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Hello, today we are going to discuss about the basic properties of polymers, previously we have
already discussed about the metals and their alloys and the ceramics, so today we are going to
discuss the third part of this particular lecture series that is polymers. So this we have alread
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shown in our previous lectures that we have already done the metals and their alloys, we have
done the ceramics, and today we are going to discuss about the polymers.



Polvmers:

* The word “polymer” is coined from two Greek words: “poly <= u‘# '
means ‘many’ & ‘mer means ‘umt or ‘part’. Manamars

Posprmerizasicn

* It is defined as very large molecules having high molecular mass

(10%-107w) & referred to as macromolecules, SeBasose
* These macromolecules are formed by repeated linking of small Polymer formation process

units called monomers.
%]
*  Monomers are linked to each other by covalent bonds.

* A single polymer molecule may consists of hundreds to a milllon | Process of formation of polvmers J

monomers and may have a lincar. branched or network structure, from respective monomers

a 3 " Polymernisation
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So before going to start first let us know that what is polymers, so what polymers it is generally
divided into two parts, one is called the poly, another one is called the mer, poly means as we
know its many, and the mer means unit that means there is some repeating unit generally we are
using or maybe some repeating units are present that’s why it is called the polymer. Generally it
is defined as a very large molecules having high molecular mass generally 10 to the power 3 to
10 to the power 7 unit, and referred to as macromolecules, the macromolecules are formed by the
repeated linking of small unit called the monomers. As I told already so small small monomers
they are attaching each other and then after that they are making one polymers. Monomers are
linked to each other by the covalent bonds, so generally in polymer we can see the covalent
bonds, a single polymer molecule may consist of hundreds to a million monomers and may have
been linear, branched and the network structure.

So the example of the polymers like transformations of the ethane to the polythene, so ethane
here is a single monomer, then we are doing the polymerizations then that means same
monomers is attaching ethane altogether and then after that they are making the polythene
polymer.



| Classification of Polymer
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So what are the classifications of polymer? So generally we can do the five broad classifications
of the polymer, first one is that based on source, then based on structure of polymers, based on
mode of polymerizations, based on molecular forces, and based on polymerization mechanism.
So first based on source it is also divided into three parts, one is called the natural polymers,
semi-synthetic polymers, and the synthetic polymers, when you are talking about the structure of
polymers it is also divided into three parts one is called the linear polymers, branched chain
polymers, and the cross linking polymers.

When we are talking about the, how we are preparing the polymers then that means the mode of
polymerizations it is called the addition polymers and the condensation polymers, and then when
we are talking about the molecular forces it is also divided into some parts that is elastomers,
fibres, thermoplastic polymers, thermosetting polymers, and polymerization mechanism it is also
divided into two parts that is addition or chain growth polymerizations and the condensation
polymerization.



Classification Based on Source:

Under this type of classification. there are three sub categones:
1. Nartural polymers:

*  They are derived from plants and amimals..
«  Examples include wood. rubber, cotton, wool. protemns. enzymes. silk etc.

2. Semi-synthetic polymers:
* (ellulose dernvatives as cellulose acetate (rayon) and cellulose mtrate.

3. Nynthetic polymers:
* These polymers are synthesized n the industry from chemical substances
*  They are manmade polymers extensively used i daily hfe and industry.

*  Examples:

¥ Plastic (polvthene)
¥ Svnthetic rubbers (Buna-S) and synthetic fibres (nvlon 6,6)
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So first we will discuss all one by one, so we will start with the based on the sources, so under
this type of classifications there are three subcategories, one is called the natural polymers,
natural polymers means which we are getting from the environment that means they are derived
from the plants and animals, what are the examples? Example is like wood, rubber, cotton, wool,
proteins, enzymes, silk etcetera, so this all are we are directly getting from some plants or maybe
some animals.

Now semi-synthetic polymers, generally cellulose derivatives such as cellulose acetate which is
known as the rayon and the cellulose nitrate, there are some synthetic polymers also, so synthetic
polymers, this polymers are synthesized in our industry or maybe the lab from the chemical
substances, so mainly we are preparing this kind of polymers as per our requirement, they are
manmade polymers, extensively used in daily life and industry, what are the examples?
Examples like plastic, polyethylene, or maybe polythene and synthetic rubbers like Buna-S and
the synthetic fibres like the nylon 6, 6.



Classification Based on Structure of Polvmers:

There are three different types based on the structure of the polymers.

I.  Linear polymers:
* Consist of long and straight chains. Linear polymer
«  Examples: High density polythene, polyvinyl chloride.

2. Branched chain polvmers: et
* Contamn linear chains having some branches.
*  Example: Low density polythene.

Branched polymer

3. Cross linked or Network polymers:

* Formed from bi-functional and tri-functional monomers.
* Contain strong covalent bonds between vanous linear polymer chains,
*  Example: Bakelite, melamine. R P
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Now we are going to discuss about the classifications based on structure of polymers, so first it’s
called the linear polymers which consist of a long and straight chain like high density polythene,
polyvinyl chloride, so in this particular case you can find that there is a long chain of all the
mers, then we are talking about the branch chain polymers contain linear chains having some
branches, in this particular image you can see there is certain branches has been attached with the
main chain like example is low density polythene, and when we are talking about the cross
linked or maybe the network polymers, so from this you can find they are forming some kind of
bi-functional or maybe the tri-functional monomers and the contains strong covalent bonds
between the various linear polymer chains, so it is one polymer chain, it is another polymer chain
in between that they are making some linkage or maybe the cross linking, examples, bakelite and
the melamine.



Classification Based on Mode of Polymerization:

Polymers can also be classified on the basis of mode of polymerization into two sub groups

1. Addition polymers:
Formed by repeated addition of monomer molecules possessing double or triple bonds.

ITwu types of addition pulymeg

| | 1
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Homopolymers Co-polyniers - .
v They are made by single monomeric species v They _mﬂdc by addition polymerisation from
polymerization. two different monomers.
v Example: Formation of Polythene from ethene. ¥ Example: Buna-N. Buna-S.
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Now we are going to discuss about the classification based on mode of polymerizations, so
polymer also can be classified on the basis of mode of polymerizations into two subgroups as I
already told you, one is called the addition polymers, from the name itself we can understand that
it can be formed by repeated addition of monomer, molecules possessing the double or maybe
the triple bonds, so two types of addition polymers one is called the homopolymers, another one
is called the copolymers.

So what is homopolymers? They are made by single monomeric species polymerizations,
example formation of polythene from the ethane, the same group we are attaching altogether like
a mer, monomer and then we are getting the polymer itself, so from ethane we are making the
polythene and in this particular case when you are talking about the copolymers they made by
addition polymerizations from two different monomers, so there are two species generally we are
adding and we are making this polymers like if we add the styrene with 1, 3 butadiene, then we
can get the Buna-S.



2. Condensation pofvimers:

* Formed by repeated condensation reaction between two different bi-functional or tri-
functional monomeric umits,

* In these polymerization reactions, the elimimation of small molecules such as water,
alcohol, hvdrogen chlonde etc , takes place.

