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UCHE53 - POLYMER CHEMISTRY 

UNIT – I Introduction 

Macromolecules are large molecules are mostly built by joining smaller molecular or subunits, 

called “monomers”. The word macromolecule (Greek-macros, long, large) was introduced by the 

German chemist Herman Staudinger (1881-1965) refers to large molecule of molecular mass of 

more than 10000 amu.   

Monomers 

The reaction in which monomers (subunits) combine to form a polymer (macromolecule) is known 

as polymerization. Polymerization is a type of chemical reaction in which two or more molecules 

combine together with or without the evolution of heat or elimination of water to form a molecule 

of high molecular weight. Thus the starting material is called monomer and the resulting product is 

called polymer. 

Oligomers  

The oligomers are low molecular weight polymers comprising a small number of repeat units 

whose physical properties are significantly dependent on the length of the chain. Oligomers are 

essentially intermediates of the polymerization reaction that find wide, direct applications in 

material science. 

Polymers 

The word polymer comprises words the “poly” means many and “mer” means structural subunits. 

In other words, polymers are large sized molecules having high molecular weight, built by joining 

numerous small molecules, also known as monomers. 

Characteristics of Polymers 

Some of the useful characteristics of various engineering polymers are high strength or modulus 

to weight ratios (light weight but comparatively stiff and strong), toughness, resilience, resistance to 

corrosion, lack of conductivity (heat and electrical), color, transparency, processing, and low cost. 

The degree of polymerization  

DP is the number of monomeric units in a macromolecule or polymer or oligomer molecule. Some 

authors, however, define DP as the number of repeat units, where for copolymers the repeat unit 

may not be identical to the monomeric unit. . 

There is virtually no upper limit of the range of molecular mass of polymers, since giant three-

dimensional networks may produce cross-linked polymers of molecular mass ranging in millions.   

 

A polymer has related composition of molecular mass 2000 amu, although in many cases the 

average molecular mass is 5000 amu. 
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Polymers combine the characteristics of both solids and liquids as it exhibits elasticity like solids 

and viscous behavior like liquids. 

Functionality of polymer 

According to IUPAC, the functionality of a monomer is defined as the number of bonds that a 

monomer's repeating unit forms in a polymer with other monomers.  

 Thus in the case of a functionality of f = 2 a linear polymer is formed by polymerization 

 (a thermoplastic).  

 Monomers with a functionality f ≥ 3 lead to a branching point, which can lead to cross-

 linked polymers (a thermosetting polymer).  

 Monofunctional monomers do not exist as such molecules lead to a chain termination.  

From the average functionality of the used monomers the reaching of the gel point can be 

calculated as a function of reaction progress. Side reactions may increase or decrease the 

functionality.  

However, IUPAC definition and the use of the term double bond in polymer chemistry differ with 

respect to the functionality in organic chemistry. In polymer chemistry, a double bond possesses a 

functionality of two (because two points of contact for further polymer chains are present, on each 

of the two adjacent carbon atoms), while in organic chemistry the double bond is a functional group 

and thus has a functionality of one. 

Classification of polymers 

Polymers are formed from olefinic, diolefnic, vinyl and related unsaturated monomers. Polymers 

cannot be classified under one category because of their complex structures, different behaviors, 

and vast applications. We can, therefore, classify polymers based on the following considerations. 

Classification of Polymers based on the Source of Availability 

There are three types of classification under this category, namely, Natural, Synthetic, and Semi-

synthetic Polymers. 

Natural Polymers: 

They occur naturally and are found in plants and animals. For example proteins, starch, cellulose, 

and rubber. To add up, we also have biodegradable polymers which are called biopolymers. 

Semi-synthetic Polymers: 

They are derived from naturally occurring polymers and undergo further chemical modification. For 

example, cellulose nitrate, cellulose acetate. 

Synthetic Polymers: 

These are man-made polymers. Plastic is the most common and widely used synthetic polymer. It is 

used in industries and various dairy products.  

Examples are 1.  -nylon-(6, 6)  

  2. -polyether’s etc. 
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Classification of Polymers based on the Structure of the Monomer Chain 

This category has the following classifications: 

Linear Polymers 

The structure of polymers containing long and straight chains fall into this category. PVC, i.e. poly-

vinyl chloride is largely used for making pipes and electric cables are an example of a linear 

polymer. 

Branched-chain Polymers 

When linear chains of a polymer form branches, then, such polymers are categorized as branched 

chain polymers. For example, Low-density polythene. 

Cross-linked Polymers 

They are composed of bifunctional and trifunctional monomers. They have a stronger covalent 

bond in comparison to other linear polymers. Bakelite and melamine are examples in this category. 

Other Ways to Classify Polymers 

Classification Based on Polymerization 

 Addition Polymerization: Example, poly ethane, Teflon, Polyvinyl chloride (PVC) 

 Condensation Polymerization: Example, Nylon -6, 6, Terylene, Polyesters. 

Classification Based on Monomers 

 Homomer: In this type, a single type of monomer unit is present. For example, Polyethene 

 Heteropolymer or co-polymer: It consists of different type of monomer units. For example, 

nylon -6, 6 

Classification Based on Molecular Forces 

 Elastomers: These are rubber-like solids weak interaction forces are present. For example, 

Rubber. 

 Fibres: Strong, tough, high tensile strength and strong forces of interaction are present. For 

example, nylon -6, 6. 

 Thermoplastics: These have intermediate forces of attraction. For example, polyvinyl 

chloride. 

 Thermosetting polymers: These polymers greatly improve the material’s mechanical 

properties. It provides enhanced chemical and heat resistance. For example, phenolics, 

epoxies, and silicones. 

 

 

 

 

 



 

Based on these properties, polymers may be classified in different groups, as 

Natural Polymers vs Synthetic Polymers
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Based on these properties, polymers may be classified in different groups, as shown in the Table.

Natural Polymers vs Synthetic Polymers 

shown in the Table. 

 

 

 

 



 

Addition polymers 

In addition polymerization (sometimes called chain

new monomer units to the growing

in the monomer. The polymerization process

1. Chain initiation—usually by means of an initiator which starts the

 The reactive initiation molecule can be a radical (free ra

 (cationic polymerization), anion (anionic polymerization), and/or organometallic complex 

 (coordination polymerization).

2. Chain propagation—a monomer adds onto chain and each new monomer unit creates an 

 active site for the next attachment. The net result is shown in

3. Chain termination—the radical, cation, or anion is “neutralized” stopping the chain 

 propagation. 
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(sometimes called chain-growth polymerization), a chain reaction adds 

to the growing polymer molecule one at a time through double or triple bonds 

polymerization process takes place in three distinct steps: 

usually by means of an initiator which starts the polymerization

The reactive initiation molecule can be a radical (free radical polymerization), cation 

(cationic polymerization), anion (anionic polymerization), and/or organometallic complex 

(coordination polymerization). 

a monomer adds onto chain and each new monomer unit creates an 

next attachment. The net result is shown in Fig.  

the radical, cation, or anion is “neutralized” stopping the chain 

 

growth polymerization), a chain reaction adds 

double or triple bonds 

polymerization process. 

dical polymerization), cation 

(cationic polymerization), anion (anionic polymerization), and/or organometallic complex 

a monomer adds onto chain and each new monomer unit creates an 

 

 

 

the radical, cation, or anion is “neutralized” stopping the chain 



 

These polymers are formed by the addition of monomeric subunits to each other in rapid 

without the elimination of any molecule. This reaction occurs by a chain mechanism and is known 

as addition polymerization 

Some of the plastics made by

chloride (PVC), acrylics, polystyrene

PVC- Poly Vinyl Chloride 

Polyvinyl chloride (PVC), a synthetic

only to polyethylene among the

enormous range of domestic and industrial products, from raincoats and shower curtains 

to window frames and indoor plumbing. A lightweight, rigid

manufactured in a flexible “plasticized” form.

PVC is useful because it resists two things that hate each other: fire and water. Because of its water 

resistance it's used to make raincoats and shower curtains, and of course, water pipes. It has flame 

resistance, too, because it contains chlorine. When you try to burn

released, and chlorine atoms inhibit combustion.
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These polymers are formed by the addition of monomeric subunits to each other in rapid 

without the elimination of any molecule. This reaction occurs by a chain mechanism and is known 

Some of the plastics made by addition polymerization include polyethylene,

polystyrene, polypropylene and polyoxymethylene (acetal)

synthetic resin made from the polymerization of vinyl chloride. Second 

among the plastics in production and consumption, PVC is 

enormous range of domestic and industrial products, from raincoats and shower curtains 

plumbing. A lightweight, rigid plastic in its pure form, it is also 

manufactured in a flexible “plasticized” form. 

ecause it resists two things that hate each other: fire and water. Because of its water 

resistance it's used to make raincoats and shower curtains, and of course, water pipes. It has flame 

resistance, too, because it contains chlorine. When you try to burn PVC, chlorine atoms are 

released, and chlorine atoms inhibit combustion. 

 

 

These polymers are formed by the addition of monomeric subunits to each other in rapid succession 

without the elimination of any molecule. This reaction occurs by a chain mechanism and is known 

polyethylene, polyvinyl 

(acetal) etc. 

vinyl chloride. Second 

consumption, PVC is used in an 

enormous range of domestic and industrial products, from raincoats and shower curtains 

in its pure form, it is also 

ecause it resists two things that hate each other: fire and water. Because of its water 

resistance it's used to make raincoats and shower curtains, and of course, water pipes. It has flame 

PVC, chlorine atoms are 



 

Structurally, PVC is a vinyl polymer

backbone chain, one of the hydrogen atoms is replaced with a chlorine atom. It's

the free radical polymerization of vinyl chloride.

Vinyl chloride (CH2=CHCl), also known as chloroethylene, is most often obtained by 

reacting ethylene with oxygen and

carcinogenic gas that is handled under special protective procedures. PVC is made by subjecting 

vinyl chloride to highly reactive compounds

Under the action of the initiators, the double bond in the vinyl chloride monomers (single

molecules) is opened, and one of the resultant single bonds is used to link together thousands of 

vinyl chloride monomers to form the repeating units of

The chemical structure of the vinyl chloride repeating uni

Physical properties 

 1. Thermoplastic polymer 

 2. Rigid and flexible 

Mechanical properties 

 1. High hardness       

 2. Mechanical properties enhance with the molecular weight increasing, but decrease 

  with the temperature increasing.
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vinyl polymer. It's similar to polyethylene, but on every other carbon in the 

backbone chain, one of the hydrogen atoms is replaced with a chlorine atom. It's

of vinyl chloride. 

=CHCl), also known as chloroethylene, is most often obtained by 

and hydrogen chloride over a copper catalyst. It is a toxic and 

gas that is handled under special protective procedures. PVC is made by subjecting 

compounds known as free-radical initiators.  

Under the action of the initiators, the double bond in the vinyl chloride monomers (single

molecules) is opened, and one of the resultant single bonds is used to link together thousands of 

vinyl chloride monomers to form the repeating units of polymers (large, multiple

The chemical structure of the vinyl chloride repeating units is: 

hermoplastic polymer   

                                                                             

                                                                            

echanical properties enhance with the molecular weight increasing, but decrease 

with the temperature increasing. 

, but on every other carbon in the 

backbone chain, one of the hydrogen atoms is replaced with a chlorine atom. It's produced by 

 

=CHCl), also known as chloroethylene, is most often obtained by 

catalyst. It is a toxic and 

gas that is handled under special protective procedures. PVC is made by subjecting 

Under the action of the initiators, the double bond in the vinyl chloride monomers (single-unit 

molecules) is opened, and one of the resultant single bonds is used to link together thousands of 

(large, multiple-unit molecules). 

 

                                

                                

echanical properties enhance with the molecular weight increasing, but decrease 
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 Thermal properties 

 1. Heat stability of PVC is very poor, when the temperature reaches 140 °C PVC starts 

  to decompose.                                                                                                                 

 2.  Its melting temperature is 160 °C.  

Applications/Uses 

PVC has been used extensively in a wide range of construction products for over half a century. 

PVC's strong, lightweight, durable and versatile characteristics make it ideal for window profiles. 

PVC's inherent flame retardant and excellent electrical insulation properties make it ideal for 

cabling applications. 

1. Window and door profiles, conservatories and atria 

2. Pipes and fittings 

3. Power, data and telecoms wiring and cables 

4. Cable and services ducting 

5. Internal and external cladding 

6. Roofing and ceiling systems and membranes 

7. Rainwater, soil and waste systems 

8. Flooring 

9. Wallcoverings 

 

Orlon/Polyacrylonitrile 

It was made into spun fiber at DuPont in 1942 and marketed under the name of Orlon. Orlon is a 

synthetic acrylic fiber, which is used in the textile industry. The fiber is resistant to sunlight and 

atmospheric gases. This property of Orlon makes it suitable for outdoor uses. It is resistant to 

shrinkage and has a soft and warm feel.    

Preparation: Orlon is prepared by the addition reaction of acrylonitrile. The double bonds in the 

central carbons are broken to form single bonds and an additional new bond is formed with a new 

Carbon. Orlon is polymer of vinyl cyanide in terms of science. Thus, it is made by addition of 

acryolnitrile molecules.  

Orlon is a brand of synthetic, acrylic textile fiber of light weight and wrinkle resistant fabric.  

It is generally used for making clothes, carpets and blankets. Orlon is polymer of vinyl cyanide in 

terms of science. Thus, it is made by addition of acryolnitrile molecules. 

Applications: Orlon is a brand of synthetic, acrylic textile fiber of light weight and wrinkle 

resistant fabric. It is generally used for making clothes, carpets and blankets. Homopolymers of 

polyacrylonitrile have been used as fibers in hot gas filtration systems, outdoor awnings, sails for 

yachts, and fiber-reinforced concrete. Copolymers containing polyacrylonitrile are often used as 

fibers to make knitted clothing like socks and sweaters, as well as outdoor products like tents and 

similar items. If the label of a piece of clothing says "acrylic", then it is made out of some 

copolymer of polyacrylonitrile. 



9 

 

 

 

 

 



10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Condensation Polymerization 

Before learning about condensation polymerization let us quickly 

Generally, polymerization is defined as a process in which two or more monomers engage in a 

chemical reaction and form long polymer chains or three

usually occurs via different reaction me

groups of the reacting compounds and their non bonding interactions.

In any case, there are mainly two types of polymerization which are

condensation polymerization. How

What is Condensation Polymerization

When we talk about condensation polymerization,

where smaller molecules or monomers react with each other to form 

units (usually polymers) while releasing by products such as water or methanol molecule. The by 

products are normally referred to as condensate.

This polymerization is also sometimes referred to as step

instances where molecules of some substances react as condensation polymerization, but they 

follow the chain growth pattern as seen in additional polymerization

Characteristics of Condensation Polymerization

Some main characteristics of this type of 

 The molecules should have one or two

acid groups). 

 The reaction occurs between two similar or different functional groups or monomers. It can 

take place between a dimer and oligomer,

and another chain of polymers.

 Smaller molecules usually combine to form larger molecules.
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Before learning about condensation polymerization let us quickly recall what polymerization is. 

Generally, polymerization is defined as a process in which two or more monomers engage in a 

chemical reaction and form long polymer chains or three-dimensional networks. Polymerization 

usually occurs via different reaction mechanisms which are affected by factors like the functional 

groups of the reacting compounds and their non bonding interactions. 

In any case, there are mainly two types of polymerization which are addition polymerization and 

condensation polymerization. However, we will study about the latter in this discussion

What is Condensation Polymerization? 

When we talk about condensation polymerization, it is a form of a step-growth polymerization 

where smaller molecules or monomers react with each other to form 

(usually polymers) while releasing by products such as water or methanol molecule. The by 

products are normally referred to as condensate. 

This polymerization is also sometimes referred to as step-growth polymerization. There are 

instances where molecules of some substances react as condensation polymerization, but they 

follow the chain growth pattern as seen in additional polymerization. 

Characteristics of Condensation Polymerization 

Some main characteristics of this type of polymerization are; 

The molecules should have one or two functional groups (like alcohol, amine, or carboxylic 

The reaction occurs between two similar or different functional groups or monomers. It can 

take place between a dimer and oligomer, one monomer and one dimer or between a chain 

and another chain of polymers. 

Smaller molecules usually combine to form larger molecules. 

recall what polymerization is. 

Generally, polymerization is defined as a process in which two or more monomers engage in a 

dimensional networks. Polymerization 

chanisms which are affected by factors like the functional 

addition polymerization and 

discussion 

growth polymerization 

where smaller molecules or monomers react with each other to form larger structural 

(usually polymers) while releasing by products such as water or methanol molecule. The by 

 

growth polymerization. There are 

instances where molecules of some substances react as condensation polymerization, but they 

(like alcohol, amine, or carboxylic 

The reaction occurs between two similar or different functional groups or monomers. It can 

one monomer and one dimer or between a chain 



 

 Mixed properties of both the molecules and functional groups are taken into consideration.

 A linear polymer is obtained

dysfunctional. 

 When one of the functional groups is tri

cross-linked polymer having a three

 The average molecular weight decr

group. Therefore, the functionality of each monomer determines the average molecular 

weight and cross-link density.

Dacron: 

Dacron is the trademark for a polyester fiber. Dacron is a condensation polymer obtained from 

ethylene glycol and terephthalic acid. 

PET is produced by the polymerization

a colourless liquid obtained from

from xylene. When heated together under the influence of chemical

and terephthalic acid produce PET 

to fibres or solidified for later processing as a

In chemical terms, ethylene glycol is a diol, an alcohol with a molecular structure that contains two 

hydroxyl (OH) groups, and terephthalic acid is a dicarboxylic aromatic acid, an acid with a 

molecular structure that contains a large six

(CO2H) groups. Under the influence of heat and catalysts, the hydroxyl and carboxyl groups reac

to form ester (CO-O) groups, which serve as the chemical links joining multiple PET units together 

nto long-chain polymers. Water is also produced as a by

The presence of a large aromatic ring in the PET repeating units gives the

and strength, especially when the polymer chains are aligned with one another in an orderly 

arrangement by drawing (stretching). In this semicrystalline form, PET is made into a high

textile fibre marketed under the trademarked name Da

Polyethylene terephthalate (PET or PETE), 

of the polyester family of polymers. PET is spun into fibres for permanent

molded into disposable beverage bottles.

to stretching, and both wet and dry, and good resistance to degradation by chemical bleaches and to 

abrasion.  
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Mixed properties of both the molecules and functional groups are taken into consideration.

A linear polymer is obtained as the condensation product when both functional groups are 

When one of the functional groups is tri- or tetra-functional, the polymer formed will be 

linked polymer having a three-dimensional network. 

The average molecular weight decreases when monomers are added with one reactive 

group. Therefore, the functionality of each monomer determines the average molecular 

link density. 

trademark for a polyester fiber. Dacron is a condensation polymer obtained from 

ethylene glycol and terephthalic acid.  

polymerization of ethylene glycol and terephthalic acid. Ethylene glycol is 

obtained from ethylene, and terephthalic acid is a crystalline solid

. When heated together under the influence of chemical catalysts

produce PET in the form of a molten, viscous mass that can be spun directly 

to fibres or solidified for later processing as a plastic. 

In chemical terms, ethylene glycol is a diol, an alcohol with a molecular structure that contains two 

terephthalic acid is a dicarboxylic aromatic acid, an acid with a 

molecular structure that contains a large six-sided carbon (or aromatic) ring and two carboxyl 

H) groups. Under the influence of heat and catalysts, the hydroxyl and carboxyl groups reac

O) groups, which serve as the chemical links joining multiple PET units together 

chain polymers. Water is also produced as a by-product.  

