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Chapter 1
Introduction

Abstract

This chapter deals with the general introduction and fundamental ofpolymers,
polymer blends and polymer composites. Various applications ofpolymer blends
and composites are also described. The importance ofthe spectroscopy in thefield
ofpolymer science is explained. A detailed literature survey and motivation for

selecting this problem is also emphasized at the end ofthe chapter.
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1.1. Introduction to Polymeric age

The earliest known work with polymers was the rubber industry in pre-Columbian Mexico. They
combine latex of the rubber tree with the juice of the morning glory plant in different proportions.
to get rubber with different properties for different products, such as bouncing balls, sandals, and
rubber bands. The first modern example of polymer science is the derivatives of the natural
polymer cellulose, such as celluloid and cellulose acetate developed by Henri Braconnot,

Christian Schonbein and others. But it used as plastic during First World War in 1914,

The >ﬁrst. synthetic polymer used on a commercial scale was a phenol-formaldehyde resin known
as Bakelite, developed in the early 1900s by chemist Leo Baekeland. Hermann Staudinger was
 the first to propose that polymers consisted of long chains of atoms held together by covaient
bonds. The first of what may be called the modern synthetic polymers were developed during the
inter-war years. The first commercial manufacture of polystyrene took pléce in Gerrﬁany in
1930, poly(methyl methacrylate) in 1936, PVC was used as a plasticized material in 1939 and
poly(ethylene terephthalate) in 1943, Polyolefins, polymers derived from olefins, “-':elje.started to

develop around 1950. The first linear thermoplastic polycarbonate was commercially px;oduced

in 1960. Polypropylene was manufactured in 1962.

The development and production of a new polymer is an extremely costly process, so the method
of reducing these costs is important. For these reasons a great interest was. developed during the
1970s and 1980s. in the blending of polymers of different types to give either cheaper products or

products with properties which were the conibination of two or more polymers.

" The development of new polymers has not come to an end but polymer chemists continue to

develop both new polymers and new polymerization processes for the older polymers, This leads
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to the introduction of polymers for special uses. Totally novel types of polymers are also

synthesized with a view to investigate whether they might have useful properties.

1.2. Introduction of Polymer

The word Polymer is derived from Greek words “poly” means many and “meres” means parts. In
simple statement polymer is a long chain molecule which have large number of repeating units
which is called monomers. Certain polymers are found in nature like proteins, cellulose, silk etc.

while many others like nylon, polystyrene, polyethylene are chemically synthesized.

1.2.1, Classification of Polymer
Hundreds of polymers have been synthesized and many more are likely to be produced in future.
But fortunately on the basis of their processing characteristic, type of polymerization, on the
basis of polymer structure, chemical structures, physical properties, mechanical behavior,
thermél characteristics, and stereochemistry, polymérs can be classified as follows.
# Natural and Synihetic polymer
Polymers isolated from naturzﬂ materials sre called natural polymers.
Example: cotton, silk, wool etc.
Poiymers synthesized from low molecular weight compounds. are called syntheiic
polymers. |
: 'Examp]e: Polyethylene, Polyvinyl chlor}de (PVC), nylon etc.
# Based on processing characteristics
Polymers can also be divided into groups baséd on their prdperties. All polymers can be
classified in to two major groups based on their thermal processing behavior which is

very useful for thermal properties of different polymers.
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* Thermoplastics
They can be softened in order to process into a desired form when heated are
called thermoplastics.
It can be reused and re-fabricated by applying heat and pressure.
Example: Polyvinyl chloride (PVC), Polystyrene (PS), Polypropylene (PP) etc.

*  Thermosets
Polymers whose individual chains have been chemically linked by covalent bond
during their fabrication and once they formed they cannot be thermally processed
to re-fabricate are called thermosets.
They resist heat softening, creep and solvent effect. Due to these properties they
are useful for composite materials, coatings and adhesive applications.
Examples: Epoxy resins, phenolfformaldehyde resins etc.

% Based ;m poiymerization pl;OCESS |
Polymers may also be classified according to their polymerization mechanism as shown
below.

» Addition or Condensation
Polymer which is polymerized by a sequential addition of monomers is addition
polymer.
Example: Polystyrene (PS), Poly Ethylene (PE) etc.
Polymer which is obtained by the random reaction of two molecules is called
céﬁdensation polymer. As a molecule, a monomer, oligomer or higher mclecular
weight functional group take part in poly condensation reaction.

Example: Nylon-6, 6, Polycarbonate (PC), etc.
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Step growth or Chain growth

Step growth polymerization is a type of polymerization mechanism in which bi
functional or multifunctional monomers react to form a first dimer, then trimer
and longer oligomer or eventually long chain polymer. Most condensation
polymers are step growth polymer.

Example: Polyester, Polyamide etc.

Chain growth polymerization is technique when unsaturated monomers or
molecules add on to the active side on a growing polymer chain, one at a time [1].
And as a molecules radical, anion or cation can take part in polymerization. Most
addition polymers are chain growth polymer.

Example: Polystyrene (PS), Polyvinyl chloride (PVC), etc.

