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ABSTRACT

Polymer science is one of the most active and promising branches of science covering a multitude of topics from
natural polymers to synthetic high polymers. The tremendous development in this area was responsible for the
production of synthetic films, fibres, elastomers, plastics, nano-polymers, inorganic polymers, etc. Polymers
have replaced metals and wood in light weight structural materials in automotive parts, electronic goods, and
building materials and breakthroughs in contemporary medicine and surgery were possible only through the
availability of man-made polymers. Some polymers are obtained from natural resources and then chemically
modified for various applications, while others are chemically synthesized and used. Water soluble polymers
due to their blood compatibility, non-toxic, non-immunogenic, non-mutagenic and non-carcinogenic nature
finds applications in pharmaceutical, cosmetic, food, agricultural, and biomedical fields. In the present paper,
the applications of only water soluble polymers and their blends are described.
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I. INTRODUCTION
Polymer science is one of the most active and promising branches of science covering a multitude of topics from
natural polymers to synthetic high polymers. There is no product so widely used in every sphere of life like
polymeric materials designated as resins, resinous materials, plastics and elastomers. They were found to have
many physico-chemical properties different from those of common low molecular weight compounds. With the
establishment of the fact that the polymers are constituted of macromolecules, the chemistry of macromolecules
advanced at rapid stride and the tremendous development in this area was responsible for the production of
synthetic films, fibres, elastomers, plastics, nano-polymers, inorganic polymers, etc. Polymers have replaced
metals and wood in light weight structural materials in automotive parts, electronic goods, and building
materials and breakthroughs in contemporary medicine and surgery were possible only through the availability
of man-made polymers.

Research works in Polymer Blends, Polymer Colloids, Polyelectrolytes, Electroluminescent Polymers,

Thermoplastic Elastomers, Liquid Crystalline Polymers, Biomedical Polymers, Polymer Microgels, Polymer
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Composites, Inter Penetrating Networks, Conducting Polymers, etc has introduced specialty polymers which
have tremendous applications in all the fields of biomedical and engineering.

A literature survey has been done in the field of miscibility of polymer blends/water soluble
polymers/applications of water soluble polymers/blends from Chemical Abstracts available in the library of
Indian Institute of Science, Bangalore, India, in order to get a an idea about the different techniques already used
and to have a comparative analysis. Till the end of the work the literature survey was continued wherever and
whenever it was possible/necessary by utilizing the library facilities of Indian Institute of Science, Bangalore,
India, University of Mysore, Mysore, India, National Institute of Technology, Mangalore, India, and Mangalore
University, Mangalore, India. The authors also used the internet facility to collect research papers in this field of
study. The following are some of the references relating to the field of research the authors came across during

the survey.

1. WATER SOLUBLE POLYMERS

Water soluble polymers have a wide range of industrial applications like food, pharmaceuticals, paint,
textiles, paper, constructions, adhesives, coatings, water treatment, etc. In this paper, the water soluble
polymers have been divided into two categories: synthetic and natural. Some of the examples for synthetic
water soluble polymers includes: Polyvinyl alcohol (PVA) [1], Polyacrylamides [2], Poly(ethylene glycol)
(PEG) [3, 4], Polyvinyl pyrrolidone (PVP) [5-7], Polyacrylic acid (PAA) [8, 9], Polyphosphazenes [10, 11],
N-(2-Hydroxypropyl) methacrylamide (HPMA) [12], Polyphosphates [13,14], Polyoxazoline [15, 16], and
Divinyl Ether-Maleic Anhydride (DIVEMA) [17, 18]. Examples for natural water soluble polymers includes:
Guar Gum [19-22], Xanthan Gum [23, 24], Pectins [25, 26], Starch or Starch Based Derivatives [27-32],
Cellulose Ethers (Hydroxypropylmethyl cellulose (HPMC), Hydroxypropyl cellulose (HPC), Hydroxyethyl
cellulose (HEC), Sodium carboxy methyl cellulose (Na-CMC)) [33-39], Chitosan Derivatives [40-45],
Dextran [46-48], Albumin [49-51], and Carrageenan [52, 53].