Mylon 6
Terylene
) Mylon 6,6 . -

I" Examples of condensation polymers: S Mylon 66 formation I
condensatien of hexamethylene
diamine with adipie acid.

0] O 0 0 Pl .

] ]} /’- R h
NHO - C—(CHy)y = C-OH 4 nHN = (CHyls— NH, ——— 1 _ (CH,), - € — NH{CHy)s -NH +?"H10J3

Adipic acid Hexamethylene diamine Nylon 6,6

Next we are going to discuss about the condensation polymers, so form by the repeated
condensation reactions between two different bi-functional on with the tri-functional monomeric
units, in this polymerization reactions the eliminations of the small molecules such as water, or
maybe alcohol or maybe hydrogen chloride etcetera takes place, so what is the examples of the
condensation polymers, like nylon 6, terylene nylon 6, 6, so how generally we are making? We
are adding adipic acid with the hexamethylene diamine and then we are making the nylon 6, 6
and the water, and then after that we are removing this water and we are getting the nylon 6, 6.

Classification Based on Molecular Forces:

On the basis of magnitude of intermolecular forces present in them. divided into four subgroups:

1. Elastomers:
= Rubber hke sohd with elastic propertics.
*  Polvmer chains are held together by the weakest intermolecular forces
*  Weak binding forces causes polvmer stretching.
. E\;l|11|.1lc: Neoprene. Buna-5. Buna-N

Rubber

Vileanization - crosstinking process in which rubber molecules are converted into 3-D network of
interconnected pohaner chains through chemical crossiinks of sulfur

2. Fibreg:
*  Thread forming solids which possess high tensile strength and high modulus.

*  Have strong intermolecular forces like hvdrogen bonding which leads to close packing of chains
and umpart crystalline nature. {.. a }

i £ qeng, - £ - oy W
= Example: polvamides (nylon 6.6). polyvesters (terylene).

Pilon 6,4
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Then classification based on molecular forces, so on the basis of magnitude of the intermolecular
forces present in them, divided into four subgroups, what are those? First one is called the
elastomers, elastomers is nothing but the rubber, so it’s a rubber like solid with elastic properties,
polymer chains are held together by the weakest intermolecular forces, weak binding forces
causes the polymer stretching, so we can stretch it up to certain limit, what are the examples?
Like Neoprene, Bono-S, Bono-N generally when we are using this kind of elastomers we are
adding with some fillers or maybe some kind of additives, say for example of the tire we are
adding natural rubber with the styrene butadiene rubber, then how generally this is taking place,
so this is the taking place that term is called bi-vulcanizations, what is vulcanizations? Generally
cross linking process in which rubber molecules are converted into 3D network of interconnected
polymer chains through chemical cross linking of sulfur, here we have given only the sulfur
generally we are doing the vulcanizations by the hydrogen peroxide also, so simple in between
the polymer chains we are making the cross linking of that and we are making this kind of
materials.

Then, next is the fibres, thread forming solids which possess high tensile strength and high
modulus, have strong intermolecular forces like hydrogen bonding which leads to close packing
of the chains and crystalline in nature, what are the examples? Like polyamides, nylon 6, 6,
polyesters are maybe known as the terylene.

- _J.
Classification Based on Growth Polvmerization (Mechanism):

o ; 1. Addition polymerization
Two broad types of polymerization reactions N - o o
& £ 2. Condensation polvmerization

1. Addition pelymerization or chain growth polymerization:

* Polymer 1s formed from monomer, without loss of any materal.

= Product is exact multiple of ornginal monomeric molecule,
* Proceeds by mitial formation of some reactive species like free radicals or 1ons

and by the addition of reactive species to other molecule, with regeneration of
reactive feature,

Free radical mechanism:
v Alkenes are polymerized in presence of free radical generating initiator (catalyst).
¥ Initiator (catalyst) - Benzovl peroxide, Acend peroxide, Tertiary-hutyl peroxide ete. |
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Next we are going to discuss about the thermoplastic polymers, so generally this polymers are
linear or maybe the branched long chain molecules, capable of repeatedly softening on heating
and hardening on cooling possess intermolecular forces of attractions, intermediate between
elastomers and the fibres, so in a basic idea I can tell you that thermoplastic polymers is
something like that, that if we give a shape and then after that we can give it heat and it can again
melt and again we can give it the heat, so it is not the permanent one, but when we are talking
about the thermosetting polymers its like a, if we give a shape, particular shapes after that we
cannot change it, so cross linked or branched polymer molecules which on heating undergo
extensive cross linking in moulds and again become infusible, these cannot be reused that is the



vital point for the thermosetting polymers. So what are the examples? Examples like bakelite,
urea-formaldehyde resins etcetera. So generally if we see the whole order of strength of this kind
of materials so first thermosetting, then after that fibres and then after that thermoplastics and last
is the elastomers and the strength point of view.

Next we are going to discuss about the classification based on growth polymerizations, means
mechanisms, so there are two types of polymerizations reactions generally taking place, first one
is called the addition polymerizations, second one is called the condensation polymerizations.
What is addition polymerizations? Sometimes it is known as the chain growth polymerizations
also, so in this particular case polymer is form from monomer without loss of any material,
product is exact multiple of original monomeric molecules proceeds by initial formation of some
reactive species like free radicals or ions and by the addition of reactive species to other

molecule with re%eneration of reactive features.

Chain initiation step

- Chain propagation step
Mechanism:

[ﬂlrﬂ' Steps of Free Radical

Chawm terminating step

a)  Clain initiation step: PR JF-, S -
v Involves addition of phenvl free radical formed by B LI
peroxide to ethene double bond. and forms larger radical,

b} Chain propagation step. ; 1 L
v Repetition of this sequence with new and bigger radicals. |~ — ":_i":_'"'_t'l:
Cily — (| O — CHy 4 CH — H;
o) Chain terminating step: it #0%— CHeo Ce— £
v Product radical thus formed reacts with another radical 10 [ o — cng en a-:j
form the polvmenzed product. 40— e Ell = O = = Cle e = il A
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What is free radical mechanisms? Alkenes are polymerized in presence of free radical generating
initiator or which is known as the catalyst also, initiator like benzoyl peroxide, acetyl peroxide,
tertiary butyl peroxide etcetera are acting as an catalyst, there are three states of free radical
mechanisms, first one is called the chain initiation step, second one is called the chain
propagation step and third is called the chain terminating step. So what is chain initiation step? In
this particular case we can see that involves addition of phenyl free radicals found by peroxide to
ethane double bond and forms the larger radicals over here, so first it was benzoyl peroxide, then
benzoyl free radical we are making, then phenyl free radicals, and then we are using with the
ethane as a monomer. When we are talking about the chain propagation step, chain propagation
step means whatever product we have prepared, now we are try to increase the growth of that
particular mars, so what is that? Repetition of this sequence with new and bigger radicals, so like
ethane so repeating unit then again we are going to increase the same repeating unit, and then last
thing is called the chain terminating steps, means after certain time, after certain reaction we are
going to terminate the whole process, so product radicals thus form reacts with another radical to
form the polymerized product, so ultimately we are making the polythene.



