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Abstract: Hydrogels, being polymeric material,are named “Hydrophilic Polymer” because of their capable of
holding large amounts of water in their three-dimensional networks. Hydrogels is not solved in water;
however they have been swollen to their balace volume. Because of this swell behavior, they can adsorb big
quantity of water in this structure. So they can term of “three sized polymers” due to protect their existing
shape. Their cross linked bound structures are able to covalent or ionic and also one polymer which can for
use of hydrogel polymer, must have hydrophilic groups such as carboxyl, carbonyl, amine and amide in main
chains or side chains, and because of these groups water bound the polymer and polymer start to swell with
rising volume and mass. Swell behavior of hydrogel is interested in quantity of hydrophilic groups. Hydrogels
can use in different industrial and environmental areas with this high amount water holding capacity. They
are used in food industry, biomedical, bioengineering, biotechnology, veterinary, pharmacist, agriculture,
telecommunication, etc. Especially in current life, baby nappy has been including inside hydrogel beads. Also
they used in contact lens, artificial cornea, synthetic cartilage and gullet, controlled medicine release, surgery
yarns. This article general inform about usage area of hydrogels.

Key words: Hydrogels, Leather, Hydrophilic Polymers, three-dimensional networks

1. INTRODUCTION

Polymers are known that compounds of high molecular weight or macromolecules, which is
a very large, chain-like molecule made up of monomers. They are derived by the condensation of
monomers or polymerization reaction. Polymers can be classified two types according to monomer
structure. If polymer consist of same monomers, polymer term of homopolymer or if the polymer is
consist of different monomers, they are qualified as copolymer. Polymer according to
polymerization reaction can be linear, branched or cross-linked [1]. Cross-linked polymers can not
be solved any solvent and if the polymer keep waiting in any solvent, polymer start to swell because
of three-sized networks and being covalent bounding. These types of polymers are named in
xerogels. Xerogels which has got the swelling ability, take inside the solvent more than % 20 of gel
mass [2]. If the solvent is water, this cross-linked structure is named hydrogel. A hydrogel is a
network of polymer chains that are hydrophilic, sometimes found as a colloidal gel in which water is
the dispersion medium. Hydrogels are highly absorbent (they can contain over 90% water) natural or
synthetic polymeric networks [3], [4].Hydrogels term first was in scientific literature as colloidal gel
of inorganic salts in 1894 [5]. However poly (2-hydroxyethyl methacrylate) p (HEMA) hydrogel
which has got the cross-linked macromolecular network structure and can swell in the water, is
today use as contact lens, was found by Wichterle and Lim in 1954 [6]. In 1958 poly vinyl acrylate p
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(PVA) hydrogel was produced by Gam radiation and cross-linked poly (ethylene glycol) (PEG) was
produced in 1970 by Gama radiation [7], [8]. Pluronic hydrogels which product for drug release,
used for the first time in 1972 [9]. Polyethylene glycol-polylactic acid (PEG-PLA) hydrogel was
produced in 1993 by photo polymerization method and thermal characterization of same hydrogel
was researched in 1997 [10]. Hybrid hydrogel combination of synthetic and natural polymers was
searched in 1993 [11], [12]. First commercial gel which is named “Smart Gel”, which was launched
to market in 1996, was soft and flexible and also was hardened in body temperature [13].This smart
gel has been especially used for foot comfort and support inside footwear (Fig. 1:).

a)
Fig.1: a) Contact Lens [29] b) Smart Gel [30]

2. GENERAL INFORMATION

2.1 Water Position in Hydrogels and Swell Behaviour

A polymer which has got the polar and hydrophilic function groups as —OH, -NH2,-COOH,
-COOR, describe a hydrogel. These groups are interacted with the water by the hydrogen bounding
[14]. Volume and mass of hydrogel polymer increase with this bounding water in hydrogel and gel
start to swell. Also quantities of hydrophilic groups have raised the swell effect. Swell is
characteristic feature of polymeric network structure and it is sudden change of volume in polymer.
According to cross linked quantity, polymeric network can adsorb high quantity liquid without
solved. Swell feature of a polymeric gel is determined interaction of functional groups with each
other and with diluent [15]Push and pull effect between chains, electrostatic interactions that are not
covalent, Van der Waals; are not influenced from hydrogen bounding. Hydrophobic interactions are
this type of physical cross linked interactions and this situation is affected of swell behavior [16]

(Fig. 2).
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Fig. 2: Molecular Interactions in Hydrogels [15]
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In figure 3 show a swelled hydrogel and hydrogel is found three type of water molecule.
Bounding water molecule is attached to polar groups of polymer by hydrogen bounding. Free water
molecule fill in the pore of the polymer. It behaves like normal water and it does not interact with
the polymer. Interface water molecule swarm around the hydrophobic groups of polymer and
Bounding of this molecule is not powerful interaction [15]

