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INTRODUCTION 

Polymers are the giant molecules produced by the combination of smaller units or 

molecules. Polymers posses the desirable properties like high strength, light weight, 

good flexibility, special electrical properties, resistance to chemicals, amenability for 

quick and mass production and fabrication into complex shapes in a wide variety of 

colours. 

Due to the extraordinary range of properties accessible in polymeric materials, they have 

come to play an essential and ubiquitous role in everyday lifeðfrom plastics and 

elastomers on the one hand to natural biopolymers such as DNA and proteins that are 

essential for life on the other. A simple example is polyethylene, whose repeating unit is 

based on ethylene monomer. Most commonly, as in this example, the continuously 

linked backbone of a polymer used for the preparation of plastics consists mainly of 

carbon atoms. However, other structures do exist; for example, elements such as silicon 

form familiar materials such as silicones, examples being silly putty and waterproof 

plumbing sealant. The backbone of DNA is in fact based on a phosphodiester bond, and 

repeating units of polysaccharides (e.g. cellulose) are joined together by glycosidic 

bonds via oxygen atoms. 
 

HISTORICAL ACCOUNT: 

Starting in 1811, Henri Braconnot did pioneering work in derivative cellulose 

compounds, perhaps the earliest important work in polymer science. The development 

of vulcanization later in the nineteenth century improved the durability of the natural 

polymer rubber, signifying the first popularized semi-synthetic polymer. In 1907, Leo 

Baekeland created the first completely synthetic polymer, Bakelite, by reacting phenol 

and formaldehyde at precisely controlled temperature and pressure. Bakelite was then 

publicly introduced in 1909. 

BASIC CONCEPTS  

The word polymer is derived from the Greek words polu- meaning "many"; and  

meros meaning "part". The term was coined in 1833 by Joens Jakob Berzelius. 

 
Many of small molecules (monomers) combine (with covelent bond chains) to form 
gaint molecule(s). This process is called polymerization. During the polymerization 
process, some chemical groups may be lost from each monomer. 
 

For example, in the polymerization of PET polyester. The monomers are terephthalic 
acid (HOOC-C6H4-COOH) and ethylene glycol (HO-CH2-CH2-OH) but the repeating 

unit is -OC-C6H4-COO-CH2-CH2-O-, which corresponds to the combination of the two 
monomers with the loss of two water molecules. The distinct piece of each monomer 
that is incorporated into the polymer is known as a repeat unit or monomer residue. 
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Depending on the degree (No. of Monomer units) of polymerisation, there are two 

types of polymers. 

1. Oligopolymers: Those polymers whose degree of polymerisation is less 

than 600 are called oligopolymers. These polymers do not possess the 

engineering properties. 

2. Highpolymers: When the degree of polymerisation of a polymer is more than 

600, it is called high polymer. High polymers possess the desired engineering 

properties and widely used. 

 

Functionality of Monomers: 

For a substance to act as a monomer, it must have at least two reactive sites 

or bonding sites. The number of reactive sites or bonding sites in a monomer is 

called functionality of the monomer. 

If two reactive sites are there in a monomer then it is called bifunctional. The two 
reactive groups are attached on either side of the bifunctional molecule forming a linear 
or straight - chain molecule. The monomer molecules in a linear chain are linked by 
primary covalent bonds and the different chains are held together by secondary 
vander Waal's forces of molecular attraction. The chain movement is possible only in 
one direction as shown below. 

 
A trifunctional monomer has three reactive sites. If three reactive sites are there in a 
monomer, then it gives branched chain polymer. During the chain growth the side 
chains may be formed producing branched chain molecules. The chain movement 
is more restricted in branched chain polymer which is also produced, by mixing 
trifunctional monomers with bifunctional monomers. 

 

A polyfunctional monomer contains more than three reactive sites. If the number of 

reactive sites is more than three in a monomer molecule, the three dimentional network 

of polymer is produced where the movement of the individual molecule is restricted 

as shown below. 
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Nomenclature of polymers: 

'Poly' is the term used before the name of monomer or compound, indicating the 
compound to be a polymer for example polyethylene polystyrene, polybutadiene etc. 

