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Introduction

Briefly, hydrogels are three-dimensional, hydrophilic, 

polymeric networks proficient in absorbing a great amount of 

water or biological fluids. Owing to their high water content, 

porosity and soft consistency, they intently simulate natural 

living tissue, more so than any other category of synthetic 

biomaterials. Hydrogels can either be chemically durable or 

they may eventually disintegrate and dissolve (Peppas et al., 

2000). Hydrogels are also known as 'reversible' or 'physical' gels 

if molecular entanglements and/or secondary forces such as 

ionic, hydrogen bonding or hydrophobic forces play the 

principal role in forming the linkage. Physical gels are often 

rescindable and it is achievable to dissolve them by altering 

the environmental conditions, such as pH and the ionic 

strength of solution or temperature. In 'permanent' or 

'chemical' gels, the linkage of covalent bonds linking 

distinct macromolecular chains can be attained by cross-

linking polymers in the dry state or in solution (Hoffman, 

2012). These gels may be either charged or non-charged 

dependent on the behaviour of functional groups existing in 

their structure. The charged hydrogels typically display 

changes in swelling upon variations in pH and it is well-

known that they can undergo changes in shape when 

subjected to an electric field (Rosiak and Yoshii, 1999).

Hydrogels can be manufactured practically from any water-

soluble polymer, including a wide range of chemical 

compositions and bulk physical properties. Additionally, 

hydrogels can also be formulated in a number of physical 

forms such as slabs, microparticles, nanoparticles, coatings 

or films. Accordingly, hydrogels are universally being 

employed in clinical practices and investigational medicine 
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for a wide variety of applications, counting the tissue 

engineering and regenerative medicine (Lee and Mooney, 

2001), diagnostics (Vander et al, 2003), cellular immobilization 

(Jen et al., 1996), separation of biomolecules or cells (Wang et 

al., 1993) and barrier materials to control biological adhesions 

(Bennett et al., 2003). Regardless of these beneficial properties, 

hydrogels have certain drawbacks. The low tensile strength of 

many hydrogels regulates their utilization in load-bearing 

applications and can lead to the untimely dissolution or flow 

away of the hydrogel from a targeted local site. This drawback 

may not be so significant in many conventional drug delivery 

applications (e.g. subcutaneous injection). Perhaps the crucial 

drawbacks which need a high attention are problems relating to 

the drug delivery properties of hydrogels. The quantity and 

homogeneity of drug loading into hydrogels may be restricted 

especially in the case of hydrophobic drugs. The high water 

content and large pore sizes of most hydrogels often cause 

relatively rapid drug release, over a few hours to a few days. 

Easiness of application can also be problematical; although 

some hydrogels are suitably deformable to be injectable, but 

many are not, obligating the surgical implantation. Each of these 

issues substantially confines the practical use of hydrogel-based 

drug delivery therapies in the treatment centres. Hydrogels may 

be chemically stable or they may eventually disintegrate and 

dissolve. They are formulated from materials such as gelatin, 

polysaccharides, cross-linked polyacrylamide polymer, 

polyelectrolyte complexes and polymers or copolymers 

originated from methacrylate esters. They are insoluble in water 

and exist in dry or hydrated sheets or as a hydrated gel in drug 

delivery systems intended for single use (Hoare and Kohane et 

al., 2008). 

These exclusive physical properties of hydrogels have attracted 

a specific interest in their utilization in drug delivery 

applications. Their highly porous structure can be effortlessly 

altered by regulating the density of cross-links in the gel matrix 

and the affinity of the hydrogels for the aqueous environment in 

which they are swollen (Hoare and Kohane et al., 2008). Their 

porosity also facilitates loading of drugs into the gel matrix and 

successive drug release at a rate dependent on the diffusion 

coefficient of a small molecule or a macromolecule through the 

gel network (Hoare and Kohane et al., 2008). As the polymer 

cannot dissolve because of the covalent crosslinks, water 

uptakes far in excess of those feasible with hydrophilic linear 

polymers can be acquired. 

Classification of hydrogel products

The hydrogel products can be categorized on different bases as 

described below:

Classification based on source

Hydrogels can be classified into two groups based on their 

natural or synthetic origins (Zhao et al., 2013).

Classification according to polymeric composition

The technique of preparation leads to formations of 

principal classes of hydrogels. These can be represented as 

following:

 These are referred to (a) Homopolymeric hydrogels:  

polymer network which are derived from a single species of 

monomer, which is the basic structural unit comprising of 

any polymer network (Takashi et al.,  2007). 

