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8. Polymer:

The term ‘polymer’ comes from two Latin words: poly 222« means many and
mer means part < = or unit 32~ 5, The word polymer is defined — = as very great
molecules 3_ xS <l > that possess great molecular mass &xS 4 > 41S, The
recurrence structural parts s, Siell 4Sudl ) 32Y) are resultant = from some
reactive and simple molecules “bwadlly  Aelsidl  @lyall known  as
(monomers) w55« and are connected - 55 to each other ==l leax: 2s by
covalent bonds 4walud sl b, The method 4% )k of formation J:<:5 of polymers
from monomers _x 5 5« is called polymerization 3_-L,

Polymerization:

[Monomers > Polymers |]

Most polymers are organic ¢ s== in origin J=Yl 8 the basic concepts sl
4wl relating to « 483 i3 the structure of their molecules.

Monomers <l «is<ll are simple recurrent units 3, 8% adawa Claas & which
linked -5 5 A 5 together =2 2« in great numbers =S 2= which give rise to a
polymer. Many organic materials 4=l 3l sl are hydrocarbons < s S s uls;
that is, they are composed ¢ ¢ <% of hydrogen x> 5,2 and carbon ¢ s \S.

The intramolecular bonds are covalent 4wealu 4 5ol 4a10) ,al sY1, Each carbon
atom has four electrons <ty iSI ~ ) that may participate <)L in covalent
bonding “4wal.d 3 .2l whereas every hydrogen atom has only one bonding
electron 215k, o5 ), A single covalent bond 32 e dealisi s pal exists 2> i when
each of the two bonding atoms contributes one electron.

a5 0 S Gl siall G5 )3 e JS aalus,
Example, ethylene, which has the chemical formula C,H,, the two carbon
atoms are doubly 421 bonded together < L2 53, and each is also singly

bonded 24 LU ) 5 to two hydrogen atoms, as represented by the structural
formula
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An example of a triple bond is found in acetylene, C,H:

H—C=C—H

Hydrocarbon compounds with the same composition S Jill («4 may have
different atomic arrangements, a phenomenon » 2 termed <3 isomerism.
For example, there are two isomers for butane ¢ s2;; normal butane has the
structure

H H H H
I
H—C—C—C—C—H
| I O
H H H H

The tetrafluoroethylene monomer, CF, CF, can polymerize to form
polytetrafluoroethylene (PTFE) as follows:

I |
T T
F F F F

The vinyl chloride monomer (CH, CHCI) is a slight variant >.i —aliss of that
for ethylene, in which one of the four H atoms is replaced with a Cl atom. Its
polymerization is represented as

HoH 1|1 |||
n| C=C |— _P'Tﬂ_fl:h
H Cl H Cl
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Folvethylene (PE) —(lj—(lj—
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Poly({vinyl chloride) (PV ) —_— O ——

|
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Polytetrafluoroethylene (PTFE) _':lz_':lz_
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H H

|
Polypropylene (PP) _(lz_':lz_

H CH;

H H

|
Polystyrene (PS) _(lz_':_

H -~

| )
]l[ (T"TI I3
Poly(methyl methacrylate) (PMMA) [
H (|Z|‘—£ZJ—C‘I]3

Phenol-formaldehyde {Bakelite)

Poly{hexamethylene
adipamide) (nylon 6,6)

Poly{ethylene terephthalate)
(PET. a polyester)

Polvcarbonate (PC)
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8.1 Molecular Weight

Large molecular weights & xSl 4 511 5l 5591 are observed 2> 55 in polymers with
very long chains | 4l sk Ju3le, During the polymerization process & <Ll dilee
not all JS s« polymer chains 4 e sl JudStdl willl grow s« to the same length o<
Jskll; this results in 2 = 13 a distribution ) 5 of chain lengths or molecular
weights.

The number-average molecular weigh M,, is expressed as

M

where Mi represents the mean (middle) molecular weight of size range i, and xi
Is the fraction of the total number of chains within the corresponding size range.

A weight-average molecular weight is based on the weight fraction ! <l of
molecules within the various size ranges. It is calculated according to

Jwﬂ_l = Ewr;ﬂrﬂ

where, Mi is the mean molecular weight within a size range, whereas wi denotes
the weight fraction of molecules within the same size.

An alternate way s > 45 )k of expressing =~ average chain size of a polymer
is as the degree of polymerization sl a3 DP, which represents Ji«: the
average number of repeat units 5,5l &las dlin a chain. DP is related to the
number-average molecular weight M,, by the equation.

M,

DP =

3

where m is the repeat unit molecular weight.
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8.2Types of polymers

8.2.1 Linear Polymers dshil) il jad o)

Linear polymers are those in which the repeat units Sl Slas 6l are joined
together leax oo Ja® end to end 4l 44 in single chains 32 sl Aluludl 3 These
long chains are flexible 4 < and may be thought l» Jlicl (Sa of as a mass o« 4
of spaghetti St as represented schematically in Figure 8.1 a, where each
circle represents Jiai 3 pla JS a repeat unit 5,55 32 5, For linear polymers, there
may be extensive van der Waals _-é,xlé 58 and hydrogen bonding <!
43ua 5 )3 between the chains. Some of the common polymers 4=l <l jed gl ey
that form with linear structures 4kea Sl 5 are polyethylene, poly(vinyl
chloride), polystyrene, poly(methyl methacrylate), nylon, and the
fluorocarbons.
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Figure 8.1 Schematic representations of (a) linear, (b) branched, (c) crosslinked,
and (d) network (three-dimensional) molecular structures. Circles designate
individual repeat units.