Preparation of Some Important Addition Polymers:

a) Polythene: 1t is widely used polymer and of two types:

+ Have numerous branches, so hard to

* Polymer chains together

i o e o g

= and high amorphous regions

* Has weaker intermolecular_forces and tensile strength
« Itis less chemically inert Example: Squeeze bottles

+ Have linear structure, so can be compressed

* Polymer chans packed more tightly

* Less flexible and stronger

+ Has high crystalline and low amorphous regions
= Has stronger intermolecular forces and tensile strength Example: Pipes
+ [ts is chemically inmert
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Now we are going to discuss about the some important addition polymers, how we are going to
prepare? Say suppose we are going to discuss about the polythene, it is widely used polymer and
of two types, one is called the low density polythene, another one is called the high density
polythene, low density polythene sometimes we are calling it as a LDPE, so what is that? Have
numerous branches so hard to compress, polymer chains packed loosely together, more flexible
and light weight, has low crystalline and high amorphous regions, has weaker intermolecular
forces and tensile strength, it is less chemically inert, so like example like the squeeze bottles
generally we are using for the chemical reactions, because it should not be very hard so that we
can squeeze it and the water will come out, when you are talking about the high density
polyethylene in short it is called the HDPE, so it is having some linear structures so can be
compressed, polymer chains packed more tightly so strength is more, less flexible and stronger
has high crystalline and low amorphous regions, has stronger intermolecular forces and the
tensile strength and it is chemically inert also, what are the examples? Examples is the pipes, this
pipes generally we are using for the wiring applications in our household.



ﬁ Polytetrafluoroethene (1eflon): ﬂ Polvacrvionitrile:

»  Manufactured by heating tetrafluoroethene * Addition polymerisation of acrylonitrile
with a free radical or persulphate catalyst at in presence of a peroxide catalyst leads to
high pressures. = the Tormation of polyvacrylonitrile.

¥ Chemically inert. ¥ Used as a substitute for wool in making

: : mmercial fibr ' - acrilan,
¥ Resistant to attack by corrosive reagents. commercial fibres as orlon or acrilan

Uses: .
¥'In making oil seals and gaskets. :
v'For non-stick surface coated utensils. / .
— N

A i Polymerisation |
nOF, = OF, / .Cur.nl s { CF, - CF, ]'n nCH; = CHCN - —— {_ CH, - CH ]_
I" High pressure T Peroxide catalyst n
Tetrafluoroct heme \ rJ'T' n p, Acrvionitrile Paolyacrylonitrile
- == e = pan
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Next we are going to give the examples of the polytetrafluoroethene, so polytetrafluoroethene is
also known as the Teflon, it is manufactured by heating tetrafluoroethene with a free radical or
maybe the persulphate catalyst at high pressures, what are the properties? Generally its
chemically inert, its resistant to attack by the corrosive reagents, so uses in generally making oil
seals and gaskets, we are using for the nonstick surface coated utensils generally we are using, so
nowadays in our kitchen we are using all the nonstick utensils where we are using the coating of
this Teflon materials. So tetrafluoroethene in the presence of catalyst and high pressure we are
making it the Teflon, we are using it for the nonstick pan.

Then we are going to discuss about the polyacrylonitrile, so addition polymerizations of
acrylonitrile in presence of a peroxide catalyst leads to the formation of polyacrylonitrile, what
are the uses? Used as a substitute for the wool in making commercial fibres as orlon or maybe
the acrilan, so sometimes it is called the synthetic wool also, so acrylonitrile in the
polymerizations, in the presence of peroxide catalyst we are making the polyacrylonitrile.



2. Condensation polymerization:

« Itmvolves a repetinve condensation reaction between two bi-functional monomers.

«  Results in loss of some simple molecules as water, alcohol, etc.
* It leads to formation of high molecular mass condensation polymers.
» Itis also called as step growth polymerization

* Example:

ol

v ,meﬂﬁ,ﬂ” of terylene by the AHOHA = CHAOH a0 fé:} COOH I _“_l_{-?'}_LI .
interaction of ethylene glycol Ethylene glycel Terepbthatic acid g -
and terephthalic acid —— (enlene or dacs)

Polyamle S
INshon 6k, Moo 1 __/'
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Salamine
ptyerer
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Next we are going to discuss about the condensation polymerizations, what is that? It involves a
repetitive condensation reactions between two bi-functional monomers, results in loss of some
simple molecules like water, or maybe the alcohol etcetera, it leads to formation of high
molecular mass condensation polymers, it is also called as the step growth polymerizations, so
sometimes condensation polymerizations is also known as step growth polymerizations, what are
the examples? Formation of terylene by the interaction of ethylene glycol and the terephthalic
acid, so ethylene glycol terephthalic acid it is making the terylene or maybe the dacron, so here
other examples of the condensation polymers are melamine polymer, so generally we are using
for some crockery or maybe some cups, we are using some kind of bakelite polymer, we are
using polyamide like nylon 6, 6, nylon 6 and we are using some polyester like terylene or maybe
the dacron.



Preparation of Some Important Condensation Polymers:

a) Polyamides:

*  Possesses amide linkages. and an important examples of synthetic fibres as nylons,

* Product of condensation polvmerisation of dianmines with dicarboxvlic acids and also of amino

acids and their lactams

- / Preparation of nylons

~

i Nvlon 6,6:
Product
diamne with adipie acid under high pressure and temperature

of condensation  polvmerisation of  hexamethvlene

/:;_ Nylon 6:
Obtmed by heating

with water at high temperature

caprolactum
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Next we are going to discuss about the preparation of some important condensation polymers, so
what is that? It is called the polyamides, which possess the amide linkages and an important
example of the synthetic fibres as nylons, product of condensation polymerizations of diamines
with dicarboxylic acids and also of amino acids and their lactams, so how we are preparing the
nylon? So first nylon 6 6, we are preparing, so product of condensation polymerization of
hexamethylene diamine with adipic acid under high pressure and the temperature is almost 553
kelvin, so we are making nylon 6 6 as a byproduct, H20 means water is also generating, so what
are the uses? In making sheets, in bristles for brushes and in the textile industry, then how we are
making the nylon 6? Obtained by heating the caprolactum with water at high temperature, so
caprolactum in the presence of water, at temperature varies from 533 to 543 kelvin, so we are
making the nylon 6.



h) Polyesters:
*  Polvcondensation products of dicarboxylic acids and diols.

»  Manulactured by heating a mixture of ethyvlenc glveol and terephthalic acid at 420- 460 K in
presence of zinc acetate antimony trioxide catalyst

s Example: Dacron or tervlene {crcn_sc rcT;'Ln[nnt].
¥" In blending with cotton and wool fibres.
v As glass reinforcing materials in safety helmets ete

¢) Phendl - formaldehyide polymer (Bakelite):
o Condensation product of phenal with formaldehyde in presence of an acid or base catalyst,

Novolac (initiad and linear produci):

H OH OH 1) OH
¥ I is used in paints | a | | | ﬁ:_:.
« Novolae on heating with formaldehyde undergoes cross | |7 I T | ey T L

. B ; . I ] ewews | =]
Inking to form an infusible solid mass called bakelite. : :
¥ It 15 used [or making combs. phonograph records. Phetal  Farmaldehie
clectrical switches and handles of various utensils.

