrosion



 In atmospheric corrosion the metals tend to revert to the states in
which they occur in nature.

 Several theories of corrosion have been proposed from time to
time..

 The three theories are
i) ACID THEORY
ii) CHEMICAL CORROSION (DRY CORROSION)
iii)   ELECTROCHEMICAL CORROSION (WET 

CORROSION) 



Acid theory of corrosion considers acid to be the main cause.

Rusting takes place faster in acid solutions than in neutral or basic

solutions.

Oxygen and water are necessary for rusting of iron.

This is not true for all the metals like Zn etc..

Rate of corrosion in absence of Carbon di oxide is also seen.



 The direct chemical reaction of environment/atmospheric

gases or inorganic liquids with metal surfaces .

 There are three types of chemical corrosion

i) Oxidation corrosion

ii) Corrosion by other gases

iii) Liquid metal corrosion



(1.) Oxidation Corrosion: This is carried out by the direct action

of oxygen low or high temperatures on metals in absence of

moisture.

Alkali metals and Alkaline earth metals are rapidly oxidized at low

temperatures. At high temperature all metals are oxidized (except

Ag, Au, Pt).

M  M2
+ + 2e- (Oxidation)

O2 + 2e -
 2O2

- (Reduction)

M + O2  M2
+ + 2O2- (Metal oxide)



Mechanism:-

1. When temp increases the metal undergoes oxidation and losses e-

2M → 2M+n + 2ne-

Metal Ion

2. Electron are gained by the oxygen molecules forms oxide ions

nO2 + 4ne- → 2n O2-

Oxide Ion

3. Scale of metal oxide formed 2M + nO2 → 2M + 2n O2

Metal Oxide



2.) Corrosion due to other gases: This type of corrosion is due

to gases like SO2, CO2, Cl2, H2S, F2 etc. In this corrosion, the

extent of corrosive effect depends mainly on the chemical affinity

between the metal and the gas involved. The degree of attack

depends on the formation of protective or non protective films on

the metal surface which is explained on the basis of Pilling

Bedworth rule.

(i) If the volume of the corrosion film formed is more than the

underlying metal, it is strongly adherent, non-porous does not

allow the penetration of corrosive gases.

Ag + Cl2  2AgCl (protective film)



3.) Liquid metal corrosion: This corrosion is due to chemical

action of flowing liquid metal at high temperatures on solid metal

or alloy. The corrosion reaction involves either dissolution of a

solid metal by a liquid metal or internal penetration of the liquid

metal into the solid metal.

Eg. Coolant (sodium metal) leads to corrosion of cadmium in

nuclear reactors.

(ii) If the volume of the corrosion film formed is less than the

underlying metal, it forms pores/cracks and allow the penetration

of corrosive gases leading to corrosion of the underlying metal.

Ex. In petroleum industry, H2S gas at high temperature reacts with

steel forming a FeS scale. Fe (steel) + H2S FeS (porous)



 The electrochemical corrosion occurs when

i) a conducting liquid is in contact with a metal.

ii) when two dissimilar metals or alloys are immersed

partially in the solution.

 Corrosion occurs due to the presence of anodic and

cathodic areas.

 At anode oxidation reactions takes place

 At cathode reduction reactions takes place



 Occurs when aqueous solution or liquid electrolytes are
present

 Wet corrosion takes place in environments where the relative
humidity exceeds 60 %.

 Wet corrosion is most efficient in waters containing salts,
such as NaCl (e.g. marine conditions), due to the high
conductivity of the solution.



Mechanism Of Electrochemical Corrosion

Anodic Reaction:

Dissolution of metal takes place.

As result metal ions are formed with the liberation of free

electrons.

M ↔ M+n + e-

Metal Ion



Cathodic Reaction

(i) Hydrogen Evolution :- Occurs usually in acidic medium

2H+ + 2e- ↔ H2 (g)

(ii) Oxygen Absorption :- occurs when solution is aerated

sufficiently.

O2+ 4H+ + 4e- ↔ 2H2O (In acidic medium)

O2+ 4H+ + 4e-↔ 4OH- (In basic medium)



 Hydrogen gas evolution

 Oxygen gas absorption



This type of corrosion occurs in acidic medium.

E.g. Considering the metal Fe, anodic reaction is dissolution of

iron as ferrous ions with liberation of electrons.

Anode: Fe---- Fe2
+ + 2e- (Oxidation)

 The electrons released flow through the metal from anode to

cathode, whereas H+ ions of acidic solution are eliminated as

hydrogen gas.