8.2.2 Branched Polymers 4s jiall < yadl galf

Polymers may be synthesized <=3 ) (S« in which side-branch chains 4. % Jude
4uils are connected J-= 5 to the main ones 4-<LsY\;, as indicated schematically in
Figure 8.1 b; The branches, considered to be part of the main-chain molecule,
may result from side reactions 4wls <3lels that occur <=3 during the
synthesis ~< of the polymer. The chain packing efficiency 4lulull 405 3:iS s
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reduced Jsi with the formation Js:i3 of side branches, which results in a lowering
of the polymer density. For example low-density polyethylene (LDPE) contains
short chain branches.

8.2.3 Crosslinked Polymers 4 iaiall < pad gl

In crosslinked polymers, adjacent linear chains &,slaidl ddaall Judd)l are
joined J-=% one to another ,~YL 2sl 6l at various positions 4iss (Sl by covalent
bonds, as represented in Figure 8.1 c. The process of crosslinking <Liidll is
achieved =3 either during synthesis or by a nonreversible chemical reaction Je
~Se e JSbeS Many of the rubber elastic materials are crosslinked:;

8.2.4 Network Polymers 4Ss&l) il yasl 5

Multifunctional <l 1l 232 monomers <l - s« forming J< three or more active
covalent bonds =2 4salus sl s make three-dimensional networks 4555 48w xias
A=Yl (Figure 8.1 d) and are termed -5 network polymers. These materials
have distinctive 3« mechanical and thermal properties; the epoxies,
polyurethanes, and phenol-formaldehyde.

8.3 Properties of Polymers: < ad sl paibas

Polymeric materials are very important and have many uses for their properties,
most polymers have the following general properties: il 3 ) sy (ailas

= Low coefficient of friction.

= Weak density is relative to ceramics and metals.

= Good mould ability.

= Can be obtained a good surface.

= High erosion resistance.JStll dile 4a glsa

= Can be produced in different colours or transparent
= Economical.

= Low temperature resistance.

= Low tensile strength.

= Very resistant to chemicals materials.
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= Low electrical and thermal conductivity.
= Good strength-to-weight ratios for some polymers.

= Low mechanical properties, which can be improved by fiber reinforcement of
plastics.

= Low modulus of elasticity
8.4 Copolymers 4 &l jasl 5

Consider a copolymer that is composed ¢« ¢ s5i of two repeat units 5 _Sie (o
as represented by and in Figure 8.2 . Depending = lslic) on the
polymerization process and the relative fractions il ,-Sll of these repeat unit
types, different sequencing arrangements 4liss <l 5 along the polymer chains
are possible.

When calculating the degree of polymerization for a copolymer, the value m in
equation is replaced with the average value that is determined from

m = Ejf,-mj

In this expression, f; and m; are, respectively. the mole fraction and molecular weight
of repeat unit j in the polymer chain.

Figure 8.2 Schematic representations of (a) random, (b) alternating, (c) block,
and (d) graft copolymers. The two different repeat unit types are designated by
blue and red circles.
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8.5 Classification of Polymers According to Heat Effect:
Boluadl il o Jaldie) @l el gl Ciiial

The response 4=l of a polymer to mechanical forces at elevated temperatures
Is related to its dominant molecular structure. In fact, one classification scheme
for these materials is according to behavior s sl with rising temperature 3L ) x«
51l Thermoplastic polymers and thermosetting polymers) are the two
subdivisions Clewss,

e Thermoplastics soften ¢ when heated (> (and eventually liquefy z<i s
alil) and harden —L<% s when cooled—processes il lle 8 Examples
of common thermoplastic polymers include polyethylene, polystyrene,
poly(ethylene terephthalate), and poly(vinyl chloride).

e Thermosetting polymers are network polymers. They become zo<i
permanently hard ~)» J<& 4la during J> their formation i< and do
not soften upon heating sl e 215 Y . Most of the crosslinked and
network polymers, which include vulcanized rubbers, epoxies, and
phenolics and some polyester resins, are thermosetting.

Thermoplastic polymers have linear and branched structures; they soften when
heated and harden when cooled.

Thermosetting polymers, once they have hardened, will not soften upon heating;
their structures are crosslinked and network.

8.6 Mechanical Behavior of Polymers (Stress—Strain Behavior)
(A sdaa dlga) gl il jasl gall LSlSaal) (ol 530

The mechanical properties 4suS.wll (=l sall of polymers are specified 22« with
many of the same parameters <>« that are used for metals—that is, modulus
of elasticity 4isll <dulaa and yield and tensile strengths &) 3 6. For many
polymeric materials, the simple stress—strain test, figure 8.3, is used to
characterize some of these mechanical parameters.
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Figure 8.3 stress—strain behavior of different types of polymers.

Three typically different types ¢~ gls! &35 of stress—strain behavior are
found <2s 5 for polymeric materials, as represented in Figure 8.3. Curve A
illustrates Jie: the stress—strain 4csbae sl character 4x=l= for a brittle
polymer el &l e ol inasmuch L s as it fractures ,~Si while Lex deforming
elastically Wi s » +i3, The behavior < sl for a plastic material 455300 ) sall curve
B, is similar «Lis to that for many metallic materials 4saxsll 3l sall; the initial
deformation 2l e 5551 s elastic o< 055y, which is followed W ax 24 5 by yielding
and a region of plastic deformation S:owYL e 225 Finally | 2315, the deformation
displayed J—=l=ll 5330 by curve C is totally elastic WS ¢ this rubberlike
elasticity blhaall 4l 455 4 (large recoverable 212 w20 4L strains produced i at
low stress levels 4kisia dlgal S i) s displayed o= by 4kul 52 a class —sis of
polymers termed the elastomers ¢l eus
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