Homopolymers may have cross-linked skeletal structure 

dependent on the nature of the monomer and 

polymerization method. 

(  These are consisted of two or b) Copolymeric hydrogels:

more distinct monomer species with at least one 

hydrophilic component, assembled in a random, block or 

alternating configuration along the chain of the polymer 

network (Yang et al., 2002).

(c) Multipolymer: These are also called as interpenetrating 

polymeric hydrogel (IPN), an important class of hydrogels, 

which is made of two independent cross-linked synthetic 

and/or natural polymer component, confined in a network 

form. In semi-IPN hydrogel, one component is a cross-

linked polymer and other component is a non-cross-linked 

polymer (Maolin et al., 2000).

Classification based on configuration

This classification of hydrogels relies on their physical 

structure and chemical composition which can be 

illustrated as follows:

(a) Amorphous (non-crystalline).

(b) Semicrystalline: A complex mixture of amorphous and 

crystalline phases.

(c) Crystalline.

Classification based on type of cross-linking

Hydrogels can be divided into two groups on the basis of 

their chemical or physical behaviour of the cross-link 

junctions. Chemically cross-linked networks have stable 

junctions, while physical networks have temporary 

junctions that results from from either polymer chain 

entanglements or physical interactions such as ionic 

interactions, hydrogen bonds or hydrophobic interactions 

(Hacker et al., 2011).

Classification based on physical appearance

Hydrogels appearance as matrix, film or microsphere is 

dependent on the procedure of polymerization employed in 

the formulation process. Hydrogels may be classified into 

four groups on the basis of presence or absence of electrical 

charge situated on the crosslinked chains:
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(a) Nonionic (neutral).

(b) Ionic (including anionic or cationic).

(c) Amphoteric electrolyte (ampholytic) comprising both acidic 

and basic groups.

(d) Zwitterionic (polybetaines) consisting of both anionic and 

cationic groups in each structural repeating unit.

Significant properties of hydrogel

Physical and chemical properties

In spite of so much advancement, a basic understanding of gel 

properties is not yet appropriate for a realistic design of novel gel 

systems. For such designs, it is imperative to know how solute 

molecules interact with the gel, particularly how they partition 

between the gel phase and the surrounding liquid phase. 

Partitioning majorly relies on two major effects i.e. size 

exclusion and molecular attraction/repulsion.

Swelling: Hydrogels are cross-linked polymer networks swollen 

in a liquid medium. The absorbed liquid performs as a selective 

filter to permit free diffusion of some solute molecules, while the 

polymer network acts as a matrix to hold the liquid together. 

Hydrogels may soak up from 10-20% (an arbitrary lower limit) 