Cathode: 2H+ + 2e- ----H2 (Reduction)

 The overall reaction is: Fe + 2H+ -----Fe2
+ +H2

 All metals above hydrogen in electrochemical series have a

tendency to get dissolved in acidic solution with simultaneous

evolution of H2 gas.





Absorption of oxygen: For example, rusting of

iron in neutral aqueous solution of electrolytes

in presence of atmospheric oxygen.

 Usually the surface of iron is coated with a

thin film of iron oxide.

If the film develops cracks, anodic areas are

created on the surface.

While the metal parts act as cathodes. It

shows that anodes are small areas, while the

rest metallic part forms large cathodes.

The released electrons flow from anode to

cathode through iron metal.

.



At anode: Fe ----Fe2
+ + 2e- (Oxidation)

At cathode: ½ O2 + H2O + 2e- ---2OH- (Reduction)

Overall reaction: Fe2
+ + 2OH- ----- Fe (OH)2

The product called yellow rust corresponds to 

Fe2O3. 3H2O



 The factors that effect corrosion are

i) Nature of the metal

ii) Nature of the environment



 The rate and the extent of corrosion depends on the

following factors

A ) Purity of a metal

B ) Position in galvanic series

C ) Over voltage

D ) Nature of oxide film

E ) Nature of corrosion product



1. Purity of the metal: Heterogeneity of the metal is due to the

presence of impurities which form tiny electrochemical

cells at the exposed parts. The anodic parts get corroded.

2.Electrode potentials: metals with higher reduction potentials

do not corrode easily. They are noble metals like gold,

platinum and silver. Whereas the metals with lower

reduction potentials readily undergo corrosion (e.g.. Zn,

Mg, Al etc.).

3.Position of metal in Galvanic series: Metals which possess

low reduction potentials and occupy higher end of galvanic

series undergo corrosion easily.



When two metals are in electrical contact in presence of an

electrolyte, then the metal which is more active undergoes

corrosion.

The rate of corrosion depends on the difference in their

position in Galvanic series. Greater the difference more will be

the extent of corrosion at anode.

4.Relative areas of anodic and cathodic cells: When two

dissimilar metals or alloys are in contact, the corrosion of the

anodic part is directly proportional to the areas of the cathodic

and anodic parts. i.e, the relative areas o of corrosion is

influenced by cathodic to anodic cells.

5. Physical state of metal: Metals with small grain size have

more tendencies to undergo corrosion. Metal with more

stress/strain also undergoes corrosion easily.



6. Hydrogen over voltage: when a cathode reaction is hydrogen

evolution type, the metal with lower hydrogen over voltage on

its surface is more susceptible for corrosion, since the liberation

of hydrogen gas is easy at this condition. Hence the cathodic

reaction is very fast which in turn makes anodic reaction fast.

Hence the rate of corrosion increases. Higher the over voltage,

lesser is the corrosion.

7. Nature of surface film: If the corrosion product formed is more

stable, insoluble and non porous, it acts as protective layer and

prevents further corrosion (E.g.. Ti, Al and Cr). If the corrosion

product is porous, volatile and soluble, it further enhances the

corrosion (Fe, Zn and Mg).



1. Temperature: the rate of corrosion reactions increases with

increase in temperature.

2. Humidity in air: the moisture or humidity present in atmosphere

furnishes water to the electrolyte which is essential for setting up

of an electrochemical cell. The oxide film formed has the tendency

to absorb moisture which creates another electrochemical cell.

3. Presence of impurities: Atmosphere is contaminated with gases

like CO2, SO2, H2S; fumes of H2SO4, HCl etc. and other

suspended particles in the vicinity of industrial areas. They are

responsible for electrical conductivity, thereby increasing

corrosion.



4. pH value: pH value of the medium has the greater effect on

corrosion. Acidic pH increases the rate of corrosion.

5. Amount of oxygen in atmosphere: As the percentage of

oxygen in atmosphere increases, the rate of corrosion also

increases due to the formation of oxygen concentration cell.

The decay of metal occurs at the anodic part and the cathodic

part of the metal is protected.

6.Velocity of ions which flow in the medium: As the velocity of

the diffusion of the ions in the medium increases, the rate of

corrosion increases .



The various measures taken for corrosion protection are

I) CATHODIC PROTECTION

II) SURFACE COATINGS

CORROSION CONTROL METHODS



 The method of protecting metals and alloys from corrosion
making them completely cathode.

 To achieve this auxilary anode is provided in the corroding
medium which is connected to the structure.

 Cathodic protection is of two types

i) Sacrificial anodic method

ii) Impressed current cathodic method



Force the metal to be protected to behave like cathode.