Hakllie Hakelite
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What is the uses? Generally in manufacture of tyre cords, fabrics and the ropes we are using the
nylon 6. Then another example is the polyesters, so polyesters from the name itself we can
assume that generally poly condensation products of the dicarboxylic acids and the diols, so its
manufactured by heating a mixture of ethylene glycol and the terephthalic acid at 420 to 460
kelvin in presence of zinc acetate antimony trioxide catalyst, what are the examples? Like dacron
or maybe that terylene, terylene is some kind of materials generally we are using for our suites or
maybe dress materials and it is crease resistant, what is the use of that materials? In blending
with cotton and the wool fibres, and glass reinforcing materials in the safety helmets.

Next we are giving the examples of phenol formaldehyde polymers, which is nothing but known
as the bakelite, so condensation product of phenol with formaldehyde in presence of an acid or
maybe the base catalyst. Novolac is the best example, which is nothing but a initial and linear
product, so novolac nowadays it is using in paints, on heating with formaldehyde undergoes
cross linking to form an infusible solid mass called the bakelite, it is used for making the combs,
phonograph records, electrical switches and handles of the various utensils, it is very, very hard
and it is also the temperature resistant materials. So how we are making? We are taking the
phenol formaldehyde and then we are adding with the bakelite, and then we are making the
bakelite product, so simple phenol formaldehyde by doing the condensation methods we are
making the bakelite and water is coming as a byproduct materials, and here we can see the
several examples of the bakelite products.

Next we are going to discuss about the co-polymerizations, so co-polymerizations,
polymerization reactions in which a mixture of more than one monomeric species is allowed to
polymerize and to form a copolymer. Copolymer can be made not only by chain growth
polymerizations, but by step growth polymerizations also, so in a different step one by one
following, if you follow and then we can make this kind of polymerizations, it contains multiple
units of each monomer used in the same polymeric chain, so what are the examples? Like
mixture of 1, 3 butadiene and styrene can form a copolymer, so 1, 3 butadiene with styrene with
some conditions we are making the butadiene styrene copolymer, copolymers have properties



quite different from the homopolymers, what are the examples? Butadiene styrene copolymer its
quite tough, good substitute for the natural rubbers, sometimes we are using it for some other

aﬁglications, used for manufacture for the autogres, floor tiles, and the cable insulations.

Rubber: ‘
Rubber are of two tvpes {
x L H Ml H
h - . & T &
I .-"un‘_uraf ruhher: | IH}. S s 1{4 NP
* Natural polvmer and has coiled structure, "
* (alled as elastomer due to elastic properties, Natural subiis
* Linear polvmer of isoprene (2-methvl-1. 3-butadiene). also called as cis - | 4-polvisoprene,

* cis-polv-isoprene molecule consists of various chams held together by weak van der Waals
interactions.

Vulcanization of rubber:
Natural rubber becomes soft at high temperature (=335 K) and brittle at low temperatures (<283 K.
|.F

Iﬂf:‘f'l"ﬂ'l'ﬂ- » -
Physical properties: B e i
v - . v . et = D — D —C - 1T 14 wlhur oo bnkage
# Shows high water absorption capacity. b g My o Gy =0 = il
# Soluble in non-polar solvents. g 7 ueanaed rabber
# Non-resistant to attack by oxidizing agents. Structure of vulcanized rubber
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Next we are going to discuss about the rubber, so rubber generally its two types one is called the
natural rubber, another one is called the synthetic rubber, so natural rubber its generally, directly
what we are getting from the plant itself, so natural polymer and has coiled structure called as
elastomer due to the elastic properties, linear polymer of isoprene which is nothing but the
chemical name is 2 methyl 1, 3 butadiene also called as cis 1 4 polyisoprene, cis polyisoprene
molecule consists of various chains held together by weak Van der Waals interactions, because
inter forces are very very less over there, as I told already so vulcanizations of rubber means
when we are adding two or more rubbers and then in between that we are using some cross
linking materials like the hydrogen peroxide or maybe the sulfur, and then we are making one
kind of polymeric chain over there, so generally natural rubber becomes soft at high temperature,
the temperature is more than 335 kelvin and brittle at low temperatures generally its less than
283 kelvin, it’s improve the physical properties shows high water absorption capacity,
vulcanizations also improves the soluble in nonpolar solvent, and its nonresistance to attack by
the oxidizing agents, so here as I told already we are adding the sulfur as a vulcanizing agent and
then we are making the vulcanized rubber over there, and here you can see that sulfur has been
making a cross linking in between the polymeric chains.



I
2. Synthetic rubber:

= lvisany vulcanisable rubber like polvmer. capable of getting stretched to twice its length,

* [t returns o its original shape and size as the external stretching force s released.

*  Thev are either homopolvmers of 1.3-butadiene derivatives or copolvmers of | 3-butadiene.

Preparation of Synthetic Rubbers

'/z.-r) Neoprene \ /!;} Buna-N \

¥ Formed by the free radical polvmernisation of «  Obtained by copolvmerization of  1.3-
chloroprene. butadiene and acrylonitnle i presence of
= C—CH 0, Pbmerisation T peroside catalyst.
b b 1 ¥ Resistant to the action of petrol. lubricating
Chiammprane Nenprree oil and organic solvents o
Uses:
O For manufactuning convevor belts, gaskets Uses:
and hoses. O In making ol seals. tank hning. ete.
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Next we are going to discuss about the synthetic rubber which I have already told that generally
we are making it in some by chemical reactions in our lab or maybe the industry, so it is any
vulcanisable rubber like polymer capable of getting stretched to twice its length, it returns to its
original shape and size as the external stretching forces released, it’s elongations is high, they are
either homopolymers of 1, 3 butadiene derivatives or maybe the copolymers of 1, 3 butadiene.
So there are two types of techniques by which we can prepare this synthetic rubbers, first one is
or maybe the examples is like that, one is neoprene, so formed by the free radical
polymerizations of the chloroprene, so chloroprene we are using the polymerizations and from
that we are making the neoprene, where we are using this neoprene, generally we are using it for
the conveyor belts, gaskets, and hoses, and another example is that Buna-N generally obtained
by copolymerizations of the 1, 3 butadiene, and acrylonitrile in presence of peroxide catalyst,
already I told either generally we are doing the vulcanizations by the sulfur or maybe the
hydrogen peroxide catalyst.

So resistance to the actions of petrol, lubricating oil, and the organic solvents, that’s why this
Buna-N generally we are using for oil seals, tank lining and etcetera, so now we are going to
discuss about the properties of polymers, so if we divide all the properties, so generally there are
four groups, first one is called the physical properties, there are two subgroups, one is the degree
of polymerizations and molecular weight, another one is the polymer crystallinity.



|
PROPERTIES OF POLYMERS
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Next groups is thermal properties which will tell us the melting point and the glass transition
temperature of that particular polymer, and if we talk about the mechanical properties of the
polymers it is divided into 5 parts, one is strength, percent elongation to break, Young’s modulus,
toughness, and another one is that viscoelasticity, and last one is the chemical properties, so we’ll

discuss all this Brogerties one bz one.