, O s —
fo A \‘\:,_4-'/ o © Free Water
\'\E—"O &\ /}--—-;\—-.‘@% Molecule

--.:f__}.__%é."."?—" “:’__’I:& h ‘ Bounding Water
o/ Yl T Molecule

£ Interface Water

r—'- A ®» O\ © _ 'E’ Molecule
e X Ta<e O\ G

e AN
Olre] [~ &
C /{é’f\} &5 ©)

Fig. 3: Schematic View of Swelled Hydrogel [15]
2.2 Types of Hydrogels

2.2.1 Homopolymer Hydrogels
Homopolymer hydrogels occur from one type of monomers. These types of hydrogels are
used for important application area like contact lens or drug release. poly (2-hydroxyethyl
methacrylate) p(HEMA), poly (1-glycerol methacrylate), poly(hydroxypropyl methacrylate can give
sample for common usage homopolymer hydrogels [17], [18].

2.2.2 Copolymer Hydrogels
Copolymer hydrogels have been prepared by cross linked of two comonomers. However at
least one monomer has to be hydrophilic structure. Cross-linked of copolymer hydrogels occur by
covalent or ionic interactions. poly(HEMA-co-acrylic acid) p(HEMA-ko-AA) and poly(2-
hydroxyethyl methacrylate-co-methyl methacrylate) poly (HEMA-co-MMA) are most common used
copolymer hydrogels [19],[20].

2.2.3 Non lonic Hydrogels
lonic hydrogels are homopolymeric and copolymeric neuter hydrogels without including load
groups. Swell and shrinkage properties of these hydrogels generally occur that a result of changing
of environmental temperature [21]

2.2.4 lonic Hydrogels

lonic hydrogels, also known polyelectrolytes, is prepared from ionic monomers. This type of
hydrogels can be cationic or anionic hydrogels according to positive or negative monomers. Also
ionic hydrogel is term of polyampholytic hydrogels, if hydrogel polymer keeps together both anions
and cations. Loading groups, being located in main chain of ionic hydrogels, increase susceptibility
to warning. These ionic network structures include both acidic and basic groups. These groups
ionized in suitable pH and ionic conditions and constant loads are occurred in hydrogel. Because of
electrostatic repulse power of these ions, much more dilute can go inside network structure and in
this way swell effect degree increase [22], [23].
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2.3 Hydrogel Synthesis

2.3.1 Bulk Polymerization
Bulk hydrogels can be formed with one or more types of monomers. Usually, a small amount
of cross-linking agent is added in any hydrogel formulation. The polymerization reaction is normally
initiated with radiation, ultraviolet, or chemical catalysts. The choice of a suitable initiator depends
upon the type of monomers and solvents being used. The wide variety monomer can use in order to
obtain desired hydrogel for a given application. The polymerized hydrogel may be produced in a
wide variety of forms including films and membranes, rods, particles, and emulsions [24].

2.3.2 Solution Copolymerization with Cross-linking
In this reaction, can use mixing of ionic or neutral monomers with the multifunctional
crosslinking agent. The polymerization is initiated thermally by UV-irradiation or by a redox
initiator system. The prepared hydrogels need to be washed with distilled water to remove the
monomers. Typical solvents used for solution polymerization of hydrogels include water, ethanol,
water—ethanol mixtures, and benzyl alcohol. The synthesis solvent may then be removed after
formation of the gel by swelling the hydrogels in water [3].

2.3.3 Suspension Polymerization
Dispersion polymerization is used in order to obtain microspheres (beads). In this technique,
the monomers and initiator are dispersed in the hydrocarbon phase as a homogenous mixture. The
viscosity of the monomer solution, agitation speed, rotor design, and dispersant type mainly governs
the resin particle size and shape [25],[26].

2.3.4 Polymerization by Irradiation
lonizing high energy radiation, like gamma rays and electron beams, has been used as an
initiator to prepare the hydrogels of unsaturated compounds. Examples of polymers crosslinked by
the radiation method are poly (vinyl alcohol), poly(ethylene glycol), and poly(acrylic acid). The
major advantage of the radiation initiation over the chemical initiation is the production of relatively
pure and initiator-free hydrogels [18]

2.4 Usage Areas of Hydrogels
Hydrogels have got lots of application areas because of high capacity swelling property in
water solution [8]. They are used in food industry, biomedical, bioengineering, biotechnology,
veterinary, pharmacist, agriculture, telecommunication, etc. Especially in current life, baby nappy
has been including inside hydrogel beads [27], [28]. Also they used in contact lens, artificial cornea,
synthetic cartilage and gullet, controlled medicine release, surgery yarns (Fig. 4 ve Fig. 5).
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Fig. 4: Hydrojel Beads [31], [32]
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5. CONCLUSIONS
Nowadays, hydrogels are used more different application areas such as industry,
environmental, medicine, healthy, etc because of the high capacity water uptake. Especially this
important property is chosen in order to remove dye or heavy metal adsorption from waste waters. In
this purpose loss of polymers and their combinations are utilised, and adsorption labours have made
real according to target material which is wanted to adsorb.
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