(i) Sacrificial anodic protection:

 Metal to be protected from corrosion connected to more

anodic metal

 Commonly used metals Mg, Zn, Al and their alloys

Eg. A ship-hull which is made up of steel is connected to

sacrificial anode (Zn-blocks) which undergoes corrosion leaving

the base metal protected.

Eg. The underground water pipelines and water tanks are also

protected by sacrificial anode method. By referring to the

electrochemical series, the metal with low reduction potential is

connected to the base metal which acts as anode.





 Direct current is applied in opposite direction to nullify the

corrosion current

 Converts the corroding metal from anode to cathode.





 The metal surface is covered with a coating to protect it from

corrosion.

 These may be

i) Metallic

ii) Organic



The metals used for coatings may be placed under two

categories

i) metals which are anodic to the metal i.e., metals above it in

galvanic series.

ii) metals which are cathodic to the metal i.e., metals below it in
galvanic series.



 Hot dipping: This technique is most widely used to control
corrosion. Hot dipping is used for producing a coating for
low melting metals such as Zn, Sn, pb ,Al.

 on Iron, steel, copper which are having high melting point
usually underwent into corrosion due to their oxidising
property.

 The process in general consisting of immersed a metal in a
bath of its molten coating& covered by a molten layer.

 The flux cleans the base metal& prevent oxidation of metal
coating with molten solution.

 Hot dipping is widely applied either by
(1)GALVANIZING (2)TINNING



 It is the process in which iron or steel is protected from 

corrosion by coating with a thin layer of zinc.  

 Iron or steel is first cleaned by pickling with dil. H2SO4 

solution for 15-20 mts at 600-900c.  The steel is then washed 

well and dried .

 Then the metal sheet is dipped in bath of molten Zinc 

maintained at 4250-4300c.                                                                                                    

The surface of bath is kept covered with a Zncl2 flux to 

prevent oxide formation.

 Then the metal sheet is passed through a pair of hot rollers  

which removes excess of Zinc and maintain uniform 

thickness of Zinc on metal sheet. 



Uses of Galvanization: It is used  to protect Iron used for 

roofing sheets, wires, pipes,  nails, bolts, screws, buckets, 

and tubes.                                                                                                   

Defects :Galvanised utensils are not used for cooking 

because of solubility of Zn.

The sheet is subjected to annealing process at 650c and

cooled slowly.



Tinning is the process of coating of tin over the Iron sheet or

steel articles

 A cleaned iron sheet is passed through a bath of molten flux,

then passes through a tank of molten tin and finally through a

layer of palm oil which protect hot tin coated surface against

oxidation.

Uses: (1)It is widely used for coating of steel, copper, brass &

bronze etc . It is used to store food stuff, ghee oils, kerosene&

pickels and used for refrigerators equipment.

TINNING



ELECTROPLATING
Deposition of coating metal on the base metal by passing

direct current through an electrolytic solution which contain

the soluble salts of the coating material.

Pure metal is made as cathode and base metal as anode.

Electrochemically coat metal is deposited on base metal.

This metal gives smooth, fine and uniform coating

It depends on

(i) Temperature

(ii) Current density

(iii) Electrolyte Concentration

(iv) Nature of base metal (v) Time



 It is most important & frequently used technique in industries

to produce metallic coating

 Both metals & non metals can be electroplated.

 In metals the electroplating increases resistance to corrosion,

chemical attack, hardness, wear resistance and surface

properties.

 In non metals electroplating increases strength and decorates

the surface of non metal like plastics, wood, glass.



 Pre treatment of surface:

 (1) CO, Ni, steel and Al can be directly plated.

 (2)Pb, Cd and Sn are first electroplated with Ni prior to

electroless plating.

 (3)Non conductors are activated in Sncl2 & HCl

followed by dipping in Pdcl2,Hcl.on drying thin pd layer

is formed.





 Organic coatings protect the surface as they act as

physical barriers between the metal to be protected and

the corroding environment and are decorative.

 The extent of protection given by the organic coatings

depends on

A) Impermeability to gases ,salts and water

B) Chemical inertness to the corrosive environment

C) Good surface adhesion





 Paints form a protective layer over the surface of the metal to

prevent corrosion.

The main constituents of the paints are

 Pigment

 Vehicle

 Thinner

 Driers

 Fillers

 Plasticizers

 Anti skinning agents



 It is a solid constituent that obscures the surface and provides
a decorative color.

 A liquid binds the pigment to the surface and protects it from
decay.

 It usually comprises of 60 to 80% of the weight of the paint
film.

 Increases the life of paint film since it prevents the entry of
ultra violet rays.

 E.g.; lead oxide, red lead, lead chromate etc.,



 Film forming constituent of the paint.