4 Atactic, Isotactic and Syndiotactic Polymers

Cn the basis of the configurations, polymers can be classified into three categories viz.,

atactic, isotactic (cis-arrangement) and syndiotactic (trans-arrangement).

Atactic polymer

Those polymers, in which arrangement of side groups is at random around the
main chain, are termed as atactic polymers.

Isotactic polymer

Those polymers in which the arrangement of side groups are ai! on the same side
are known as isotactic polymers. |

Syndiotactic Polymer

Whereas, those polymers in which the arrangement of side groups is in alternating

fashion is termed as syndiotactic polymers.
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4 Based on polymer structure
Polymer may also classify based on the chemical structure of their backbone.

= Homo chain polymer
Polymers having all carbon atoms along their backbone are called homo chain
polymers which are further divided as polyalkylenes, polyalkenylenes and
polyalkynylenes depending upon whether there are single, double or triple bonds
along their backbone.

E)_campl_e: Polystyrene (PS), Polyvinyl chloride (PVC), etc.

= Hetero chain polymer '

-. Polymers having more than one atom type in their backbone are called hetero
chain polymers which are grouped by the types of atoms and chemical groups e.g.
caijonyl, amide or ester, etc. located along the backbone.

Example: Polyether, Poiycarbonates etc. ’
Depending on its ultimate form and use, a polymer can also be classified as plastic,

elastomers, fibre or liquid resins.

1.2.2. Propcerties

Every polymer has very 'diétinct characteristics but most polymers have the general properties.

Polymer properties are broadly divided into several classes. The most basic property of a

polymer is the identity of its constituent monomers. The other one is the arrangement of these -
monomers within the polymer at the scale of a single chairx. These basic structural properties.
play a major role in determining bulk physical properties of the polymer, which describes how

the polymer behaves as a continuous macroscopic material. Chemical properties, at the nano-

scale, describe how the chains interact through various physical forces. At the macro-scale, they
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describe how the bulk polymer interacts with other chemicals and solvents. Some basic

properties of polymers are listed below.

* Polymers are very light in weight with great degrees of strength.
»  Polymers can be processed in various ways.
= Polymers have many inherent properties that can be further enhanced.
= Polymers can be very resistant to chemicals and also to weather. They only react
with particular solvent.
* = Polymer can act as both thermally and electrically insulator.
*  Polymers have excellent transport properties ;uch as diffusivity.
» Mechanical properties of polymers have made polymer to great interesting

materials. Polymers replace many materials with their good physical properties.

1.3. Polymer Blends

The polymer industry traces its beginning to the early modification of shellac natural rubber,
gutta-percha and cellulose. In 1846, Parkes patented the ﬁrstvitpol:ymer blend natural rubber with
gutta-percha partially co-dissolved in CS,. Blending these two isomers resulted in partially cross

linked materials whose rigidity is controlled by composition [2].

1.3.1. Whatis Polymer Blends?

Blendiﬁg indicates “an action to combine ingredients into one mass, 50 that the consiituent parts.
are indistinguishable”. While in plastic processing, it means the physical act of homogenization
[3]. Polymer blends are physical mixtures of two or more polymers with/without any chemical

bonding between them. The objective of polymer blending is to achieving feasible products with
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unique properties and lower cost. Blending technology also provides attractive opportunities for

reuse and recycling of polymer wastes.

When two or more polymers are mixed, the phase structure of the resulting material can be either
miscible or immiscible. Due to their high molar mass, the entropy of mixing of polymers is
relatively low and consequently specific interactions are needed to obtain blends, which are
miscible or homogeneous on a molecular scale [4]. Polymer blends exhibit properties that are
superior to any one of the component. Miscibility of the constituent polymers decides the
structure of the blend which in turn, decides the properties of the blend [5-7]. If there is weak
interaction between corgstituent polymer, miscibility of polymers is weak [8]. Blending offers a
unique tool for overcoming the deficiencies of the polymer without much loss in the mechanical
properties [9, 10]. Knowledge of the miscibility and phaée behavior of polymer blends is

-

essential for controiling the properties of polymer blends.

1.3.2. Different kind of Polymer Blends

There are many types of',poiymer blends, it include from simple bixiary mixtures of polymer,
interpenetrating networks, compatible blends, impact modified polymers, emulsion polymers,
engineéring polymer blends, thermoseis blends, elastomeric blends, liquid crystailine polymer
blends, water soluble polymer blends, natural product polyiner blends and so on. But polymer

blends can be broadly divided in to three categofies:

» Immiscible polymer blends
It is also known as heterogeneous polymer blends. If the blend is made of two polymers
then the blend structure is not a single phase structure and two glass. transition

temperatures will be observed.
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s Compatible polymer blends
These blends are also immiscible polymer blends but they exhibits macroscopically
uniform physical properties, which is caused by strong interaction between the
component polymers.

» Miscible polymer blends
They are also known as homogeneous polymer blends. Polymer blends that exhibit a

single phase structure. In this case only one glass transition temperature is observed.