The presence of a large aromatic ring in the PET repeating units gives the polymer

and strength, especially when the polymer chains are aligned with one another in an orderly 

arrangement by drawing (stretching). In this semicrystalline form, PET is made into a high

textile fibre marketed under the trademarked name Dacron by the American compa

Polyethylene terephthalate (PET or PETE), is a strong, stiff synthetic fibre and resin

polymers. PET is spun into fibres for permanent-press fabrics and blow

le beverage bottles. Its properties include high tensile strength, high resistance 

to stretching, and both wet and dry, and good resistance to degradation by chemical bleaches and to 

Mixed properties of both the molecules and functional groups are taken into consideration. 

as the condensation product when both functional groups are 

functional, the polymer formed will be 

eases when monomers are added with one reactive 

group. Therefore, the functionality of each monomer determines the average molecular 

trademark for a polyester fiber. Dacron is a condensation polymer obtained from 

and terephthalic acid. Ethylene glycol is 

crystalline solid obtained 

catalysts, ethylene glycol 

in the form of a molten, viscous mass that can be spun directly 

 

In chemical terms, ethylene glycol is a diol, an alcohol with a molecular structure that contains two 

terephthalic acid is a dicarboxylic aromatic acid, an acid with a 

(or aromatic) ring and two carboxyl 

H) groups. Under the influence of heat and catalysts, the hydroxyl and carboxyl groups react 

O) groups, which serve as the chemical links joining multiple PET units together 

polymer notable stiffness 

and strength, especially when the polymer chains are aligned with one another in an orderly 

arrangement by drawing (stretching). In this semicrystalline form, PET is made into a high-strength 

cron by the American company DuePont. 

resin and a member 

press fabrics and blow-

Its properties include high tensile strength, high resistance 

to stretching, and both wet and dry, and good resistance to degradation by chemical bleaches and to 



 

The continuous filament yarn is used in curtains, dress fabric

shirts, and thread. The staple fiber is ideal for mixing with wool in men's and women's suits, as well 

as in dress fabrics, knitted wear, and washable woven sportswear.

Nylons 

Nylons are some of the most common polymers u

use in fishing line and trimmer line, plus it's used for some "plastic" screws and push

You'll find nylons in cars and in your home if you just look. Nylon is also found in clothing such as 

windbreakers and lingerie, but also in other places, in the form of a

Nylon-6 

Nylon-6 has one kind of carbon chain, which is six atoms long. It's made by a

polymerization from the monomer caprolactam as shown below. 

Nylon-6 is synthesized by ring-opening polymerization

hence Nylon-6. When caprolactam is heated at about 533

about 4–5 hours, the ring breaks and undergoes

through spinnerets to form fibres of nylon

During polymerization, the amide bond within each caprolactam

groups on each side re-forming two new bonds as the

backbone.  

Properties 

Nylon-6 fibres are tough, possessing high tensile strength, as well as elasticity and lustre. They are 

wrinkle proof and highly resistant to abrasion and chemicals such as acids and alkalis. The fibres 

can absorb up to 2.4% of water,

temperature of Nylon 6 is 47 °C. 
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The continuous filament yarn is used in curtains, dress fabrics, high-pressure fire hoses, men's 

shirts, and thread. The staple fiber is ideal for mixing with wool in men's and women's suits, as well 

as in dress fabrics, knitted wear, and washable woven sportswear. 

Nylons are some of the most common polymers used as fibers. Nylon has excellent properties for 

use in fishing line and trimmer line, plus it's used for some "plastic" screws and push

You'll find nylons in cars and in your home if you just look. Nylon is also found in clothing such as 

indbreakers and lingerie, but also in other places, in the form of a thermoplastic

has one kind of carbon chain, which is six atoms long. It's made by a

from the monomer caprolactam as shown below.  

opening polymerization of caprolactam. Caprolactam has 6 carbons, 

. When caprolactam is heated at about 533 K in an inert atmosphere

, the ring breaks and undergoes polymerization. Then the molten mass is passed 

to form fibres of nylon-6. 

 

polymerization, the amide bond within each caprolactam molecule is broken, with the active 

forming two new bonds as the monomer becomes part of the polymer

6 fibres are tough, possessing high tensile strength, as well as elasticity and lustre. They are 

wrinkle proof and highly resistant to abrasion and chemicals such as acids and alkalis. The fibres 

can absorb up to 2.4% of water, although this lowers tensile strength. The glass transition 

 

pressure fire hoses, men's 

shirts, and thread. The staple fiber is ideal for mixing with wool in men's and women's suits, as well 

. Nylon has excellent properties for 

use in fishing line and trimmer line, plus it's used for some "plastic" screws and push-in connectors. 

You'll find nylons in cars and in your home if you just look. Nylon is also found in clothing such as 

thermoplastic. 

has one kind of carbon chain, which is six atoms long. It's made by a ring opening 

caprolactam. Caprolactam has 6 carbons, 

atmosphere of nitrogen for 

lten mass is passed 

 

 

is broken, with the active 

becomes part of the polymer 

6 fibres are tough, possessing high tensile strength, as well as elasticity and lustre. They are 

wrinkle proof and highly resistant to abrasion and chemicals such as acids and alkalis. The fibres 

although this lowers tensile strength. The glass transition 



 

As a synthetic fiber, Nylon-6 is generally white but can be dyed to in a solution bath prior to 

production for different color results. Its

can protect heat up to 150 °C on average

Uses 

At present, Nylon-6 is the most significant construction material used in many industries, for 

instances in automotive industry, aircraft industry, electronic and electro

clothing industry and medicine

million tonnes. They are produced by all leading chemical companies.

Nylon -6, 6 

Nylon-6,6 is made up of by condensation 

atoms, hexamethylenediamine and

Nylon-6,6 is synthesized by

acid. Equivalent amounts of hexamethylenediamine and adipic acid are combined with water in

reactor. This is crystallized to make nylon salt, an

goes into a reaction vessel where polymerization process takes place either in batches or 

continuously. 

n HOOC-(CH2)4-COOH + n H2N

Removing water drives the reaction toward polymerization through the formation of amide bonds from the 

acid and amine functions. Thus molten nylon 66 is formed. It can either be extruded and granulated at this 

point or directly spun into fibers by extrusion through a

cooling to form filaments. 

The characteristics of nylon 6/6 are stiffer and usually more durable. High mechanical strength

 High toughness, stiffness and 

 Good fatigue resistance

 Good impact resistance

 Excellent wear resistance

 Good electrical insulating properties
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6 is generally white but can be dyed to in a solution bath prior to 

production for different color results. Its density is 1.14 g/cm
3
. Its melting point is at 215

°C on average. 

6 is the most significant construction material used in many industries, for 

instances in automotive industry, aircraft industry, electronic and electro technical industry, 

clothing industry and medicine. Annual demand for polyamides in Europe

tonnes. They are produced by all leading chemical companies. 

up of by condensation of two monomers each containing

and adipic acid, which give nylon 66 its name. 

6,6 is synthesized by polycondensation of hexamethylenediamine and adipic 

amounts of hexamethylenediamine and adipic acid are combined with water in

reactor. This is crystallized to make nylon salt, an ammonium/carboxylate mixture. The nylon salt 

goes into a reaction vessel where polymerization process takes place either in batches or 

N-(CH2)6-NH2 → [-OC-( CH2)4-CO-NH-(CH2)6-NH-

Removing water drives the reaction toward polymerization through the formation of amide bonds from the 

acid and amine functions. Thus molten nylon 66 is formed. It can either be extruded and granulated at this 

irectly spun into fibers by extrusion through a spinneret (a small metal plate with fine holes) and 

nylon 6/6 are stiffer and usually more durable. High mechanical strength

High toughness, stiffness and hardness 

Good fatigue resistance 

Good impact resistance 

Excellent wear resistance 

Good electrical insulating properties 

6 is generally white but can be dyed to in a solution bath prior to 

Its melting point is at 215 °C and 

6 is the most significant construction material used in many industries, for 

technical industry, 

Europe amounts to a 

of two monomers each containing 6 carbon 

of hexamethylenediamine and adipic 

amounts of hexamethylenediamine and adipic acid are combined with water in a 

mixture. The nylon salt 

goes into a reaction vessel where polymerization process takes place either in batches or 

-]n + (2n−1) H2O 

 

Removing water drives the reaction toward polymerization through the formation of amide bonds from the 

acid and amine functions. Thus molten nylon 66 is formed. It can either be extruded and granulated at this 

(a small metal plate with fine holes) and 

nylon 6/6 are stiffer and usually more durable. High mechanical strength 
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 No resistance to UV rays 

 Lightweight; sometimes used in applications in place of metals 

 Excellent fuel and oil resistance 

 Attacked by strong mineral acids and absorbs polar solvents 

 High water absorption 

Uses 

Nylon 66 is frequently used when high mechanical strength, rigidity, good stability under heat and/or 

chemical resistance are required. It is used in fibers for textiles and carpets and molded parts. For textiles, 

fibers are sold under various brands, for example Nilit brands or the Cordura brand for luggage, but it is also 

used in airbags, apparel, and for carpet fibres under the Ultron brand.  

Nylon 66 lends itself well to make 3D structural objects, mostly by injection molding. It has broad use in 

automotive applications; these include "under the hood" parts such as radiator end tanks, rocker covers, air 

intake manifolds, and oil pans, as well as numerous other structural parts such as hinges, and ball bearing 

cages.  

Other applications include electro-insulating elements, pipes, profiles, various machine parts, zip ties, 

conveyor belts, hoses, polymer-framed weapons, and the outer layer of turnout blankets. Nylon 66 is also a 

popular guitar nut material.  

Nylon 66, especially glass fiber reinforced grades, can be effectively fire retarded with halogen-free 

products. Phosphorus-based flame retardant systems are used in these fire-safe polymers.   

How are nylon 6 and nylon 6/6 different? 

It comes down to a lot of little things. While both are cost effective, Nylon 6 typically costs around 30% less. 

Here’s a closer look at the differences: 

 

 
Nylon 6 Nylon 6/6 

Machinability – low tool wear & surface 

finish 
Good Better 

Mould shrinkage Lower Greater 

Water absorption rate Higher Lower 

Impact strength Izod: cm-N/cm of notch: 160 
Izod: cm-N/cm of notch: 

160 

Tensile strength 6.2 x 104 kPa (Good) 8.2 x 104 kPa (Better) 

Crystalline melting point 437°F / 225°C 509°F / 265°C 

Density 1.15 g/ml 1.2 g/ml 

Typical moulding shrinkage ratio 1.2% 1.5% 
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Copolymers – preparation, properties and uses of Saran 

Saran is a trade name currently owned by S.C. Johnson & Son, Inc. for a polyethylene food wrap. The Saran 

trade name was first owned by Dow Chemical for polyvinylidene chloride (PVDC), along with 

other monomers. The formulation was changed to polyethylene in 2004 due to the problematic chlorine 

content of PVDC. 

Since its accidental discovery in 1933, polyvinylidene chloride has been used for a number of commercial 

and industrial products. When formed into a thin plastic film, the principal advantages of polyvinylidene 

chloride, when compared to other plastics, are its ability to adhere to itself and its very low permeability to 

water vapor, flavor and aroma molecules, and oxygen. This oxygen barrier prevents food spoilage, while the 

film barrier to flavor and aroma molecules helps food retain its flavor and aroma.  

PVDC polymers undergo dehydrochlorination when heated above 120 °C. Initiation is believed to occur via 

carbon–chlorine bond scission associated with unsaturation in defect structures within the polymer chain 

(Burnett et al., 1968). Subsequent Diels–Alder-type condensation between conjugated sequences leads 

to cross-linking, and then further dehydrochlorination leads to the formation of high surface area carbon: 

nCH2=CCl2 → ( CH2CCl2 )n → ( CH CCl )n + nHCl 

Polyvinylidene chloride (PVDC) resin, the structure of which is shown in Fig. is usually a copolymer of 

vinylidene chloride with vinyl chloride or other monomers. Dow Plastics vinyl chloride and vinylidene 

chloride, Saran, is usually supplied as a white, free-flowing powder.  

 

Polyvinylidene Chloride is synthesized from ethylene dichloride. Introduced by DOW Chemicals in 1939, 

the PVDC monomer is used in the manufacture of barrier coatings, fibres and plastics. 

Because of its superior qualities as a barrier against water, oxygen and aromas, about 85 percent of PVDC is 

used as a thin layer between cellophane, paper and plastic to improve the packaging performance. 

Other, industrial uses include screens, artificial turf, waste-water treatment materials and underground 

materials. 

Vinylidene chloride is sometimes copolymerized with other monomers. A common copolymer consists of 

about 85 percent vinylidene chloride and 15 percent vinyl chloride. This polymer film is known under the 

trade name Saran. Because of its higher cost, PVDC is typically combined with other cheaper plastics like 

polypropylene, polyethylene and nylon. It is usually applied as a thin coating or laminate or it is coextruded 

with other resins to produce a multilayer film or sheet to improve the barrier properties of the cheaper base 

film. 

Polyvinylidene chloride film is an attractive see-through packaging film. PVDC (coated) film is mainly used 

in packaging of food, drugs, cosmetics, and other perishable or delicate products to extend shelf life. In 

comparison with many common films, PVDC coated films have superior gas and moisture barrier properties, 

and excellent heat sealability. PVDC coated films often compete with acrylic, PVOH and EVOH coated 

films. 
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Saran works by polymerizing vinylidene chloride with monomers such as acrylic esters and 

unsaturated carboxyl groups to form long chains of vinylidene chloride. The copolymerization 

results in a film with molecules bound so tightly together that very little gas or water can get 

through. The result is an effective barrier against oxygen, moisture, chemicals, and heat that 

protects food, consumer products, and industrial products. PVDC is resistant to oxygen, water, 

acids, bases, and solvents. Similar brands of plastic wrap, such as Glad and Reynolds, do not 

contain PVDC. 

Bonding in polymers: Primary and secondary bond forces in polymers 

In polymer materials, there are two kinds of bonds between polymers: primary and secondary. 

Primary bonds can be also called cross-linked bonds. 

This indicates that primary bonds in a polymer are the intramolecular bonds (the covalent bonds) 

that hold the polymer together. Cross-linking different chains of polymer together does occur 

through a covalent bond, such as a disulfide bond by vulcanization. 

The secondary bonds that help to give the polymer its physical properties are intermolecular forces, 

such as hydrogen bonding for polymers that contain hydroxyl or primary or secondary amine 

groups. These secondary bonds are loosely held bonds can be disrupted by changing solvent 

conditions or heating, for example, which wouldn't disrupt the primary bonds. 

There are "two kinds of bonds between polymers in solid material" if you mean between the 

polymer chains before they have an opportunity to cross-link (by a change in pH, for example). 

After they cross-link, the physical properties of the bulk sample of the polymer will still be affected 

by secondary bonds, the intermolecular interactions, between the cross-linked chains. 

The primary bonds will be stronger and can only be affected by chemical changes; the secondary 

bonds (intermolecular forces) can be affected by changing the physical conditions. 

Adhesion resulting from secondary bond formation forms from intermolecular forces of attraction 

usually referred to as van der Waals forces. These attractive forces are a result of the interaction of 

neighboring molecules and there are three types of interaction: (1) dipole interactions, (2) hydrogen 

bonding interactions and (3) molecule–molecule interactions (London dispersion forces). As stated 

previously, the adsorption theory is the most applicable to adhesive bonding and, particularly, 

secondary bond formation has the most applicability. it has extensive applicability in metal bonding 

as well as plastic bonding. 

Mechanism of addition polymerization – free radical polymerization – ionic polymerization 

Free Radical Polymerization 

All the monomers from which addition polymers are made are alkenes or functionally substituted 

alkenes. The most common and thermodynamically favored chemical transformations of alkenes 

are addition reactions. Many of these addition reactions are known to proceed in a stepwise fashion 

by way of reactive intermediates, and this is the mechanism followed by most polymerizations.  

A general diagram illustrating this assembly of linear macromolecules, which supports the name 

chain growth polymers, is presented here. Since a pi-bond in the monomer is converted to a sigma-



 

bond in the polymer, the polymerization reaction is usually exothermic by 8 to 20 kcal/mol. Indeed, 

cases of explosively uncontrolled polymerizations have been reported.

It is useful to distinguish four polymerization procedures fitting this general description.

 Radical Polymerization the initiator is a radical, and the propagating site of reactivity (*) is 

 a carbon radical. 

 Cationic Polymerization The initiator is an acid and the propagating

 a carbocation. 

 Anionic Polymerization The initiator is a nucleophile and the propagating site of reactivity 

 (*) is a carbanion. 

 Coordination Catalytic Polymerization The initiator is a transition metal complex, and the 

 propagating site of reactivity (*) is a terminal catalytic complex.

Anionic Polymerization – Initiation

As in free radical polymerization, there are
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bond in the polymer, the polymerization reaction is usually exothermic by 8 to 20 kcal/mol. Indeed, 

cases of explosively uncontrolled polymerizations have been reported. 

uish four polymerization procedures fitting this general description.

Radical Polymerization the initiator is a radical, and the propagating site of reactivity (*) is 

Cationic Polymerization The initiator is an acid and the propagating site of reactivity (*) is 

Anionic Polymerization The initiator is a nucleophile and the propagating site of reactivity 

Coordination Catalytic Polymerization The initiator is a transition metal complex, and the 

gating site of reactivity (*) is a terminal catalytic complex. 

Initiation and Propagation 

polymerization, there are initiation and propagation steps. 

bond in the polymer, the polymerization reaction is usually exothermic by 8 to 20 kcal/mol. Indeed, 

 

uish four polymerization procedures fitting this general description. 

Radical Polymerization the initiator is a radical, and the propagating site of reactivity (*) is 

site of reactivity (*) is 

Anionic Polymerization The initiator is a nucleophile and the propagating site of reactivity 

Coordination Catalytic Polymerization The initiator is a transition metal complex, and the 

 

 



 

Propagation proceeds in the usual manner, but there is no

free radicals collide. If a solvent that is able to release a

site. Ammonia is an example of such a protic solvent and the reaction

negatively charged NH2 ion, which can

we have chain transfer to solvent.

Cationic Polymerization - Termination and Chain Transfer

Unlike anionic polymerization, termination can occur by anion 

as illustrated opposite. Lots of other

illustrated below, chain transfer to monomer,

a living polymer using cationic polymerization.
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Propagation proceeds in the usual manner, but there is no termination of the type

If a solvent that is able to release a proton is used it can react with the

such a protic solvent and the reaction results in the formation of a

ion, which can initiate the polymerization of a new chain. In other words, 

transfer to solvent. 

Termination and Chain Transfer 

termination can occur by anion - cation recombination, for example, 

illustrated opposite. Lots of other side reactions can occur, with trace amounts of water, as 

below, chain transfer to monomer, and so on. This makes it much more

polymerization. 

 

termination of the type that occurs when 

proton is used it can react with the active 

results in the formation of a 

chain. In other words, 

 

recombination, for example, 

amounts of water, as 

and so on. This makes it much more difficult to make 
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UCHE53 - 

UNIT–II   Thermoplastics and thermosetting polymers.

ThermoplasticsThermoplasticsThermoplasticsThermoplastics    

Polyethylene   

Polyethylene is a polymer of ethylene, 

produced at high pressures and temperatures in the presence of

depending on the desired properties for the finished product. 

Polyethylene is resistant to water, acids, alkalis, and most solvents. Its many appli

films or sheets for packaging, shower curtains, unbreakable

and insulation for wire and cable.

of the monomer ethylene. 

Preparation 

Polyethylene is made by addition or radical polymerization of ethylene (olefin) monomers. 

(Chemical formula of Ethene - C2

polymerization of polyethylene. 

Polyethylene contains the chemica

polymerization of ethene.  

It can also be produced through radical

coordination polymerization or cationic addition
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 POLYMER CHEMISTRY

II   Thermoplastics and thermosetting polymers. 

ethylene, (CH2=CH2), having the formula (-CH

produced at high pressures and temperatures in the presence of any one of

depending on the desired properties for the finished product.  

 

Polyethylene is resistant to water, acids, alkalis, and most solvents. Its many appli

films or sheets for packaging, shower curtains, unbreakable bottles, pipes, pails, drinking

. Polyethylene is a thermoplastic polymer consisting

Polyethylene is made by addition or radical polymerization of ethylene (olefin) monomers. 

2H4). Ziegler-Natta and Metallocene catalysts are used to carry out 

chemical elements carbon and hydrogen. Polyethylene

be produced through radical polymerization, anionic addition polymerization, ion 

or cationic addition polymerization. 

POLYMER CHEMISTRY 

CH2-CH2-)n, and is  

any one of several catalysts, 

Polyethylene is resistant to water, acids, alkalis, and most solvents. Its many applications include 

bottles, pipes, pails, drinking glasses, 

consisting of long chains 

Polyethylene is made by addition or radical polymerization of ethylene (olefin) monomers. 