I11. POLYMER BLENDS
Now a days, polymers are playing an increasingly significant role in all branches of industry. Recent advances
in science and technology are exploiting the versatile properties offered by new polymeric materials. With the
advancement of civilization, man is always looking for a new material to meet the specific needs and challenges.
The new materials should provide better properties and method of preparations should be available at affordable
cost. In search of new polymeric materials, either new monomers are polymerized or copolymerization
technique is used to get polymers with tailor-made properties. The extensive use of polymeric materials in
technology and pharmaceutical application lead to the development of polymer blends.

Polymer blends, also known as polyblends are mixtures of structurally different homo-polymers, co-
polymers or ter-polymers, which interact through secondary forces such as hydrogen bond, dipole-dipole forces,
etc. and with no covalent bonding. Polymer blends have received much attention since blending is simple and

effective approach to develop new materials, exhibiting combinations of properties that cannot be obtained by
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individual polymers. The polymer blending may result in the reduction of basic cost, enhancement of
performance and improved processability [54].

Blending is one of the most effective methods of manufacturing new polymeric materials. Blends can
be produced that have properties independent of either the original homopolymers or structurally similar
copolymerized macromolecules. However, mixing of polymers to produce novel materials is typically possible
only if two compounds are miscible. It is important to relate the chemical structure of polymers to their physical
properties, as miscibility is often a result of physical interaction between two materials. The advantage of
combining polymers within a blend is twofold. First, as the blend is completely miscible, the physical properties
of the material will be dependent not only on the constituent polymers but also on their interactions. As such, the
material’s key physical properties, such as its glass transition temperature and melting/decomposition regions,
can be altered, depending on the molecular organization of the two polymers in the blend [55]. Second, the
mixing of two polymers adds a second functionality with which the blend can form chemical or physical
interactions. A polymer blend can act in similar manner to a mixed surfactant/polymer system, which can be

used to enhance the interactions of incompatible compounds or bridge immiscible environments [56].

I11. CLASSIFICATION OF POLYMER BLENDS

Based on the method of preparation, polymer blends are classified in to five groups as follows [57]: (i)
Mechanical polymer blends, (ii) Mechano-chemical polymer blends, (iii) Chemical polymer blends, (iv) Latex

polymer blends, and (v) Solution-cast polymer blends.

IV. POLYMER ALLOYS

Polymer alloys are a class of polymer blends in which a large interpenetration of domain is secured by either
chemical of physical means. Blends are a direct result of the blending action and alloys are the final blends of
well-defined morphology and have a set of properties. Utracki [57] clearly mentioned the interrelations in
polymer blend nomenclature. These are presented in Fig. 1. From the figure, it is clearly evident that the

immiscible polymer blends which are compatibilized results in a polymer alloy.

COPOLYMERS

POLYMER BLENDS
MISCIBLE

IMMISCIBLE

Homogeneous| Heterogeneous

ICOMPATIBILIZATION|

POLYMER ALLOYS

Figure 1: Interrelation in polymer blend nomenclature
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V. MISCIBILITY OF POLYMER BLENDS

Polymer blends often exhibit properties that are superior to those of any one of the component polymers.
However, the manifestation of superior properties depends upon the miscibility of polymers [58]. The term
‘miscibility” refers to the formation of a homogeneous system at a molecular level. Depending upon the degree
of molecular mixing the blends may be categorized as miscible polymer blends, semi-miscible polymer blends
and immiscible polymer blends.

The state of immiscibility of a polymer blend does not preclude its utility, multiphase polymer blends
also have made respectable inroads into the polymer market. Because of their specific advantages, multiphase
polymer blends have extensive utility in applications requiring improved physical and mechanical properties.
The best method of enhancing the miscibility of polymer blends is to introduce specific interactions. The
potentially useful specific interactions are random dipole, induced dipole, dipole-dipole, ion-dipole, hydrogen
bonding, acid-base and charge transfer interactions [57, 58].