1.3.3. Properties of Polymer Blends o .
Polymer bleads have been designed, rather than by availability. Tﬁese polymeric materials must
perform under strenuous mechanical, chemical, thermal and e!eéﬁrical conditions imposed by the
requirements of a specific application. They are also accepted to stay performed at complex
atmospheric conditions. Ali these factors point toward the need for studies of tiie properties and
performance of polymer blends. For asscssing the performance of a polymer blend, mainly study
the given. properties like mechanical, chemical and solvent effects, thermal, flame retardancy,
electrical and optical properties. Polymer blend have very excellent properties like better
processing, blow molding, mechanical (creep, impact, stiffness, strength), heat resistance, optical

and slectrical properties and also have lower cost.

1.3.4. Methods for Blending
The properties of a polymer blends are dependent upon the method of preparation. There are a
number of methods which have been emploved to prepare polymer blends. Some important and

most commonly used techniques are as follow.
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* Mechanieal-melt mixing
This is the most important and cheap method to prepare polymer blend in industry. The
simplest process for the making of polymer blends from thermoplastic is mixing the
polymers in the melt condition in suitable devices like rollers, extruders; kneeling
machine etc. under suitable reaction conditions, chemical reaction like chain scissions,
cross linking can take place in polymer melt. Grafting reaction can also be achieved by
adding suitable monomers to polymer melts in extruders [11].

* Solution cast t_echnique§ : .
Solution cast techniques is an important technique utilized to fabricate thin layered films.
Thev solution cast process consists of the solution of the film ingredients in a suitable
common solvent which further take place to dry where the solvent is evaporated. When
solvent is evaporated, the resultant film is removed from substrate. Advantages of
solution casting method as compared to melt process are higher quality with uniform
thickness of films, highly pure and clear films with lack of residuals and free from
pinholes and it is also possible to produce pattern films.

¢ Latex blending
Latex is a colloidal dispersion of a polymer substance in an aqueous medium. Latex
blends are prepared by mixing two polymers where each polymer is present in the foim
of polymeric microspheres dispersed in a fluid medium [12]. Blends prepared with this
method would be expected to have very high interfacial area. The early emulsion
polymerization of rubbers and thermoplastic acryclates provided raw ingredients. for latex

blending. Latex blends were used either directly as paints, adhesive and sealants or they

were pelletized or spray dried.
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» Spray or freeze drying
In spray drying, transformation of fluid of blend materials into a dried particulate form by
spraying fluid into a hot drying medium [13]. This is an ideal process, when the end
products have precise quality, residual moisture content, bulk density and particle size.
On other hand, a technique in which first polymers are heated above glass transition to
form good solution then allow polymer solution to freeze certainly lower temperature to
achieve solid polymer from solution [14].

* Fine powder mixing
In this technique, mixtures of polymer pbwders have been made to allow for diffusion
mixing at higher temperature. Mostly temperatures apply here above glass transition
temperature of constituent polymers.

o In-situ polymerization
The polymerization of one polymer is conducted in the presence of other polymer.
Interpenetrating Polymer Networks are prepared by po}ymgrizatioh of different polymer

networks. Polymer electrolytes are prepared by this technique.

1.3.5. Application of Polymer Blends

Since industrialization and commercialization, polymer blends tends to direct replacement ¢f the
different materials, mostly metal. This is because they can be easily formed in complex shape,
corrosion resistam,as\‘vvell as lighter in weight than metals. Blend families tend to be appropriéte
for certain types of applications which require the special attributes of the major blend

component.

Polymer blends are generally used in below mentioned applications: Automotive applications,

Electrical and Electronics Applications, Medical Applications, Building and Construction,
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Business Machines and Communications, Packaging, Power Tools, different Appliances,

Furniture, Recycling materials and so on.

1.4. Polymer Composites

One of the aims of material research is to developed new materials with desirable physical
properties for particular application and also to understand the mechanisms which controlling
these properties. Polymer composites can be developed by mixing of two or more basic
constituents which containing two or more phases. The basic difference between blends and
composites is that the two main constituents in the composites remain recognizable while these

may not be recognizable in blends [15].

1.4.1. Whatis Polymer Composites?

Any of the combinations or compositions that comprise two or more materials as. separate
phages, at least one of which is a bolymer,_ By combining a polymer with another mate‘riai,v such
as glass, carbon, or another polymer, it is ofen possible to obtain unique combinations or levels
of properties [16]. The goai of polyiﬁcf'¢omposites is to improve strength, stiffness, or
toughness, or dimensional stability by embedding particles or fibers in a polymer matrix or

binding phase with low cost.

1.4.2. Different kind of Polymer composites

On the basis of matrix phase, compuosites éan be classified into metal matrix composites
(MMCs), ceramic matrix composites (CMCs), and polymer matrix composites (PMCs) [17]. On
the basis of the dopant, polymer composites are also further classified. Types of reinforcement

are particulate composites (composed of particles), fibrous composites {composed of fibers); and
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laminate composites (composed of laminates). Particulate composites are also classified

according to the dopant particles like organic or inorganic particle, metal or non metallic particle.