1. Phvsical Properties:

Physical properties of
polymers include;

./

C linity of Polymer
.a-j,-u

' .-"i Low Density I
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So first we are going to start with the physical properties, so physical properties means the first
molecular weight will come, degree of polymerizations will come, then crystallinity of polymer



will come and the low density, so these all are together is known as the physical properties of

Bolzmer.

L. Desree of Polymerization and Molecular Weight:

»  Degree of polymerization: The number of repeating units in the polymer chain.
*  Molecular weight of a polymer molecule: It 1s Product of the degree of polvmerization and the
molecular weight of the repeating unit

= Molecular Weight Averages: The polymer molecules are not identical but are a mixture of many
species with different degrees of polymerization, that 1s, with different molecular weights.

- . where,
PiXjorooen (1) | Set of values B, S e
=0

Frobability of occurrence = P P, . P}

*  Number-Average Molecular Weight:
¥ If N, is the number of polymer molecules having the molecular weight M, then the “number-
average” probability of given mass is given by:

.I-'F— : f”,l

\-’—';I[! '
Z
I -0 5
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So first degree of polymerizations and the molecular weight, so first we have to know what is the
degree of polymerizations, so the number of repeating units in the polymer chain is known as the
degree of polymerizations, what is the molecular weight of the polymer molecule? It is the
product of the degree of polymerizations and the molecular weight of the repeating unit, then
what is the molecular weight averages? The polymer molecules are not identical but they are a
mixture of many species with different degree of polymerizations, that is with different
molecular weights, so how generally we are giving the, mathematically we are giving it so it’s
generally the summation over I from 0 to infinity PI XI, what is the number average molecular



v Physical properties (like transition temperature. viscosity. etc.) and mechanical properties (like
strength. stiffness. and toughness) depend on molecular weight of polymer.

¥ Lower the molecular weight. lower the transition temperature. viscosity. and mechanical properties.

v Due to increased entanglement of chains with increased molecular weight, the polvmer gets higher
viscosity in molten state. which makes the processing of polymer difficult,

= Weight average molecular weight:

N; M,
*  The weight-average probability 1s given by: P = = e (17
: - X0 NiM,
*  The weight-average molecular weight " Z‘ N:M,; l v YiloNiM?, v
e o . My = vor W= ) " )
15 given by Yo NM; S o N M;

=0

Degree of polymerization can be calculated using the number-average
molecular weight: g

Number average molecular weight

Degree of polymerization = e

Molecular weight of the repeat

dverage mukcular weights of poly e
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weight? So if NI is the number of polymer molecules having the molecular weight MI then the
number average probability of given mass is given by generally PI = NI/summation of J, from 0
to infinity NJ, what is MN? Generally it is summation over I = 0 to infinity into NI/summation
over J 0 to infinity NJ into MI that means is equal to summation over I = 0 to infinity, MI,
NI/summation over J, 0 to infinity NJ, so this is the another equations.

So what is the physical properties? Like transition temperature viscosity and the mechanical
properties like the strain, stiffness, and toughness depend on the molecular weight of polymer,
lower the molecular weight, lower the transition temperature, viscosity and the mechanical
properties, this is the generally the standard rules we are following. Due to increased
entanglement of the chains means that the cross linking in between the chains with increased
molecular weight, the polymer gets higher viscosity in the molten state which makes the
processing of the polymer difficult.

Now we are going to discuss about the weight average molecular weight, so the weight average
probability generally it is given by PI = NI MI/summation over J 0 to infinity NJ MJ, the weight
average molecular weight is given by MW = summation over I to, 0 to infinity x NI
MI/summation over J 0 to infinity NJ MJ x MI which is nothing but the summation over I, 0 to
infinity NI MI square/summation over J to infinity NZ MZ, so what is the degree of
polymerizations? The degree of polymerizations can be calculated using the number average
molecular weight which i1s nothing but number average molecular weight by the molecular
weight of the repeating unit.



H. Polymer Crystallinity: Crystalline and Amorphous Polymers:

*  Polymeric chains are very large and found in the polvmer in two forms as:

v Lamellar crystalline form in which chains fold and make lamellar structure arranged in the
J'lellnl' manner.

¥ Amorphous form in which the chains are in irregular manner

* Lamellar arc embedded m amorphous part and communicate with other
lamellar via tie molecules.

*  Polvmers having high degree of crystallinity are rigid and have high melting
paint, but their impact resistance 1s low,

= Amorphous polymers are soft and have lower melting pomnts Semi-crysalling palymer

where, p.= density of the completely erystalline

polymer, pa = density of the completely
\amurphcuus polymer, p, = density of the sample
- a
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Now we are going to discuss about the polymer crystallinity, from this particular slide we can get
the informations about the crystalline and the amorphous polymers, so generally polymer chains
are very large as I already told you and found in the polymer in two forms as the lamellar
crystalline, another one is called the amorphous, what is lamellar crystalline? In which the chains
folds and make lamellar structure arranged in the regular manner, and what is amorphous? In
which the chains are in irregular manner, so lamellar are embedded in amorphous part and
communicate with other lamellar via tie molecules. Polymers having high degree of crystallinity
are rigid and have high melting point but their impact resistance is too low, amorphous polymers
are soft and have lower melting points, so generally if we going to calculate the percentage
crystallinity it is, the formula is PC x PS — rho C x rho S — rho A/rho S x rho C — rho A x 100
means when we are going to calculate the percentage, so where rho C is the density of the
completely crystalline polymer, rho A is the density of the completely amorphous polymer and
rho S is the density of the sample.



2. Thermal Properties:
Melting Point and Glass Transition Temperature:

*  Glass transition temperature is the property ot':lnmrphmls region ol"poh mer. whereas the crystalline

region 1s characterized |.1\ the melting point. -

= (ilass wransition lunpcnlme is the second order transition, where as n'u.ll.mg point is the first order

I anbmun — - e

The value of glass transition temperature is nol unique because the glassy state 1s not in equilibrium.

* s value depends on several factors such as: ' I
v Muolecular weighi
v Measurement method

]
| v Ul e vale ol heating or cooling

SN Sheva

= Semi-ervstalline polvmer  shows  both  the  (ransitions
corresponding to ther cryvstalline and amorphous regions so
have true melting temperatures (T,,) at which the ordered phasc
turns 1o disordered phase. whereas the amorphous regions sofien -
over a temperature range known as the glass transition (T) Mo b s ralies Mesraics of sskonis
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Now we are going to discuss about the thermal properties of the polymers, so when we are going
to do the any thermal characterizations generally we’ll get two informations, first one is the
melting point, another one is called the glass transition temperature, this is the unique properties
of the polymers or maybe any kind of elastomer materials, so glass transition temperature is the
property of amorphous regions of polymer whereas the crystalline region is characterized by the
melting point, so that’s why generally for the rubber or maybe the elastomers we are getting the
glass transition temperature or maybe any kind of polymer we are getting the melting point, so
glass transition temperature is the second order transitions whereas the melting point is the first
order transitions, the value of glass transition temperature is not unique because the glassy state
is not in equilibrium, so generally the glass transition temperature for natural rubber is -70 degree
centigrade, it’s value depends on several factors such as molecular weight, measurement methods
on the rate of heating or cooling.