 They hold the pigment on the metal surface.

 They give metal adhesion to the metal surface.

 They impart durability and toughness to the film.

 They isomerize , polymerize and condense to form
characteristic tough, elastic ,coherent, highly cross linked
structured macromolecular film.

 E.g.: mustard and sunflower oil etc.,



 Viscosity is reduced by the addition of thinners.

 It is a volatile solvent helps to adjust the consistency of the paint.

 Thinner being volatile evaporates.

 They remain permanently in paints and varnishes.

 They improve elasticity of the film.

 They suspend the pigments in the paints.
E.g. Turpentine, mineral spirits, xylol, kerosene.



 They are inert materials.

 They are used to improve the properties of the paints.

 They reduce the cost of paints.

 They serve to fill the voids in the film.

 Increases the random arrangement of pigment particles.

 Improves the durability of the film.

 E.g.: talc, chalk, silica etc.,



 Drying of the oil film is accelerated or catalyzed by 

driers.

 To reduce the drying time a drier is added.

 They are oxygen carrier catalyst.

 To improve the drying quality of oil film.

 This is done by condensation , oxidation and 

polymerization.

E.g. linoleates , borates, resinates etc.,



 They remain permanently in paints and varnishes.

 They improve elasticity of the film.

 To prevent cracking of the film.

 Anti skinning agents prevent the gelling and skinning of

the paint film.

E.g.: tricresyl phosphate, tri phenyl phosphate,

di butyl tartarate etc.,



UNIT III

POLYMERIC MATERIALS



A word polymer is a combination of two greek words, “poly” means many and “mer” means 

parts of units.

DEFINITION: Polymers are macromolecules which are formed by linking together of a large 

number of small molecules called monomers.

Example: polythene is a polymer formed by linking together of a large number of ethene 

molecules.

Polymerisation: A process of forming polymer is called polymerisation.





Classification of polymers
Polymers can be classified in a number of ways.

Classification based on the source: 
Natural polymers: Which are found in nature in animals and plants.. For example starch, cellulose, 
proteins, natural rubber etc.

Synthetic polymers: Man made polymers are known as synthetic polymer. eg. PVC, polyethylene, 
polystyrene, nylon-6, nylon-6,6; nylon-6,10; terylene, synthetic rubbers etc. 

Classification based upon structure:
Linear polymers: Monomers are joined together to form long straight chains. The various linear polymeric 
chains are stacked over one another to give a well packed structure close packed in nature, having high 
densities, high melting point and high tensile (pulling) strength. 
Example:  polythene, nylons, polyester, etc.

Branched chain polymers: Polymers in which the monomeric units constitute a branched chain. Branched 
chain polymers have lower melting point low densities and tensile strength as compared to linear 
polymers.
Examples are amylopectin, glycogen, low density polyethylene and all vulcanized rubbers



Cross linked or Three-Dimensional network polymers:

When linear polymeric chains are joined together to form a three dimensional network structure. These 
polymers are hard,  rigid and brittle. Cross linked polymers are always condensation polymers. 
Examples: Bakelite urea-formaldehyde, etc.

Classification based upon molecular force:

Elastomers: Polymers in which the intermolecular forces of attraction between the polymer chains are the 
weakest (weak van der Waals forces of attraction) these polymers consist of randomly coiled molecular 
chains of irregular shape having a few cross links.
Examples are natural rubber, Buna-S, Buna-N etc.

Fibers: Those polymers in which the intermolecular forces of attraction are the strongest are called fibers. 
These polymers held together by H-bonding or dipole-dipole interaction. Fibres have high tensile strength, 
least elasticity having high melting point and low solubility.
Examples: Nylon 6:6, polyester, rayon, etc.

Thermoplastics: In thermoplastics intermolecular forces of attraction are in between those of elastomers 
and fibres. Thermoplastics become soft and viscous on heating and rigid on cooling. Examples are 
polythene, nylon-6, nylon-6:6,  etc.

Thermosetting polymers: These polymers have low molecular masses and are semi-fluid substances. 
These polymers are hard and infusible. 
Examples are melamine-formaldehyde, bakelite (phenol-formaldehyde) etc.



Classification based upon polymerisation:
Addition polymerization: A polymer formed by direct addition of repeated monomer possessing double or 

triple bond, without elimination of small molecule is called addition polymerisation.

Examples: polythene, PVC, etc.

Condensation polymerisation: A polymer formed by a reaction occurring between monomers containing 

polar groups, with the elimination of small groups like water, HCl, ammonia, etc. is called condensation 

polymerisation.