Tacticity of polymers : The arrangement of functional groups on carbon backbone of 

the polymer is called tacticity of the polymer. Depending on the tacticity, there are three 

different types of polymers. 

1. Isotactic polymers (iso-similar): The polymers in which the functional groups 

are arranged on the same side are called isotactic polymers. 

For example : Poly Vinyl Chloride (PVC) 

 

2. Atactic polymers: The polymers in which the functional groups are arranged 

irregularly are called atactic polymers. 

For exampie ƴ Poly Vinyl Chloride (PVC) 

 

3. Syndiotactic polymers: The polymers with alternate arrangement of functional 

groups are called syndiotactic polymers. 

    For example : Poly Vinyl Chloride (PVC) 

 

 

Classification of the Polymers: 

Based on their origin and nature polymers can be classified in the following way 
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Homochain polymers: These polymers whose back bone (main chain) is made up 

of some type of atoms. 
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Heterochain polymers: These polymers are constituted by two or more than two 

different types of atoms in their structure. 

 
 

 
Mechanism of Polymerisation: 
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Chain Polymerisation: 

A chain Polymerisation is a reaction that yields a polymer product which is the exact 

multiple of monomers. Thus the mechanism is also called addition Polymerisation. 

The following are the characteristics. 

1. The functionality of the monomer is a double bond and it is bifunctional. 

2. The polymerisation takes place by self-addition of the monomer molecules to 
each other. Through a chain reaction. 

3. No biproducts like H2O, CH3OH etc., are produced. 

4. The polymer has the same chemical composition as that of monomer. 

5. The molecular weight of the polymer is the exact multiple of the monomers. 

6. The mechanism is carried out in three steps, i.e. initiation, propagation and 
termination. 

7. The mechanism is rapid. 

8. The conversion of a n bond to a bond takes place during the polymerisation, 
liberating 20 k.cal/mole of energy. Hence highly exothermic reactions. 

9. An initiator is required to start the polymerisation reaction 

The compounds containing double bonds undergo chain polymerisation. 

For example :  

1) olefins  

2) vinyl  

3) allyl and  

4) dienes.  

 

Olefins: Olefins like ethylene, propylene, l-butene etc. 

 

Vinyl compounds: The general representation of vinyl compounds is CH2 = CHX, 

where X = halide, acid, alcohol, amine, phenyl etc. 
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Allyl compounds: The general formula of allyl compounds is CH2 = CH . CH2X, where 

X can be halide, alcohol, ester etc. 

 

Dienes: Dienes has the general formula , where X = H, 
halogen or alkyl group. 

 

 

Chain polymerisation is initiated by Initiators and carried out in three different ways. 

1) Freeradical chain polymerisation: The freeradical chain polymerisation can be 

of homolytic fission process or heteterolytic fission process.  

The initiator undergoes homolytic fission to produce free radicals, which initiates 

and propagates (rapid chain growth) the polymerisation reaction as given 

below. Ex. Bynzoyl peroxide(di-tert-butyl peroxide) 
                  

 
 

a. Initiation: Initiators are unstable compounds and undergo homolytic 

fission to produce free radicals which react with n electrons of the 

monomer to produce monomer free radical.  
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Theory: 

 
Example: 

 
 

b. Propagation: The monomer free radical reacts with a number of 

monomers rapidly resulting the chain growth with free radical site at the 

end of the chain producing a living polymer. By adding fresh monomers 

to the living polymer with free radical site, again chain growth starts. 

Hence it is known as living polymer.  

Theory: 

 
Example:

 
 

c. Termination: Ter mination (to stop chain growth) of the growing polymer 

chain is carried by 'coupling' and 'disproportionatiori, resulting the dead 

polymer. In coupling, the collision of two growing chains causes the union 

of the two chains at their free radical site producing a dead polymer.  