Natta and Metallocene catalysts are used to carry out 

 

and hydrogen. Polyethylene is created through 

polymerization, ion 



2 

 

Common Types of Polyethylene (PE) 

PE belongs to polyolefin family of polymers and is classified by its density and branching. The 

most common types of polyethylene are: 

Branched Versions 

o Low-density polyethylene (LDPE) 

o Linear low-density polyethylene (LLDPE) 

Linear Versions 

o High-density polyethylene (HDPE) 

o Ultra-high-molecular-weight polyethylene (UHMWPE) 

Cross-linked polyethylene (PEX or XLPE) 

Low Density Polyethylene LDPE has great flexibility, impact toughness and stress cracking 

resistance. LDPE will have a density ranging from 0.910-0.925 g/cm³.  

[1] LPDE is polymerized under conditions of high temperature and high pressure. Because LDPE is 

processed under extreme conditions, the molecular structure is mostly amorphous.  

[2] Because of the amorphous structure, the branches are very high in quantity and length. 

Applications of Low Density Polyethylene (LDPE) 

Low Density Polyethylene (LDPE) uses majorly revolve around manufacturing containers, 

dispensing bottles, wash bottles, tubing, plastic bags for computer components, and various molded 

laboratory equipments. The most popular application of low density polyethylene is plastic bags. 
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LDPE Applications 

1. Packaging – Thanks to its low cost and good flexibility, LDPE is used in packaging industry 

for pharmaceutical and squeeze bottles, caps and closures, tamper evident, liners, trash bags, 

films for food packaging (frozen, dry goods, etc.), laminations etc. 

2. Pipes and Fittings – Low Density Polyethylene is used to manufacture water pipes and hoses 

for the pipes and fittings industry due to Its plasticity and low water absorption. 

Linear Low Density Polyethylene LLDPE is essentially a mix of HDPE and LDPE. It is created by a 

low pressure polymerization process much like HDPE, but has more branches much like LDPE has. 

These branches are long enough to prevent the molecules from being closely packed together. This 

results in a linear molecule structure like HDPE, but also a low density like LDPE. The density of 

LLDPE will typically range from 0.918-0.940 g/cm³.  

[1] The LLDPE features can be achieved by adding a co monomer during the polymerization 

process; usually hexane, butane or octane. The co monomer increases chain entanglement, which 

results in improved physical properties as well as stronger secondary bonding.  

[2] The downsides to LLDPE are higher melt processing temperatures, 8% greater shrinkage, less 

clear (optically) and less flexibility.  

[3] Determining the right type of PE for an application can sometimes be difficult. Bleach and 

detergent bottles are usually made of HDPE because they need to be made with thin walls to reduce 

material costs, but they also need to be strong so they can hold their shape.  

[4] Tupperware is also made of HDPE as well as milk jugs and folding tables. Shopping bags are 

often made with LDPE because it’s lightweight and flexible and somewhat transparent as well as 

six-pack soda can rings and playground slides. LLDPE is used when LDPE and HDPE cannot be 

used, or when cost becomes an issue, including plastic wrap and stretch wrap. 

Applications of LLDPE Suitable for a variety of film application such as general purpose film, stretch 

film, garment packaging, agricultural film, etc. 
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High Barrier Performance 

in Coextruded Films? 
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Benefits of Polyethylene Films 

 PE films burn to carbon dioxide and water with no residue. There are no toxic fumes or 

gases and no cinders produced in this process 

 PE films contain no plasticizers and no heavy metals. They are physiologically harmless 

 No odor pollution or wastewater are produced in the manufacture of PE films 

High Density Polyethylene HDPE is the most rigid among the three common PE’s and has a density 

ranging from 0.935-0.960 g/cm³.  

[1] HDPE is the product of limited branching that occurs when the polymerization is at low 

temperatures and low pressure. Because of this limited breaching, HDPE is more crystalline; 

leading to the increased density. HDPE can be processed three different ways: slurry particle 

reactor, gas phase and Metallocene catalyst.  

[2] HDPE is the plastic that is used in making fuel tanks because of its low permeability and superb 

chemical resistance. 

Applications of High Density Polyethylene (HDPE) 

Excellent combination of properties makes HDPE an ideal material in diverse applications across 

industries. It can be engineered according to the end user requirements. 

Some of the major uses of high density polyethylene include: 

 

1. Packaging Applications – High Density Polyethylene is used in several packaging 

applications including crates, trays, bottles for milk and fruit juices, caps for food 

packaging, jerry cans, drums, industrial bulk containers etc. In such applications HDPE 

provides the end product reasonable impact strength. Consumer Goods – Low cost and easy 

process ability make HDPE a material of choice in several household/ consumer goods like 

garbage containers, house wares, ice boxes, toys etc. 

2. Fibers and Textiles – Thanks to its high tensile strength, HDPE is widely used in ropes, 

fishing and sport nets, nets for agricultural use, Industrial and decorative fabrics, etc. 
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Other Popular Applications of HDPE 

Other applications of HDPE include pipes and fittings (pipes for gas, water, sewage, drainage, sea 

outfalls, industrial application, cable protection, steel pipe coating, large inspection chambers and 

manholes for pipe sewage etc.) due to its excellent resistance to chemical and hydrolysis, 

automotive – fuel tanks, wiring & cables – sheeting of energy, telecommunication cables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Polypropylene 

Polypropylene also known as Polypropene

applications. It is produced via chain

Polypropylene belongs to the group of

properties are similar to polyethylene, but it is slightly harder and more heat resistant. It is a white, 

mechanically rugged material and has a high chemical resistance

Preparation 

The Preparation processes can be grouped into gas phase polymerization,

polymerization and slurry polymerization. All state

reactor systems.  

 In gas-phase and slurry-reactors, the polymer is formed around heterogeneous catalyst 

particles. The gas-phase polymerization is carrie

passed over a bed containing the

separated as a fine powder and then converted into

and fed back into the reactor.

 In bulk polymerization, liquid propene acts as a solvent to prevent the precipitation of the 

polymer. The polymerization proceeds at 60 to 80

propene in the liquid state. For the bulk polymerization, typically

The bulk polymerization is limited to a maximum of 5% ethene as comonomer due to a 

limited solubility of the polymer in the liquid propene. 

Polypropylene is produced by the
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olypropene is a thermoplastic polymer used in a wide variety of 

chain-growth polymerization from the monomer propylene.

 

Polypropylene belongs to the group of polyolefin’s and is partially crystalline

polyethylene, but it is slightly harder and more heat resistant. It is a white, 

mechanically rugged material and has a high chemical resistance 

processes can be grouped into gas phase polymerization,

polymerization. All state-of-the-art processes use either gas

reactors, the polymer is formed around heterogeneous catalyst 

phase polymerization is carried out in a fluidized bed reactor,

passed over a bed containing the heterogeneous (solid) catalyst and the formed polymer is 

separated as a fine powder and then converted into pellets. The unreacted gas is recycled 

and fed back into the reactor. 

In bulk polymerization, liquid propene acts as a solvent to prevent the precipitation of the 

polymer. The polymerization proceeds at 60 to 80 °C and 30–40 atm are applied to keep the 

propene in the liquid state. For the bulk polymerization, typically loop reactors

The bulk polymerization is limited to a maximum of 5% ethene as comonomer due to a 

limited solubility of the polymer in the liquid propene.  

Polypropylene is produced by the chain-growth polymerization of propene as follows

used in a wide variety of 

propylene. 

partially crystalline and non-polar. Its 

polyethylene, but it is slightly harder and more heat resistant. It is a white, 

processes can be grouped into gas phase polymerization, bulk 

art processes use either gas-phase or bulk 

reactors, the polymer is formed around heterogeneous catalyst 

fluidized bed reactor, propene is 

and the formed polymer is 

nreacted gas is recycled 

In bulk polymerization, liquid propene acts as a solvent to prevent the precipitation of the 

40 atm are applied to keep the 

reactors are applied. 

The bulk polymerization is limited to a maximum of 5% ethene as comonomer due to a 

as follows 
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Chemical and physical properties 

Polypropylene is in many aspects similar to polyethylene, especially in solution behaviour and 

electrical properties. The methyl group improves mechanical properties and thermal resistance, 

although the chemical resistance decreases. The properties of polypropylene depend on the 

molecular weight and molecular weight distribution, crystallinity, type and proportion of 

comonomer and the isotacticity. In isotactic polypropylene, for example, the methyl groups are 

oriented on one side of the carbon backbone. This arrangement creates a greater degree of 

crystallinity and results in a stiffer material that is more resistant to creep than both atactic 

polypropylene and polyethylene. 

Mechanical properties 

Polypropylene is normally tough and flexible, especially when copolymerized with ethylene. This 

allows polypropylene to be used as an engineering plastic, competing with materials such 

as acrylonitrile butadiene styrene (ABS). Polypropylene is reasonably economical. Polypropylene 

has good resistance to fatigue. 

Thermal properties 

The melting point of polypropylene occurs in a range, so the melting point is determined by finding 

the highest temperature of a differential scanning calorimetry chart. Perfectly isotactic PP has a 

melting point of 171 °C (340 °F). Commercial isotactic PP has a melting point that ranges from 160 

to 166 °C (320 to 331 °F), depending on atactic material and crystallinity. Syndiotactic PP with a 

crystallinity of 30% has a melting point of 130 °C (266 °F).
[11]

 Below 0 °C, PP becomes brittle. The 

thermal expansion of polypropylene is very large, but somewhat less than that of polyethylene. 

Applications 

Polypropylene is used in the manufacturing of piping systems, both ones concerned with high 

purity and ones designed for strength and rigidity. This material is often chosen for its resistance to 

corrosion and chemical leaching and its ability to be joined by heat fusion rather than gluing 

Many plastic items for medical or laboratory use can be made from polypropylene because it can 

withstand the heat in an autoclave. 

 

Polypropylene, highly colorfast, is widely used in manufacturing carpets, rugs and mats to be used 

at home. 

Polypropylene is widely used in ropes, distinctive because they are light enough to float in water. 

Polypropylene is most commonly used for plastic moldings as examples include bottle tops, bottles, 

and fittings. 
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The availability of sheet polypropylene has provided an opportunity for the use of the material by 

designers.  

Polypropylene fibers are used as a concrete additive to increase strength and reduce cracking 

and spalling. 

Polypropylene, or 'polypro', has been used for the fabrication of cold-weather base layers, such as 

long-sleeve shirts or long underwear.  

Polypropylene is also used in warm-weather clothing, in which it transports sweat away from the 

skin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Polystyrene 

Polystyrene is a synthetic aromatic

as styrene. Polystyrene can be solid or foamed. General

rather brittle. 

As a thermoplastic polymer, polystyrene is in a solid (glassy) state at room temperature but flows if 

heated above about 100 °C, its glass transition temperature

Preparation 

Polystyrene is an addition polymer

polymerization. In the polymerization, the carbon

new carbon-carbon σ bond is formed, attaching to the carbon of another styrene monomer to the 

chain. Since only one kind of monomer i

formed σ bond is stronger than the π bond that was broken, thus it is difficult to depolymerize 

polystyrene. About a few thousand monomers typically comprise a chain of polystyrene, giving 

a molecular weight of 100,000–400,000 g/mol.

Each carbon of the backbone has

group (benzene ring) attached are

zig-zag chain, each phenyl group would be tilted forward or backward compared to the plane of the 

chain. 

The relative stereochemical relationship of consecutive phenyl groups determines the

which affects various physical properties of the material.

Polystyrene is commonly injection molded,

polystyrene is either extruded or molded in a special process. 
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aromatic hydrocarbon polymer made from the

styrene. Polystyrene can be solid or foamed. General-purpose polystyrene is clear, hard, and 

 

polystyrene is in a solid (glassy) state at room temperature but flows if 

glass transition temperature. It becomes rigid again when cooled. 

addition polymer that results when styrene monomers are interconnect

polymerization. In the polymerization, the carbon-carbon π bond of the vinyl group

is formed, attaching to the carbon of another styrene monomer to the 

chain. Since only one kind of monomer is used in its preparation, it is a homopolymer. The newly 

formed σ bond is stronger than the π bond that was broken, thus it is difficult to depolymerize 

polystyrene. About a few thousand monomers typically comprise a chain of polystyrene, giving 

400,000 g/mol. 

Each carbon of the backbone has tetrahedral geometry, and those carbons that have a

(benzene ring) attached are stereogenic. If the backbone were to be laid as a flat elongated 

roup would be tilted forward or backward compared to the plane of the 

relationship of consecutive phenyl groups determines the

which affects various physical properties of the material. 

injection molded, vacuum formed, or extruded, while expanded 

polystyrene is either extruded or molded in a special process.  

made from the monomer known 

purpose polystyrene is clear, hard, and 

polystyrene is in a solid (glassy) state at room temperature but flows if 

. It becomes rigid again when cooled.  

interconnected by the 

vinyl group is broken and a 

is formed, attaching to the carbon of another styrene monomer to the 

s used in its preparation, it is a homopolymer. The newly 

formed σ bond is stronger than the π bond that was broken, thus it is difficult to depolymerize 

polystyrene. About a few thousand monomers typically comprise a chain of polystyrene, giving 

 

tetrahedral geometry, and those carbons that have a phenyl 

stereogenic. If the backbone were to be laid as a flat elongated 

roup would be tilted forward or backward compared to the plane of the 

relationship of consecutive phenyl groups determines the tacticity, 

vacuum formed, or extruded, while expanded 
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Polystyrene copolymers are also produced; these contain one or more other monomers in addition 

to styrene. In recent years the expanded polystyrene composites with cellulose and starch have also 

been produced.  

Properties 

In chemical terms, polystyrene is a long chain hydrocarbon wherein alternating carbon centers are 

attached to phenyl groups (a derivative of benzene). Polystyrene's chemical formula is  

(C8H8)n 

Polystyrene contains the chemical elements as carbon and hydrogen. 

The material's properties are determined by short-range van der Waals attractions between 

polymers chains. Since the molecules consist of thousands of atoms, the cumulative attractive force 

between the molecules is large.  

When heated the chains can take on a higher degree of confirmation and slide past each other. 

This intermolecular weakness confers flexibility and elasticity.  

The ability of the system to be readily deformed above its glass transition temperature allows 

polystyrene a thermoplastic polymer in general to be readily softened and molded upon heating.  

Applications 

Polystyrene is an inexpensive and hard plastic is more common in your everyday life. The computer 

you are using now is probably made of polystyrene.  

Model cars and airplanes are made from polystyrene, and it also is made in the form of foam 

packaging and insulation. Clear plastic drinking cups are made of polystyrene. So are a lot of the 

molded parts on the inside of your car, like the radio knobs. Polystyrene is also used in toys, 

hairdryers, computers, and kitchen appliances. 

Polystyrene can be naturally transparent, but can be colored with colorants. Uses include protective 

packaging (such as packing peanuts and in the jewel cases used for storage of optical discs such 

as CDs and occasionally DVDs), containers, lids, bottles, trays, tumblers, disposable cutlery and in 

the making of models. 

Polystyrene is used for producing disposable plastic cutlery and smoke detector housings, license 

plate frames, plastic model assembly kits, and many other objects where a rigid, economical plastic 

is desired.  

Polystyrene Petri dishes and other laboratory containers such as test tubes and microplates play an 

important role in biomedical research and science. For these uses, articles are almost always made 

by injection molding, and often sterilized post-molding, either by irradiation or by treatment 

with ethylene oxide. Much of modern biomedical research relies on the use of such products; they, 

therefore, play a critical role in pharmaceutical research. 

Polystyrene foams are with 95-98% air that exhibit good damping properties; therefore it is used 

widely as packaging materials.  

Polystyrene foams are good thermal insulators and are therefore often used as building insulation 

materials, such as in insulating concrete forms and structural insulated panel building systems. Grey 

polystyrene foam, incorporating graphite has superior insulation properties. 



 

 

Polystyrene foams are also used for non

or decoration pillars. 

Polystyrene is used in some polymer
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oams are also used for non-weight-bearing architectural structures such as ornamental

polymer-bonded explosives.  

 

 

bearing architectural structures such as ornamental 



 

Polyacrylonitrile 

Polyacrylonitrile (PAN), also known as polyvinyl cyanide and Creslan 61, is a synthetic, 

semicrystalline organic polymer resin, with the linear formula (C

it does not melt under normal conditions. It deg

heating rates are 50 degrees per minute or above.

Almost all PAN resins are copolymers

main monomer. It is a versatile polymer used to produce la

filtration membranes, hollow fibers for

PAN fibers are the chemical precursor of very high

oxidized in air at 230 °C to form an oxidized PAN fiber and then carbonized above 1000

atmosphere to make carbon fibers found in a variety of both high

applications such as civil and military aircraft primary and secondary structures, missile

propellant rocket motors, pressure vessels, fishing rods,

It is a component repeat unit in several important

and acrylonitrile butadiene styrene

Preparation  

Polyacrylonitrile is prepared by the addition reaction of acrylonitrile. The double bonds in the 

central carbons are broken to form single bonds and an additional new bond is formed with a new 

Carbon. Polyacrylonitrile is polymer of vinyl cyanide in terms of science.

addition of acryolnitrile molecules. 

Polyacrylonitrile is a brand of synthetic, acrylic textile fiber of light weight and wrinkle resistant 

fabric. It is generally used for making cloth

Orlon is polymer of vinyl cyanide in terms of science. Thus, it is made by addition of acryolnitrile 

molecules. 

Most commercial methods for the synthesis of 

polymerization of acrylonitrile. In most of the cases, small amounts of other vinyl comonomers are 

also used (1–10%) along with acrylonitrile depending on the final application

Anionic polymerization also can be used for synthe

molecular weight in the range of 40,000 to 70,000 is used

molecular weight is desired 
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), also known as polyvinyl cyanide and Creslan 61, is a synthetic, 

resin, with the linear formula (C3H3N)n. Though it is thermoplastic, 

it does not melt under normal conditions. It degrades before melting. It melts above 300

heating rates are 50 degrees per minute or above.  

 

copolymers made from mixtures of monomers with 

monomer. It is a versatile polymer used to produce large variety of products including ultra 

filtration membranes, hollow fibers for reverse osmosis, fibers for textiles, oxidized PAN fibers. 

PAN fibers are the chemical precursor of very high-quality carbon fiber. PAN is first thermally 

°C to form an oxidized PAN fiber and then carbonized above 1000

atmosphere to make carbon fibers found in a variety of both high-tech and common daily 

applications such as civil and military aircraft primary and secondary structures, missile

propellant rocket motors, pressure vessels, fishing rods, tennis rackets and bicycle

in several important copolymers, such as styrene-acrylonitrile

acrylonitrile butadiene styrene (ABS) plastic. 

is prepared by the addition reaction of acrylonitrile. The double bonds in the 

central carbons are broken to form single bonds and an additional new bond is formed with a new 

is polymer of vinyl cyanide in terms of science. Thus, it is made by 

addition of acryolnitrile molecules.  

is a brand of synthetic, acrylic textile fiber of light weight and wrinkle resistant 

It is generally used for making clothes, carpets and blankets.

of vinyl cyanide in terms of science. Thus, it is made by addition of acryolnitrile 

Most commercial methods for the synthesis of Polyacrylonitrile are based on free radical 

In most of the cases, small amounts of other vinyl comonomers are 

10%) along with acrylonitrile depending on the final application.  

Anionic polymerization also can be used for synthesizing Polyacrylonitrile. For textile applications, 

molecular weight in the range of 40,000 to 70,000 is used. For producing carbon fiber higher 

), also known as polyvinyl cyanide and Creslan 61, is a synthetic, 

. Though it is thermoplastic, 

rades before melting. It melts above 300 °C if the 

 acrylonitrile as the 

rge variety of products including ultra 

reverse osmosis, fibers for textiles, oxidized PAN fibers.  

carbon fiber. PAN is first thermally 

°C to form an oxidized PAN fiber and then carbonized above 1000 °C in inert 

tech and common daily 

applications such as civil and military aircraft primary and secondary structures, missiles, solid 

bicycle frames.  

acrylonitrile (SAN) 

is prepared by the addition reaction of acrylonitrile. The double bonds in the 

central carbons are broken to form single bonds and an additional new bond is formed with a new 

Thus, it is made by 

is a brand of synthetic, acrylic textile fiber of light weight and wrinkle resistant 

es, carpets and blankets. Polyacrylonitrile/ 

of vinyl cyanide in terms of science. Thus, it is made by addition of acryolnitrile 

are based on free radical 

In most of the cases, small amounts of other vinyl comonomers are 

For textile applications, 

For producing carbon fiber higher 
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Properties 

Glass transition temperature is around 95 °C and fusion temperature is at 322 °C. PAN is soluble 

in polar solvents, such Glass transition temperature is around 95 °C and fusion temperature is at 

322 °C.  