up to thousands of times of their dry weight in water. The nature 

of the water in a hydrogel can ascertain the complete permeation 

of nutrients into and cellular products out of the gel. When a dry 

hydrogel starts to soak water, the initial water molecules moving 

into the matrix will hydrate the most polar, hydrophilic groups, 

leading to . As the polar groups are primary bound water

hydrated, the hydrogel linkage swells and exposes hydrophobic 

groups, which also intermingle with water molecules, resulting 

in hydrophobically-bound water or . secondary bound water

Primary and secondary bound water are often merged and solely 

called as . After the polar and hydrophobic sites total bound water

have interacted with bound water molecules, the network will 

suck up additional water, because of osmotic driving force of the 

network chains towards infinite dilution. This surplus swelling is 

resisted by the covalent or physical crosslink, producing an 

elastic network retraction force. Consequently, the hydrogel will 

attain an equilibrium swelling level. The additional swelling 

water that is imbibed after the ionic, polar and hydrophobic 

groups become saturated with bound water is termed as free 

water or bulk water and is presumed to fill the space between the 

network chains and/or the center of larger pores, macropores or 

voids. Progressively as the network swells, if the network chains 

or crosslink are degradable, the gel will initiate to disintegrate 

and dissolve, at a rate depending on its composition. There are 

various methods employed by investigators to evaluate the 

relative amounts of free and bound water, as fractions of the total 

water content. All of them are contentious, since there is proton 

NMR evidence that the exchange of water molecules between the 

so-called bound and free states is very prompt, perhaps as fast as 

one H2O molecule every 10-9s. The three main procedures 

exercised to characterize water in hydrogels are reliant on 

the use of small molecular probes, DSC and NMR. When 

probe molecules are utilized, the labelled probe solution is 

equilibrated with the hydrogel, and the concentration of the 

probe molecule in the gel at equilibrium is determined. By 

presuming that only the free water in the gel can dissolve the 

probe solute, one can assess the free water content from the 

amount of the absorbed probe molecule and the known 

(measured) probe molecule concentration in the external 

solution. Then the bound water is determined by difference 

of the measured total water content of the hydrogel and the 

estimated free water content. The use of DSC is based on the 

postulation that only the free water may be frozen, so it is 

believed that the endotherm measured when warming the 

frozen gel corresponds to the melting of the free water and 

that value will yield the amount of free water in the HG 

sample being experimented. Then the bound water is 

achieved by difference of the measured total water content 

of the HG test specimen, and the calculated free water 

content. In another formulation, swelling is the property to 

absorb water and retain it for a relative long time. It can be 

estimated by measuring the dry weight and the swollen-

state weight and calculating either a ponderal variation 

(water uptake) or a volume of adsorbed solvent (both the 

quantities are considered as percentages). 

W U swollen weight- dry weigh/dry weight= ×100

V A S swollen weight- dry weigh/ water density. . =  ×100

The assessment of swelling is the crucial assay to be 

implemented on hydrogel samples, as it can be a measure 

for many of their properties i.e. crosslinking degree, 

mechanical properties, degradation rate and so on. For 

numerous gels, the estimation of swelling and swollen state 

stability is an easy, cheapest and assured way to differentiate 

between crosslinked gels and the non-crosslinked original 

polymer (Griffith, 2000). 

Mechanical properties: The mechanical properties can 

fluctuate and be altered depending on the nature of the 

material. It is achievable to acquire a gel with superior 

stiffness by increasing the crosslinking degree or lowering it 

by heating the material. The alterations in mechanical 

properties relate to a wide variety of variables. For instance, 

white gelatin show a conspicious increase in Young 

Modulus through crosslinking (Okay, 2010), silk fibroin 

has a very high Young Modulus, but after the regeneration it 

will decrease (Byju et al., 2013). These properties (young 

modulus, Poisson modulus, storage and loss moduli, tanδ) 

can be assessed by a Dynamic Mechanical Analysis (DMA) 

device or a rheometer, as stated by the thousands of 

techniques available on the market that will be no further 
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described here (Mondal et al., 2007).

It's prominent to note that in a hydrogel, the Young Modulus is 

the outcome of the union between water and gel matrix. If we 

have to seeds osteoblast cells we will require a more rigid 

material than if we culture adipocyte, the same logic is valid for 

the advancement of a heterogeneous prosthetic device, e.g. 

substitute for the intervertebral disc.

Porosity and permeation: Pores may be created in hydrogels by 

the process of phase separation in the course of synthesis or they 

may present as smaller pores within the network. The average 

pore size, the pore size distribution and the pore interconnections 

are essential factors of a hydrogel matrix that are often 

challenging to compute, and are generally included together in 

the parameter called tortuosity. The effective diffusion path 

length across a HG film barrier is evaluated by the film thickness 

times the ratio of the pore volume fraction divided by the 

tortuosity. These aspects, in turn, are most affected by the 

composition and crosslink density of the hydrogel polymer 

network. Labelled molecular probes of a range of molecular 

weights (MWs) or molecular sizes are used to probe pore sizes in 

hydrogels. Pore-size distributions of hydrogels are effectively 

influenced by three factors:

1. Concentration of the chemical cross-links of the polymer 

strands. That concentration is calcualted by the initial ratio of 

cross-linker to monomer.

2. Concentration of the physical entanglements of the polymer 

strands. That concentration is ascertained by the initial 

concentration of all polymerizable monomers in the aqueous 

solution.

3. Net charge of the polyelectrolyte hydrogel. That charge is 

determined by the initial concentration of the cationic and/or 

anionic monomer.