VI. THERMODYNAMIC APPROACH TO MISCIBILITY OF POLYMER BLENDS
Polymer-polymer miscibility is determined by a delicate balance of enthalpic and entropic contributions to the
free energy of mixing [59]. The change in free energy (AG) of the mixing is given by the equation AGpx =
AHix - TASix  Where AH is change in enthalpy, AS is change in entropy and T is the absolute temperature.
The unique factor affecting the thermodynamics of polymer blends compared with other low molecular weight
systems is the large molecular weights of both the components. For spontaneous mixing AGpix must be negative
50 that AHpix - TASix < 0. This implies that exothermic mixtures (AH,ix < 0) will mix spontaneously. Whereas,
for endothermic mixtures, miscibility will occurs at higher temperatures. Since usually the enthalpy of mixing
(AH,,ix) is positive or close to zero and very small entropy of mixing (ASix) associated with the polymer
mixtures, free energy of mixing becomes positive. Hence, most polymer blends are immiscible in nature.

VII. FACTORS INFLUENCING MISCIBILITY OF POLYMER BLENDS

The most common interactions that are involved in blends and enhance miscibility are hydrogen bonding,
charge transfer complexes, ionic and dipole interactions. All these contribute to the negative enthalpy of mixing.
As a result, it may be possible to select two polymers having chemical moieties within or attached to the chain
which have the proper complimentary dissimilarity to yield an exothermic heat of mixing, although it should be
recognized that there will still be an endothermic contribution from the dispersive interaction or Van der Waal
forces between the remaining parts of the structure that do not interact specifically [60]. There are two types of
miscible polymer blends: (i) miscible polymer blends having weak or little interactions and (ii) miscible
polymer blends having strong specific interactions [61]. However, in the literature [62, 63] there is confusion
about the definitions of “weak interactions” and “strong interactions.” Since it is well established from the
thermodynamic point of view that miscible polymer blends have “negative” values of Flory-Huggins interaction

parameter (y), but some investigators treated miscible polymer blends with |y| < 0.001 are having “weak
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interactions” and miscible polymer blends with |y| > 0.01 are having “strong interaction” [64]. However, such a
definition is somewhat arbitrary. Further, y may not be an appropriate parameter that can define whether a
miscible polymer blend has weak or strong interactions. It is more appropriate to describe whether a miscible
polymer blend has weak or strong interactions in terms of intermolecular forces. Table 1 gives a summary of
bond energy and relative strength of different intermolecular forces. Miscible polymer blends with Van der
Waals interaction have “weak interactions” and miscible polymer blends with other types of interactions have
“strong interactions” [65].

Table 1: Bond energy and relative strength of different intermolecular forces

Type of interaction Bond energy (kJ/mol) Relative strength
lonic attraction 850 — 1700 1000
Hydrogen bonding 50-170 100
Dipole-dipole interaction 2-8 10

Van der Waals interaction ~1 1

The majority of the known polymeric mixtures are immiscible, however, many miscible polymer
blends were prepared in the last three decades. The behaviour of polymers in the mixture does not necessarily be
the same as that of the isolated polymers. Methods must be found to determine the function of each polymer in
its new environment and to answer questions concerning the separation of the phase, the identification of the
predominant phase, the character of dispersed phase, and the interaction between the polymers. It is also
reported that materials with close solubility parameters are readily miscible with each other [66]. Most of the
polymer blends are heterogeneous, but these blends appear homogeneous when suitable compatibilizers are
added to them.

VIll. EXPERIMENTAL METHODS TO DETERMINE THE MISCIBILITY OF POLYMER
BLENDS

There are many different experimental methods that can be used to investigate the miscibility of polymer blends
[67-71], such as Differential Scanning Calorimetry (DSC), Dynamic Mechanical Thermal Analysis (DMTA),
dielectric measurement, cloud point measurement, Small-Angle Neutron Scattering (SANS), Scanning Electron
Microscopy (SEM), Fourior Transform Infra Red Spectroscopy (FTIR), Nuclear Magnetic Resonance
Spectroscopy (NMR), etc.