1.4.3. Properties of Polymer Composites

Properties of different polymers will determine the application to which it is appropriate. The

chief advantages of polymers as matrix are low cost, easy processability, good chemical

resistance, and low specific gravity. Different kind of polymers such as thermoplastic polymers,

thermosetting polymers, elastomers, and their blends are used for making of polymer

composites. Polymer Composites are very popular due to their low cost and simple fabrication

methods. It’s main advantage of properties are shown below [18]:

a) High specific strength

. b) High specific stiffness.

| c¢) High fracture resistance
d). Good abrasion resistance
e) Gond impact resistance
) Good corrosion resistance
g) Good fatigue resistance

h) Low cost

The main disadvantages of Polymer Composites are:

a) Low thermal resistance and

b) High coefficient of thermal expansion.
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1.4.4. Methods to make Polymer Composites
The important processing methods of polymer composites are hand lay-up, bag molding process,
filament winding, pultrusion, bulk molding, sheet molding, resin transfer molding, injection

molding, and so on.

1.4.5. Application of Polymer Composites

Generally plastics, fibers, rubber, adhesives, paints and coatings etc. are based on pelymers. One
polymer can also be used for more than one application. Polymer composite materials overcome
mas:y of the shortcomings of homogeneous materials. They are currently being used in various
medical field and many additional applications have been propésed. Polymer composites have
also been used as sensor materials for different types of sensing applications [19]. Composites
and plastics are used in a wide variety of products from advanced spacecraft to sporting goods,
[20]. Metal doped polymer provides suitable properties for EMI shielding [21]. In electrical field
polymer Compositles are- used in Panels, housing fittings, switchgear, insulators, and connectors.

In chemical field they are widely used in Chemical storage tanks, pressure vessels, piping, pump

body, valves, etc.

1.5. Selection of Polymer blends
In this section we discuss about the selection of polymers and its blends. And literature survey

regarding these polymers and its blends are also described.

1.5.1. Polyvinyl chloride (PVC) and Poly methyl methacrylate (PMMA) blend
Poly (vinyl chloride) (PVC) is one of the most important and widely used thermoplastics due to
its many important properties like good processability, chemical resistance, low flammability

and low cost [22}:. Its principal drawback, however, is low thermal stability at processing
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temperatures. This deficiency is overcome by adding plasticizers or processing aids in PVC.
Especially poly(mvethy! methacrylate) (PMMA), are used as processing aids for PVC [23]. The
aim for modifying PVC by blending is to manufacture new PVC polymers that combine desired
physical properties at low cost. Enhancement in ionic conductivity and mechanical strength has

been reported in polymer electrolytes by modifying them in the form of blends [24].

First PVC/PMMA blends were studied by Schurer et. al. [25] PVC/ PMMA blends has been.
studied by different approaches by different workers, it was well described by Chao Zhoul et.al.
{26] Schurer [27] reporied that PVC/ PMMA are miscible only in blends having PVC:- contents
greater than 60%. Rupa Chakrabarti st. al. studied physical and mechanical properties of
PVC/PMMA blend and suggested that a substantial increase in toughness accompanied ynv»ith
unusual increase in medulus and ultimate tensile strength occurred after initial stages of PMMA
incorporatic;'n compared to pure PVC [28)- ‘Wlochowicz and Janicki concluded that PVC /
PMMA Blends. at all compositions are wholly amorphous two-phase system [29]. Varada
investigéted the miscibility of PVC with PMMA by ultrasonic and refractive index method. [30].
They pointed that‘ PVC and PMMA are miscible in all compositions. Shen and Torkelson
obsérv_cad that PVC/ PMMA blends are miscible at all compositions, if they are prepared between
Ty and their lower critical solution temperature [31]. This discrepancy in, the miscibility may be
due to the different methods used for sample preparation and polymers used are having different
molecular weights. S. Ramesh et.al. studied PVC/PMMA blend based polymer electrolytes and_
reported about interacticn of PVC/PMMA blend with lithium triflate salt, ethylene carbonate
(EC), dibutyl phthalate (DBP) plasticizers and aiso with silica [32]. The PVC/PMMA blend is a
well-known system in which hydrogen bonds involving the & hydrogen and the carbonyl group

of PMMA are expected. It has been reported’ that this type of interaction is competing along with
p p g



Selection of Polymer blends

dipole dipole interactions between the H - C - Cl and C = 0 groups. to ensure miscibility [33].
The present study involves the blending of PVC with amorphous and a rigid polymer, poly
(methyl methacrylate) (PMMA) having a very high glass transition temperature (Ty). PMMA
might be expected to counter balance the fall in mechanical properties of PVC is.attributed to the

disruption in molecular packing of stiff and rigid chains of PVC [34].

1.5.2. Poly acrylamide (PAM]) and Poly vinyl alcohol (PVA) blend

PAM is well-known hydrophilic polymer and has been greatly usedA in the field of agriculture
and biomedicine [35, 36]. The electrical and mechanical properti'es of the ethylene propvlene
diene monomer (EPDM) and nitrile rubber (NBR) blended with peolyacrylamide (PAM) were
studied [37}. PAM is a polymer of biomedical and pﬁérmaceutical interest widely studied as
hydrogel for blood compatible applications [38]. Polymers of acrylamide are well known for
their hydrophilicity and inertness that make them a material of choice in large number of

applications in medical and pharmacy [39].