These three factors can be calculated by using the composition of 

the hydrogel, that is, by the nominal concentrations of monomer 

and cross-linker:

%T =weight of monomer+ weight of x -crosslinker/total 

volume

%C weight of x- crosslinker /weight of monomer+ weight 

of x- crosslinker

The porous structure of a hydrogel is also influenced by the 

properties of the surrounding solution, principally by dissolved 

ionic solutes (Donnan effects) and by dissolved uncharged 

solutes which separate unevenly between the gel phase and the 

solution phase (Osmotic effects). For realistic design of 

hydrogels, it is advantageous to know the pore-size distribution 

which depends on the hydrogel characterization usually 

expressed by %C and %T. Most procedures used to evaluate the 

porosity of hydrogels are restricted because they necessitate the 

pore solvent and/or temperature to be altered, which cause the gel 

to shrink, swell or require mathematical manipulation and 

postulation, which may set up unwanted artifacts. Porosity 

is a morphological characteristic of a material that can be 

illustrated as the presence of void cavity inside the bulk. It is 

worthwhile to control the porosity in many devices for a 

wide range of applications, such as optimal cell migration in 

hydrogel-based scaffolds or tunable lode/release of 

macromolecules.

Porosity %=V /V +V ×100pore bulk pore

In a sample, pores can display distinct morphologies, i.e. 

they can be closed, open as a blind end or interconnected, 

again divided in cavities and throats. These porosities can 

had been investigated and reported in papers in the past 

decades by employing a number of techniques. First of all, 

porosity can be estimated by theoretic procedures, such as 

unit cube analysis, mass technique, Archimedes method, 

liquid displacement method. These evaluations are 

generally coupled with optical and electronic microscopy. 

Other remarkable methods are the mercury porosimetry 

based on Washburn's equation, gas pycnometry, gas 

adsorption (that can be issued by applying different 

procedures such as small quantity adsorption, monolayer 

and multilayer adsorption), liquid extrusion porosity, an 

assay that allows to assess sample's permeability too, 

capillary flow porosity, again a test based on Washburn's 

equation. Moreover, an alternate assay is the Micro-CT, 

also called X-ray Microtomography, a relative new imaging 

technology, plainly expressed as non-destructive high 

resolution radiography, qualified for qualitative as well as 

quantitative assays on samples and estimation of their pore 

interconnections. Between the quantitative assays that can 

be executed, micro-CT can provide information on average 

pore size, pore size distribution, pore interconnection, 

struts/walls thickness and anisotropy/ isotropy of the 

sample (in the sense of presence/absence of preferential 

orientation of the pores). It is yet, nowadays, a costly 

procedure both in term of money and time (Dong et al., 

1994).

Microscopy techniques can be employed in a number of 

different assays including the hydrogels. They are engaged 

in both qualitative and quantitative tests, from simple 

morphological assessment of material's properties to more 

complex biocompatibility assays. Concisely, by 

microscopy techniques, topography and surface 

morphology can also be evaluated. These techniques can be 

categorized in many classes, by increasing magnification 

power: optical microscopy (OM), stereo microscopy (SM), 

electron microscopy  (SEM and TEM), tunneling 

microscopy (STM), atomic force microscopy (AFM).

Crosslinking
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 Crosslinking cannot be suitably defined as a property of 

hydrogels, while it is more of a cause of all the other properties of 

the material itself. The extent of the crosslinking can differ a lot. 

Certainly, the hydrogel's network can be attained by many ways. 

The processes can be categorized into two big categories: first 

one is the physical crosslinking that occurs by hydrophobic 

interactions between chains, ionic interactions between a 

polyanion and a polycation (complex coacervation) or ionic 

interactions between a polyanion and multivalent cations 

(ionotropic hydrogel). The second category includes the 

chemical bound gels. The crosslinking can take place by 

ultraviolet irradiation, heating or chemical crosslinking via 

crosslinker with a huge collaborative reactions, such as 

Michael's reaction, Michaelis-Arbuzov reaction, nucleophile 

addition and so on (Gulrez et al., 2011). By regulating the degree 

of crosslinking it is feasible to modify the property of the material 

and optimize it for many kinds of applications, in this way, a wide 

spectrum of applications starts from the same original polymer 

(Sung et al., 1999; Weber et al., 2009).

Biocompatible properties 

It is imperative for the hydrogels to be biocompatible and 

nontoxic so as to make it pertinent in biomedical field. Most 

polymers used for this purpose must pass cytotoxicity and in-

vivo toxicity tests. Biocompatibility is the capability of a material 

to function with an appropriate host response in a specific 

application. Biocompatibility analysis consists of two 

parameters namely biosafety and biofunctionality:

(a) Biosafety i.e. adequate host response not only systemic but 

also local as well (i.e. surrounding

tissue), the absence of cytotoxicity, mutagenesis, and/or 

carcinogenesis.