Examples: Nylon 6:6, terylene

Classification based upon monomers:
Homopolymers: If a polymer consists of one kind of monomers then it is called a homopolymer.

Examples: polythene, teflon, PVC, etc.

Copolymer: If a polymer consists of more than one kind of monomers is called a copolymer.

Examples: Nylon 6:6, polyester, Bakelite, Buna-S, etc.



Plastics/ Plastic Material

Definition: Organic materials which can be moulded into any desired 

form, when subjected to heat and pressure in presence of a catalyst.

Terms resin and plastics are now-a-day considered synonyms. However, 

both are different.

Resins: are the basic binding material which form a major part of th 

plastics and which has undergone polymerisation reaction during 

preparation.



Unique properties of plastics

➢ Lightness in weight

➢ Good thermal and electrical 

insulation

➢ Corrosion resistance

➢ Easy workability

➢ Adhesiveness

➢ Low fabrication cost

➢ Decorative surface effect

➢ Easy moulding

➢ Insect resistant

➢ Capable to being made to order

➢ Absorbent of vibrations and sound

➢ Low thermal expansion coefficient

➢ Chemical inertness

➢ Transparency

➢ Low maintenance cost

➢ Low softening points

➢ Ability to take variety of colours, 

shades, etc.

➢ Good shock absorption capacity

➢ High resistance to abrasion

➢ Impermeable to water

➢ Good strength and toughness

➢ Excellent in finish



Uses of Plastics

➢ Making electrical goods and 

appliances

➢ Aeronautical engineering

➢ Making furniture

➢ Making floor and wall linings

➢ Making special types of paints

➢ Heat and sound insulation 

➢ Making windscreens, laminated 

glasses, table tops

➢ Preparing decorative laminates 

and mouldings

➢ Making overhead tanks, water 

pipes

➢ Making household articles

➢ Making synthetic fibres

➢ Making adhesives

➢ As water softening agents

➢ Making films for waterproofing, 

damp proofing and curing of 

concrete



Preparation of plastics

Prepared using- Polymerisation reaction it is of 2 types:

1. Addition Polymerisation: involves repeated addition of monomers to yield 

long chains of polymer. 

2. Condensation Polymerisation: involves condensation/combination of 2 

monomers resulting in loss of small molecules like H2O, HCl, NH3 etc. to 

yield a polymer.



POLY VINYL CHLORIDE (PVC)

Properties of PVC: 

➢ Colourless

➢ Odourless

➢ Chemically inert, 

➢ resistant to light, atmospheric oxygen,

➢ Acids and alkalis

➢ Pure resin possesses high softening point(148 oC)

➢ Greater stiffness, high rigidity

➢ It is brittle



Engineering applications of PVC

Unplasticized PVC  

Used for making sheets employed for            

➢ tank-linings                                                          

➢ light fittings                                         

➢ safety helmets                                        

➢ refrigerated components                         

➢ tyres                                               

➢ cycle and motorcycle mudguards             

Plasticized PVC(adding plasticizers) 

Used for making sheets employed

➢ Rain coats

➢ Table cloths

➢ Curtains

➢ Covering of electrical cables

➢ Toys, tool handles, toiled good

➢ Plastic coated cloth

➢ Thermal insulating foam



TEFLON (Poly Tetra Fluoro Ethane) 

Properties of Teflon:

➢ Extreme tough

➢ High softening point( 350 oC)

➢ High chemical resistance to 

chemicals(except hot alkali metal and hot 

fluorine)

➢ Waxy touch, very low coefficient of friction

➢ Good electrical & mechanical properties

➢ It can be machined, punched & drilled



Engineering Applications of Teflon

Used for:

➢Insulating material(motors, transformers,cables, wires, fittings
etc)
➢For making gaskets, packings, pump parts, tank linings,
chemical carrying pipes, tanks, tubings
➢For coating & impregnating glass fibres, cloths
➢In non lubricating bearings
➢Non sticking stopcocks for burettes



BAKELITE

Properties of Bakelite:

➢ Hard

➢ Rigid

➢ Scratch resistant

➢ Infusible

➢ Water resistant

➢ Resistant to acids, salts, organic solvents

➢ Attacked by alkalis

➢ Excellent electrical insulator



Engineering Applications of Bakelite

Used for making

Electrical insulator parts like

➢ Switches
➢ Plugs
➢ Switch boards
➢ Heater Handles

Moulded articles like

➢ Telephone parts
➢ Cabinets for radio and 

television 

Also used in:

➢ Paints and varnishes

➢ As adhesives(binder) for grinding 

wheels

➢ As ion-exchange resins in water 

softening

➢ For making bearings, used in 

propeller shafts for paper industry 

and rolling mills



FIBRES

➢ Fibres are thread like structures that are 
thin, long and flexible strands

➢ There are two types of fibres:

1) Natural fibre- obtained from natural  
sources
Examples- Silk, cotton,wool, jute etc

2)   Synthetic fibre- Which are man made
Examples- Rayon, Nylon, acrylic etc



Properties of Nylon Fibres

➢ Translucent

➢ Whitish, horn

➢ High melting point(160-264 oC)

➢ High tensile strength

➢ High temperature stability

➢ High abrasion resistance

➢ Insoluble in organic solvents

➢ Soluble in phenol and formic 

acid

➢ Have good strength

➢ Light, high melting 

➢ Absorb little moisture(drip-dry in 

nature)

➢ Very flexible

➢ Regain original shape after use

➢ Resistant to abrasion

➢ On blending with wool, the 

strength & abrasion resistance 

increases

➢ Good physical strength and self 

lubricating properties



Engineering applications of Nylon

Used as:

➢ Thread in  bristles for toothbrushes
➢ As gears, fittings & bearings, automotive industry
➢ Threads, ropes, filaments, nets
➢ Gun frames
➢ Surgical sutures
➢ Strings for musical instruments
➢ In hosiery and knitted garments
➢ Used to make ropes for rock climbing & 

parachutes



Fibre-reinforced plastic(FRP)

It is a composite material made of a polymer matrix 
reinforced with fibres

Fibres- They provide strength & stiffness. 

➢ Common fibres used are glass, carbon, aramid, basalt
➢ Other fibres are paper, wood, asbestos

Matrix- Protects & transfers load between fibres & also 
supports them under compression loading.

➢ Common matrices are epoxy, vinyl ester, polyester, 
Polylactide etc.

➢ The original plastic without fibre reinforcement is known 
as matrix or binding agent



Properties of FRPs 

➢ Light weight

➢ Corrosion resistance

➢ High tensile strength

➢ Non magnetic properties

➢ Specific stiffness

➢ High specific strength

➢ Easily constructed

➢ Ease of handling

➢ UV radiation stability

➢ Resistant to chemicals

Examples of FRPs 

➢ GFRP (Glass Fiber Reinforced 

Polymer)

➢ CFRP (Carbon Fiber Reinforced 

Polymer)

➢ AFRP (Aramid Fiber Reinforced 

Polymer)



Glass Fibre Reinforced Plastic (GFRP):  

➢ Commonly known as fiberglass 

➢ Is synthetic material made by plastic (forms 

matrix) & extremely fine fibres of a glass.

○ Fibre: Glass fibre (E- glass, S- glass, R-

glass)

○ Matrix: poly ester, epoxy, vinyl ester, 

poly styrene, polycarbonate  etc.

➢ Glass fibres are made by mixing sand, 

limestone, folic acid and the mixture is 

heated about 1260 oC



Glass Fibre Reinforced Plastic (GFRP):  

Advantages: 

➢ High tensile strength
➢ light weight, strong, less brittle
➢ Heat resistant, weather resistant, 

insect resistant 
➢ Corrosion resistant, chemical 

resistant (except HF, H3PO4)
➢ Dimensional stability: will not 

stretch or shrink
➢ Low moisture absorption
➢ Good electrical insulator
➢ Easy processing: ability to get 

molded into various complex 
shapes

➢ Incombustibility: doesn’t support 
flame or emit smoke or toxic 
waste when exposed to heat

Applications:

➢ Manufacturing of automotive bodies: due 
to its lightweight 

➢ Roofs, domes, pipes
➢ Boats
➢ Aquariums, fountains, waterslides, hot 

tubs, bath tubs, Surf boards, Gliders : due 
to anti-slip property

➢ Pump castings
➢ Storage containers
➢ for electromagnetic windows
➢ Screening for cooling towers
➢ Making aviation equipment and ducts 

(engine cowlings, bulkheads, storage bins 
and ground handling equipment)





Carbon Fiber Reinforced Polymers

➢ CFRP the reinforcement material is carbon fibre
➢ Carbon fibre: is a long thin strand of carbon 

atoms which are bonded together in microscopic 
crystals that are woven together into a fabric 

➢ Carbon fibers are microscopically small and 
about eight times thinner than a human hair.

➢ Carbon fibre can be combined with matrix to 
make almost any shape.

➢ Matrix: polymer resin such as epoxy, polyester, 
vinyl ester, nylon

➢ CFRP is five times lighter than steel and has 
only about 60% of the weight of aluminium.

➢ Thus CFRP’s replaces steel and aluminium in a 
variety of industries.