Theory: 
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In termination by disproportionate, H from the growing chain is 
abstracted by the other growing chain, utilising the lone electron for 
getting stabilised, while the chain which has donated the H gets 
stabilised by the formation of a double bond. 

 
Example: 

 
Addition polymers can also be made by chain reactions that proceed through 

intermediates that carry either a negative or positive charge.  

When the chain reaction is initiated and carried by negatively charged intermediates, 

the reaction is known as anionic polymerization or anionic chain polymerization. 

When the chain reaction is initiated and carried by positively charged intermediates, 

the reaction is known as cationic polymerization. 

 

Anionic Chain Polymerisation: 

An anion produced by organo-alkali compounds like ethyl sodium, methyl 

potassium, butyl lithium etc. Like free-radical polymerizations, these chain reactions 

take place via chain-initiation, chain-propagation, and chain-termination steps. 

a) Initiation: An anion produced by the initiator will react with the monomer 

to produce monomer carbanion. 

 
Example: The reaction is initiated by a Grignard reagent or alkyllithium 

reagent, which can be thought of a source of a negatively charged CH3
¯  or 

CH3CH2
¯  ion 

 

 
 

The CH3
- or CH3CH2

- ion from one of these metal alkyls can attack an alkene 
to form a carbon-carbon bond. 

ref/Polymerization%20Reactions.mht#free
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b) Propagation:  Attack of the monomers by monomer carbanion results in 
chain growth as shown below. 

 
Example: 

 
 

c) Termination: Termination of the chain is carried out by a H+ ion 

Theory: 

 
Example: 

 
 

Cationic chain polymerisation: 

The polymerisation that results because of the production of cation due to the initiator 

attacks the n electrons of the monomer forming a monomer carbonium ion is 

known as Cationic Chain Polymerisation.  

a) Initiation: 

The strong lewis acids like BF3, AICI3 etc., (generally called as catalyst) in 

presence of small amount of water (generally called cocatalyst) initiates the 

reaction as follows. 

 
[HOBF3]- is called counter ion, because it is always with carbonium ion of the 

monomer. 
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b) Propagation: The monomer carbocation attacks the n electrons of the other 
monomers resulting the chain growth with carbocation at the end of the chain.  

 

 
c) Termination: Termination of cationic chain polymerisation is done by 
coupling where the OH~ ion from the counter ion terminates the 
polymerisation. 

 
 

Co-ordination polymerisation or Zeigler - Natta polymerisation:  

Zeigler (1953) and Natta (1955) discovered that in the presence of a combination of 

transition metal halides like TiCI4, ZnBr3 etc, with an organometallic compounds like 

triethyl aluminium or trimethyl aluminium, stereospecific polymerisation can be carried 

out. Combination metal halides and organometalic compounds are called Zeigler Natta 

catalysts. The mechanism of polymerisation is given below. 

a) Initiation: The catalyst form monomer catalyst complexes by reacting with 

monomer molecule. 

 

b) Propagation: The monomer catalyst complex reacts with fresh monomers 

resulting the chain growth as shown below. 

 
 

c) Termination: Termination is carried out with an active halogen compound. 
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PLASTICS, THERMOPLASTIC AND THERMOSET RESINS : 

Plastics are the polymers characterised by the property of plasticity (permanant 

deformation in structure on applying some stress/force), moulded to desired form, 

when subjected to heat and pressure in presence of catalyst. The term 'plastic' and 

'resin' are considered to be synonymous. A resin is the product of polymerisation and 

forms the major part of the plastics. Plastics are the materials obtained by the mixing 

the resin with other ingredients to impart special engineering properties. 

Plastics are characterised by light weight, good thermal and electrical insulation, 

corrosion resistance, chemical inertness, adhesiveness, and easy workability, low 

fabrication cost, high abrasion resistance, dimensional stability, strength, toughness and 

impermeability to water. 

The plastic resins are broadly classified into two categories thermoplastic resins and 

thermoset resins. The following are the characteristic differences. 

. 