Many researchers have studied the ﬁse of PAM hydrogels for controlled release of fertilizers,
pesticides ror possibly in medicine [40]. Also, it was used for the decontamination of waste water
containing radioactivity [41]. Polyacrylamide-based polymers have received a great extent of
. tility in industry because of their high molecular weight, water soluble propeity, and ability to
‘ receive diverse modification on chemical structure {42, 43j. When PAM dissolved in solvents,
the linear structure formed in solution by these macromolecules reduces. the drag coefficient,
thereby, facilitating the transport of viscous liquids over long distances [44, 45]. When cross-
linked, the polymer is insoluble in water and forms a hydrogel system that is capable of

absorbing and retaining large quantities of water. The linear form and solubility properties also
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offer unique applications such as stabilizing soil matrices, reducing erosion, and improving soil
aeration [46, 47].

Poly vinyl alcohol (PVA) films are known to posses high tensile and impact strengths, a high
tensile modulus, and excellent resistance to alkali, oil, and solvents [48}. PVA has gained
increasing attention in the biomedical field because of its bio inertness. [49, 50]. Vargas et al.
investigated poly Vinyl Alcohol (PVA) for the phase behavior [51]. Fritz and Breitsmer
developed ionically conducting polyelectrolytes based on PVA due to its bio-compatibility and
wide spread use in biomedical fields [52]. Because of its superior mechanical properties and
better tonic conduction, it has some technological advantages in electrochromic devices and fuel
cells, etc [53]. Hydrophilicity of PVA is an advantage for its applications, and also a limiting
factor in its chérédterization because its molecules are prone to aggregate through hydrogen
bonding due to its poly hydroxyl groups [54].

Blends of ‘poiyvinyl alcoho! (PVA) with other polymers have been *nechanically characterized
by many researchers [55]. PVA and PAM are two well-known polymers and their individual
biomedical, mechanical and other properties have been thoroughly investigated {56-58]. PVA is
a water soluble, non-toxic, non-immunogenic polymer with a remarkable film forming property
59, 607]. Hdv-vever, its weak mechanicai strength restricts its use in those applications where the
material has to withstand prolonged stress. Thus, the introduction of other polymeric components
into the PVA matrix could improve its mechanical properties [61]. PVA is widely used as.a basic
material for a variety of biomedical applications [62-64].

The chemical resistance and physical properties of PVA have led to its broad industrial use.
Chemically cross linked PVA hydrogels have received increasing attention in biomedical and

biochemical applications because of their permeability, biocompatibility and biodegradability
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[65-68]. Horia M Nizam El-din et. al. undertaken to investigate the miscibility of PVA with
PAM in various proportions [69].

The selection and use of polymers can potentiaily form hydrogen bonds when two polymers
mixed, as well as the study of blends properties, are of importance to find further applications of

the resulting blend materiais for biomedical and pharmaceutical devices [70].

1.5.3. Poly acrylamide {(PAM) and Poly ethylene oxide (PEQ) blend

Polyacrylamide (PAM) is highly water-absorbent, forming a soft gel when hydrated. It is used in
manufacturing of coft contact lenses, in potable water treatment industry etc [71]. Polyethylene
oxide (PEO) is becoming increasingly important in a variety of fields as the most suitable
material for optical and electrical applications, because of its advantages such as water
solubility, low glass fransition temperature, large dipole moment, low cost and easy
processability [72, 74]. PAM and PEC may be -utilized in many,_ applications established

industrially due to their useful physical properties.

1.5.4. Poly methyl methacrvlate (PMMA) and Titanium Dioxide (Ti0z)" |
In recent years, studies on optical and electrical characteristics of polymers have fascinated much
consideration in their application in optical and electronic de;/ices [75, 76]. The optical
_ properties of the polymers can be correctly customizéd by'the addition of dopant depending on
their reactivity,with host matrix. Optical parameters (e.g. refractive index, optical band gap, etc.)
of poly iﬁéthyl methacrylate (PMMA) depend- on its molecular L;ztructure and they can be
modified. Titanium dioxide or titania (TiO,) is a harmless white material widely used in photo
eIectrochémical solar energy conversion and environmentai photo catalysis (treatment of
polluted water and air) including self cleaning and anti fogging surfaces [77, 78]. It is also.

commonly used as a high refractive index material in optical filter applications and sensors [79,
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80]. Nanostructured TiO, is used in solar cell research and displays [81}. TiO; thin films are
valued for their good durability, high dielectric constant, high refractive index, excellent
transparency in the visible range and biocompatibility. In polymer light emitting diode devices,
mixing TiO, nanoparticles into poly[2- methoxy-5-(20-ethyl-hexyloxy)- para-phenlenevinylene]

MEH-PPV results in increased current densities, radiances and power efficiencies [32, 83].