Carbon Fiber Reinforced Polymers

Properties: 

➢ Extremely strong

➢ Light weight

➢ High tensile strength

➢ High chemical inertness

➢ Good corrosion resistance

➢ Low thermal expansion

➢ X- ray transparency

➢ Low density

➢ Vibration resistance

➢ Low thermal conductivity

➢ Good rigidity

➢ Non magnetic

➢ Bad conductor of electricity

Applications: 

Used in manufacturing of 

Automotive field:

➢Racing car bodies
➢Vehicle parts such as body components

Marine field: Boats, submarines, yacht 

Spacecraft & aerospace :

➢Main body of the plane, parts of the wings & tail 
parts

Sports goods:

➢Golf club shafts
➢Tennis racquets

Others:

➢Fishing rods
➢Bicycle frames
➢Racing car bodies
➢Robotic arms





Aramid fibres

In AFRP the reinforcement material is aramid fibre

Aramid fibres are high strength fibres which are made by aromatic 

polyamide

Matrix: epoxy, polyester, vinyl ester

Properties:

➢ High tensile strength

➢ Flame resistance

➢ High chemical resistance

➢ High compression strength

➢ High elasticity

➢ High abrasion resistance

➢ Low weight

Applications:

➢ Bullet proof vests

➢ Fire protection cloths

➢ Protective gloves, 

helmets, body armor

➢ Sports goods

➢ Aircraft & military 

vehicles

➢ Ropes and cables







Natural Rubber

Natural rubber is a natural polymer of organic compound isoprene obtained 

from the bark of the rubber trees.



Preparation of natural rubber

➢ Natural rubber is made up of a solid 
particles suspended in a milky white 
liquid called latex obtained from the 
cuts of the bark of a rubber tree.

➢ Latex is diluted and filtered to 
eliminate any dirt present in it. 

➢ Acetic acid or formic acid is added to 
coagulate rubber into a white mass

➢ The coagulated white mass is washed
➢ It is allowed to pass through rollers to 

make it soft and flexible

➢ Soft & sticky

➢ Flexible

➢ Low tensile strength

➢ Plastic in nature

➢ Sensitive to heat, light

➢ Low water absorption 

capacity

➢ Chemical resistant

➢ Less resistance to oil, non 

polar solvents, fats, greases

Properties of natural rubber:



Vulcanisation of Natural rubber

● Natural rubber is too soft and cannot be used in most of the 

applications.

To improve the properties of rubber :

● Natural rubber is heated with sulphur to 140 C

● Sulphur atoms react with the double bonds in the rubber 

molecule chain to form C-S-S-C cross link between rubber 

molecules





Advantages of Vulcanised  rubber

➢ High tensile strength

➢ Excellent resilience

➢ Low water absorption

➢ High resistance to oxidation

➢ High resistance to abrasion

➢ High resistance to wear and 

tear

➢ Better electrical insulator

➢ Resistant to organic solvents 

➢ Low elasticity

➢ Rubber hoses
➢ Shoe soles
➢ Toys
➢ Erasers
➢ Tires
➢ Insulating materials
➢ Rubber lined tanks
➢ Conveyor belts
➢ Suction cups
➢ Rubber seals
➢ Hockey pucks

Applications of vulcanised  rubber



Elastomers

Elastomer is a rubbery material composed of long chain molecules that possess the ability to 

return to its original shape after being stretched.

The molecules of elastomers held together by weak intermolecular forces.

Elastomers have viscosity as well as elasticity therefore they are known as viscoelasticity.

Following are the examples of the elastomers

➢ Natural rubber: They are used in automotive industry and in the manufacture of medical 

tubes, balloons, adhesives etc

➢ Polyurethanes: They are used in the textile industry for manufacturing elastic clothing like 

lycra.

➢ Styrene-butadiene rubber(Buna-S): Used as an adhesive, in footwear industry, in electrical 

insulation.

➢ Neoprene: These are used in manufacture of wet suits and in industrial belts.

➢ Silicone rubber: They are used in automotive, electrical, medical, cookware etc



Applications of elastomers

➢ Motor vehicles: Elastomers doesn’t melt easily and offers excellent wear 

resistance making it efficient in building seals, tyres, interior & exterior parts, 

engine components.

➢ Consumer products: Elastomers has widest range of products starting from 

shoe soles to baby pacifiers and many more.

➢ Construction: They are used as adhesives and sealants especially for filling 

the gaps

➢ Industrial products: Elastomers are hugely used in making industrial tools, 

appliances, belts, molds, lubricants, etc.

➢ Wire & cables: Elastomers provide good insulation, high resistance to heat & 

easily reshaped therefore they are used to build wires, telecommunication 

cables.