SNO THERMOPLASTIC RESINS THERMOSET RESINS 

1. These resins become soft on heating and 
rigid on cooling. 

During fabrication process these resins 
are moulded. Once moulded or 
shapened, they can not be softened. 

2. The heating and cooling do not alter the 
chemical nature of these resins because 
the changes involved are purely of physical 
nature. 

These resins are permanent setting 
resins. 

3. Thermoplastic resins are formed by chain 
polymerisation. 

Thermoset resins are formed by step 
polymerisation. 

4. They consist of long chain linear polymers 
with weak secondary vandar Waal's forces 
of attraction in between. 

They have three dimensional network 
structures. 

5. They are softened on heating readily 
because the secondary force of attraction 
between the individual chains can break 
easily by heat, pressure or both. 

The bonds retain their strength on 
heating hence do not soften on 
heating. 

6. They can be reshaped. They cannot be reshaped 

7. These plastics can be reclaimed from 
waste. 

They cannot be reclaimed from waste. 

8. Thermoplastic resins are soft, weak and 
less brittle. 

Thermoset resins are hard, strong and 
more brittle. 

9. These resins are usually soluble in organic 
solvents. 
Eg: Polyethylene, polyvinyl chloride etc. 

Due to strong bonds and cross links, 
they are insoluble in almost all organic 
solvents. 
Eg: Bakelite, Nylon etc. 
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COMPOUNDING AND FABRICATION OF PLASTICS:  
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Some of the useful Plastics: 
 
Teflon(Polytetra fluoro ethylene) or Fluon +CF2- CF2-}n: 

 

TEFLON is obtained by the chain polymerisation of tetrafluoro ethylene in 

presence of benzoyl peroxide as an initiator 

 
Tetra fluoro ethylene is produced by dechlorination of syn dichlorotetrafluoroethane in 
presence of a catalyst. 

 

Properties: 

Due to the presence of highly electronegative fluorine atoms, TEFLON has got 

1. High melting point (> 350°C), 

2. Exceptionally high chemical resistance (except hot alkali metals and 

fluorine). 

3. High density 2.1 - 2.3 gm/cc 

4. It is very strong, hard polymer that can be machined to drilling, punching 

etc. 

5. TEFLON is a very good electrical insulator. 

6. It possesses very good abrasion resistance. 

Engineering uses: 

1. TEFLON is a very good insulating material for motors, transformers, 

cables, wires, fittings etc. 

2. It is used for making gaskets, pump parts, tank linings, tubing etc. 

3. Due to its extreme chemical resistance, it is used for making chemical carry 

pipes. 

4. Non - lubricating bearings and non-stick stop cock for burettes are made from 

TEFLON. 

5. It is also used for coating as impregnating glass fiber, asbestos fibers. 
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Bakelite or Phenol - formaldehyde resin: 

 

Bakelite is an important thermoset resin named after the scientist Bakeland, who 

synthesised this resin in the year 1909. It is prepared by the step polymerisation of 

phenol with formaldehyde in presence of an acid or alkali as a catalyst. The 

polymerisation takes place in three stages. 
 
I stage: Phenol is made to react with formaldehyde in presence of acid / alkali to 
produce non - polymeric mono, di, and tri methylol phenols depending on the phenol 
formaldehyde ratio (P/F ratio). 

 
 
 
II Stage: The mono, di, and tri methylol phenols are heated to produce two types 
of straight chain resins by condensation of the methylol group with hydrogen atom of 
benzene ring or another methylol group. 
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Ill Stage: This stage of preparation includes heating of 'A' stage resin and 'B' stage 
resin together, which develops cross linking and bakelite plastic resin is produced. 

 

Properties : 

1. Bakelite plastic resin is hard, regid, and strong. 

2. It is a scratch resistant and water resistant polymer. 

3. Bakelite has got good chemical resistance, resistant to acids, salts and 

any organic solvents, but it is attacked by alkalis due to the presence 

of- OH group.  

4. It is a good anion exchanging resin, exchanges - OH group with any 

other anion.  