1.6. Spectroscopy in Polymer Science .

Spectroscopy is defined as science of interaction between electromagnetic radiation and matter.
Polymer spectroscopy deals with the application of a wide range of spectroscopic methods to
study polymers which have higher molar mass and formed by linking of monomers. The basic
information obtained by spectroscopy is always consisting of energy difference, additionally
consisting band shapes, intensities and in some cases polarization of signals. Polymer
spectroscopy provides tw6 types ot; information, related to the structure and dynamics ‘of
polymers (Tabie 1.1). Infprmation on chemical structure is the main aim of analytical application
of polymer spectroscop'y as it gi’\-'_,c‘s information at molecular level which is very helpful to.study
other properties of polymers. Palyxﬁer spectroscopy and non spectroscopic methods are

combining to produce well and pure characterized polymer samples.

Table 1.1 Information obtained by spectroscopy relating to structure and dynamics of polymeric systems.

Structure Dynamics

Chemical structure and Movements of polymer chain, segments and
Tacticity side groups

Conformation Phonons

Crystallinity Excitons

Electronic Structure Complex formation and related phenomena
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Figure 1.1 Spectral Range of Spectroscopic methods used in spectroscopy.

Information on chemical structure is the main aim of analytical application of polymer

spectroscopy. Spectroscopy gives precise information at the molecular level. Polymer
spectroscopy involves the investigation of monomers or oligomers and also their interaction with
surrounding molecules. In order to get maximum useful information, polymer spectroscopy
should be combined with non-spectroscopic methods to study different polymer properties.
Spectral range of spectroscopic methods used in polymer spectroscopy is shown in the above

Figure 1.1. Whole range can be divided into three parts conveniently [84]:

1. Electronic spectroscopy (ESCA and UV-Vis)

2. Vibrational spectroscopy (IR and Raman)

3. Spin resonance spectroscopy (ESR and NMR)

1.7.  Objective of the work

To study the mechanical, optical, structural and thermal properties and surface morphology of

pure, blends and composites polymer films using spectroscopic techniques. Also to study the
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effects of different concentrations on the properties of blends and composites polymer films
using spectroscopic techniques such as FTIR , Raman, UV- Vis, TGA, and DSC. These studies
enable us to understand the issues related to the processing and structure-property relationship

for pure polymer and polymer blends/composites.

The motivation for this work is that nobody was tried to correlate mechanical properties, thermal
properties and optical properties studied by conventional methods. with spectroscopic
investigation using FTIR, Raman and UV-Vis spectral studies. But spectroscopic study may be
able to grovide quick, more reliable and in depth details than the other techniques. Hence
decided to study the influence of different concentrations of polymer blend and. composite on
different properties of pure, blend and composite polymer films with conventional methods and

correlate their result with spectroscopic results.



References

References

1. Introduction to polymer, R. J. young, Chapman & Hall, ISBN - 0-412-22170-5, 1987.

2. David 1. Bower, An Introduction to Polymer Physics, Cambridge University Press, New

York, 2002.

3. L. A. Utracki (Edi.), polymer blends hand book, 577-651, Klawer Academic Publishers,

2003.
4. D.J. Walsh, S. Rostami, Adv. Polym. Sci., 70, 119 1985.

5. Olabisi, C.; Robeson, L. M.; Shaw, M. T. Polym_er-Polymer Miscibility; Academic Press:

New York, 1979.

6. Kwei, T.K.; Wang; T. T. In Polymer Blends; Paul, D. R.; Newman, S., Eds.;’A‘cademic

Press: New Ybrk,' 197‘8.

7. L.A. Utracki, Text Book of Polymer Alloys and Blends (Thermodynamics and

Rheology), Hahser, New York 1990,

8. A.V.Rajulu, R.L. Reddy, S.M. Raghavendra, S.A. Ahmed, Eur. Polym. J. 35 (6) 1183,

1999.
9. J.L. Acosta, E. Morales. Solid State lonics 85, 85-1996.

10. A.M. Rocco, R.P. Pereira, M.L Felisberti, Polymer 42 5199, 2001.



References

11. D. Braun, H. Cherdron, M. Rehahn, H. Ritter, B. Voit, Polymer synthesis: Theory and

Practice, 4" edition, Springer-Verlag Berlin Heidelberg, 2005

12. Jianrong Feng, Mitchell A. Winnik, Richard R. Shivers, Brian Clubb, Macromolecules,

28, 7671-7682, 1995.
13. K. Masters, Spray drying Handbook, John Wiley & Sons, New York, 4" edition 1985.
14. Mar K Alger, Polymer Science Sictionary, Chapman & Hall, 1997

15. Josmin P. Jose, Sant Kumar Malhotra, Sabu Thomas, Kuruvilla Joseph, Koichi Goda, and*
Meyyarappallil Sadasivan Sreekala, Advances in Polymer Composites: Macro- and
Microcomposites — State of the Art, New Challenges, and Opportunities, Polymer
Composites: Volume 1, First Edition, Published by Wiley-VCH Verlag GmbH & Co.

KGaA 2012.

16. McGraw-Hill Encyclopedia of Science and Technology, 5th edition, published by The

McGraw-Hill Companies, Inc.

17. Avila, AF,, Paulo, C.M., Santos, D.B., and Fari, C.A. Materials Characterization, 50;

281-291, 2003.