Singh et al. [62, 72] and Gupta et al. [73] made an ultrasonic and viscometric investigation to study the
miscibility of polymers. Kulashreshtha [74] used viscometric technique for the determination of compatibility.
Hani Younes and Daniel Cohn [75] have conducted DSC and IR studies on the morphology of polyethylene
glycol/polylactic acid blends. Masson and Manlen [76] made a wide angle X-ray scattering (WAXS), FTIR,
DSC, DMA and solid state magic-angle spinning (CP-MAS) NMR investigation on the cellulose and polyvinyl
pyrrolidone blend and reported that the blend is miscible. Hourston and Schafer [77] studied the morphology,
phase continuity, and mechanical properties of polyether urethane/polethyl methacrylate. Hourstone et al. [77,

78] used modulated-DSC for the thermal characterization of multi component polymers and inter phases.
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Chee [79] described a method for the study of polymer-polymer miscibility by viscometry. As per his
method the polymer blend will be miscible if the interaction parameter p > 0 and immiscible if p < 0. Sun et al.
[80] gave a new equation for the determination of interaction parameter of polymer blends in solution by
viscometric method. As per their theory, the polymer blend is miscible when the interaction parameter o, > 0 and
immiscible if a < 0. They further stated that o gives more reliable information when compared to p because
long term interactions such as hydrodynamic attractions or repulsion terms are taken into account in the
determination of the expression for p. Corradini et al. [81] probed the miscibility of PVC/EVA hydrolyzed
blends by viscometric, microscopic, and thermal analysis and reported that the blend is miscible. They further
reported that all these methods gave identical results.

Mihir Sheth et al. [82] carried out DSC and DMA analysis on biodegradable polymer blends of PLA
and PEG and concluded that the PLA/PEG blend ranges from miscible to partially miscible, depending on the
concentration. Pingping [83] gave a new criterion of polymer —polymer miscibility detected by viscometry and
further reported that the new criterion is reasonable and polymer —polymer miscibility could be determined by
viscosity. Katime et al. [84] studied the behaviour of PMMA in the PVC/THF binary mixture by viscometry and
laser light scattering. Their results showed that compatibility of this blend depends not only on the molar masses
of the samples but also on the concentration of the PVC.

Varada Rajulu et al. [85, 86] made an ultrasonic, viscometric, refractometric, density investigation on
PVC/PS, PVClcellulose acetate and cellulose acetate/PMMA blend systems in which these blend combinations
were incompatible in nature and PVC/PMMA in cyclohexanone was found to be compatible. C. K. Yeom et al.
[87] characterized the sodium alginate (NaAlg) and PVA blend membranes in pervaporation separation by
SEM. He et al. [88] developed methods of microscopic observation and macroscopic characterization for
determining the co-phase contained in immiscible binary blends. Chen et al. [89] used viscometry method for
the miscibility studies of PEO/PVAc blends. Chattopadhyay and Banerjee [90] used visible spectroscopy,
polarizing microscope, and FTIR techniques to study the miscibility of polymer blends. Mohamed and Sabaa
[91] studied the miscibility and the thermal degradation behaviour of PVC/Poly (vinyl butyral) blend using
DSC, TGA and tensile testing methods and reported the blend to be miscible. Elberaich et al. [92] confirmed the
miscible nature of PEO/PMMA blend by using optical microscopy and DSC techniques.

Homogeneous mixing at molecular level is a prerequisite for polymer miscibility. Blending of the
polymers in solution ensures effective attainment of equilibrium between different polymer components in
solution. This method employs dilute solution viscometry. A large number of investigations have been carried
out on the miscibility of polymer blends using viscosity measurements corresponding to the ternary system
(polymerl/polymer2/solvent) [67, 74, 93, 94].