PAN is soluble in polar solvents, such as dimethylacetamide, ethylene and propylene carbonates.  

Applications  

Polyacrylonitrile is a brand of synthetic, acrylic textile fiber of light weight and wrinkle resistant 

fabric. It is generally used for making clothes, carpets and blankets.  

Homopolymers of polyacrylonitrile have been used as fibers in hot gas filtration systems, outdoor 

awnings, sails for yachts, and fiber-reinforced concrete.  

Copolymers containing polyacrylonitrile are often used as fibers to make knitted clothing like socks 

and sweaters, as well as outdoor products like tents and similar items. If the label of a piece of 

clothing says "acrylic", then it is made out of some copolymer of polyacrylonitrile. 

  

 



 

Poly Vinyl Chloride 

Polyvinyl chloride (PVC), a synthetic

only to polyethylene among the

enormous range of domestic and industrial products, from raincoats and shower curtains 

to window frames and indoor plumbing. A lightweight, rigid

manufactured in a flexible “plasticized” form.

PVC is useful because it resists two things that hate each other: fire and water. Because of its water 

resistance it's used to make raincoats and shower curtains, and of course, water pipes. It has flame 

resistance, too, because it contains chlorine. When you try to burn PVC, chlorine atoms are 

released, and chlorine atoms inhibit combustion.

Preparation 

Structurally, PVC is a vinyl polymer

backbone chain, one of the hydrogen atoms is replaced with a chlorine atom. It's produced by 

the free radical polymerization of vinyl chloride.

Vinyl chloride (CH2=CHCl), also known as chloroethylene, is most often obtained by 

reacting ethylene with oxygen and

carcinogenic gas that is handled under special protective procedures. PVC is made by subjecting 

vinyl chloride to highly reactive compounds

Under the action of the initiators, the double bond in the vinyl chloride monomers (single

molecules) is opened, and one of the resultant single bonds is used to link together th

vinyl chloride monomers to form the repeating units of

The chemical structure of the vinyl chloride repeating units 
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synthetic resin made from the polymerization of vinyl chloride. Second 

among the plastics in production and consumption, PVC is used in an 

enormous range of domestic and industrial products, from raincoats and shower curtains 

plumbing. A lightweight, rigid plastic in its pure form, it is also 

manufactured in a flexible “plasticized” form. 

 

PVC is useful because it resists two things that hate each other: fire and water. Because of its water 

used to make raincoats and shower curtains, and of course, water pipes. It has flame 

resistance, too, because it contains chlorine. When you try to burn PVC, chlorine atoms are 

released, and chlorine atoms inhibit combustion. 

vinyl polymer. It's similar to polyethylene, but on every other carbon in the 

backbone chain, one of the hydrogen atoms is replaced with a chlorine atom. It's produced by 

of vinyl chloride. 

), also known as chloroethylene, is most often obtained by 

and hydrogen chloride over a copper catalyst. It is a toxic and 

carcinogenic gas that is handled under special protective procedures. PVC is made by subjecting 

compounds known as free-radical initiators. 

Under the action of the initiators, the double bond in the vinyl chloride monomers (single

molecules) is opened, and one of the resultant single bonds is used to link together th

vinyl chloride monomers to form the repeating units of polymers (large, multiple

The chemical structure of the vinyl chloride repeating units as Polyvinyl chloride 

vinyl chloride. Second 

consumption, PVC is used in an 

enormous range of domestic and industrial products, from raincoats and shower curtains 

in its pure form, it is also 

PVC is useful because it resists two things that hate each other: fire and water. Because of its water 

used to make raincoats and shower curtains, and of course, water pipes. It has flame 

resistance, too, because it contains chlorine. When you try to burn PVC, chlorine atoms are 

, but on every other carbon in the 

backbone chain, one of the hydrogen atoms is replaced with a chlorine atom. It's produced by 

), also known as chloroethylene, is most often obtained by 

catalyst. It is a toxic and 

carcinogenic gas that is handled under special protective procedures. PVC is made by subjecting 

 

Under the action of the initiators, the double bond in the vinyl chloride monomers (single-unit 

molecules) is opened, and one of the resultant single bonds is used to link together thousands of 

(large, multiple-unit molecules). 

 is as follows. 



 

Properties 

Physical properties 

 1. Thermoplastic polymer 

 2. Rigid and flexible 

Mechanical properties 

 1. High hardness       

 2. Mechanical properties enhance with the molecular weight increasing, but decrease 

  with the temperature increasing.

 Thermal properties 

 1. Heat stability of PVC is very poor, when the temperature reache

  to decompose.       

 2.  Its melting temperature is 160 °C.

Applications 

PVC has been used extensively in a wide range of construction products for over half a century. 

PVC's strong, lightweight, durable and versatile characteristics make it ideal for window profiles. 

PVC's inherent flame retardant and excellent electrical in

cabling applications. 

Roughly half of the world's PVC resin manufactured annually is used for producing pipes for 

municipal and industrial applications

The two main application areas for

containers and tubing: containers used for blood and blood components, for urine collection or for 

ostomy products and tubing used for blood taking and blood giving sets, catheters, heart

bypass sets, hemodialysis sets etc 

PVC fabric has a niche role in speciality clothing, either to create an

times simply for its effect.  PVC is less expensive than
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hermoplastic polymer   

                                                                             

                                                                            

echanical properties enhance with the molecular weight increasing, but decrease 

with the temperature increasing. 

eat stability of PVC is very poor, when the temperature reaches 140 °C PVC starts 

                                                                            

Its melting temperature is 160 °C.  

PVC has been used extensively in a wide range of construction products for over half a century. 

PVC's strong, lightweight, durable and versatile characteristics make it ideal for window profiles. 

PVC's inherent flame retardant and excellent electrical insulation properties make it ideal for 

Roughly half of the world's PVC resin manufactured annually is used for producing pipes for 

municipal and industrial applications. 

The two main application areas for single-use medically approved PVC compounds are flexible 

containers and tubing: containers used for blood and blood components, for urine collection or for 

ostomy products and tubing used for blood taking and blood giving sets, catheters, heart

 

VC fabric has a niche role in speciality clothing, either to create an artificial leather

PVC is less expensive than rubber, leather or latex. 

 

                                

                                

echanical properties enhance with the molecular weight increasing, but decrease 

s 140 °C PVC starts 

                                

PVC has been used extensively in a wide range of construction products for over half a century.  

PVC's strong, lightweight, durable and versatile characteristics make it ideal for window profiles.  

sulation properties make it ideal for 

Roughly half of the world's PVC resin manufactured annually is used for producing pipes for 

PVC compounds are flexible 

containers and tubing: containers used for blood and blood components, for urine collection or for 

ostomy products and tubing used for blood taking and blood giving sets, catheters, heart-lung 

artificial leather material or at 
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Flexible PVC flooring is inexpensive and used in a variety of buildings, including homes, hospitals, 

offices, and schools. Complex and three dimensional designs are possible, which are then protected 

by a clear wear layer.  

PVC may be extruded under pressure to encase wire rope and aircraft cable used for general 

purpose applications. PVC coated wire rope is easier to handle, resists corrosion and abrasion, and 

may be color-coded for increased visibility. 

Wide applications that includes 

1. Window, door profiles and Toys  

2. Pipes and fittings 

3. Power, data and telecoms wiring and cables 

4. Insulation tapes, Insulation Cables and Cable services ducting,  

5. Internal and external cladding 

6. Roofing and ceiling systems and membranes 

7. Rain coat clothing, Rainwater, soil and waste systems 

8. Flooring 

 

 

 

 



17 

 

Poly tetrafluoro ethylene 

Polytetrafluoroethylene (Teflon) is a synthetic fluoropolymer of tetrafluoroethylene that has 

numerous applications. The commonly known brand name of PTFE - based formulas 

is Teflon by Chemours is a name from DuPont. DuPont originally discovered this compound in 

1938.  

 

PTFE or Teflon is a fluorocarbon solid, as it is a high molecular weight compound consisting 

wholly of carbon and fluorine. PTFE is hydrophobic towards water and water-containing 

substances.  

PTFE is used as a non-stick coating for pans and other cookware. It is non-reactive, partly because 

of the strength of carbon–fluorine bonds, and so it is often used in containers and pipework for 

reactive and corrosive chemicals, where it is used as a lubricant, PTFE reduces friction, wear, and 

energy consumption of machinery.  

It is commonly used as a graft material in surgical interventions. It is also frequently employed as 

coating on catheters; this interferes with the ability of bacteria and other infectious agents to adhere 

to catheters and cause hospital-acquired infections. 

Preparation 

PTFE is produced by free-radical polymerization of tetrafluoroethylene. The net equation is 

 

n F2C=CF2 → −(F2C−CF2)n− 

Because tetrafluoroethylene can explosively decompose to tetrafluoromethane and carbon, special 

apparatus is required for the polymerization to prevent hot spots that might initiate this dangerous 

side reaction. The process is typically initiated with persulfate, which homolyzes to generate sulfate 

radicals: 

[O3SO−OSO3]2− ⇌ 2SO4•− 



 

The resulting polymer is terminated with

OH end-groups. Because PTFE is poorly soluble in almost all solvents, the polymerization is 

conducted as an emulsion in water. This process gives a suspension of po

Properties 

PTFE is a thermoplastic polymer, which is a white solid at room temperature, with a density of 

about 2200 kg/m
3
. 

It maintains high strength, toughness and self

flexibility at temperatures above 194

PTFE gains its properties from the aggregate effect of

fluorocarbons.  

The only chemicals known to affect these carbon

the alkali metals, and at higher temperatures also such metals as aluminum and magnesium, and 

fluorinating agents such as xenon difluoride

Applications 

PTFE (Teflon) is best known for its use in coating non

is hydrophobic and possesses fairly high heat resistance.

The major application of PTFE, consuming about 50% of production, is for the insulation of wiring 

in aerospace and computer applications (e.g. hookup wire, coaxial cables). 

This application exploits the fact that PTFE has excellent

high radio frequencies, making it suitable for use as an excellent

and cables, and in printed circuit boards

In industrial applications, owing to its low friction, PTFE is used 

bearings, gears, slide plates, seals, gaskets, bushings and more applications with sliding action of 

parts, where it outperforms acetal 

PTFE film is also widely used in the production of carbon fiber composites as well as fiberglass 

composites, notably in the aerospace industry.

Because of its extreme non-reactivity and high temperature rating, PTFE is often used as the liner 

in hose assemblies, expansion joints, and 

acids, alkalis, or other chemicals. 

It is used widely as a fabric protector to repel stains on formal school
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resulting polymer is terminated with sulfate ester groups, which can be hydrolyzed to give 

groups. Because PTFE is poorly soluble in almost all solvents, the polymerization is 

conducted as an emulsion in water. This process gives a suspension of polymer particles. 

polymer, which is a white solid at room temperature, with a density of 

It maintains high strength, toughness and self-lubrication at low temperatures down to 5

temperatures above 194 K.   

PTFE gains its properties from the aggregate effect of carbon-fluorine bonds, as do all 

The only chemicals known to affect these carbon-fluorine bonds are highly reactive metals like 

gher temperatures also such metals as aluminum and magnesium, and 

xenon difluoride and cobalt (III) fluoride.  

PTFE (Teflon) is best known for its use in coating non-stick frying pans and other cookware, as it 

and possesses fairly high heat resistance. 

, consuming about 50% of production, is for the insulation of wiring 

in aerospace and computer applications (e.g. hookup wire, coaxial cables).  

fact that PTFE has excellent dielectric properties,

making it suitable for use as an excellent insulator in connector

printed circuit boards used at microwave frequencies.  

applications, owing to its low friction, PTFE is used as lubricants

slide plates, seals, gaskets, bushings and more applications with sliding action of 

 and nylon. 

in the production of carbon fiber composites as well as fiberglass 

composites, notably in the aerospace industry.  

reactivity and high temperature rating, PTFE is often used as the liner 

expansion joints, and in industrial pipe lines, particularly in applications using 

 

It is used widely as a fabric protector to repel stains on formal school-wear, like uniform blazers.

  

groups, which can be hydrolyzed to give 

groups. Because PTFE is poorly soluble in almost all solvents, the polymerization is 

lymer particles.  

polymer, which is a white solid at room temperature, with a density of 

lubrication at low temperatures down to 5 K and good 

fluorine bonds, as do all 

fluorine bonds are highly reactive metals like 

gher temperatures also such metals as aluminum and magnesium, and 

and other cookware, as it 

, consuming about 50% of production, is for the insulation of wiring 

properties, especially at 

connector assemblies 

lubricants for plain 

slide plates, seals, gaskets, bushings and more applications with sliding action of 

in the production of carbon fiber composites as well as fiberglass 

reactivity and high temperature rating, PTFE is often used as the liner 

in industrial pipe lines, particularly in applications using 

wear, like uniform blazers. 



 

Nylon 

Nylons are some of the most common polymers 

use in fishing line and trimmer line, plus it's used for some "plastic" screws and push

You'll find nylons in cars and in your home if you just look. Nylon is also found in clothing such as 

windbreakers and lingerie, but also in other places, in the form of a

Nylon-6 

Nylon-6 has one kind of carbon chain, which is six atoms long. It's made by a

polymerization from the monomer caprolactam as shown below. 

Preparation/Synthesis 

Nylon-6 is synthesized by ring-opening polymerization

hence Nylon-6. When caprolactam is heated at about 533

about 4–5 hours, the ring breaks and 

through spinnerets to form fibres of nylon

During polymerization, the amide bond within each caprolactam

groups on each side re-forming two new bonds as th

backbone.  
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Nylons are some of the most common polymers used as fibers. Nylon has excellent properties for 

use in fishing line and trimmer line, plus it's used for some "plastic" screws and push

You'll find nylons in cars and in your home if you just look. Nylon is also found in clothing such as 

windbreakers and lingerie, but also in other places, in the form of a thermoplastic

has one kind of carbon chain, which is six atoms long. It's made by a

from the monomer caprolactam as shown below.  

 

opening polymerization of caprolactam. Caprolactam has 6 carbons, 

. When caprolactam is heated at about 533 K in an inert atmosphere

, the ring breaks and undergoes polymerization. Then the molten mass is passed 

to form fibres of nylon-6. 

 

polymerization, the amide bond within each caprolactam molecule is broken, with the active 

forming two new bonds as the monomer becomes part of the polymer 

. Nylon has excellent properties for 

use in fishing line and trimmer line, plus it's used for some "plastic" screws and push-in connectors. 

You'll find nylons in cars and in your home if you just look. Nylon is also found in clothing such as 

thermoplastic. 

has one kind of carbon chain, which is six atoms long. It's made by a ring opening 

caprolactam. Caprolactam has 6 carbons, 

atmosphere of nitrogen for 

polymerization. Then the molten mass is passed 

 

 

is broken, with the active 

becomes part of the polymer 



 

Properties 

Nylon-6 fibers are tough, possessing high tensile strength, as well as elasticity and lustre. They are 

wrinkle proof and highly resistant to abrasion and chemicals such as acids and alkalis. The f

can absorb up to 2.4% of water, although this lowers tensile strength. The glass transition 

temperature of Nylon 6 is 47 °C. 

As a synthetic fiber, Nylon-6 is generally white but can be dyed to in a solution bath prior to 

production for different color results. Its

can protect heat up to 150 °C on average

Applications 

At present, Nylon-6 is the most significant construction material used in many industries, for 

instances in automotive industry,

clothing industry and medicine

million tones. They are produced by all leading chemical companies.

 

 

Nylon -6, 6 

Nylon-6,6 is made up of by condensation 

atoms, hexamethylenediamine and
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are tough, possessing high tensile strength, as well as elasticity and lustre. They are 

wrinkle proof and highly resistant to abrasion and chemicals such as acids and alkalis. The f

can absorb up to 2.4% of water, although this lowers tensile strength. The glass transition 

 

6 is generally white but can be dyed to in a solution bath prior to 

r results. Its density is 1.14 g/cm
3
. Its melting point is at 215

°C on average. 

6 is the most significant construction material used in many industries, for 

instances in automotive industry, aircraft industry, electronic and electro technical industry, 

clothing industry and medicine. Annual demand for polyamides in Europe

. They are produced by all leading chemical companies. 

 

up of by condensation of two monomers each containing 6 carbon 

and adipic acid, which give nylon 66 its name. 

are tough, possessing high tensile strength, as well as elasticity and lustre. They are 

wrinkle proof and highly resistant to abrasion and chemicals such as acids and alkalis. The fibres 

can absorb up to 2.4% of water, although this lowers tensile strength. The glass transition 

6 is generally white but can be dyed to in a solution bath prior to 

. Its melting point is at 215 °C and 

6 is the most significant construction material used in many industries, for 

technical industry, 

Europe amounts to a 

 

of two monomers each containing 6 carbon 

 



 

Preparation 

Nylon-6,6 is synthesized by

acid. Equivalent amounts of hexamethylenediamine and adipic acid are combined with water in a 

reactor. This is crystallized to make nylon salt, an

goes into a reaction vessel where polymerization process takes place either in batche

continuously. 

n HOOC-(CH2)4-COOH + n H2N

Removing water drives the reaction toward polymerization through the formation of amide bonds from the 

acid and amine functions. Thus molten nylon 66 

point or directly spun into fibers by extrusion through a

cooling to form filaments. 

Properties 

The characteristics of nylon 6/6 are stiffer and

 High toughness, stiffness and hardness

 Good fatigue resistance

 Good impact resistance

 Excellent wear resistance

 Good electrical insulating properties

 No resistance to UV rays

 Lightweight; sometimes used in 

 Excellent fuel and oil resistance

 Attacked by strong mineral acids and absorbs polar solvents

 High water absorption
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6,6 is synthesized by polycondensation of hexamethylenediamine and adipic 

nts of hexamethylenediamine and adipic acid are combined with water in a 

reactor. This is crystallized to make nylon salt, an ammonium/carboxylate mixture. The nylon salt 

goes into a reaction vessel where polymerization process takes place either in batche

N-(CH2)6-NH2 → [-OC-( CH2)4-CO-NH-(CH2)6-NH-

Removing water drives the reaction toward polymerization through the formation of amide bonds from the 

acid and amine functions. Thus molten nylon 66 is formed. It can either be extruded and granulated at this 

point or directly spun into fibers by extrusion through a spinneret (a small metal plate with fine holes) and 

nylon 6/6 are stiffer and usually more durable. High mechanical strength

High toughness, stiffness and hardness 

Good fatigue resistance 

Good impact resistance 

Excellent wear resistance 

Good electrical insulating properties 

No resistance to UV rays 

Lightweight; sometimes used in applications in place of metals 

Excellent fuel and oil resistance 

Attacked by strong mineral acids and absorbs polar solvents 

High water absorption 

of hexamethylenediamine and adipic 

nts of hexamethylenediamine and adipic acid are combined with water in a 

mixture. The nylon salt 

goes into a reaction vessel where polymerization process takes place either in batches or 

-]n + (2n−1) H2O 

 

Removing water drives the reaction toward polymerization through the formation of amide bonds from the 

is formed. It can either be extruded and granulated at this 

(a small metal plate with fine holes) and 

usually more durable. High mechanical strength 
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Applications 

Nylon 66 is frequently used when high mechanical strength, rigidity, good stability under heat and/or 

chemical resistance are required. It is used in fibers for textiles and carpets and molded parts. For textiles, 

fibers are sold under various brands, for example Nilit brands or the Cordura brand for luggage, but it is also 

used in airbags, apparel, and for carpet fibres under the Ultron brand.  

Nylon 66 lends itself well to make 3D structural objects, mostly by injection molding. It has broad use in 

automotive applications; these include "under the hood" parts such as radiator end tanks, rocker covers, air 

intake manifolds, and oil pans, as well as numerous other structural parts such as hinges, and ball bearing 

cages.  