Conducting polymers

Polymers which conduct electricity are called conducting polymers.

Reason of conduction in the polymer:

● Presence of unsaturated conjugated double bonds in the polymer

● Addition or removal of electrons (doping) into the polymer

Characteristics:

● Good electrical conductivity

● Easy of preparation

● Light in weight

● Easy to process



Classification of conducting polymers



How can a polymer become conducting?

For a polymer to become electrically conductive, it has to imitate a metal, 
that is, its electrons need to be free to move and not bound to the atoms.

Polyacetylene is the simplest possible conjugated polymer. It is obtained by 
polymerisation of acetylene. The polymer consists of alternating single and double 
bonds, called conjugated double bonds.

(In conjugation, the bonds between the carbon atoms are alternately single and double.
Every bond contains a localised “sigma” (σ) bond which forms a strong chemical bond.
In addition, every double bond also contains a less strongly localised “pi” (π) bond
which is weaker)



Mechanism of conduction in polyacetylene

Preparation of polyacetylene: Polyacetylene is prepared by passing acetylene gas over Ziegler-
Natta catalyst to get polyacetylene.

The conductance can be improved by either p-doping or n-doping



Types of doping

p- doping:

● Lewis acids or halogens are added to 

the polymers  having conjugated 

double bonds

● Oxidation takes place

● Creates positively charged sites on 

polymer backbone, which are current 

carriers for conduction.

● Examples for p-dopants: 

I2, Br2, AlCl3, AsF5, etc.

n-doping :

● Lewis bases or alkali metals are 

added to the polymers having 

conjugated double bonds

● Reduction takes place

● Creates negative charged sites on 

polymer backbone, which are 

responsible for the conduction

● Examples for n-dopants:

Li, Na, K, tetrabutyl ammonium, etc.



p-doping

It involves two steps

Step I: It involves the oxidation of a polyacetylene with iodine vapour(Lewis acid)

During oxidation the iodine molecule remove an electron from polyacetylene chain 

creates positive charge called polaron.

Step II: The second oxidation of polaron produces two positive charges on the 

chain called bipolaron.

This positive charges are mobile due to delocalisation and responsible for 

conduction.





n-doping

It involves two steps

Step I: It involves the reduction of polyacetylene of with sodium naphthalide

During reduction sodium naphthalide donates an electron to polyacetylene chain 

creates negative charge on the chain called polaron.

Step II: The second reduction of polaron two produce two negative charges on the 

chain called bipolaron. 

This negative charges are mobile due to delocalisation and responsible for 

conductance.





Applications of conducting polymers

➢ Incorporated into commercial displays and batteries

➢ Printed electronic circuits

➢ Organic light emitting diodes

➢ Supercapacitors

➢ Chemical sensors

➢ Used in solar cells

➢ Electromagnetic shielding

➢ Flexible transparent displays

➢ Microwave absorbing coating

➢ Radar-absorptive coating on stealth aircraft



Biodegradable polymers

Polymer that can be decomposed by the action of microorganisms are called 

biodegradable polymers

These polymers broken into small segments by enzyme catalysed reactions, and 

microorganisms produce this enzymes.

Examples of biodegradable polymers are polylactic acid, polyvinyl alcohol



Poly lactic acid

Advantages:

➢ Easy to process

➢ Bio compatible

➢ Biodegradable plastic

➢ Good plasticity

➢ Low cost

➢ Rigidity

Applications:

➢ Medical implants like stents

➢ Implantable drug dispenser

➢ Food packaging

➢ Disposable tableware

➢ Compost bags



Poly vinyl alcohol

Advantages:

➢ High chemical stability

➢ High thermal stability

➢ Low manufacturing cost

➢ Excellent water resistant

➢ High strength

Applications:

➢ Paper making

➢ Contact lenses

➢ Absorbable sutures

➢ Drug delivery systems

➢ Artificial heart surgery

➢ Cartilage replacements



Properties biodegradable polymers                      Uses of biodegradable polymers

➢ Biodegradable polymers can retain 
good mechanical integrity until 
degraded.

➢ Since biodegradable polymers 
have extremely strong carbon 
backbones that are difficult to 
crack, degradation begins at the 
end-groups.

➢ Biodegradable polymers are non 
toxic

➢ Degradation rates can be regulated
➢ Biodegradable polymers are 

hydrophilic 

Used in

➢ Controlled drug release 

systems

➢ Plasma replacements

➢ Agricultural materials such as 

films & seed coatings

➢ Fast food wrappers & 

personal hygiene products

➢ Drug delivery

➢ Post operative stitches
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