5. Bakelite is an excellent electrical insulator. 

6.  It is a very good adhesive.  

7. Bakelite has very good corrosion resistance, resistant to atmospheric 

conditions like O2, CO2, moisture, light, U.V.radiation etc. 
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Engineering applications: Bakelite is used widely. 

1. For making electrical insulator parts like switches, switch boards, heater 

handles etc.  

2. For making moulded articles like telephone parts, cabinets for radio and 

television.  

3. For making tarpaulins, wood laminates and glass laminates.  

4. As an anion exchanger in water purification by ion exchange method in 

boilers.   

5. As an adhesive (binder) for grinding wheels etc.  

6. In paints and varnishes.  

7. For making bearings used in propeller shafts, paper industry and rolling 

mills 

 

Nylon (Poly amide resin): 

 
Nylon is a polyamide resin containing recurring amide group in its structure, produced 
by copolymerisation of diamine with diacid. Depending on the number of carbon atoms 
in diamine and diacid, there are different types of nylons like nylon 6 : 6, nylon 6:10, 
etc. where the first number indicates the number of corbon atoms in diamine and the 
second number indicates the number of carbon atoms in diacid. 
 

Nylon 6 : 6 :  Nylon 6 : 6 is produced by the copolymerisation of hexamethylene 
diamine with adipic acid. 

 
Nylon 6:10: Nylon 6:10 is synthesised from copolymerisation of hexa methylene 
diamine with sebacic acid. 
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Nylon 6 : Nylon 6 is produced by the homopolymerisation of caprolactum. 

 
 Properties: 

1. Nylons possess high strength, hardness and high metting point. The high 
melting point of the nylons is due to the hydrogen bonding between the 
hydrogen atom of the amdide group (-NH) and oxygen the C = O group P. 

2. Nylons possess high crystallinity, abrasion resistance and good mechanical 

properties. 

3. Nylons possess good chemical resistance, 

4. They are good electrical insulators. 

5. Nylons possess good resistance to environmental conditions 

Engineering applications: 

1. The major application is in the textile industry.  

2. Because of its high thermal and abrasion resistance nylons are used in 

mechanical engineering applications like gears, bearings, machine parts 

where greater friction is there.  

3. Flexible tubings for convaying petrol etc are made from nylons. 

4. Nylons are used as electrical insulators. 

5. Nylon 6 is used for making tire cords. 

6. Nylons are used in auto mobile industry and telecommunication industry for 

making radiator parts and coil formers respectively. 

 

RUBBER: 

Those polymers which possess the property of elasticity is called rubber. Temporary 

deformation in structure on applying some stress is more than 600 e.u. when stress 

is applied, polymer chains get partially aligned with respect to another, thereby 

causing crystallisation, which makes the polymer stiff. On releasing the stress, the 

chains get reverted back to their original coiled state. The elasticity of rubber is due to 

its coiled helix structure, as shown below. 
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Natural rubber: 
Natural rubber is processed from the cell sap (latex) of three main types of trees / 
plants, Hevea Brasiliensis, Guayule, Dichopsis percha, Palagum gutta found in tropical 
and semi-tropical countries. The main composition of natural rubber is polyisoprene, 
which is in the form of long coiled chains, responsible for the elasticity of natural rubber 
is shown below. 

 
Isoprene in natural rubber exists in two geometrical isomeric forms, cis and trans. 
Cis-polyisoprene present in Hevea rubber and trans - polyisoprene present in Gayule 
and Percha rubber. 
 
The processing of natural rubber from Hevea brasiliensis starts with tapping of the 
latex (cell sap flows from the trunk of the tree). Spiral grooves are made on the trunk 
of the tree and the latex flowing is collected into small vessels, then the latex is 
emptied into buckets and transferred to the factory for processing tapping is usually 
done at the intervals of six months. 
 