Additional advantages of dilute solution viscometry is that no sophisticated equipment is necessary and
the crystallinity or the morphological state of polymer blends do not affect the results, making the viscometric
method more convenient and handy for characterizing polymer mixtures. Recently many simple and rapid
solution techniques have been used for probing the miscibility of polymer blends in solution [85, 95-98]. These
techniques include the measurement of refractive index, ultrasonic velocity and density of the polymer blends in

solution.
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IX. APPLICATIONS OF POLYMER BLENDS

The development of polymer blend/alloy system requires a sound scientific basis and offers opportunity for
many interesting polymer mixtures for commercial exploitation. The key to blending is economic viability. As
raw material cost constitute 35% to 80% of that of the finished article, the future of polymer blends lies in their
attractive cost/performance ratio. An expensive polymer whose property spectrum is high, needed for a new
application may be blended with an inexpensive polymer whose property spectrum is such that the resulting
polymer blend has a cost to performance ratio that makes it very attractive for the given application. Thus, the
standard of performance demanded by the new application is satisfied by a mixture of commercially available
polymers without the need to develop a new polymer or to invest in a new plant.

The primary advantages in employing polymer blends or alloy are higher performance at a reasonable
price, modification of performance as market develops, extending the performance of expensive resins, re-use of
plastic scalp, generation of a unique material as far as its processability and/or performance are concerned. Now
a days the release profile of a drug formulation are controlled through the use of biocompatible polymer blends
[99, 100].

Generally, blending technology rests on the premise of property additivity [58], although the additivity
principle is not strictly valid for most polymer blends. Wherever additivity properties are valid, one can prepare
tailor-made materials by selecting the appropriate quantity of the components in the polymer blends. Multiphase
polymer blends (immiscible polymer blends) have assumed greater commercial importance than miscible
polymer blends [101]. Because of the success of these commercial polymer blends, attempts are being made to
modify the mechanical response of normally immiscible polymer blends by adding the agents that could

guarantee good stress transfer between the components of the multi component multiphase polymer blends.

X. WATER SOLUBLE POLYMERS

Importance of water soluble polymers

The work on water soluble polymers is the most fascinating and hence more advanced studies on their properties
and biomedical applicability are in progress where the advantage of water as a solvent can be employed. Water
soluble resins are used in almost every branch of industry [102]. However water soluble polymers are not the
most glamorous of polymers. They are not in the public eye as are the more exotic polymeric products, such as
nose cones for missiles, nylon for paint brushes, poly (vinyl chloride) for cosmetic jars and bottles, cables and
pipes and polystyrene handles for toothbrush. Yet these water soluble polymers perform essential functions in
biomedical/biological systems, latex paints, adhesives, cosmetics and foods. This lack of public awareness
however does not change the fact that water soluble polymer business represents a sizeable and steadily growing
segment of the industry. It has been found that the total world production of water soluble polymers is more than
five million tons/year, of this, some 80 — 90% is carbohydrate based (including starch and natural gums) with an

additional 3 lakhs tons/year of cellulose ethers, about 1 lakh tons/year of proteins, the remaining being synthetic

33|Page




International Journal of Advance Research in Science and Engineering Q
Volume No.07, Issue No.07, July 2018 IJARSE
www.ijarse.com ISSN: 2319-8354

polymers, the most important of which are poly (vinyl alcohol) and polyacrylamides. Water soluble polymers
are therefore of considerable economic importance, and the industries, in which they are used, including
pharmaceutical, paper coating, textile sizing, detergent production, water treatment and oil-well drilling, have a

significant effect on our daily life [102, 103].

Classification of water soluble polymers

The water soluble polymers are most important from both scientific and technological aspects. Water soluble
polymers are classified according to their origin into three main types as follows [104]: (i) Natural products
(biopolymers), (ii) Modified natural products (semi-synthetic water soluble polymers), and (iii) Synthetic water
soluble polymers. Biopolymers are defined as polymers formed under natural conditions during the growth
cycles of all organisms. Natural products or biopolymers are derived from animal and vegetable sources and
have been marketed for many years. They are formed within cells by complex metabolic processes. They
represent by far the largest volume of sales in the water soluble polymer area. For materials applications,
cellulose and starch are most interesting. However, there is an increasing attention in more complex
hydrocarbon polymers produced by bacteria and fungi, particularly in polysaccharides such as Xanthan gum,
Guar gum, curdlan, Pullulan, etc. Modified natural products or semi-synthetic water soluble polymers are the
compounds produced by altering the chemical structure of biopolymers. This class of polymers is represented by
the alkyl and hydroxyalkyl ethers of cellulose and starch, ionic starches — starch sulphates, sulphonates and
carboxylates — carboxymethylcellulose and the mixed ethers of starch and cellulose. Synthetic water soluble
polymers are the latest members of the water soluble polymer family. Some of the examples are poly (vinyl
alcohol), poly (vinyl pyrrolidone), and poly (vinyl methyl ethers), polyacrylic acids and its salts,

polyacrylamides, ethylene oxide polymers and various copolymer systems.