Other applications include electro-insulating elements, pipes, profiles, various machine parts, zip ties, 

conveyor belts, hoses, polymer-framed weapons, and the outer layer of turnout blankets. Nylon 66 is also a 

popular guitar nut material.  

Nylon 66, especially glass fiber reinforced grades, can be effectively fire retarded with halogen-free 

products. Phosphorus-based flame retardant systems are used in these fire-safe polymers.   

   

 

How are nylon 6 and nylon 6/6 different? 

It comes down to a lot of little things. While both are cost effective, Nylon 6 typically costs around 30% less. 

Here’s a closer look at the differences: 

Properties Nylon 6 Nylon 6/6 

Machinability – low tool wear & 

surface finish 
Good Better 

Mould shrinkage Lower Greater 

Water absorption rate Higher Lower 

Impact strength Izod: cm-N/cm of notch: 160 Izod: cm-N/cm of notch: 160 

Tensile strength 6.2 x 104 kPa (Good) 8.2 x 104 kPa (Better) 

Crystalline melting point 437°F / 225°C 509°F / 265°C 

Density 1.15 g/ml 1.2 g/ml 

Typical moulding shrinkage ratio 1.2% 1.5% 
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Polyester 

Polyester is a category of polymers that contain the ester functional group in their main chain. As a 

specific material, it most commonly refers to a type called polyethylene terephthalate (PET). 

Polyesters include naturally occurring chemicals, such as in the cutin of plant cuticles, as well as 

synthetics such as polybutyrate. Natural polyesters and a few synthetic ones are biodegradable, but 

most synthetic polyesters are not. The material is used extensively in clothing. 

 

Polyester fibers are sometimes spun together with natural fibers to produce a cloth with blended 

properties. Cotton-polyester blends can be strong, wrinkle- and tear-resistant, and reduce 

shrinking. Synthetic fibers using polyester have high water, wind and environmental resistance 

compared to plant-derived fibers. They are less fire-resistant and can melt when ignited. 

Liquid crystalline polyesters are among the first industrially used liquid crystal polymers. They are 

used for their mechanical properties and heat-resistance. These traits are also important in their 

application as an abradable seal in jet engines. 

Natural polyesters could have played a significant role in the origins of life.  Long heterogeneous 

polyester chains and membraneless structures are known to easily form in a one-pot reaction 

without catalyst under simple prebiotic conditions 

Preparation 

There are multiple chemical reactions to produce polyesters, such as Polycondensation 

Synthesis of polyesters is generally achieved by a polycondensation reaction. The general equation 

for the reaction of a diol with a diacid is: 

(n+1) R(OH)2 + n R´(COOH)2 → HO[ROOCR´COO]nROH + 2n H2O 
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---Polyester--- 

Properties 

Polyesters are by far the dominant chemistry on powder coatings. Increasing the aromatic parts of 

polyesters increases their glass transition temperature (Tg), melting temperature, thermal stability, 

chemical stability and solvent resistance. 

The double bond of unsaturated polyesters reacts with a vinyl monomer, resulting in a 3-D cross-

linked structure. This structure acts as a thermoset. The exothermic cross-linking reaction is 

initiated through a catalyst, usually an organic peroxide such as benzoyl peroxide. They are mostly 

used in reinforced plastics. 

Saturated polyesters refer to that family of polyesters in which the polyester backbones are 

saturated. They are thus not as reactive as unsaturated polyesters.  

Polyester fiber is formed through an extruder (Spinnerette) to produce very fine threads. Polyester 

clothing is silky in feel, although it can cause skin irritation for some people. Some polyester is 

blended with other fabrics to minimize this. 

Applications 

Fabrics woven or knitted from polyester thread or yarn are used extensively in apparel and home 

furnishings, from shirts and pants to jackets and hats, bed sheets, blankets, upholstered furniture and 

computer mouse mats.  

Industrial polyester fibers, yarns and ropes are used in car tire reinforcements, fabrics for conveyor 

belts, safety belts, coated fabrics and plastic reinforcements with high-energy absorption.  

Polyester fiber is used as cushioning and insulating material in pillows, comforters and upholstery 

padding.  

Polyester fabrics are highly stain-resistant—in fact, the only classes of dyes which can be used to 

alter the color of polyester fabric are what are known as disperse dyes.  
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Polyesters are also used to make bottles, films, tarpaulin, sails (Dacron), canoes, liquid crystal 

displays, holograms, filters, dielectric film for capacitors, film insulation for wire and insulating 

tapes.  

Polyesters are widely used as a finish on high-quality wood products such as guitars, pianos and 

vehicle/yacht interiors.  
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Thermosetting Plastics 

Phenol formaldehyde  

Phenol formaldehyde resins (PF) or phenolic resins are synthetic polymers obtained by the reaction 

of phenol or substituted phenol with formaldehyde. Used as the basis for Bakelite, PFs were the 

first commercial synthetic resins (plastics). They have been widely used for the production of 

molded products including billiard balls, laboratory countertops, and as coatings and adhesives.  

 

They were at one time the primary material used for the production of circuit boards but have been 

largely replaced with epoxy resins and fiberglass cloth, as with fire-resistant materials. 

Preparation 

There are two main production methods. One reacts phenol and formaldehyde directly to produce 

a thermosetting network polymer, while the other restricts the formaldehyde to produce a 

prepolymer known as volcano which can be moulded and then cured with the addition of more 

formaldehyde and heat.  

Phenol-formaldehyde resins, as a group, are formed by a step-growth polymerization reaction that 

can be either acid- or base-catalysed.  

Phenol reacts with formaldehyde at the ortho and para sites (sites 2, 4 and 6) allowing up to 3 units 

of formaldehyde to attach to the ring. The initial reaction in all cases involves the formation of a 

hydroxymethyl phenol: 

HOC6H5 + CH2O → HOC6H4CH2OH 

The hydroxymethyl group is capable of reacting with either another free ortho or para site, or with 

another hydroxymethyl group. The first reaction gives a methylene bridge, and the second forms 

an ether bridge: 

HOC6H4CH2OH + HOC6H5 → (HOC6H4)2CH2 + H2O 

2 HOC6H4CH2OH → (HOC6H4CH2)2O + H2O 

 



 

Mechanism 

 

Polymerization 

The diphenol (HOC6H4)2CH2 (sometimes called a "dimer") is called

important monomer in the production of

and tetra-and higher phenol oligomers

Applications 

Phenol-formaldehyde resins make excellent wood adhesives for plywood and particleboard because 

they form chemical bonds with the phenol

desirable for exterior plywood, owing to their good moisture resistan

Phenolic resins, invariably reinforced with fibres or flakes, are also molded into insulating and heat

resistant objects such as appliance handles, distributor caps, and brake linings.
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(sometimes called a "dimer") is called bisphenol

important monomer in the production of epoxy resins. Bisphenol-F can further link generating tri

and higher phenol oligomers of A and B as followes. 

 

formaldehyde resins make excellent wood adhesives for plywood and particleboard because 

they form chemical bonds with the phenol-like lignin component of wood. They are especially 

desirable for exterior plywood, owing to their good moisture resistance.  

Phenolic resins, invariably reinforced with fibres or flakes, are also molded into insulating and heat

resistant objects such as appliance handles, distributor caps, and brake linings.  

 

bisphenol-F, which is an 

F can further link generating tri- 

 

formaldehyde resins make excellent wood adhesives for plywood and particleboard because 

component of wood. They are especially 

Phenolic resins, invariably reinforced with fibres or flakes, are also molded into insulating and heat-
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Phenolic resin is used as a binder in loudspeaker driver suspension components which are made 

of cloth. 

Phenolic laminates are made by impregnating one or more layers of a base material such as 

paper, fiberglass, or cotton with phenolic resin and laminating the resin-saturated base material 

under heat and pressure. 

Higher end billiard balls are made from phenolic resins, as opposed to the polyesters used in less 

expensive sets. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Epoxide Resin 

Epoxy refers to any of the basic components or

colloquial name for the epoxide functional group. Epoxy resins, also known as

class of reactive prepolymers and 

Epoxy resins may be reacted (cross

homopolymerisation, or with a wide range of co

(and acid anhydrides), phenols, alcohols and

are often referred to as hardeners or curatives, and the cross

to as curing. 

Reaction of polyepoxides with themselves or with polyfunctional hardeners forms 

a thermosetting polymer, often with favorable mechanical properties and high thermal and chemical 

resistance. Epoxy has a wide rang

electronics/electrical components/LEDs, high tension electrical insulators, paint brush 

manufacturing, fiber-reinforced plastic

Preparation 

The most common epoxy resins are 

resulting in a different chemical substance known as

In this two-stage reaction, epichlorohydrin is first added to bisphenol

in a condensation reaction with a stoichiometric amount of sodium hydroxide. 
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refers to any of the basic components or cured end products of epoxy resins

functional group. Epoxy resins, also known as polyepoxides

 polymers which contain epoxide groups. 

 

Epoxy resins may be reacted (cross-linked) either with themselves through catalytic 

risation, or with a wide range of co-reactants including polyfunctional amines, acids 

acid anhydrides), phenols, alcohols and thiols (usually called mercaptans). These co

are often referred to as hardeners or curatives, and the cross-linking reaction is commonly referred 

Reaction of polyepoxides with themselves or with polyfunctional hardeners forms 

polymer, often with favorable mechanical properties and high thermal and chemical 

resistance. Epoxy has a wide range of applications, including metal coatings, use in 

electronics/electrical components/LEDs, high tension electrical insulators, paint brush 

reinforced plastic materials, and adhesives for structural and other purposes.

most common epoxy resins are prepared by reacting epichlorohydrin

in a different chemical substance known as bisphenol-diglycidyl ether.  

stage reaction, epichlorohydrin is first added to bisphenol-A then a bisepoxide is formed 

in a condensation reaction with a stoichiometric amount of sodium hydroxide.  

epoxy resins, as well as a 

polyepoxides, are a 

linked) either with themselves through catalytic 

reactants including polyfunctional amines, acids 

(usually called mercaptans). These co-reactants 

reaction is commonly referred 

Reaction of polyepoxides with themselves or with polyfunctional hardeners forms 

polymer, often with favorable mechanical properties and high thermal and chemical 

e of applications, including metal coatings, use in 

electronics/electrical components/LEDs, high tension electrical insulators, paint brush 

for structural and other purposes. 

epichlorohydrin with bisphenol-A 

 

A then a bisepoxide is formed 

  



 

Applications 

Epoxy adhesives are a major part of the class of adhesives called "

"engineering adhesives”. These high

automobiles, bicycles, boats, golf clubs, skis, snowboards, and other applications where high 

strength bonds are required. 

Epoxy systems are used in industrial tooling applications to 

models, laminates, castings, fixtures, and other industrial production aids.

Electric generators, connected via the drivetrain with the rotor blades, convert mechanical wind 

energy in usable electric energy, and rely on epoxies electr

resistance properties. 

In the aerospace industry, epoxy is used as a structural matrix material which is then reinforced by 

fiber. 

Epoxy resin, mixed with pigment, may be used as a painting
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are a major part of the class of adhesives called "structural adhesives

high-performance adhesives are used in the construction of aircraft, 

automobiles, bicycles, boats, golf clubs, skis, snowboards, and other applications where high 

Epoxy systems are used in industrial tooling applications to produce

fixtures, and other industrial production aids. 

Electric generators, connected via the drivetrain with the rotor blades, convert mechanical wind 

energy in usable electric energy, and rely on epoxies electrical insulation and high thermal 

In the aerospace industry, epoxy is used as a structural matrix material which is then reinforced by 

pigment, may be used as a painting medium. 

 

structural adhesives" or 

performance adhesives are used in the construction of aircraft, 

automobiles, bicycles, boats, golf clubs, skis, snowboards, and other applications where high 

produce molds, master 

Electric generators, connected via the drivetrain with the rotor blades, convert mechanical wind 

ical insulation and high thermal 

In the aerospace industry, epoxy is used as a structural matrix material which is then reinforced by 
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UNIT–III   Elastomers or Rubber. 

NNNNatural rubberatural rubberatural rubberatural rubber    

What are Rubber products? 

Everyone must have come across rubber products. There are many rubber products which we come 
across in our daily life. For example rubber gloves, rubber band, footwear, etc. 

We all have seen that rubber items have the ability to recover their shapes after
distorted and hence rubber is referred to as elastomers. 

It is an elastic substance which can be obtained both by naturally (natural rubber) or they can also 
be synthesized chemically in laboratories (synthetic rubber

Types of rubber 

There are two types of rubber — Natural Rubber and Synthetic Rubber.

Natural rubber 

These are the elastomers which are obtained naturally. It is made up of solids particles suspended in 
milky white liquid, called latex tha

This latex rubber is mainly found in the countries like Brazil, India, Indonesia, Malaysia and Sri 
Lanka. It is made by the polymerization of isoprene (2 methyl
formula (C5H8) n and it is known as cis

In simple words, we can say that they are made by loosely joining the monomers of isoprene (C
in the form of a long tangled chain.

Preparation of Natural Rubber 

Rubber tapping  

The milky white liquid latex is collected from the rubber trees in a cup by making a slight V
the tree bark. The collected latex is washed, filtered and reacted with acids to congeal the rubber 
particles. 
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Everyone must have come across rubber products. There are many rubber products which we come 
across in our daily life. For example rubber gloves, rubber band, footwear, etc.  

We all have seen that rubber items have the ability to recover their shapes after
distorted and hence rubber is referred to as elastomers.  

It is an elastic substance which can be obtained both by naturally (natural rubber) or they can also 
be synthesized chemically in laboratories (synthetic rubber-like butyl rubber, neoprene, etc.)

Natural Rubber and Synthetic Rubber. 

These are the elastomers which are obtained naturally. It is made up of solids particles suspended in 
milky white liquid, called latex that drips from the bark of tropical and subtropical trees. 

This latex rubber is mainly found in the countries like Brazil, India, Indonesia, Malaysia and Sri 
Lanka. It is made by the polymerization of isoprene (2 methyl-1, 3-butadiene) which has a chemical 

and it is known as cis- 1, 4- polyisoprene.  

In simple words, we can say that they are made by loosely joining the monomers of isoprene (C
in the form of a long tangled chain. 

white liquid latex is collected from the rubber trees in a cup by making a slight V
the tree bark. The collected latex is washed, filtered and reacted with acids to congeal the rubber 
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Everyone must have come across rubber products. There are many rubber products which we come 

We all have seen that rubber items have the ability to recover their shapes after being stretched or 

It is an elastic substance which can be obtained both by naturally (natural rubber) or they can also 
, neoprene, etc.) 

These are the elastomers which are obtained naturally. It is made up of solids particles suspended in 
t drips from the bark of tropical and subtropical trees.  

This latex rubber is mainly found in the countries like Brazil, India, Indonesia, Malaysia and Sri 
butadiene) which has a chemical 

In simple words, we can say that they are made by loosely joining the monomers of isoprene (C5H8) 

 

white liquid latex is collected from the rubber trees in a cup by making a slight V-cut on 
the tree bark. The collected latex is washed, filtered and reacted with acids to congeal the rubber 



 

Mastication 

The rubber obtained from the tapping pro
brittle in nature and when warmed up it becomes very gluey. 

To remove the brittle nature and strong odour of the rubber, it is allowed to pass through the rollers 
and is pressed to make it softer and flexible to work. 

This process is repeated based on the properties that are required for the rubber. In this process, 
extra chemical ingredients are also added to enhance the properties of rubber.

Calendering 

Calendering is a process, which is 
proper mixing of the chemical ingredients.

The final product obtained is then extruded to make hollow tubes by passing them through specially 
designed holes in an extrusion machine.

Compounding of Rubber  

Vulcanization 

Even after performing all these steps rubber is not much stronger and harder to be used in various 
items like car tires and machinery. 

To enhance all these properties, sulphur is added to the rubber and it is heated at a temper
ranging 373 k to 415 k. This process is known as 
Rubber. Sulphur makes a cross-linking agent and after vulcanization, rubber gets cross
becomes hard. 
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The rubber obtained from the tapping process is still not ready to be used. When it is cold it is very 
brittle in nature and when warmed up it becomes very gluey.  

To remove the brittle nature and strong odour of the rubber, it is allowed to pass through the rollers 
ter and flexible to work.  

 

This process is repeated based on the properties that are required for the rubber. In this process, 
extra chemical ingredients are also added to enhance the properties of rubber. 

is a process, which is mainly performed to provide shapes to rubber using rollers and 
proper mixing of the chemical ingredients. 

 

The final product obtained is then extruded to make hollow tubes by passing them through specially 
designed holes in an extrusion machine. 

Even after performing all these steps rubber is not much stronger and harder to be used in various 
items like car tires and machinery.  

To enhance all these properties, sulphur is added to the rubber and it is heated at a temper
ranging 373 k to 415 k. This process is known as Vulcanization or 

linking agent and after vulcanization, rubber gets cross

 

cess is still not ready to be used. When it is cold it is very 

To remove the brittle nature and strong odour of the rubber, it is allowed to pass through the rollers 

This process is repeated based on the properties that are required for the rubber. In this process, 

mainly performed to provide shapes to rubber using rollers and 

The final product obtained is then extruded to make hollow tubes by passing them through specially 

Even after performing all these steps rubber is not much stronger and harder to be used in various 

To enhance all these properties, sulphur is added to the rubber and it is heated at a temperature 
or Compounding of 

linking agent and after vulcanization, rubber gets cross-linked and 



 

Properties 

Rubber exhibits unique physical and chemical properties. Rubber's stress

the Mullins effect and the Payne effect

Due to the presence of weakened

to vulcanisation as well as being sensitive to

The two main solvents for rubber are

easily, the material is finely divided by shredding

An ammonia solution can be used to prevent the

Rubber strain crystallizes and Rubber begins to melt at approximately 180

Elasticity 

On a microscopic scale, relaxed rubber is a disorganized clu
chains. In stretched rubber, the chains are almost linear. The restoring force is due to the 
preponderance of wrinkled conformations over more linear ones. 

Cooling below the glass transition temperature
reordering is practically impossible because of the larger energy barrier for the concerted movement 
of longer chains. 

Frozen rubber’s elasticity is low and
This caused the Challenger disaster, when the American
relax to fill a widening gap.   

The parallel chains of stretched rubber are susceptible to crystallization. This takes some time 
because turns of twisted chains have

Crystallization has occurred, for example, when, after days, an inflated toy balloon is found 
withered at a relatively large remaining volume. Where it is touched, it shrinks because the 
temperature of the hand is enough to melt the crystals.

Vulcanization of rubber creates di
of freedom and results in chains that tighten more quickly for a given strain, thereby increasing the 
elastic force constant and making the rubber harder and less extensible.
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Rubber exhibits unique physical and chemical properties. Rubber's stress–strain behavior exhibits 

Payne effect and is often modeled as hyperelastic.  

Due to the presence of weakened allylic C-H bonds in each repeat unit, natural rubber is susceptible 

as well as being sensitive to ozone cracking. 

for rubber are turpentine and naphtha (petroleum). Because rubber does not dissolve 

easily, the material is finely divided by shredding prior to its immersion. 

solution can be used to prevent the coagulation of raw latex. 

ubber begins to melt at approximately 180 °C (356 °F). 

On a microscopic scale, relaxed rubber is a disorganized cluster of erratically changing wrinkled 
chains. In stretched rubber, the chains are almost linear. The restoring force is due to the 
preponderance of wrinkled conformations over more linear ones.  

glass transition temperature permits local conformational changes but a 
reordering is practically impossible because of the larger energy barrier for the concerted movement 

Frozen rubber’s elasticity is low and strain results from small changes of bond lengths and angles. 
disaster, when the American Space Shuttle's flattened

The parallel chains of stretched rubber are susceptible to crystallization. This takes some time 
because turns of twisted chains have to move out of the way of the growing crystallites. 

Crystallization has occurred, for example, when, after days, an inflated toy balloon is found 
withered at a relatively large remaining volume. Where it is touched, it shrinks because the 

the hand is enough to melt the crystals. 

di- and polysulfide bonds between chains, which limits the
and results in chains that tighten more quickly for a given strain, thereby increasing the 
constant and making the rubber harder and less extensible. 