The latex is diluted to 15 - 20% and filtered to remove suspended impurities like pieces 
of bark, leaves etc. Then it is taken into tanks and treated with acetic acid or formic 
acid. The rubber coagulates (precipitates) as soft white mass (coagulam) which is 
filtered and washed with water. The coagulam is passed between two rollers about 3 
mm a--art and 50 cm wide and extruded in the form of a sheet which resemble the 
crepe paper, which possess rough surface. The rubber processed by this method is 
called 'crepe rubber'. The crepe rubber sheet are dried in sun. 
 
In the second type of processing, the filtered latex is fed into long rectangular tanks of 
1 m wide and 30 cm deep and treated with acetic acid or formic acid along with 
constant stirring. Vertical partition plates are inserted and left undisturbed for 16 hours. 
The coagulam sets in the form of slabs is passed between a series of rollers with 
decreasing clearance in between them while spraying water on these rollers. The final 
roller gives ribbed pattern to the rubber sheet which help in quick drying and 
preventing the adherance of rubber sheets to one another. The sheets are hunged 
for about 4 days in smoked chambers at 40 - 50°C. This rubber is called smoked 
rubber. 
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Processing of Gutta Percha : Gutta percha is processed from the mature leaves 

of Dichopsis gutta and Palagum gutta by solvent extraction process. The mature 

leaves are ground carefully, heated with water at about 70°C for half an hour time 

and poured into coldwater.The gutta percha rubber floats on the surface is removed 

and extracted with carbon tetra chloride. The solvent is evaporated and the rubber is 

extruded in the form of a sheet by passing between two moving rollers. Gutta percha 

has transpolyisoprene in its composition. 

Guayle Rubber: Guayule rubber is processed from guayule shrub, which is a 

source of natural rubber in North America. This rubber resembles Hevea rubber, as its 

composition is cis - polyisoprene. latex is enclosed in the cells of the shrub. Guayule 
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shrub is cut into pieces of very small size after removing the leaves and milled in pebble 

mill with water into a smooth paste. The paste is sent to floatation tanks, where 

rubber floats on the top is collected. The rubber is extracted with CCI4 solvent and 

extruded in the form of a sheet. 

 
Vulcanisation of Rubber: the natural rubber extracted by the above method has 
got some disadvantages as listed below. Because of the double bond existing in the 
structure. 

1. It is soft and plastic in nature. It becomes soft at high temperatures and too 

brittle at low temperature, containing the temperature range of 10 - 60°C. 

2. It swells in water and easily attacked by organic solvents, acids bases and 

non ï polar solvents like mineral oils, benzene and gasoline. 

3. It possesses poor tensile strength.   

4. Atmospheric oxygen attacks the rubber and produces epoxides which gives bad 

smell, stick nature to rubber.  

 
5. The rubber possess takiness i.e. when two fresh raw rubber sheets were 

pressed together, they coalesce to form a single sheet. 

6. When stretched to a great extent, it suffers permanent deformation due to 

sliding or slippage of some molecular chains over each other. 

7. It is attacked by atmospheric O2, CO2, moisture, light, U.V.radiation etc. and 

gets less durability. 

To improve the properties of rubber, Charles Good in 1839 compounded the raw rubber 

with some chemicals and heated to 100 - 140°C. Finally the compounded and 

vulcanised is drawn in the form of a sheet by calendering process. 

 

Compounding and vulcanisation: The following are materials added to natural 

rubber.  

Vulcanisers: 

Some chemicals like elemental sulphur, hydrogen sulphide, sulphur dichloride, 

benzoyl chloride and zinc oxide are added to both natural and synthetic rubbers. 

The most important vulcaniser is sulphur which combines chemically at the 

double bonds of the different chains producing sulphur cross linkings, 

imparting strength increases, the brittleness also increases. The percentage of 

sulphur added is in the range of 0.5 to > 35%. For example the rubber used for 

making types contains 3 to 5% of sulphur and for making battery case the 

rubber contains 30% of sulphur. If the percentage of sulphur is more than 32, that 

rubber is called ebonite or vulcanite or hard rubber for some special purposes. 

The following is the formation of sulphur cross linkings. 