Applications of water soluble polymers/blends

The semi-synthetic and synthetic water soluble polymer market is growing at a higher rate because they are not
only displacing biopolymers in many applications, but are also creating entirely new end-use areas. Even though
higher priced, they are replacing natural products because of greater efficiency (much lower dosages are needed
to do a given job), increased versatility (they can be tailored to serve better in a given need) and lower biological
oxygen demand (important where stream pollution is in a critical consideration) [102-106]. Water soluble
polymers are used in three main areas: medical, agricultural and goods packaging. Intensive research in these
fields has resulted in the development of commercial products. Because of their high specialization and greater
unit values, medical applications have developed more rapidly than the others. These developed biodegradable
synthetics serve as surgical implants in the blood vessels, in orthopedic surgery as implantable matrices for
controlled long — term drug release in an organism, and as absorbable surgical sutures, as well as for eye
treatment. Water soluble polymers can be derived from synthetic, semi-synthetic or natural sources. As with
many macromolecules, the differing stereochemistry of these high molecular weight compounds results in
multiple arrays of primary, secondary, and tertiary/quaternary composites within their structure. However,

regardless of their inherent structural complexity, water soluble polymers are commonly biocompatible and, in
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most cases, biodegradable. Their low environmental burden makes it suitable for wide range of applications
within the textile, food, healthcare, paper, adhesive, waste treatment, oil recovery, thin film and wrap sizing
industries.

Recently the term “biomaterial” has been defined as a non - living material used in medical device
applications for interaction with a biological system. It is important that the term “biocompatibility” was also
formulated; it determines how a tissue responds to foreign material. Biocompatibility is the ability of a material
to coexist with some host’s reactions in a specific use. The important applications of some water soluble
polymers in various fields [102-111] are given in Table 2 and some functions of water soluble polymers and
their uses are given in Table 3

Table 2: Important applications of water soluble polymers

Important area of use Some of the water soluble polymers used
Adhesives, bonding agents and glues PVA, polyacrylic acid salts.
Agricultural and horticultural products Polyarcrylamide, PEO, PEG, gum arabic, Guar gum,

alginates, agar-agar.

Asphalt emulsions and pitches HPMC, guar-gum, alginates.

Beverages and foods HPMC, MC, gum arabic, gum tragacanth, Guar gum,
locust bean gum, starch, agar-agar, alginates, casein,

gelatin.

Cements, concrete, plasters, ceramics and | HEC, HPMC, MC, polyacrylamide, acrylamide
glazes copolymers, PVA, gum arabic, alginates.

Detergents, emulsifier formulations and | HEC, PEG, PEO, PVP, carboxyvinyl polymer.

laundry products

Flocculation Polyacrylamide, PEO, Guar gum, starch derivatives,

alginates, gelatin.

Inks, paints and other surface coatings HEC, PEG, PEO, PVA, PVP, gum arabic, cellulose ether,
MC, polyacrylic acid salts, polyacrylamide.

Mining and mineral processing HEC, Guar gum, agar agar.

Oil- well drilling and oil —recovery HEC, HPMC, PEO, starch derivatives.

Paper, wall paper, wall board production HEC, HPMC, MC, acrylamide copolymers, PVA, PVP,

gum arabic, gelatin, starch, agar-agar, casein.

Pharmaceutical, dental & related products HEC, MC, PEG, PEO, PVP, gum arabic, gum Kkaraya,
Guar gum, locust bean gum, starch derivatives.

Photographic films and related products HEC, PEO, PVA, agar agar, alginates, gelatin.