18. Polymer Composites: Voilume 1, First Edition. Edited by Sabu Thomas, Kuruviila
Joseph, Sant Kumar Malhotra, Koichi Goda, and Meyyarappallil Sadasivan Sreekaia,

Published by Wiley-VCH Verlag GmbH & Co. KGaA, 2012.

19. 1. R. L, J.R. Xu, M.Q. Zhang, M.Z. Rong. Carbon 41 2353-2360, 2003.



References

20. M. Ueda, 1. H. Tan, R. S. Dallaqua, J. O. Rossi, J. J. Barroso, M. H. Tabacniks, Nucl.

Instrum. Meth B 206 760, 2003.

21.F. Rodrigues, C. Cohen, C.K. Ober, L.A. Archer, “Principles of Polymer Systems” Eds.
D. T. Schanck, D.P. Teston, 2003, Taylor and Francis, New York, London. D.D. L.

Chung. Carbon, 139 279-285, 2001.

22. Aouachria Kamira and Belhaneche-Bensemera Naima, Polymer Testing., 25 11011108,

2006.

-

23. Reyne M. Les plastiques modernes: polyme’res, transformations et applications. Paris:

Hermes; 1992.

24. Fekete Erika, E. Foldes and B. pukanskszky, Europian Polymer Journal., 41 727-736,

2005.
25. 1. W. Schurer, A. de Boer and G. Challa, Polymer.,16 201, 1975.
26. Chao Zhoul et.al, Polymer Bulletin., 58 979-988, 2007.
27.J. W. Schurer, A. de Boer and G. Challa, Polymer.,16 201, i975.

28. Rupa Chakrabarti, Molay Das and Debabrata Chakraborty, Inc. J Appl Polym Sci., 93

2721-2730, 2004.
29. A. WlochowicZ and J. Janicki, J. App. Poly. Sci., 38 1469, 1989.

30. A. Varada Rajulu, R. Lakshminarayna Reddy and S. M. Raghavendra, Eur.Polym. J., 35

1183, 1999.



References

31. S. Shen and M. Torkelson, Macromolecules., 25 721, 1992.

32. 8. Ramesh, K. H. Leen, K. Kumutha and A. K. Arof, Spectrochemica Acta., Part A, 66

12371242, 2007.

33. E. Lemieux, R. E. Prud’homme, R. Forte, R. Jbrhme, and P. Teyssib, Macromolecules, 2

1,2148 1988.

34, Patel G, Sureshkumar MB, Singh NL, Bhattacharya SS, Spectroscopic correlation of
mechanical properties of PVC/ PMMA polymer blend. J Int Acad Phys Sci 14:91-100,

2010.

35. Lopatin VV, Askadskit AA, Peregudov AS, Vasilevy VG Structure and relaxation
properties of medical purposed polyacrylamide gels. J App! Polym Sei 96:1043-1038,

2005.

36. Durmaz S, Okay O in homogeneities in poly (acrylamide) gels: position-dependent

elastic modulus measurements. Polym. Bull 46:409-418, 2001.

37. Salwa El-Sabbagh, Samia M. Mokhtar, Salwa L. Abd-El Messieh, journal of Applied

- Polymer Science, Vol. 70, 2053-2059, 1998.

38. Peppas, N. A. In Biomaterials Science; Ratner, B. Ed.; Acadeinic Press, Inc., New York,

p. 63, 1996.

39. A. K. Bajpai and Smitha Bhanu, J. Mater. Sci. Mater. Med. 15, 43, 2004.



References

40. Yousefzadeh P, SohrabpourMand KhadjaviMS, Proceedings of the Research and
development of control release formulation of IAEA pesticide Vienna, Austria, 81-89,

1994,

41. Rudenko L1, Sklyar VY, Khan VY, Sklyar VP and Makaro MA, Chernobyl Reports of
the All-Union Scientific and Technical Meeting, Ukraine, 1015, Ministerstvo rossijskoj

PO Atomic, Ennergii, Moscow, May 1988.
42. K.E. Lee, B.T. Poh, N. Morad, and T.T. Teng, Int. J. Polym. Anal. Charact., 13, 95, 2008.
43.K.E. Lee, B.T. Poh, N. Morad, and T.T. Teng, J. Macromol. Sci., 46, 240, 2009.

44. Rho T, Park J, Kim C, Yoen H-K, Suh H-K. Degradation of polyacrylamide in dilute

solution. Polym. Degrad. Stab. 51: 287, 1996.

, 45. Yang M-H. On the thermal degradaﬁon of poiy(styrene sulfone)s VIIl. Effect of structure -

on thermal characteristics. Polym. Degrad. Stab. 76: 69, 2002.

46. Wallace A, Wallace GA, Abouzam AM. Effect of excess level of a polymer as a soil

conditioner on yield and mineral nutrition of plants. Soil Sci. 141: 377, 1986.

47. Rosen J, Hellenas KE. Analysis of acrylamide in cooked foods by liquid chromatography

tandem mass spectrometry. Analyst 127: 880, 2002.