: . . : _— - Continued. ..
* Amorphous polymers do not possess the melting

point, but all polymers possess the glass transition
temperature.

Polymer

] _ o _ Polvietraflouroethy lene 47
* The polymer meltmg.pnmt I'm 1s increased 1f Fhe Polypropylene (isotactic) 100
double bonds, aromatic groups, bulky or large side — e
. R olvVEIVrens L
groups are present in the polymer chain. because they I. '
' g g " ' '\f 1 [STE] 7
restrict the flexability of the chamn. e
Polyethvlene (LDPE) -120
» The branching of chains causes the reduction of | cihalene (HDPE) ]
melting point, as defects are produced because of the - . .
= Polvpropylene (atactic) -8
branching .
Polviviny] acetate) (PVAC) 2%
| Polyester (PET) +6Y
™ Glass transition temperatures of some polymers | volvvinyd aleohaly (PVA) K3
FPolvivinvl chlonde) (PVC) +RT
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Now we are going to give some examples of the semi-crystalline polymers which shows both the
transitions correspondence to their crystalline and amorphous regions so have true melting
temperatures at which the ordered phase turns to disordered phase whereas the amorphous
regions soften over a temperature range known as the glass transaction temperature, so generally
the semi-crystalline polymer, example is that liquid crystal polymer or maybe sometimes we are
calling it as a LCP, so in this particular case this is the temperature, this is the glass transition
temperature TG, this is the melting temperature TM, so glass transition, glass for glass materials
generally it varies up to the glass transition temperature then it is rapidly increasing the volume,
when you are talking about the semi-crystalline it is quite less and for the crystalline solids its
totally increasing in a rapid manner.

So amorphous polymers do not possess any melting temperature, as I already told you but all
polymer possess that glass transition temperature, yes of course, generally as a thumb rule the
glass transition temperature of the polymer is around 10 to 15 degree, so the polymer melting
temperature point TM is increased if the double bonds, aromatic groups, bulky, or maybe the
large side groups are present in the polymer chains, because they restrict the flexibility of the
chain itself.



Factors Affecting the Glass Transition Temperature:

)y Intermolecular Forces:
// Strong intermolecular forces cause higher T,
. _{lj/’/ Chain Stiffness:
v The presence of stiffening groups (such as amide. sulfone, carbonvl, p-phenvlene etc.) in polymer
chain reduces the flexibility of the chain, leading o higher glass transition temperature,

¢} Cross-Linking:
¥ The cross-links between chains restrict rotational motion and raise the glass transition lemperature
¥ Hence. higher cross-linked molecule will show higher T, than that with lower cross-linked
malecule.

d)  Pendant groups:
v The presence of pendent group can change the glass transition temperature.

¢} Plasticizers:

v Low molecular weight and non-volatile materials added (o polvmers o increase their chain
flexibility.

¥ Reduce the intermolecular cohesive forces between polymer chains. which in turn decrease Tg

=
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The branching of chain causes the reduction of melting point as defects are produced because of
the branching, so generally glass transition temperature of some polymers as I told like
polytetrafluoroethylene it is -97 degree centigrades, polypropylene 100 degree centigrade,
polystyrene 100 degree centigrade, nylon 6 6 is 57, polyethylene LDPE is -120, so these all are
the different glass transition temperature for the elastomers and the polymers. So what are the
factor affecting the glass transition temperatures, so first is intermolecular forces, so strong
intermolecular forces cause the higher glass transition temperature. Next one is called the chain
stiffness, so the presence of stiffening groups such as amide, sulfone, carbonyl, p-phenylene
etcetera, in polymer chain reduce the flexibility of the chain leading to higher glass transition
temperature.

Next is cross linking, the cross links between the chains restricts the rotational motions and raise
the glass transition temperature, hence higher cross linked molecule will show the higher glass
transition temperature than that with lower cross linked molecules.



1 Molecular weighs:
¥ The glass wansition temperature is also affected by the molecular weight of the polymer
¥ Tgis increased with the molecular weight,
v" The molecular weight is related to the glass transition temperature by the Fox=Flory Equation:
-

Tg =Tgw — 34~

Where, T, is glass transition temperature at the molecular

weight of infinity, K is empirical parameter called Fox-Flory
parameter related to free volume inside the polymer.

¢ Iis observed that T is increased up 1o the molecular weight
of approximately 20, 000, and afier this linit. the Tg 15 not
affected
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Next is pendant groups, means what are the groups are attached, so the presence of pendant
group can change the glass transition temperature. And last one is the plasticizers, low molecular
weight and non-volatile material added to polymer to increase their chain flexibility, reduced the
intermolecular cohesive force between the polymer chain which in turn decreases the glass
transition temperature. And another one is the molecular weight, so the glass transition
temperature is also affected by the molecular weight of the polymer, TG is increased with the
molecular weight, the molecular weight generally is related to the glass transition temperature by
the Fox Flory equations, so what it tells? Generally glass transition temperature = TG up to
infinity — K/MN, where TG infinity is the glass transition temperature at all molecular weight of
infinity, K is the empirical parameter called the Fox-Flory parameter, so this one related to the
free volume inside the polymer, it is observed that the glass transition temperature is increased
up to the molecular weight of approximately 20,000 and after this limit the glass transition
temperature is not affected.



3. Mechanical Properties:

Mechanical Strength:

*  Strength is the stress required to break the sample.

Types of Mechanical Strength

Tensile Torsional o Flexural Compressional
iStretching of the {Twisting of the P (Bending of the (Compressing the
; I
. {Hammering) ’
palvmer) polvmer) polvmer) palvmer)
Order of Increasing - /b‘.
Strength: e | "

s

“ Finear < branched < cross-linked < network P

g Bargies-sirain et vipur of pol aecrs
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Next we are going to discuss about the mechanical properties, so when we are going to discuss
about the mechanical properties first it will come the mechanical strength, so it is the strength is
a stress required to break the sample, there are several types of mechanical strength, first one is
called the tensile, generally stretching of the polymer, torsional which is related to the twisting of
the polymer impact, generally by the hammering, flexural bending of the polymer and the
compressional means the compression of the polymer. So what are the increasing strength, so in
that particular case the increasing strength is like that network is the highest one, then cross
linked, then the branched and linear is the lowest one, so here if we see the stress strain curve of
the polymers, so generally for the brittle plastic, then fibre, and elastomer you can see the
maximum strain over there, so in terms of stress so fibre is the highest one.



Fuctors Affecting the Strength of Polymers:

v Molecular Weight:

v Tensile strength of polymer nises with increase in molecular weight and reaches the
saturation level at some value of molecular weight.

A
T=0, — -
M

where, @~ tensile strength of polymer with molecular weight of infinity,
A = some constant,
M = molecular weight.