 

strain behavior exhibits 

unit, natural rubber is susceptible 

(petroleum). Because rubber does not dissolve 

ster of erratically changing wrinkled 
chains. In stretched rubber, the chains are almost linear. The restoring force is due to the 

conformational changes but a 
reordering is practically impossible because of the larger energy barrier for the concerted movement 

lengths and angles. 
Space Shuttle's flattened o-rings failed to 

The parallel chains of stretched rubber are susceptible to crystallization. This takes some time 
to move out of the way of the growing crystallites.  

Crystallization has occurred, for example, when, after days, an inflated toy balloon is found 
withered at a relatively large remaining volume. Where it is touched, it shrinks because the 

bonds between chains, which limits the degrees 
and results in chains that tighten more quickly for a given strain, thereby increasing the 
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Application-Uses 

Around 25 million tonnes of rubber are produced each year, of which 30 percent is natural and the 
remainder is synthetic rubber derived from petrochemical sources. 

Uncured rubber is used for cements for adhesive, insulating, and friction tapes. Crepe rubber used 
in insulating blankets and footwear.  

Vulcanized rubber has many more applications. Resistance to abrasion makes softer kinds of rubber 
valuable for the treads of vehicle tires and conveyor belts, and makes hard rubber valuable for pump 
housings and piping used in the handling of abrasive sludge. 

The flexibility of rubber is appealing in hoses, tires and rollers for devices ranging from domestic 
clothes wringers to printing presses.  

The elasticity makes it suitable for various kinds of shock absorbers and for specialized machinery 
mountings designed to reduce vibration.  

The relative gas impermeability makes it useful in the manufacture of articles such as air hoses, 
balloons, balls and cushions.  

The resistance of rubber to water and to the action of most fluid chemicals has led to its use in 
rainwear, diving wear, chemical and medicinal gloves, as a lining for storage tanks, processing 
equipment and railroad tank cars.  

Because of their electrical resistance, soft rubber goods are used as insulation and for protective 
gloves, shoes and blankets, 

Hard rubber is used for articles such as telephone housings, parts for radio sets, meters and other 
electrical instruments.  

The coefficient of friction of rubber, which is high on dry surfaces and low on wet surfaces, leads to 
its use for power-transmission belting and for water-lubricated bearings in deep-well pumps.  

Indian rubber balls or lacrosse balls are made of rubber. 

The top end of latex production results in latex products such as surgeons' gloves, condoms, 
balloons and other relatively high-value products.  

The mid-range which comes from the technically specified natural rubber materials ends up largely 
in tires but also in conveyor belts, marine products, windshield wipers and miscellaneous goods.  

Natural rubber offers good elasticity, while synthetic materials tend to offer better resistance to 
environmental factors such as oils, temperature, chemicals and ultraviolet light.  

Cured rubber is rubber that has been compounded and subjected to the vulcanisation process to 
create cross-links within the rubber matrix. 

   

 

 



 

Synthetic rubbers 

Synthetic rubbers are produced from petroleum and
1, 3 – butadiene derivatives or by copolymerization of 1, 3 
monomer. 

Buna-S 

Styrene-Butadiene rubber (SBR or Styrene
and butadiene monomers. The random copolymer has characteristics like natural rubber and 
contains. 

Styrene-butadiene or styrene-butadiene rubber
from styrene and butadiene (the version developed by
have good abrasion resistance and good aging stability when

In 2012, more than 5.4 million tonnes of SBR were processed worldwide.
car tires are made from various types of SBR. 

The styrene/butadiene ratio influences the properties of the polymer: with high styrene content, th
rubbers are harder and less rubbery.

SBR is not to be confused with the
although being derived from the same monomers.

Preparation 

A copolymer is a polymer consisting of two or more different mo
rubber is an important synthetic rubber. 

It is a copolymer made from about 25% styrene and 75% buta

5 

Synthetic rubbers are produced from petroleum and natural gas. It is obtained by polymerization of 
butadiene derivatives or by copolymerization of 1, 3 – butadiene along with uns

Butadiene rubber (SBR or Styrene-butadiene) is a synthetic rubber comprising of styrene 
and butadiene monomers. The random copolymer has characteristics like natural rubber and 

 

butadiene rubber (SBR) describe families of synthetic rubbers
(the version developed by Goodyear is called Neolite). These materials 

resistance and good aging stability when protected by additives. 

In 2012, more than 5.4 million tonnes of SBR were processed worldwide.
are made from various types of SBR.  

The styrene/butadiene ratio influences the properties of the polymer: with high styrene content, th
rubbers are harder and less rubbery. 

SBR is not to be confused with the thermoplastic elastomer, styrene-butadiene
although being derived from the same monomers. 

A copolymer is a polymer consisting of two or more different monomer units. Styrene
is an important synthetic rubber.  

It is a copolymer made from about 25% styrene and 75% buta-1,3-diene.  

. It is obtained by polymerization of 
butadiene along with unsaturated 

comprising of styrene 
and butadiene monomers. The random copolymer has characteristics like natural rubber and 

synthetic rubbers derived 
Neolite). These materials 

protected by additives.  

In 2012, more than 5.4 million tonnes of SBR were processed worldwide. About 50% of 

The styrene/butadiene ratio influences the properties of the polymer: with high styrene content, the 

butadiene block copolymer, 

nomer units. Styrene-butaidiene 

 



 

The products are formed by the 
monomers.. Butadiene and styrene are called as primary monomer. This is nothing but a type of 
addition polymerization commonly known as co

Properties 

 High abrasion resistance, high bearing capacity and resilience.

 Gets oxidized in the presence of 

 Used for manufacture of car tyres, floor tiles, shoe soles, adhesives, and wire & cable 
insulations. 

Applications 

 Buna-S is used for the manufacture of passenger car tyres and treads, motor cycle and 
scooter tyres, cycle tyres and tubes.

 They are also used for the manufacture of conveyor belts, foot
electrical insulation. 

 Latex (emulsion) SBR is extensively used in
to bind pigmented coatings.

 Buna-S is used for shoe heels and soles,
 Buna-S is also used in building applications, as a sealing and binding agent behind renders 

as an alternative to PVA, but is more expensive. 
 In the latter application, it of

flexibility, as well as being resistant to emulsification in damp conditions.
 Buna-S is often used as part of cement based substructural (basement

systems where as a liquid it is mixed 
powdered Tanking material to 

 Buna-S aids the bond strength, reduces the potential for shrinkage and adds an element of 
flexibility. 

 Buna-S is also used by speaker driver manufacturers as the m
Rubber Surrounds. 
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the copolymerization and show the specific properties of the 
Butadiene and styrene are called as primary monomer. This is nothing but a type of 

addition polymerization commonly known as co-polymerisation. 

High abrasion resistance, high bearing capacity and resilience. 

Gets oxidized in the presence of traces of ozone. Swells in oils and solvents.

Used for manufacture of car tyres, floor tiles, shoe soles, adhesives, and wire & cable 

is used for the manufacture of passenger car tyres and treads, motor cycle and 
res, cycle tyres and tubes. 

They are also used for the manufacture of conveyor belts, foot-wares, shoe soles, hoses and 

Latex (emulsion) SBR is extensively used in coated papers, being one of the cheapest resins 
coatings. 
shoe heels and soles, gaskets, and even chewing gum. 

is also used in building applications, as a sealing and binding agent behind renders 
PVA, but is more expensive.  

In the latter application, it offers better durability, reduced shrinkage and increased 
flexibility, as well as being resistant to emulsification in damp conditions.

is often used as part of cement based substructural (basement
systems where as a liquid it is mixed with water to form the Gauging solution for mixing the 
powdered Tanking material to slurry.  

aids the bond strength, reduces the potential for shrinkage and adds an element of 

is also used by speaker driver manufacturers as the material for Low Damping 

 

show the specific properties of the 
Butadiene and styrene are called as primary monomer. This is nothing but a type of 

traces of ozone. Swells in oils and solvents. 

Used for manufacture of car tyres, floor tiles, shoe soles, adhesives, and wire & cable 

is used for the manufacture of passenger car tyres and treads, motor cycle and 

wares, shoe soles, hoses and 

coated papers, being one of the cheapest resins 

 
is also used in building applications, as a sealing and binding agent behind renders 

fers better durability, reduced shrinkage and increased 
flexibility, as well as being resistant to emulsification in damp conditions. 

is often used as part of cement based substructural (basement) waterproofing 
with water to form the Gauging solution for mixing the 

aids the bond strength, reduces the potential for shrinkage and adds an element of 

aterial for Low Damping 
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Neoprene 

Neoprene, a synthetic rubber and a 
contains isoprene unit. 

Neoprene (also polychloroprene) is a family 
by polymerization of chloroprene.

Neoprene exhibits good chemical stability and maintains flexibility over a wide temperature range. 

Neoprene is sold either as solid rubber or in
such as laptop sleeves, orthopaedic
applied elastomeric membranes or flashings, and

Preparation 

Neoprene is produced by free-radical 
polymer is prepared by free radical emulsion polymerization. Polymerization is initiated 
using potassium persulfate. Bifunctional nucleophiles, metal oxides (e.g. zinc oxide), 
and thioureas are used to crosslink individual polymer strands
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rubber and a homopolymer of chloroprene, resembles natural rubber which 

 

polychloroprene) is a family of synthetic rubbers that are produced 
chloroprene.  

Neoprene exhibits good chemical stability and maintains flexibility over a wide temperature range. 

Neoprene is sold either as solid rubber or in latex form and is used in a wide variety of applications, 
orthopaedic braces (wrist, knee, etc.), electrical insulation, liquid and sheet

applied elastomeric membranes or flashings, and automotive fan belts. 

radical polymerization of chloroprene. In commercial production, this 
polymer is prepared by free radical emulsion polymerization. Polymerization is initiated 

potassium persulfate. Bifunctional nucleophiles, metal oxides (e.g. zinc oxide), 
used to crosslink individual polymer strands. 

of chloroprene, resembles natural rubber which 

that are produced 

Neoprene exhibits good chemical stability and maintains flexibility over a wide temperature range.  

iety of applications, 
electrical insulation, liquid and sheet-

chloroprene. In commercial production, this 
polymer is prepared by free radical emulsion polymerization. Polymerization is initiated 

potassium persulfate. Bifunctional nucleophiles, metal oxides (e.g. zinc oxide), 
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Properties 

Neoprene was originally intended to serve as an oil-resistant substitute for natural rubber, but since 
its invention neoprene’s other properties have enabled its use a rubber alternative in a wide range of 
applications. 

It’s a very heat resistant rubber. When compared with natural rubber, neoprene resists gas 
permeation more and can function in temperatures up to 275 degrees Fahrenheit (F). Even at such 
high temperatures, neoprene will not physically degrade, making it better suited to long-term use in 
high-temperature applications than natural rubber. When heat degradation does occur it does not 
manifest itself in the form of melting or stretching, as with many applications, but instead exhibits 
hardening. It’s also fire-resistant. 

Neoprene is also cold resistant. Even though it can function in high heat, neoprene also holds up 
down to -50 degrees Fahrenheit. When operating at temperatures below 0 degrees Fahrenheit, 
neoprene will however become increasingly stiff, becoming nonfunctional for most applications by 
the time it hits -50 degrees F. 

It works with other materials. Neoprene can be manipulated to bond mechanically with cotton and 
several types of metal, including stainless steel, aluminum, brass, and copper. A basic bonding 
agent aids in the process. In neoprene with specific additives, adhesion can be induced between 
neoprene and materials such as glass and acrylic. 

It’s resistant to outdoor conditions. Neoprene has a low oxidation rate, as well as high sun and ozone 
resistance. This allows it to last for long periods of time outdoors. 

It’s chemical resistant. Neoprene is chemically inert and valued for its ability to withstand 
petroleum-based mixtures, such as solvents, oils, and greases. Additionally, it can 
withstand methyl and ethyl alcohols as well as alkalines, mineral acids, and some salt solutions. 

Applications 

Neoprene can be found across a range of industries because of its various useful traits. Its 
applications include: 

Industrial uses. Chemical inertness makes corrosion-resistant coatings and as a base for various 
adhesives. Neoprene is also used in sealing gaskets, in electricity, due to its heat and static 
resistance. 

Electrical and electronic uses. Neoprene is commonly used in power transformers, light bulbs, 
wires, and other electrical applications as an insulator. It is also used as a protector for electronics 
such as laptops for the same reason, as well as its cushioning abilities. 

Safety equipment uses.  Neoprene is in gloves and other protective wear. Neoprene’s oil, chemical, 
and water resistance provide additional protection. 

Marine uses. As a result of neoprene’s water and thermal resistance properties, it is also used in wet-
suits and diving-suits 

Automotive uses. Neoprene can be used to make automotive parts, as it is abrasion, tear, solvent, 
oil, and weather-resistant, as well as heat and fireproof. It can be found in window and door seals, 
hose covers, belts, vibration mounts, and shock absorber seals. 

Medical uses. Thanks to neoprene’s flexibility, wearability, and ability to keep its shape over time, 
it is used to make supports and braces, including wrist, knee, and elbow supports. 
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Packaging uses. Because neoprene is a soft rubber by nature, it is also a useful source of padding 
and reinforcement for certain fragile applications. 

Construction uses. Thanks to its weather, temperature, and compression resistance, neoprene is 
used in washers, bridge bearing pads, elevator astragals, and other construction materials. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Silicone rubber 

Silicone rubber is an elastomer 
containing silicon together with carbon,

Silicone rubbers are widely used in industry, and there are multiple formulations. Silicone rubbers 
are often one- or two-part polymers, and may contain fillers to improve properties or reduce cost. 

Silicone rubber is generally non
temperatures from −55 to 300 °C (

Preparation 

Generally silicones are prepared by the hydrolysis of dialkyldichlorosilanes (R
diaryldichlorosilanes Ar2SiCl2, which are prepared by passing vapours of RCl or ArCl over silicon 
at 570 K with copper as a catalyst

The hydrolysis of dialkylchloro silanes R
from both the sides 
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 (rubber-like material) composed of silicone—
carbon, hydrogen, and oxygen.  

 

Silicone rubbers are widely used in industry, and there are multiple formulations. Silicone rubbers 
part polymers, and may contain fillers to improve properties or reduce cost. 

Silicone rubber is generally non-reactive, stable, and resistant to extreme environments and 
°C (−67 to 572 °F) while still maintaining its useful properties.

Generally silicones are prepared by the hydrolysis of dialkyldichlorosilanes (R
, which are prepared by passing vapours of RCl or ArCl over silicon 

at 570 K with copper as a catalyst. 

 

The hydrolysis of dialkylchloro silanes R2SiCl2 yields to a straight chain polymer which grown 

—itself a polymer—

Silicone rubbers are widely used in industry, and there are multiple formulations. Silicone rubbers 
part polymers, and may contain fillers to improve properties or reduce cost.  

esistant to extreme environments and 
°F) while still maintaining its useful properties. 

Generally silicones are prepared by the hydrolysis of dialkyldichlorosilanes (R2SiCl2) or 
, which are prepared by passing vapours of RCl or ArCl over silicon 

yields to a straight chain polymer which grown 

 

 



 

Vulcanization 

Properties 

The extent of cross linking and nature of alkyl group determine the nature of polymer. 

They range from oily liquids to rubber like solids. 

All silicones are water repellent. This property arises due to the presence of organic side groups that 

surrounds the silicon which makes the molecule looks like an alkane. 

They are also thermal and electrical insulators. Chemically they are inert. Lower 

liquids whereas higher silicones with long chain structure are waxy solids. 

The viscosity of silicon oil remains constant and doesn’t change with temperature and they don't 

thicken during winter. 

Applications 

Silicone rubber and its ease of manufacturing and shaping, silicone rubber can be found in a wide 
variety of products including voltage line insulators, automotive applications; cooking, baking, and 
food storage products; apparel such as undergarments, sportswear, and footwear; elec
medical devices and implants; and in home repair and hardware with products such as silicone 
sealants. 

Silicone rubber is used in automotive applications, many cooking, baking, and food storage 

products, apparel including undergarments, sportswear

and hardware, and a host of unseen applications.

Liquid silicone rubber is also manufactured for

for dispensing system, gaskets for flow regulator, 

brush, make-up packaging, make-

Silicone rubber used as optics products 

form lenses. 

Freeze-tolerant solar water-heating panels exploit the elasticity of silicone to repeatedly 

accommodate the expansion of water on freezing
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The extent of cross linking and nature of alkyl group determine the nature of polymer. 

They range from oily liquids to rubber like solids.  

All silicones are water repellent. This property arises due to the presence of organic side groups that 

surrounds the silicon which makes the molecule looks like an alkane.  

They are also thermal and electrical insulators. Chemically they are inert. Lower 

liquids whereas higher silicones with long chain structure are waxy solids.  

The viscosity of silicon oil remains constant and doesn’t change with temperature and they don't 

e of manufacturing and shaping, silicone rubber can be found in a wide 
variety of products including voltage line insulators, automotive applications; cooking, baking, and 
food storage products; apparel such as undergarments, sportswear, and footwear; elec
medical devices and implants; and in home repair and hardware with products such as silicone 

Silicone rubber is used in automotive applications, many cooking, baking, and food storage 

products, apparel including undergarments, sportswear, and footwear, electronics, to home repair 

and hardware, and a host of unseen applications. 

Liquid silicone rubber is also manufactured for life science applications as syringe pistons, closure 

for dispensing system, gaskets for flow regulator, respiratory masks, cosmetic products

-up applicator, lipstick moulds  

optics products such as circular lens, collimators, Fresnel lenses

heating panels exploit the elasticity of silicone to repeatedly 

accommodate the expansion of water on freezing. 

 

The extent of cross linking and nature of alkyl group determine the nature of polymer.  

All silicones are water repellent. This property arises due to the presence of organic side groups that 

They are also thermal and electrical insulators. Chemically they are inert. Lower silicones are oily 

The viscosity of silicon oil remains constant and doesn’t change with temperature and they don't 

e of manufacturing and shaping, silicone rubber can be found in a wide 
variety of products including voltage line insulators, automotive applications; cooking, baking, and 
food storage products; apparel such as undergarments, sportswear, and footwear; electronics; 
medical devices and implants; and in home repair and hardware with products such as silicone 

Silicone rubber is used in automotive applications, many cooking, baking, and food storage 

, and footwear, electronics, to home repair 

syringe pistons, closure 

respiratory masks, cosmetic products, Mascara 

Fresnel lenses and free 

heating panels exploit the elasticity of silicone to repeatedly 
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Conducting Polymers  

Poly sulphur nitriles 

Polythiazyl (polymeric sulfur nitride

polymer with metallic luster.  

It was the first conductive 

a superconductor at very low temperatures (below 0.26 K). It is a fibrous solid, described a

"lustrous golden on the faces and dark blue

air stable and insoluble in all solvents

Preparation 

Polythiazyl is synthesized by the

turn synthesized from the cyclic alternating

cyclic tetramer to dimer is catalysed

S4N

S4N4 (w/ Ag2S catalyst) 

S2N2 (@ 0°C, sublimes to surface) 

Structure and bonding 

The material is a polymer. The S and N atoms on adjacent chains align.

structures can be written.  

14 

nitride), (SN)x, is an electrically conductive, gold-

 inorganic polymer discovered and was also found to be 

at very low temperatures (below 0.26 K). It is a fibrous solid, described a

"lustrous golden on the faces and dark blue-black", depending on the orientation of the sample. It is 

air stable and insoluble in all solvents. 

Polythiazyl is synthesized by the polymerization of the dimer disulfur dinitride (S

turn synthesized from the cyclic alternating tetramer tetrasulfur tetranitride (S4N4

catalysed with hot silver wool.  

N4 + 8 Ag → 4 Ag2S + 2 N2 

S catalyst) → 2 S2N2 (w/ 77K cold finger) 

(@ 0°C, sublimes to surface) → thermal polymerization → (SN)

The material is a polymer. The S and N atoms on adjacent chains align.

- or bronze-colored 

 

and was also found to be 

at very low temperatures (below 0.26 K). It is a fibrous solid, described as 

black", depending on the orientation of the sample. It is 

 

(S2N2), which is in 

4). Conversion from 

(w/ 77K cold finger) → S2N2 

→ thermal polymerization → (SN)x 

The material is a polymer. The S and N atoms on adjacent chains align. Several resonance 
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The structure of the crystalline compound was resolved by X-ray diffraction. This showed 

alternating SN bond lengths of 159 pm and 163 pm and SNS bond angles of 120 °C and NSN bond 

angles of 106 °C. 