(b) Biofunctionality i.e. the capacity of material to perform the 

specific task for which it is intended.

This explanation is exceptionally applicable in tissue 

engineering since the nature of tissue construct is to constantly 

interact with the body through the healing and cellular 

regeneration process as well as during scaffold degradation. 

Moreover, initiators, organic solvents, stabilizers, emulsifiers, 

unreacted monomers and crosslinkers utilized in polymerization 

and hydrogel synthesis may be toxic to host cells if they ooze out 

to tissues or encapsulated cells. To eradicate harmful chemicals 

from preformed gels, certain purification processes should be 

implemented such as solvent washing or dialysis (Das, 2013).

Technologies implemented in the preparation of hydrogels

On the whole, hydrogels can be formulated from either synthetic 

polymers or natural polymers. The synthetic polymers are 

hydrophobic in nature and chemically stronger in comparison to 

natural polymers. Their mechanical strength brings about slow 

degradation rate, but on the other hand, mechanical strength 

offers the sturdiness as well. These two opposite properties 

should be balanced through optimum design. Water-soluble 

linear polymers of both natural and synthetic origin are 

cross-linked to form hydrogels in various ways (Ahmed, 

2015):

1. Linking polymer chains via chemical reaction.

2. Using ionizing radiation

3. Physical interactions such as entanglements, 

electrostatics and crystallite formation.

Generally, the three integral parts of the hydrogels 

preparation are monomer, initiator and crosslinker. To 

regulate the heat of polymerization and the final hydrogels 

properties, diluents can be employed in the formulation, 

such as water or other aqueous solutions. Hydrogels are 

normally prepared from polar monomers. According to 

their starting materials, they can be categorized into natural 

polymer, synthetic polymer and combinations of the two 

(Ahmed, 2015). 

1) Bulk polymerization

Many vinyl monomers can possibly be employed for the 

fabrication of hydrogels. Bulk hydrogels can be obtained 

with one or more types of monomers. Ordinarily, a small 

amount of cross-linking agent is supplemented for hydrogel 

formulation. The polymerization reaction is typically 

initiated with radiation, ultraviolet or chemical catalysts. 

The selection of a n appropriate initiator relies upon the type 

of monomers and solvents being used. The polymerized 

hydrogel may be yielded in a wide range of forms counting 

the films and membranes, rods, particles and emulsions. 

Bulk polymerization is the straightforward technique, 

which includes only monomer and monomer soluble 

initiators. The viscosity of reaction enhances significantly 

with the conversion which generates the heat during 

polymerization. These problems can be prevented by 

regulating the reaction. The bulk polymerization of 

monomers to make a homogeneous hydrogel yields a 

glassy, transparent polymer matrix which is very tough. 

When placed in water, the glassy matrix swells to become 

soft and flexible (Ahmed, 2015).

2) Solution polymerization/cross-linking

In solution copolymerization/cross-linking reactions, the 

ionic or neutral monomers are blended with the 

multifunctional cross-linking agent. The polymerization is 

instigated thermally by UV/IR radiation or by a redox 

initiator system. The prepared hydrogels requires washing 

with distilled water to eliminate the monomers, oligomers, 

cross-linking agent, the initiator, the soluble and extractable 

polymer and other impurities. Phase separation takes place 

and the heterogeneous hydrogel is formed when the 
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quantity of water during polymerization is more than the water 

content in proportion to the equilibrium swelling. Usual solvents 

utilized for solution polymerization of hydrogels include water, 

ethanol, water–ethanol mixtures and benzyl alcohol (Ahmed, 

2015).

3) Suspension polymerization or inverse-suspension 

polymerization

Dispersion polymerization is a worthwhile technique since the 

products are acquired as powder or microspheres (beads) and 

thus, grinding is not needed. Since water-in-oil (W/O) process is 

selected in preference to the more common oil-in-water (O/W), 

the polymerization is denoted as ''inverse suspension''. In this 

method, the monomers and initiator are distributed in the 

hydrocarbon phase as a homogenous mixture. The viscosity of 

the monomer solution, agitation speed, rotor design and 

dispersant type chiefly regulates the resin particle size and shape 

(Tomonari et al., 2006). Several comprehensive discussions on 

hetero-phase polymerizations have been published previously 

(Hunkeler, 1992; Watanabe et al., 1993). The dispersion is 

thermodynamically unsteady and necessitates both continuous 

agitation and addition of a low hydrophilic–lipophilic- balance 

(HLB) suspending agent.