Wlalecular wilghl (g mal]

. ® s . Warkation of tensibe strengih with
f (1‘0554"1]““9.- mmibecular weight of the polymer

Restricts motion of chains and increases the strength of polymer.
o

v Crystallinity:

It mercases strength. because in eryvstalline phase, mtermolecular bonding 1s more significant.
Hence. polvmer deformation can result in the higher strength leading to oriented chains
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So what are the factor affecting the strength of polymers? First one is the molecular weight,
where tensile strength plays a vital role, so tensile strength of polymer raises with increased in
molecular weight and reaches at the saturation level at some value of the molecular weight, so
generally sigma = sigma infinity — A/M, where sigma infinity is nothing but the tensile strength
of polymer with molecular weight of infinity, A is some constant, and capital M is nothing but
the molecular weight of that particular polymer. Cross linking restricts motions of chain and
increase the strength of the polymers, crystallinity it increase the strength but because in
crystalline phases intermolecular bonding is more significant, hence the polymer deformation
can result in the higher strength leading to the oriented chains itself, so here the variations of the
tensile strength with molecular weight of the polymer, so you can see that molecular weight and
strength, so if we are increasing the molecular weight up to certain time the strength will increase
and then after that it will become constant.



 Percent Elongation to Break (Ultimate Elongation):

¥ Itis the stramn in the matenal on its breakage.

v It measures the percentage change in the length of material
before fracture.

Break

Soresa dMPa)

v Itis a measure of ductility.

I Flungatien

v" Ceramics have very low (= 1%), metals have moderate (1-50
%o) and thermoplastic (=100%). thermosets (<5 %) value of
elongation to break. T

Elongation ta break of the palymer

s Young s Modulus (Modulus of Elasticity or Tensile Modulus): ,
v" It is the ratio of stress to the strain in the linearly elastic region. h‘?
v Elastic modulus is a measure of the stiffness of the material, o /-
N Tensile Stress(a) Sersin
" Tensile Strain(e) Young's modulus of the polymer
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Now we are going to discuss about the percentage elongations of break, or maybe known as the
ultimate elongations, so it is the strength in the material to its breakage, suppose we are having
one polymer we are pulling it, then it will increase and increase and increase after certain time it
will fail, so it measures the percentage change in the length of material before fracture, so it is a
measure of the ductility, ceramics have very low less than 1%, metals have moderate, generally 1
to 50%, thermoplastic is more than 100% and thermosets is also less than 5% value of elongation
to break.

s Toughness:
v" The toughness of a material is given by the area under a stress-strain curve.

v" It measures the energy absorbed by the material before it breaks.
€

Toughness = fﬂ'df

0
where, €; 1s the true strain at fracture.

Ereak

Sarria (KiFa)

Teagharn

| Strain

Touwghness of polymer material

©

M = Stress—strain curve is shown which compares the stress— | f.'i'.“.'::m.___.,__..d.
strain behavior of different types of materials. &l
2 O o ke
5 & . - e
* Rigid materials possess high Young's modulus (such as !1 - e e e

brittle polvmers). and ductile polyvmers also possess
similar clastic modulus. but with higher fracture
toughness. e

Stress-straln hehavior of diffcrent types of materials
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What is the Young’s modulus or maybe the modulus of elasticity or maybe the tensile modulus?
It is the ratio of stress to the strain in the linearly elastic region, elastic modulus is a measure of
the stiffness of the material, so generally it is denoted by capital E which is nothing but the
tensile stress, sigma by the tensile strain that is epsila toughness, so the toughness of a material is
given by the area under a stress strain curve, its measured the energy absorb by the material
before it breaks, what is the toughness? Generally it’s the integration of 0 to epsilon F x sigma D
epsila, where epsila F is the true strain at fracture, so this is the whole toughness of this particular
polymeric materials, so from the stress strain curve is shown which compares the stress strain
behavior of different types of materials, from this you can see we have given the examples of the
brittle polymer, we have given the examples of the ductile polymer, and we have given the high
elastic, so you can see what is the toughness of this particular material. So rigid materials possess
the high Young’s modulus such as brittle polymers and ductile polymers also possess the similar

elastic modulus but with hi%her fracture tou%hness.

s Viscoelasticity: e _
There are two types of deformations named as:

1. Elastic deformation
1. Viscous deformation

i. Elasticdeformation:
¥" Strain is generated at the moment the constant load (or stress) is applied, and this strain
is maintained until the stress is not released.
¥ On removal of stress, the material recovers its original dimensions completely, that is
the deformation 1s reversible that 1s:
og=EE¢

where, E = elastic modulus
o = applied stress
€ = strain developed

™ Rirain

- < t Time

Elastic deformation
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Now we are going to discuss about the viscoelasticity, so there are two types of deformations
generally we are seeing, first one is known as the elastic deformations, and the second one is
called the viscous deformations, so what is elastic deformations? Strain is generated at the
moment the constant load or stress is applied and the strain is maintained until the stress is not
released, on removal of stress the material recovers its original dimensions completely, that is the
deformation is reversible because it will come to again to its original positions, sigma = E epsila,
where E is the elastic modulus, sigma is the applied stress, and epsila is the strain developed.



il. Viscous deformation:

*  Strain generated is not instantaneous and it is time dependent.

= When the load is removed, material does not retwrn to its original |2

dimensions completely, so deformation is irreversible.
de 1 R T
o=y— where. y = viscosity, - —
dt de/dt = strain rate : '

Viscous deformation

* but low strain rate, Polymers show combined behavior of elastic and plastic deformation
depending on temperature and strain rate

* At low temperature and lagh strain rate. elastic behavior 1s observed. and at high temperature the
viscous behavior i1s observed.

*  Combined behavior of viscosity and elasticity | | | e + 4 o R

is observed at intermediate temperature and | | } -
strain rate value. ] | - g
/] -

*  This behavior is termed as viscoelasticity, and o L .
the polymer is termed as viscoelastic.

Viscoelastle deformstion: the combimed hehavior of viscosity amd clasticity
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Then we are going to discuss about the viscous deformations, so strain generated is not
instantaneous and it is time dependent, when the load is removed material does not return to its
original dimensions completely, so there is little bit stress will be present in the material, so
deformations is irreversible, so generally sigma = gamma x D epsila/DT, so where gamma is the
viscosity and D epsila/DT = strain rate, so but low strain rate polymer should combine behavior
of elastic and plastic deformation depending on temperature and strain rate, at low temperature
and high strain rate elastic behavior is observed and at high temperatures the viscous behavior is
also observed, so combine behavior of viscosity and elasticity is observed at intermediate
temperature and the strain rate value, so generally we are having one elastic behavior materials,
when we are adding with some viscous behavior materials we are getting the viscoelastic
properties of that particular materials, so these behavior is terms as the viscoelasticity and the
polymer is termed as the viscoelastic polymer.



1 e et
4. Chemical Properties:

*  Dafferent side groups on the polymer can lend to:
a. lonic bonding
b. Hydrogen bonding

* Polymers contaimning amide or carbonvl groups can form hydrogen bonds between
adjacent chams.

= Dipole bonding 1s not as strong as hydrogen bonding.

* Example Polyesters have dipole —dipole bonding between the oxygen atoms in (=0
groups and the hydrogen atoms in C-H groups.

* Generally, polymeric matenals are noncorrosive in nature. Because, upon exposure to
liquid, they may experience by swelling or dissolution.

= Polymers may deteriorate by swelling and dissolution.