Properties 

The compound was first reported as early as 1910 by F.P. Burt, who obtained it by 

heating tetrasulfur tetranitride in vacuum over silver wool. 

The compound was the first non-metallic compound in which superconductivity could be 

demonstrated. However, the relatively low transition temperature at about 0.3 K makes a practical 

application unlikely. 

Polythiazyl is a metallic-golden and shiny, crystalline but fibrous material. The polymer is mostly 

inert to oxygen and water, but decomposes in air to a grey powder. At temperatures above 240 °C 

explosive decomposition can occur. The compound also explodes on impact.  

Polythiazyl shows an anisotropic electrical conductivity. Along the fibres or SN chains, the bond is 

electrically conductive, perpendicular to it acts as an insulator. The one-dimensional conductivity is 

based on the bonding conditions in the S-N chain, where each sulfur atom provides two π electrons 

and each nitrogen atom provides one π electron to form two-center 3π electron bonding units.  

Two polymorphic crystal forms were observed in the compound. The monoclinic form I obtained 

from the synthesis can be converted into an orthorhombic form II by mechanical treatment such as 

grinding. 

Applications 

Due to its electrical conductivity, polythiazyl is used in LEDs, transistors, battery cathodes, 

and solar cells. 

 

 

 

 

 

 

 



 

Poly Phenylene 

Poly-p-Phenylene (PPP) is made of repeating

a conducting polymer of the rigid-

Early efforts typically produced black, insoluble powders that were difficult to characterize. For 

example, a 1962 paper reports "The solid glowed red

flame formation, and disappeared only slowly."

the non-conductive form to a semiconductor.

Preparation 

The synthesis of Poly-p-Phenylene

excess polycondensation with the Suzuki coupling method. 

Initially, the chemical and thermal stability of the material drove interest in its synthesis. It was 

used in rocket nozzles and some fabri

Properties 

Historically these compounds were among first conducting polymers synthesized and they remain 

the best understood with respect to their structural ordering. 

Specific examples of these polymers are include polyacetylene (PA), poly(

(PPV), poly(p-phenylene) (PPP), polythiophene (PT) and polypyrrole (PPy).

The majority of these compounds exhibit crystalline phases which adopt a herringbone equatorial 

packing within an orthorhombic or monoclinic unit cell as shown in Fig. 

Hence there are two polymer chains per projected two

with p2gg symmetry. 
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) is made of repeating p-phenylene units, which act as the precursor to 

-rod polymer family.  

 

Early efforts typically produced black, insoluble powders that were difficult to characterize. For 

example, a 1962 paper reports "The solid glowed red-hot in a Bunsen flame, with no evidence of 

flame formation, and disappeared only slowly."  Oxidation or the use of dopants

semiconductor. 

Phenylene has proven challenging, but has been accomplished through 

excess polycondensation with the Suzuki coupling method.  

Initially, the chemical and thermal stability of the material drove interest in its synthesis. It was 

used in rocket nozzles and some fabrics requiring high thermal stability. 

Historically these compounds were among first conducting polymers synthesized and they remain 

the best understood with respect to their structural ordering.  

Specific examples of these polymers are include polyacetylene (PA), poly(p-phenylene vinylene) 

phenylene) (PPP), polythiophene (PT) and polypyrrole (PPy). 

The majority of these compounds exhibit crystalline phases which adopt a herringbone equatorial 

packing within an orthorhombic or monoclinic unit cell as shown in Fig.  

Hence there are two polymer chains per projected two-dimensional equatorial unit cell 

units, which act as the precursor to 

Early efforts typically produced black, insoluble powders that were difficult to characterize. For 

hot in a Bunsen flame, with no evidence of 

dopants is used to convert 

has proven challenging, but has been accomplished through 

Initially, the chemical and thermal stability of the material drove interest in its synthesis. It was 

 

Historically these compounds were among first conducting polymers synthesized and they remain 

phenylene vinylene) 

The majority of these compounds exhibit crystalline phases which adopt a herringbone equatorial 

dimensional equatorial unit cell 



 

This is a packing motif common to many conventional linear polymers such as polyethylene and 

polypropylene. 

For some conducting polymers the net crystallinity can be quite large and values exceeding 80% 

have been reported.  

Coherence lengths, i.e. the distances over which Bragg periodicity is maintained, are rather modest 

with typical values ranging from 50Å to 200Å

In addition to these characteristics there can be pronounced fluctuations in the axial chain to chain 

rigidity.  

Applications 

Poly-p-Phenylene and its exceptional mechanical, chemical, thermal and electrical properties make 

SRP an excellent choice for many very demanding

components, high performance bushings, bearings, valves, valve 
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a packing motif common to many conventional linear polymers such as polyethylene and 

For some conducting polymers the net crystallinity can be quite large and values exceeding 80% 

lengths, i.e. the distances over which Bragg periodicity is maintained, are rather modest 

with typical values ranging from 50Å to 200Å. 

In addition to these characteristics there can be pronounced fluctuations in the axial chain to chain 

and its exceptional mechanical, chemical, thermal and electrical properties make 

SRP an excellent choice for many very demanding applications including semiconductor 

components, high performance bushings, bearings, valves, valve seats, and aircraft substructures.

 

 

a packing motif common to many conventional linear polymers such as polyethylene and 

For some conducting polymers the net crystallinity can be quite large and values exceeding 80% 

lengths, i.e. the distances over which Bragg periodicity is maintained, are rather modest 

In addition to these characteristics there can be pronounced fluctuations in the axial chain to chain 

and its exceptional mechanical, chemical, thermal and electrical properties make 

including semiconductor 

seats, and aircraft substructures. 

 



 

Polypyrrole 

Polypyrrole (PPy) is an organic polymer obtained by oxidative polymerization of

solid with the formula H(C4H2NH)

optical, biological and medical fields

Some of the first examples of PPy were reported in 1919

pyrrole magnesium bromide. Since then pyrrole oxidation reaction has been studied and reported in 

scientific literature. 

Work on conductive polymers including polypyrrole

Prize in Chemistry in 2000 to Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa

Preparation 

Different methods can be used to synthesize PPy, but 

synthesis and chemical oxidation.

Chemical oxidation of pyrrole that includes the following as 

nC4H2NH + 2n FeCl

The process is thought to occur via the formation of the pi

This electrophile attacks the C-2 carbon of an unoxidized molecule of pyrrole to give a dimeric 

cation [(C4H4NH)2]++. The process repeats itself many times.

Conductive forms of PPy are prepared by oxidation ("p

(C4H2

The polymerization and p-doping can also be effected electrochemically. The resulting conductive 

polymers are peeled off of the anode.
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) is an organic polymer obtained by oxidative polymerization of

NH)nH. It is an intrinsically conducting polymer, used in 

optical, biological and medical fields. 

 

Some of the first examples of PPy were reported in 1919. The formation of pyrrole blacks from 

pyrrole magnesium bromide. Since then pyrrole oxidation reaction has been studied and reported in 

Work on conductive polymers including polypyrrole and polyacetylene was awarded the

in 2000 to Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa

Different methods can be used to synthesize PPy, but the most common are electrochemical 

synthesis and chemical oxidation. 

that includes the following as  

NH + 2n FeCl3 → (C4H2NH)n + 2n FeCl2 + 2n HCl

The process is thought to occur via the formation of the pi-radical cation C4H4NH

2 carbon of an unoxidized molecule of pyrrole to give a dimeric 

. The process repeats itself many times. 

Conductive forms of PPy are prepared by oxidation ("p-doping") of the polymer: 

2NH)n + 0.2 X → [(C4H2NH)nX0.2] 

doping can also be effected electrochemically. The resulting conductive 

polymers are peeled off of the anode.  

) is an organic polymer obtained by oxidative polymerization of pyrrole. It is a 

, used in electronics, 

he formation of pyrrole blacks from 

pyrrole magnesium bromide. Since then pyrrole oxidation reaction has been studied and reported in 

was awarded the Nobel 

in 2000 to Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa. 

the most common are electrochemical 

+ 2n HCl 

NH+.  

2 carbon of an unoxidized molecule of pyrrole to give a dimeric 

 

doping can also be effected electrochemically. The resulting conductive 
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Cyclic voltammetry and chronocoulometry methods can also be used for electrochemical synthesis 

of polypyrrole. 

Properties 

Films of PPy are yellow but darken in air due to some oxidation.  

Doped films are blue or black depending on the degree of polymerization and film thickness.  

They are amorphous, showing only weak diffraction. PPy is described as "quasi-unidimensional" vs 

one-dimensional since there is some crosslinking and chain hopping.  

Undoped and doped films are insoluble in solvents but swellable.  

Doping makes the materials brittle. They are stable in air up to 150 °C at which temperature the 

dopant starts to evolve (e.g., as HCl). 

PPy is an insulator, but its oxidized derivatives are good electrical conductors.  

The conductivity of the material depends on the conditions and reagents used in the oxidation. 

Conductivities range from 2 to 100 S/cm.  

Higher conductivities are associated with larger anions, such as tosylate.  

Doping the polymer requires that the material swell to accommodate the charge-compensating 

anions.  

The physical changes associated with this charging and discharging have been discussed as a form 

of artificial muscle.  

The surface of polypyrrole films present fractal properties and ionic diffusion through them 

show anomalous diffusion pattern. 

Applications 

PPy and related conductive polymers have two main applications in electronic devices and for 

chemical sensors. 

 



 

Poly Acetylene 

Polyacetylene or Polyethyne usually refers to an

The name refers to its conceptual construction from

with repeating olefin groups.  

This compound is conceptually important, as the discovery of polyacetylene and its 

high conductivity upon doping helped to la

The high electrical conductivity discovered for this polymer led to intense interest in the use of 

organic compounds in microelectronics

Preparation 

A variety of methods have been 

other monomers. One of the most common methods uses a

as Ti(OiPr)4/Al(C2H5)3, with gaseous acetylene. 

This method allows control over the structure and propertie

temperature and catalyst loading.

metal insertion into the triple bond of the monomer. 
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usually refers to an organic polymer with the repeating unit 

The name refers to its conceptual construction from polymerization of acetylene

 

This compound is conceptually important, as the discovery of polyacetylene and its 

helped to launch the field of organic conductive polymers. 

The high electrical conductivity discovered for this polymer led to intense interest in the use of 

microelectronics (organic semiconductors).  

A variety of methods have been developed to synthesize polyacetylene, from pure acetylene and 

other monomers. One of the most common methods uses a Ziegler–Natta catalyst, such 

, with gaseous acetylene.  

This method allows control over the structure and properties of the final polymer by varying 

temperature and catalyst loading. Mechanistic studies suggest that this polymerization involves 

metal insertion into the triple bond of the monomer.  

with the repeating unit (C2H2)n. 

acetylene to give a chain 

This compound is conceptually important, as the discovery of polyacetylene and its 

conductive polymers.  

The high electrical conductivity discovered for this polymer led to intense interest in the use of 

developed to synthesize polyacetylene, from pure acetylene and 

Natta catalyst, such 

 

s of the final polymer by varying 

Mechanistic studies suggest that this polymerization involves 
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When the synthesis is performed below −78 °C, the cis form predominates, while above 150 °C 

the Trans form is favored. At room temperature, the polymerization yields a ratio of 60:40 Cis:Trans. 

Properties 

The structure of polyacetylene films have been examined by both infrared and Raman spectroscopy, 

and found that structure depends on synthetic conditions.  

Films containing the Cis- form appear coppery, while the Trans- form is silvery. 

Films of cis-polyacetylene are very flexible and can be readily stretched, while trans-polyacetylene is 

much more brittle. 

The synthesis and processing of polyacetylene films affects the properties. Increasing the catalyst 

ratio creates thicker films with a greater draw ratio, allowing them to be stretched further Lower 

catalyst loadings leads to the formation of dark red gels. 

Polyacetylene has a bulk density of 0.4 g/cm3, while density of the foam is significantly lower, at 

0.02–0.04 g/cm3. 

The insolubility of polyacetylene makes it difficult to characterize this material and to determine the 

extent of cross-linking in the material. 

When polyacetylene is exposed to air, oxidation of the backbone by O2 occurs. Exposure to air 

causes a large decrease in the flexibility and conductivity, while coating with glass increases 

stability indefinitely. 

Applications 

Polyacetylene has no commercial applications, although the discovery of polyacetylene as a 

conductive organic polymer led to many developments in materials science. Conducting polymers 

are of interest for solution-processing for film-forming conductive polymers.  
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UNIT–IV   Molecular weight determination

Number average molecular weight 

Molecular Weight of Polymers

Molecular weight of polymers is very important because the physical properties of macromolecules 

are affected by their molecular weight. 

Number average of molecular weight (M

Number average of molecular weight is measured to determine number of particles

average of molecular weight is the total weight of polymer

molecules. The number average molecular weight (M

Where Mi is molecular weight of a molecule of oligomer n, and N

molecular weight. 

Example 

Consider a polymer sample comprising of 5 moles of polymer molecules having molecular weight 

of 40.000 g/mol and 15 moles of polymer molecules having molecular weight of 30.000 g/mol.

Solution 

 

 

- POLYMER CHEMISTRY

Molecular weight determination 

molecular weight determination 

Molecular Weight of Polymers 

olecular weight of polymers is very important because the physical properties of macromolecules 

are affected by their molecular weight.  

Number average of molecular weight (Mn) 

Number average of molecular weight is measured to determine number of particles

average of molecular weight is the total weight of polymer is divided by the number of polymer 

molecules. The number average molecular weight (Mn) is given by the equation. 

is molecular weight of a molecule of oligomer n, and Ni is number of molecules of that 

 

Consider a polymer sample comprising of 5 moles of polymer molecules having molecular weight 

of 40.000 g/mol and 15 moles of polymer molecules having molecular weight of 30.000 g/mol.

 

 

POLYMER CHEMISTRY 

olecular weight of polymers is very important because the physical properties of macromolecules 

Number average of molecular weight is measured to determine number of particles. Number 

divided by the number of polymer 

 

of molecules of that 

Consider a polymer sample comprising of 5 moles of polymer molecules having molecular weight 

of 40.000 g/mol and 15 moles of polymer molecules having molecular weight of 30.000 g/mol. 
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Weight average of molecular weight (M

Weight average of molecular weight (M

MW defined as in the equation, where M

molecules of that molecular weigh

Example 

Consider a polymer sample comprising of 5 moles of polymer molecules having molecular weight 

of 40.000 g/mol and 15 moles of polymer molecules having molecular weight of 30.000 g/mol.

Solution 

Problem 

Calculate the MW for a polymer sample 

molecular weight of 30.000 g/mol and 5 moles of polymer molecules having molecular weight of 

50.000 g/mol. 

Solution 
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Weight average of molecular weight (MW) 

Weight average of molecular weight (MW) is measured to determine the mass of particles. 

where Mi is molecular weight of oligomer n, and N

molecules of that molecular weight. 

 

Consider a polymer sample comprising of 5 moles of polymer molecules having molecular weight 

of 40.000 g/mol and 15 moles of polymer molecules having molecular weight of 30.000 g/mol.

 

for a polymer sample comprising of 9 moles of polymer molecules having 

molecular weight of 30.000 g/mol and 5 moles of polymer molecules having molecular weight of 

POLYMER CHEMISTRY 

) is measured to determine the mass of particles. 

is molecular weight of oligomer n, and Ni is number of 

Consider a polymer sample comprising of 5 moles of polymer molecules having molecular weight 

of 40.000 g/mol and 15 moles of polymer molecules having molecular weight of 30.000 g/mol. 

 

comprising of 9 moles of polymer molecules having 

molecular weight of 30.000 g/mol and 5 moles of polymer molecules having molecular weight of 

 



3 UCHE53 -

 

Osmotic Pressure Method 

Osmometry is applied to determine number average of 

of osmometer. 

1. Vapor pressure osmometry (VPO).

2. Membrane osmometry (MO)

Vapor pressure osmometry measures vapor pressure indirectly by measuring the change in 

temperature of a polymer solution on dilution by solvent vapor and is generally useful for polymers 

with Mn below 10,000–40,000 g/mol. 

When molecular weight is more than that limit, the quanti

detect. A typical vapor osmometry shows in the Figure

Vapor pressure in osmometry is very sensitive

by using thermistors to measure voltage changes caused by 

Membrane osmometry is absolute technique to determine M

separated from the polymer solution with semipermeable membrane that is strongly held between 

the two chambers.  

- POLYMER CHEMISTRY

Osmometry is applied to determine number average of molecular weight (Mn). There are two types 

Vapor pressure osmometry (VPO). 

(MO). 

measures vapor pressure indirectly by measuring the change in 

temperature of a polymer solution on dilution by solvent vapor and is generally useful for polymers 

40,000 g/mol.  

When molecular weight is more than that limit, the quantity being measured becomes very small to 

detect. A typical vapor osmometry shows in the Figure. 

osmometry is very sensitive, and because of this reason it is measured indirectly 

by using thermistors to measure voltage changes caused by changes in temperature.

is absolute technique to determine Mn is shown in Fig. 

separated from the polymer solution with semipermeable membrane that is strongly held between 

 

 

POLYMER CHEMISTRY 

). There are two types 

measures vapor pressure indirectly by measuring the change in 

temperature of a polymer solution on dilution by solvent vapor and is generally useful for polymers 

ty being measured becomes very small to 

 

because of this reason it is measured indirectly 

changes in temperature. 

is shown in Fig. The solvent is 

separated from the polymer solution with semipermeable membrane that is strongly held between 
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One chamber is sealed by a valve with a transducer attached to a thin stainless steel diaphragm 

which permits the measurement of pressure in the chamber continuously.  

Membrane osmometry is useful to determine Mn about 20,000-30,000 g/mol and less than 500,000 

g/mol.  

When Number average of molecular weight (Mn) of polymer sample more than 500,000 g/mol, then 

the osmotic pressure of polymer solution becomes very small to measure absolute number average 

of molecular weight.  

The advantage of this method is that it doesn’t require calibration and it gives an absolute value of 

Number average of molecular weight Mn for polymer samples. 

In this method, there are problems with membrane leakage and symmetry.  
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Viscosity Method 

Viscosity average molecular weight (M

One of the ways to measure the average molecular weight of polymers is viscosity of solution. 

Viscosity of a polymer depends on concentration and molecular weight of polymers. 

Viscosity techniques are common since it is experimentally simple. Viscosity average molecular 

weight defines as Mv is equal to as in the equation

Where Mi is molecular weight and 

polymer-solvent in the viscosity experiments. 

When a is equal 1, Mv is equal to the weight average molecular weight, if it isn’t equal 1 it is 

between weight average molecular weight and the number average molecular weig

Distribution of molecular weight 

Molecular weight distribution is one of the important characteristic of polymer because it affects 

polymer properties. Molecular weight

The Schematic plot of the various 

average molecular weights. 

There are various molecular weights in the range of curve. The distribution of sizes in a polymer 

sample isn't totally defined by its central tendency. The wid

known. 

The equality is occurring when all polymer in the sample have the same molecular weight.

 
 

 

 

- POLYMER CHEMISTRY

Viscosity average molecular weight (MV) 

One of the ways to measure the average molecular weight of polymers is viscosity of solution. 

Viscosity of a polymer depends on concentration and molecular weight of polymers. 

techniques are common since it is experimentally simple. Viscosity average molecular 

is equal to as in the equation 

 

is molecular weight and Ni is number of molecules, a is a constant which depend on the 

solvent in the viscosity experiments.  

is equal to the weight average molecular weight, if it isn’t equal 1 it is 

between weight average molecular weight and the number average molecular weig

Molecular weight distribution is one of the important characteristic of polymer because it affects 

weights distribution of polymers as show in the Graph.

various distribution of molecular weights, and the ranking of the various 

 

 

There are various molecular weights in the range of curve. The distribution of sizes in a polymer 

sample isn't totally defined by its central tendency. The width and shape of distribution must be 

The equality is occurring when all polymer in the sample have the same molecular weight.

POLYMER CHEMISTRY 

One of the ways to measure the average molecular weight of polymers is viscosity of solution. 

Viscosity of a polymer depends on concentration and molecular weight of polymers.  

techniques are common since it is experimentally simple. Viscosity average molecular 

is a constant which depend on the 

is equal to the weight average molecular weight, if it isn’t equal 1 it is 

between weight average molecular weight and the number average molecular weight. 