Grafting to a support

Usually, hydrogels formulated by bulk polymerization have 

characteristic weak structure. To enhance the mechanical 

properties of a hydrogel, it can be attached on surface which is 

coated onto a sturdy support. This method that comprises the 

generation of free radicals onto a stronger support surface and 

then polymerizing monomers directly onto it, as a result of 

which, a chain of monomers are covalently bonded to the 

support. An assortment of polymeric supports have been 

employed for the synthesis of hydrogel by grafting techniques 

(Talaat et al., 2008). Ionizing high energy radiation, like gamma 

rays (Karadað et al., 2001) and electron beams (Ajji et al., 2008), 

has been employed as an initiator to formulate the hydrogels of 

unsaturated compounds. The irradiation of aqueous polymer 

solution leads to the formation of radicals on the polymer chains. 

Also, radiolysis of water molecules brings about the formation of 

hydroxyl radicals, which also attack the polymer chains, leading 

to the formation of macro-radicals. Recombination of the macro-

radicals on different chains results in the formation of covalent 

bonds, so ultimately, a cross-linked structure is obtained. 

Examples of polymers crosslinked by the radiation method are 

poly (vinyl alcohol), poly(ethylene glycol), and poly(acrylic 

acid). The foremost benefit of the radiation initiation over the 

chemical initiation is the fabrication of relatively pure and 

initiator-free hydrogels.

Hydrogel technical features

The purposeful characteristics of an ideal hydrogel material can 

be enumerated as below (Zohuriaan et al., 2006):

The highest absorption capacity (maximum 

equilibrium swelling) in saline.

Preferred rate of absorption (preferred particle 

size and porosity) depending on the application 

necessity.

The topmost absorbency under load (AUL).

The lowermost soluble content and residual 

monomer.

The lowest price.

The utmost robustness and steadiness in the 

swelling environment as well as during the 

storage.

The highest biodegradability without formation of 

toxic species following the degradation.

pH-neutrality after swelling in water.

Colorlessness, odorlessness and absolutely non-

toxic.

Photo stability.

Re-wetting competency (if required) the hydrogel 

has to be able to give back the imbibed solution or 

to maintain it; dependent on the application 

requisite (e.g., in agricultural or hygienic 

applications).

Practically, it is unachievable that a hydrogel sample would 

concurrently fulfill all the above described required 

features. Actually, the synthetic components for acquiring 

the maximum level of some of these features will lead to 

inadequacy of the rest. Thus, in practice the production 

reaction variables must be adjusted such that an applicable 

balance between the properties is can be attained. For 

instance, a hygienic products of hydrogels must retain the 

topmost absorption rate, the lowest re-wetting and the 

lowermost residual monomer and also the hydrogels 

employed in drug delivery must be porous and be 

responsive to either pH or temperature.

Conclusion

Novel hydrogel systems have been devised in current years. 

In terms of application, hydrogels are under research as 

matrices for the living cells encapsulation and for the 

pharmaceutically

active proteins controlled release. Too many cross-linking 

methods have been devised and are currently available for 

hydrogel synthesis. Physically cross-linked hydrogels are 

of huge interest for the labile bioactive substances and 

living cells encapsulation and entrapment, especially when 

hydrogel development does in the absence of organic 
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solvents and under mild conditions. A number of physical cross-

linking methods have been devised; there is undoubtedly a need 

for other methods. Supra-molecular chemistry principles will be 

used to devise new kind of gels with modifiable characteristics 

which may be synthesized preferably in aqueous environment. 

To

give a way to the formation of hydrogel systems having a precise 

command on their microstructure and therefore characteristics 

thereof, protein engineering may also be useful. 

Recently, many hydrogel based networks have been designed 

and tailored to meet the needs of different applications. The 

favorable property of these hydrogels is either ability to swell 

when put in contact with an aqueous solution. The presented 

review demonstrates the literature concerning classification of 

hydrogels on different bases, physical and chemical 

characteristics

of these products and technical feasibility of their utilization. It 

also involved technologies adopted for hydrogel production 

together with process design implications, block diagrams

and optimized conditions of the preparation process. An 

innovated category of recent generations of hydrogel materials 

was also presented in some details. Super-porous hydrogels are 

new

materials that, regardless of their original size, rapidly swell to a 

large size. 
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