48. F. H. Abd El-Kader, S. A. Gafer, A. F. Basha, S. 1. Bannan, M. A. F. Basha, Journal of

Applied Polymer Science, Vol. 118, 413—420, 2010.
49. Cholakis, C. H.; Zingg, W_; Sefton, M. V. J Biomed Mater Res., 23, 417, 1989.

50. Horiike, S.; Matsuzawa, S. J Appl Polym Sci 58, 1335, 1995.



References

51. Vargas, R. A, Garcia, A., and Vargas, M. A, Electrochim Acta 43, 1271, 1998.

52. Fritz, H. P. and Breitsmer, M., Solid State Ionics 45, 255, 1991.

53. Rajendran, S. and Mahandran, O., Ionics 7, 463, 2001.

54. Coleman, M. M. and Painter, P. C., Prog, Polym Sci. 1, 20, 1995.

55. Zhang X, Burgar 1, Lourbakos E, Beh H, Polymer 45:3305-3312, 2004.

" 56.XuN, Zhou D, Li L, He J, Chen W, Wan F, Xue G, J App! Polym Sci 88:79-87, 2003.
57. Barretta P, Bordi F, Rinaldi C, Paradossi G, J Phys Chem B 104:11019-11026, 2000.

58. Bajpai AK, Bhanu S In vitro release dynamicé of insulin from a loaded hydrophilic

polymeric network. J Mater Sci: Mater Med 15:43-54, 2004.

59. Chan LW, .Hao JS, Heng PWS Evaluation of permeability and 1ﬁechanical properties. of

- composite polyviny! alcohol films. Chem Pharm Buil 47(10):1412-1416, 1999.

60. Hassan CM, Peppas NA Structure and applications of poly (vinyl alcohol ) hydrogels
produced by conventional crosslinking or by freezing/thawing methods. Adv Polym Sci

153:37-65, 2000.

61. A. K. Bajpai And Manish Sharma, Journal of Macromolecular Science, Part A: Pure and

Applied Chemistry, 42:663-682, 2005.

62. Barretta P, Bordi F, Rinaldi C, Paradossi G, J Phys Chem B 104:11019-11026, 2000.



References

63. Russo R, Macinconico M, Petti L, Romano G Physical behaviour of biodegradable
alginate-poly(viny! alcchol) blend films. J Polym Sci Part B, Polym Phys 43(10):1205~

1213, 2005.

64. Gutzler R, Smulders M, Lange RFM The role of synthetic pharmaceutical polymer
excipients in oral dosage forms—poly (ethylene oxide)-graft-poly (vinyl alcohol)

copolymers in tablet coatings. Macromol Symp 225:81-93, 2005.

65. A. Muhlebach, B. Muller, C. Pharira, M. Hofmann, B. Seiferling And D. J . Guerry,

.

Polym. Sci. Part A: Polym. Chem. 35, 3603, 1997.
66. C. K. Yeom and K. H. Lee, J. Membr. Sci. 109, 257, 1996.
67.K.J.Kim, S. B. Lee and N. W. Han, Polym. J. 25, 1»29, 1993,
| 68. H. MatSllyama, M. Teramoto and H. Urano, J. Membr. Sci. 126, 151, 1997.

69. Horia M Nizam El-din, Abdel Wahab M Ei-Naggar and-Faten I Ali, Polym Int 52:225~

234, 2003.

70. Tuncer C,Aykara And Serkan Demirci, Journal of Macromolecular Science, Part A: Pure

and Applied Chemistry, 43:1113—1121, 2006.

71. A Rawat, H K Mahavar, S Chauhan, A Tanwar, P J Singh, Indian J Pure & Appl Phys,

VOL 50: 100-104, 2012.

72. Conway B. E., Electrochemical Supercapacitors: Scientific Fundamental and

Technological Applications, New York: Springer, 1999,



References

73. Mishra R, Tripathy S P, Sinha D, Dwivedi K K, Ghosh S, Khathing D T, Muller M, Fink

D and Chung W H, Nucl. Instrum. Methods B, 168 59, 2000.
74. Abdel-Hamid H M, Solid-State Electron., 49 1163, 2005.
75. Acosta'JL, Morales E, Solid State Ion 85:85, 1996.
76.Kim JY, Kim SH, Solid State Ion 124(1-2)91, 1999.
77. C.A. Linkous, Environ. Sci. Technol. 34, '44754, 2000,
78. A. Fujishima,.T.N. Rao, D.A. Tryk, J. Photochem. Photobiol. C1 1, 2000.
79. P. Loebl, M. Huppertz, D. Mergel, Thin Solid Films 251 72, 19§4.
SQ. I. Hayakawa, Y. Iwamoto, K. Kikuta, Sens. Actuators B 62 55, 2000.
| 81. A. Hagfeld, B. Didriksson, Spl. Energy Mater. Sci. Cells 31 481, 1994.
82. S.A. Carter, J.C. Scott, P.J. Brock, Appl. Phys. Lett. 31 1145, 1997. |
83.J. Zhang, X. Ju, B Wang, Q. Li, T. Liu, T. Hu, Synth. Metals 118, 18}, 2001.

84. Walier Klopffer, Introduction to Polymer Spectroscopy by springer-Verlag Berlin

Heidelberg 1984,