Molecular weight distribution is one of the important characteristic of polymer because it affects 

the Graph. 

the ranking of the various 

There are various molecular weights in the range of curve. The distribution of sizes in a polymer 

th and shape of distribution must be 

The equality is occurring when all polymer in the sample have the same molecular weight. 
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Light scattering Method  

One of the most used methods to characterize the molecular weight is light scattering method. 

When polarizable particles are placed in the oscillating electric field of a beam of light, the light 

scattering occurs.  

Light scattering method depends on the l

is measure by loses energy because of absorption, conversion to heat and scattering. 

The intensity of scattered light relies on the concentration, size and polarizability that are 

proportionality constant which depends on the molecular weight.

particle in solution. 

Modes of scattering of light in solution

A schematic laser light-scattering is shown in Figure

Schematic representation of light scattering

- POLYMER CHEMISTRY

One of the most used methods to characterize the molecular weight is light scattering method. 

When polarizable particles are placed in the oscillating electric field of a beam of light, the light 

Light scattering method depends on the light, when the light is passing through polymer solution, it 

is measure by loses energy because of absorption, conversion to heat and scattering. 

The intensity of scattered light relies on the concentration, size and polarizability that are 

y constant which depends on the molecular weight. Figure shows light scattering off a 

Modes of scattering of light in solution 

scattering is shown in Figure 

Schematic representation of light scattering 

 

 

POLYMER CHEMISTRY 

One of the most used methods to characterize the molecular weight is light scattering method. 

When polarizable particles are placed in the oscillating electric field of a beam of light, the light 

ight, when the light is passing through polymer solution, it 

is measure by loses energy because of absorption, conversion to heat and scattering.  

The intensity of scattered light relies on the concentration, size and polarizability that are 

shows light scattering off a 
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A major problem of light scattering is to prepare perfectly clear solutions. This problem is usually 

accomplished by ultra-centrifugation. A solution should be as possible as clear and dust free to 

determine absolute molecular weight of polymer. 

The advantages of this method, it doesn’t need calibration to obtain absolute molecular weight and 

it can give information about shape and M

amount of sample and absolute determinations of the molecular weig

The weaknesses of the method are

solutions. 

The weight average molecular weight value of scattering polymers in solution related to their light 

scattering properties that define by

Where K is the wave vector, that defined by

C is solution concentration, R(θ) is the reduced Rayleigh ratio, P(θ) the particle scattering function, 

θ is the scattering angle, A is the osmotic virial coefficients, where n

light wavelength and Na Avagadro’s number. 

The particle scattering function is given by

Where the value Rz is the radius of gyration.

Weight average molecular weight of a polymer is found from extrapolation of data in the form of

Zimm plot 

A typical Zimm plot of light scattering data

Experiments are performed at several angles and at least at 4 different concentrations. The straight 

line extrapolations provide Mw. 

 

- POLYMER CHEMISTRY

A major problem of light scattering is to prepare perfectly clear solutions. This problem is usually 

centrifugation. A solution should be as possible as clear and dust free to 

determine absolute molecular weight of polymer.  

tages of this method, it doesn’t need calibration to obtain absolute molecular weight and 

it can give information about shape and Mw information. Also, it can be performed rapidly with less 

amount of sample and absolute determinations of the molecular weight can be measured. 

weaknesses of the method are high price and most times it requires difficult clarification of the 

The weight average molecular weight value of scattering polymers in solution related to their light 

that define by 

here K is the wave vector, that defined by 

 

C is solution concentration, R(θ) is the reduced Rayleigh ratio, P(θ) the particle scattering function, 

θ is the scattering angle, A is the osmotic virial coefficients, where n0 solvent refractive index, λ the 

Avagadro’s number.  

The particle scattering function is given by 

 

is the radius of gyration. 

Weight average molecular weight of a polymer is found from extrapolation of data in the form of
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Experiments are performed at several angles and at least at 4 different concentrations. The straight 
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UNIT–V   Inorganic polymers  

Introduction  

An inorganic polymer is a polymer with a skeletal structure that does not include carbon atoms in 

the backbone. Polymers containing inorganic and organic components are sometimes called hybrid 

polymers, and most so-called inorganic polymers are hybrid polymers.  

One of the best known examples is polydimethylsiloxane, otherwise known commonly as silicone 

rubber. Inorganic polymers offer some properties not found in organic materials including low-

temperature flexibility, electrical conductivity, and nonflammability.  

The term inorganic polymer refers generally to one-dimensional polymers, rather than to heavily 

crosslinked materials such as silicate minerals.  

Inorganic polymers with tunable or responsive properties are sometimes called smart inorganic 

polymers.  

A special class of inorganic polymers is geopolymers, which may be anthropogenic or naturally 

occurring. 

General Properties  

Traditionally, the area of inorganic polymers focuses on materials in which the backbone is 

composed exclusively of main-group elements. They are of two types as 

 1. Homochain polymers 

 2. Heterochain polymers 

Homochain Polymers 

Homochain polymers have only one kind of atom that connected together as catenation in the main 

chain. One member is polymeric sulfur, which forms reversibly upon melting any of the cyclic 

allotropes, such as S8.  

Organic polysulfides and polysulfanes feature short chains of sulfur atoms, capped respectively 

with alkyl and H.  

Elemental tellurium and the gray allotrope of elemental selenium also are polymers, although they 

are not processable. 

Polymeric forms of the group IV elements are well known. The premier materials are polysilanes, 

which are analogous to polyethylene and related organic polymers. They are more fragile than the 

organic analogues and, because of the longer Si–Si bonds, carry larger substituents.  

Poly(dimethylsilane) is prepared by reduction of dimethyldichlorosilane. Pyrolysis of 

poly(dimethylsilane) gives SiC fibers. 

Heavier analogues of polysilanes are also known to some extent. These include polygermanes, 

(R2Ge)n, and polystannanes, (R2Sn)n. 

 

 



2 UCHE53 - POLYMER CHEMISTRY 

 

 

Heterochain Polymers 

Si-Based 

Heterochain polymers have more than one type of atom in the main chain. Typically two types of 

atoms alternate along the main chain.  

Of great commercial interest are the polysiloxanes, where the main chain features Si and O centers 

are linked together by heterocatenation as Si and O atoms are alternately arranged in bonding in the 

polymer chain −Si−O−Si−O−.  

Each Si center has allowed having two to three substituents, usually methyl or phenyl. Examples 

include polydimethylsiloxane (PDMS, (Me2SiO)n), polymethylhydrosiloxane (PMHS (MeSi(H)O)n) 

and polydiphenylsiloxane (Ph2SiO)n).  

Related to the siloxanes are the polysilazanes. These materials have the backbone formula 

−Si−N−Si−N−.  

One example is perhydridopolysilazane PHPS. Such materials are of academic interest. 

P-Based 

The well studied inorganic polymers are the polyphosphazenes. They feature the backbone 

−P−N−P−N− as P and N heterocatenation. With two substituents on phosphorus, they are structurally 

similar related to the polysiloxanes.  

Such materials are generated by ring-opening polymerization of hexachlorophosphazene followed 

by substitution of the P−Cl groups by alkoxide. Such materials find specialized applications as 

elastomers 

B-Based 

Boron–nitrogen polymers having B and N atoms are being in heterocatenation as a feature of 

−B−N−B−N− backbones. Examples are polyborazylenes, polyaminoboranes.  

S-Based 

The polythiazyls have the backbone −S−N−S−N− by S and N atoms are bonded as heterocatenation. 

Unlike most inorganic polymers, these materials lack substituents on the main chain atoms.  

Such materials exhibit high electrical conductivity, a finding that attracted much attention during 

the era when polyacetylene was discovered. It is superconducting below 0.26 K.  

Ionomers 

Usually not classified with charge-neutral inorganic polymers are ionomers. Phosphorus–oxygen 

and boron-oxide polymers include the polyphosphates and polyborates. 

 

 

 

Glass Transition Temperature Tg 
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The glass transition temperature, often called Tg, is an important property when considering 

polymers for a particular end-use. Glass transition temperature is the temperature, below which the 

physical properties of plastics change to those of a glassy or crystalline state and above Tg they 

behave like rubbery materials.  

Below the Tg a plastic’s molecules have relatively little mobility. Tg is usually applicable to wholly 

or partially amorphous plastics.  

A plastic’s properties can be dramatically different above and below its Tg. The value of the glass 

transition temperature depends on the strain rate and cooling or heating rate, so there cannot be an 

exact value for Tg. 

Glass transition and melting behavior 

Glass transition temperature Tg is an important parameter used for identification of plastics. 

The Tg value is the temperature at which amorphous polymers change from hard to soft. The 

concentration of crystalline regions in amorphous (semicrystalline) polymers affects the rigidity of 

the polymer.  

The crystalline melting temperature Tm can be used for quality control and for identification of 

polymers.  Additives, solvent residues, moisture, etc. can lower the Tg, which is also influenced by 

the degree of curing, therefore, Tg allows the curing level to be monitored.  

Melting and softening processes are also influenced by the composition of copolymers and thus 

facilitate the determination of the composition of copolymers. 

Measurement of Tg 

Glass transition temperatures can be measured by many techniques. Not all methods will yield the 

same value because this transition is rate dependent. Polymer segments will respond to an applied 

stress by flowing past each other if the sample is deformed slowly enough to allow such movements 

to take place at the experimental temperature.  

Such deformation will not be recovered when the stress is released if the experiment has been 

performed above Tg. If the rate at which the specimen is deformed in a particular experiment is too 

fast to allow the macromolecular segments to respond by flowing, the polymer will be observed to 

be glassy.  

It will either break before the test is completed or recover its original dimensions when the stress is 

removed. In either event, the experimental temperature will have been indicated to be below Tg. As 

a consequence, observed glass transition temperatures vary directly with the rates of the 

experiments in which they are measured. 

Differential thermal analysis and differential scanning calorimetry are widely used for this purpose 

at present, with simple extrapolative corrections for the effects of heating or cooling rates on the 

observed values of Tg. 

Measurement of Tg (the temperature at the point A) by differential scanning calorimeter as shown in 

the diagram. 
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Measurement of Tg Polyethylenetrephthalate 

diagram. 
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Polyethylenetrephthalate by differential scanning calorimeter
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Boron Nitride  

Boron nitride is a thermally most stable and chemically inert and resistant refractory compound 

of boron and nitrogen polymer with the chemical formula BN by B and N atoms bonded as 

heterocatenation. It exists in various crystalline forms that are isoelectronic to a similarly 

structured carbon lattice.  

The hexagonal form corresponding to graphite is the most stable and soft among BN polymorphs, 

and is therefore used as a lubricant and an additive to cosmetic products.  

The cubic (sphalerite structure) variety analogous to diamond is called c-BN. c-BN is softer than 

diamond, but its thermal and chemical stability is superior.  

The rare wurtzite BN modification is similar to lonsdaleite but slightly softer than the cubic form 

Because of excellent thermal and chemical stability, boron nitride ceramics are traditionally used as 

parts of high-temperature equipment. Boron nitride has potential use in nanotechnology. Nanotubes 

of BN can be produced that have a structure similar to that of carbon nanotubes. 

Preparation 

Boron nitride is produced synthetically. Hexagonal boron nitride is obtained by the reacting boron 

trioxide (B2O3) or boric acid (H3BO3) with ammonia (NH3) or urea (CO(NH2)2) in a nitrogen 

atmosphere. 

B2O3 + 2 NH3 → 2 BN + 3 H2O (T = 900 °C) 

B(OH)3 + NH3 → BN + 3 H2O (T = 900 °C) 

B2O3 + CO(NH2)2 → 2 BN + CO2 + 2 H2O (T > 1000 °C) 

B2O3 + 3 CaB6 + 10 N2 → 20 BN + 3 CaO (T > 1500 °C) 

The resulting disordered (amorphous) boron nitride contains 92–95% BN and 5–8% B2O3. The 

remaining B2O3 can be evaporated in a second step at temperatures > 1500 °C in order to achieve 

BN concentration >98%. Such annealing also crystallizes BN, the size of the crystallites increasing 

with the annealing temperature. 

Boron nitride nanosheets (h-BN) can be deposited by catalytic decomposition of borazine at a 

temperature ~1100 °C in a chemical vapor deposition setup, over areas up to about 10 cm
2
. 
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Properties 

Physical Properties  

Mechanical Properties  

Atomically thin boron nitride is one of the strongest electrically insulating materials. Monolayer 

boron nitride has an average Young's modulus of 0.865TPa and fracture strength of 70.5GPa, and in 

contrast to graphene, whose strength decreases dramatically with increased thickness

Thermal Conductivity 

Atomically thin boron nitride has one of the highest thermal conductivity coefficients (751 W/mK 

at room temperature) among semiconductors and electrical insula

increases with reduced thickness due to less intra

Thermal Stability  

The air stability of graphene shows 

oxygen at 250 °C, strongly doped at 300

oxidized until 800 °C.   

Better Surface Adsorption  

Atomically thin boron nitride has been found to

bulk hexagonal boron nitride. According to theoretical and experimental studies, atomically thin 

boron nitride as an adsorbent experiences conformational changes upon surface adsorption of 

molecules, increasing adsorption energy and efficiency. 

Dielectric Properties  

Atomically thin hexagonal boron nitride is an excellent dielectric substrate for graphene, 

molybdenum disulfide (MoS2), and many other 2D material
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Atomically thin boron nitride is one of the strongest electrically insulating materials. Monolayer 

boron nitride has an average Young's modulus of 0.865TPa and fracture strength of 70.5GPa, and in 

graphene, whose strength decreases dramatically with increased thickness

Atomically thin boron nitride has one of the highest thermal conductivity coefficients (751 W/mK 

at room temperature) among semiconductors and electrical insulators, and its thermal conductivity 

increases with reduced thickness due to less intra-layer coupling.  

The air stability of graphene shows clear thickness dependence: monolayer graphene is reactive to 

°C, strongly doped at 300 °C, and etched at 450 °C; in contrast, bulk graphite is not 

Atomically thin boron nitride has been found to have better surface adsorption capabilities than 

According to theoretical and experimental studies, atomically thin 

boron nitride as an adsorbent experiences conformational changes upon surface adsorption of 

sing adsorption energy and efficiency.  

Atomically thin hexagonal boron nitride is an excellent dielectric substrate for graphene, 

), and many other 2D material-based electronic and photonic devices. 

POLYMER CHEMISTRY 

 

Atomically thin boron nitride is one of the strongest electrically insulating materials. Monolayer 

boron nitride has an average Young's modulus of 0.865TPa and fracture strength of 70.5GPa, and in 

graphene, whose strength decreases dramatically with increased thickness.  

Atomically thin boron nitride has one of the highest thermal conductivity coefficients (751 W/mK 

tors, and its thermal conductivity 

thickness dependence: monolayer graphene is reactive to 

°C; in contrast, bulk graphite is not 

have better surface adsorption capabilities than 

According to theoretical and experimental studies, atomically thin 

boron nitride as an adsorbent experiences conformational changes upon surface adsorption of 

Atomically thin hexagonal boron nitride is an excellent dielectric substrate for graphene, 

based electronic and photonic devices.  



7 UCHE53 - POLYMER CHEMISTRY 

 

Uses 

BN is thermally more stable and used for making Ceramic BN crucible 

The lubricating properties of fine-grained BN are used in cosmetics, paints, dental cements, 

and pencil leads.  

Currently BN is used by nearly all leading producers of cosmetic products for foundations, make-

up, eye shadows, blushers, kohl pencils, lipsticks and other skincare products.  

Because of its excellent thermal and chemical stability, boron nitride ceramics are traditionally used 

as parts of high-temperature equipment. BN can be included in ceramics, alloys, resins, plastics, 

rubbers, and other materials, giving them self-lubricating properties as bearings and in steelmaking.  

Plastics filled with BN have less thermal expansion as well as higher thermal conductivity and 

electrical resistivity. Due to its excellent dielectric and thermal properties, BN is used in electronics 

e.g. as a substrate for semiconductors, microwave-transparent windows and as a structural material 

for seals.  

Hexagonal BN is used in xerographic process and laser printers as a charge leakage barrier layer of 

the photo drum.  

In the automotive industry, BN mixed with a binder (boron oxide) is used for sealing oxygen  

BN as a bullet and bore lubricant in precision target rifle applications. It is claimed to increase 

effective barrel life, increase intervals between bore cleaning, and decrease the deviation in point of 

impact between clean bore first shots and subsequent shots. 
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Silicone Rubber 

Silicone rubber is an elastomer 

containing silicon together with carbon,

Silicone rubbers are widely used in industry, and there are multiple formulations. Silicone rubbers 

are often one- or two-part polymers, and may contain fillers to improve properties or reduce cost. 

Silicone rubber is generally non

temperatures from −55 to 300 °C (

Preparation 

Generally silicones are prepared by the hydrolysis of dialkyldichlorosilanes (R

diaryldichlorosilanes Ar2SiCl2, which are prepared by passing vapours of RCl or ArCl over silicon 

at 570 K with copper as a catalyst

The hydrolysis of dialkylchloro silanes R

from both the sides 
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 (rubber-like material) composed of silicone—

carbon, hydrogen, and oxygen.  

 

Silicone rubbers are widely used in industry, and there are multiple formulations. Silicone rubbers 

part polymers, and may contain fillers to improve properties or reduce cost. 

Silicone rubber is generally non-reactive, stable, and resistant to extreme environments and 

°C (−67 to 572 °F) while still maintaining its useful properties.

Generally silicones are prepared by the hydrolysis of dialkyldichlorosilanes (R

, which are prepared by passing vapours of RCl or ArCl over silicon 

at 570 K with copper as a catalyst. 

 

The hydrolysis of dialkylchloro silanes R2SiCl2 yields to a straight chain polymer which grown 
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Vulcanization 

Properties 

The extent of cross linking and nature of alkyl group determine the nature of polymer. 

They range from oily liquids to rubber like solids. 

All silicones are water repellent. This property arises due to the presence of organic side groups that 

surrounds the silicon which makes the molecule looks like an alkane. 

They are also thermal and electrical insulators. Chemically they are inert. Lower silicones are oily 

liquids whereas higher silicones with long chain structure are waxy solids. 

The viscosity of silicon oil remains constant and doesn’t change with temperature and they don't 

thicken during winter. 

Applications 

Silicone rubber and its ease of manufacturing and shaping, silicone rubber can be found in a wide 

variety of products including voltage line insulators, automotive applications; cooking, baking, and 

food storage products; apparel 

medical devices and implants; and in home repair and hardware with products such as silicone 

sealants. 

Silicone rubber is used in automotive applications, many cooking, baking, and food storage 

products, apparel including undergarments, sportswear, and footwear, electronics, to home repair 

and hardware, and a host of unseen applications.

Liquid silicone rubber is also manufactured for

for dispensing system, gaskets for flow regulator, respiratory masks, cosmetic products

brush, make-up packaging, make-

Silicone rubber used as optics products 

form lenses. 

Freeze-tolerant solar water-heating panels exploit the elasticity of silicone to repeatedly 

accommodate the expansion of water on freezing
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The extent of cross linking and nature of alkyl group determine the nature of polymer. 

They range from oily liquids to rubber like solids.  

All silicones are water repellent. This property arises due to the presence of organic side groups that 

surrounds the silicon which makes the molecule looks like an alkane.  

ctrical insulators. Chemically they are inert. Lower silicones are oily 

liquids whereas higher silicones with long chain structure are waxy solids.  

The viscosity of silicon oil remains constant and doesn’t change with temperature and they don't 

and its ease of manufacturing and shaping, silicone rubber can be found in a wide 

variety of products including voltage line insulators, automotive applications; cooking, baking, and 

food storage products; apparel such as undergarments, sportswear, and footwear; electronics; 

medical devices and implants; and in home repair and hardware with products such as silicone 

Silicone rubber is used in automotive applications, many cooking, baking, and food storage 

products, apparel including undergarments, sportswear, and footwear, electronics, to home repair 

and hardware, and a host of unseen applications. 

Liquid silicone rubber is also manufactured for life science applications as syringe pistons, closure 

ensing system, gaskets for flow regulator, respiratory masks, cosmetic products

-up applicator, lipstick moulds  

optics products such as circular lens, collimators, Fresnel lenses

heating panels exploit the elasticity of silicone to repeatedly 

accommodate the expansion of water on freezing. 
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