ADVANCED COMPOSITE LAB

Now we are going to discuss about the chemical properties of polymers, so different side groups
on the polymers can link to ionic bonding, another one is called the hydrogen bonding, so
polymers containing amide or carbonyl groups can form the hydrogen bonds between adjacent
chains, dipole bonding is not as strong as the hydrogen bonding, examples like polyesters have
dipole-dipole bonding between the oxygen atoms C double bond O groups and the hydrogen
atoms in CH groups, generally polymeric materials are noncorrosive in nature because upon
exposure to liquid they may experience by the swelling or maybe the dissolution. Polymers may

deteriorate bi the swellinﬁ and the dissolution, it is also another ﬁmﬁerties of the ﬁolimers.

Polvmer Degradation:

= Itis a change in the propertics (Strength, colour. shape, molecular weight ¢tc) of polvmer or
polvmer based product under the influence of one or more environmental factors such as heat. hght.
moisture and chemical.

*  Covalent bonds i polvmer are rupture as a result of environmenial laclors,

*  Due to the chemical complexity of polvmers. their degradation mechanism are not well understood.

Polymer can degrade by exposure to Types of degradation

|, High temperature Thermal degradation

2. Shear action Mechanical degradation

el

Oxygen. ozone and chemicals Chemical degradation

4. Electromagnetic, ultrasonic radiation Light induced degradation

L

Moisture (Ligud)

U 4 U Ul

Hyvdrolysis or swelling & dissolution
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Now we are going to discuss about the polymer degradations, so it is a change in the properties
like strength, colour, shape, molecular weights, etcetera of polymer or polymer based products
under the influence of one or more environmental factors such as heat, light, moisture or
chemical, say suppose we are keeping that polymer for a longer time into the environment or
maybe buried into the soil or maybe dipping it into the water, so we can see that degradation of
that particular polymer, so covalent bonds in polymers are rupture as a result of the
environmental factors, due to chemical complexity of polymers their degradation mechanism are
not well understood still research are going on. Polymer can degrade by exposure to like high
temperature, what will happen? Thermal degradation will takes place, if it is under shear action
mechanical degradation will take place, if it is under oxygen, ozone and chemicals, the chemical
degradation will takes place, electromagnetic, ultrasonic radiations, light induced degradation
will takes place, and if it is open to the moisture or maybe the liquid, hydrolysis or swelling or

mazbe the dissolution will takes place.

Comparison of the properties of cera mics, metals and polymers:

ardneﬂ H:gh) 1 Low ) d’ LmQ

|
Elastic modulus Hagh fj&ﬂ_’ ([ Low) |
High remperature strength | High | Lenw Low |
Thermal expansion | Lo | High | High |
Ductility k?) ’m@) |kagh D
Corrosion resistance | High | Lo | Lo |
Resistance to wear | High | Low | Low |
Efﬂ[.‘fﬂ'(.'ﬂf -:'rmr.!'m:'i':'w'{r Intermediate | Hi}:'-"! | Loy |
Density | Low | High | Lenr |
Thermal conductivity Intermediate | High | Lo |
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Now we are going to just give a brief idea about the ceramic metal and polymer in terms of
different properties, so say suppose if we talk about the hardness, ceramic is having very high,
metal is low, and polymer is also low, so generally I’ll give you some major examples like elastic
modulus, for ceramic it is high, for metal it is high, but for polymer it is also low, if we talk about
the ductility, for ceramic materials it is very, very low, for metal it is high, and for polymer also it
is high, if we are talking about the electrical conductivity, so generally for the ceramic materials
it has intermediate, for metal it is too high, but polymer it is low generally it acts as a one kind of
insulator, if we talk about the thermal conductivity for ceramic it is intermediate, metal it is high,
for polymer also it is very, very low.



(/:tdmm‘a es of palymer:
= Resistance to corrosion and chemicals,

v ®  Low electrical and thermal conductivity, can be made conductin
Ciomd mould ¥ E

Good ability *  Low density, high strength-to-weight ratio.
carrasion Foor tensile = Noise reduction.
resistance strength

= Wide choice of colours and transparencies.
*  Ease of manufacturing and complexity of design possibilities.

L/I.un Low = Relatively low cost,

coefficicnt mechanical
of friction propertics

v

Characteristics of Poar ' , ]
s \expecatars I}r.hqdvanmges of polymer: _ _ _
Polvmers resistance *  Comparatively low strength and low dimensional stability.

»  Have low heat resistance.

* High performance plastics have very high cost.

* They are softer than metals and are more susceplible 1o
deformation under load.

* (o bnttle at low temperature and are flammable.
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Now what are the characteristics of the polymers? So generally polymer is having low density,
low coefficient of friction, good corrosion resistance, good mould ability, poor tensile strength,
low mechanical properties and the poor temperature resistance. What are the advantages of
polymers? Generally it resist to corrosions and the chemicals, low electrical and thermal
conductivity can be made conducting, low density, high strength to weight ratio that is the prime
considerations for choosing the polymer. It can reduce the noise, it is a wide choice of colours
and the transparencies, ease of manufacturing and complexity of the design possibilities, and also
it is very, very cheap.

Some Common Application of Polymers:

= Protective helmets

Various balls

Goll clubs

Playground equipment

Swimming pocls Hielmei

Sports

Tissue scaffolds
Fracture fixations -y
Oxygen transport membrane a’. | '1 \
In controlled release of drugs

Bones, joints, teeth screws eic

Medical

Teuth scraw

Automobile parts

Pipes, tanks
Wind shield for fighter planes

Insulation
. ; Fipes
Packing materials

Super absorbent pobymers are used k.
* Preventing soil erosion m
¥ Reducing imigation facility [
¥ Increasing plant peyformance especially in drought Bupar absa riami

Industry

Agriculture
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What are the disadvantages of polymers? So generally comparatively low strength and low
dimensional stability, have low heat resistance, high performance plastics have very high cost,
some polymers are very, very costly, they are softer than metals and are more susceptible to
deformation under load, it is go brittle at low temperature and are also flammable, it can burn
easily.

So now we are going to give some common applications of the polymers, so generally for the
sports we are using for some helmets, some balls, or maybe medical we are using some kind of
tissue scaffolds, some bones, joints, nowadays we are using some kind of orthopedic implants,
for industry we are using some automobile parts, for using insulations, for packing materials, for
agriculture we are using it for the preventing soil erosions, reducing the irrigation facility and

this all are the Vea, Ve; less, thei are n number of applications where we are usin% the polimer.

Summary:

P

\_D U Polymers are organic, macromolecules made up of repeating units.

O Material properties controlled by degree of cross-linking.

U Different classes of polymers and they are affected by molecular
weight and crystallinity.

[ Mechanical properties are generally quite poor and temperature
dependent.

U Polymers have different applications, hence wadely used.

U Very easy material to process and have low cost.
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So now we have come to the end of this particular lecture and if we summarize this particular
lecture, we have already discussed that polymers are organic, macromolecules made of repeating
units, material properties controlled by degree of cross linking, different classes of polymers and
already we have discussed with their properties, we have discussed about the mechanical
properties, thermal properties, chemical properties of those polymers and it is also very easy
materials to process and having the low cost. Thank you.
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