Table 3: Some functions of water soluble polymers and their uses

Important function Uses

Thickening and gelling Bacteriological and microscopy media; cosmetics and toiletries;
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drilling muds for oil products, dye pastes (textile printing), foods,

glazes, links, lattices, lubricants, paints, pharmaceuticals.

Stabilizing agents and suspensions | Cosmetics and toiletries, detergent formulations, drilling muds for
oil production, emulsion polymerization, foods, glazes, ink, paints,

pharmaceuticals.

Flocculating and clarifying Beverages, mineral procession, water treatment.

suspensions

Coatings, films and sheets Laundry bags, mould release agents, oil-resistant films, packaging
(single-dose products), photographic films, temporary protective

coatings, textiles (warp-size agents).

Solid —solid bonding Adhesives, agricultural and horticultural sprays, cements, ceramics,
explosives, fertilizers, foundry cores and moulds, hair sprays, leather

processing, paper production, pharmaceuticals.

Moisture retention (humectants) Foods, lather processing, tobacco products.

Osmotic effects Blood-plasma substitutes, cryoprotectants.

Complexing Dye-leveling and dye-stripping (textiles), pharmaceuticals, tannin

precipitation (beverages).

Crystal-growth modification Cryoprotectants, electroplating and electro-refining, foods,

pharmaceuticals.

XIl. CONTROLLED DRUG RELEASE SYSTEMS
For many decades treatment of an acute disease or chronic illness has been mostly accomplished by delivery of
drugs to patients using various pharmaceutical dosage forms, including tablets, capsules, pills, suppositories,
creams, ointments, liquids, aerosols and injectables, as drug carriers. Even today these conventional drug
delivery systems are the primary pharmaceutical products commonly seen in the prescriptions and in the market.
This type of drug delivery system is known to provide a prompt release of drug. Therefore, to achieve as well as
to maintain the drug concentration within the therapeutically effective range needed for treatment, it is often
necessary to take this type of drug delivery system several times a day [112-114].

The restrictions of classic methods for drug administration (by injection or tablet) are widely known.
As a dose is applied, the plasma levels will go up, but they will fall drastically when the drug has been
metabolized and soon be below therapeutic level. The next dose will make the plasma level high again and a
cyclical pattern may be established. The drug usually permeates throughout the body and is not targeted to the
site where it is specifically required. Therefore, in classical drug administration, the drug concentration in
plasma level swings above the maximum level or a lack of efficiency if the drug falls below the minimum level.
One of the possible solutions to this problem is to use a system of controlled drug delivery in which the drug is
released at a constant, preset rate, preferably near to the specific location. One of the most preferred approaches

is when the drug is contained in a polymer membrane (or encapsulated in a polymer matrix), from which it
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diffuses out into the tissue. Since the initiation of pharmacological therapy, maintaining steady therapeutic drug
concentration level while minimizing side effects has been majour challenge. The ideal drug delivery system
should be inert, biocompatible, mechanically strong, capable of achieving high drug loading, safe from
accidental release, simple to apply and remove, ease to fabricate and sterilize and comfortable for the patient
[112-115].

XI1. POLYMERS IN CONTROLLED DRUG RELEASE SYSTEMS
Controlled release drug delivery system should necessarily consist of a barrier, which is generally a polymer.
Naturally occurring polymers that are used in controlled release formulation may be obtained from plant
extrudates (gum acacia, gum tragacanth, gum karaya, gum ghatti), seed or root (tamarind root, locust bean gum,
orka gum), sea weed extract (chitin/chitosan, algin, carrageenan) and miscellaneous like pectin, gelatin and
starch. Natural polymers have some disadvantages such as inappropriate mechanical properties, low strength,
inconsistent behaviour and poor cell adhesion. To overcome these disadvantages semi-synthetic or synthetic
polymers are employed. Some of the semi-synthetic polymers are cellulose based (methylcellulose,
carboxymethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose, hydroxyethylcellulose), starch
based (dextrin, carboxymethylstarch, starch amylopectin, hydroxyethylstarch, hydroxypropylstarch) and
miscellaneous like poly (propylene glycol), pectin, carboxy locust bean gum, carboxymethyl guar hydrogel, etc.
Synthetic polymers which are generally employed in controlled formulations are vinyl polymers (PVP, PVA,
carboxyvinyl copolymers), acrylic polymers (polyacrylic acid, polyacrylamide) and ethylene oxide polymers
(polyox, various polaxamer) [116-129].

The miscibility nature of some biocompatible/biodegradable polymer blend systems studied by various
investigators are shown in Table 4.

Table 4: Miscibility nature of some biocompatible/biodegradable polymer blends

Polymer Blends Miscibility Reference
Chitosan/gelatin Immiscible Basavaraju et al. [130]
Chitosan/PEG Semi-miscible Jayaraju et al. [98]

PLA/PEG Semi-miscible Mihir Sheth et al. [82]
CAP/PVP Immiscible Vijayalakshmi Rao et al. [122]
PVC/Starch Immiscible Thakora et al. [131]
PEO/PMMA Miscible Elberaich et al. [132]
PVP/PVA Miscible Vijayalakshmi Rao et al. [133]
PC/PEO Immiscible Varadarajulu et al. [134]
PC/PVP Immiscible Varadarajulu et al. [134]
NaAlg/PVA Semi-miscible Raviprakash et al. [135]
PSS/PVP Immiscible Garcia et al. [136]

PLL/PVP Immiscible Garcia et al. [136]
cellulose/alginate Immiscible Zhang et al. [137]
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PVC/PVP Miscible Zheng et al. [138]
HPMC/PVP Miscible Amarakala et al. [139]
Hexanoyl chitosan/polylactide Immiscible Manisara Peesan et al. [140]

XG/gelatin Semi-miscible Basavaraju et al. [141]
Chitosan/HPMC Semi-miscible Jayaraju et al. [142]
Chitosan/PVA Semi-miscible Jayaraju et al. [143]

Chitosan /PVP Semi-miscible Jayaraju et al. [144]
Dextran/PVP Miscible Al-Khatani et al. [145]
HPMC/PEG Semi-miscible Sudhir R. llliger et al. [146]
PESu/PPSu Semi-miscible George Papageorgiou et al. [147]
PESu/PBSu Semi-miscible George Papageorgiou et al. [147]
Starch-CI/PCL Miscible Dong-Keon Kweon et al. [148]
HPMC/Pullulan Semi-miscible Prasad P. et al. [149]

Guar Gum/Pullulan Semi-miscible Bhavya B. B. et al. [150]
Pullulan/Polyacrylamide Semi-miscible Vishwanath et al. [151, 152]
Sodium alginate/Pullulan Miscible Prasad P. et al. [153]

Methyl Cellulose/PVA Semi-miscible Guru G. S. et al. [154]
PVP/Pullulan Semi-miscible Guru G. S. et al. [155]

Xanthan Gum/PVP Semi-miscible Guru G. S. et al. [156]
Pullulan/CMC Semi-miscible Guru G. S. et al. [157]

Guar Gum/CMC Semi-miscible Bhavya M. S. et al. [158, 159]
Guar Gum/PVA Semi-miscible Bhavya M. S. et al. [160, 161]

XI11. CONCLUSION

Synthetic and natural polymers are used for numerous applications in the biomedical field. However the
properties of pure synthetic polymers and those of pure biological polymers alone are often inadequate to
produce materials with good combination of chemical, mechanical, thermal, and biological performance
characteristics. Though natural polymers (biopolymers) generally offer excellent biocompatibility but their
mechanical properties are often very poor. Synthetic polymers generally have good mechanical properties but
their biocompatibility is not satisfactory. Now a days, especially in biomedical and biotechnological fields,
materials are required with good mechanical properties and good biocompatibility. Hence a set of new
polymeric materials with desired properties have been prepared by blending synthetic polymers and biological
macromolecules. Water soluble polymers like hydroxypropylmethylcellulose, pullulan, sodium alginate,
xanthan gum, guar gum, carboxymethylcellulose, and poly(vinyl alcohol) has been studied by several
researchers due to their blood compatibility, non-toxic, non-immunogenic, non-mutagenic and non-carcinogenic

nature.
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