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What is a Hydrogel? 
Hydrophilic polymer material that can absorb large 
amounts without dissolving.  
 
A network composed of physical or chemical crosslinkers 
that are prepared from monomers, pre-polymers, or already 
hydrophilic polymers.  
 
Cross-links produced through: 

•  Chemical reaction to form covalent bonds 
•  Entanglement of polymers 
•  Ionic interactions, hydrogen bonds, or hydrophobic interactions or van 

der Walls forces  

 
 



Sviluppo e applicazioni principali

• Developed from the early 1960. Poly(2-hydroxiethyl 
methacrylate).

• Principal applications in the biomedical and pharmaceutical 
fields

• Initially developed as a substitute of natural living tissue 
due to their rubber nature and high water content

• Properties !: swelling behaviour and network permeability

• Principal applications:

• contact lenses, biosensoris, sutures and dental materials

• controlled drug delivery



Hydrogels Classification 
Classification according to polymeric composition  
 

•  Homopolymer hydrogel (derived from a single species of 
monomer)  

•  Multipolymer interpenetrating polymeric hydrogel (made of 
two independent cross-linked synthetic and/or natural poly- 
mer component, contained in a network form) 

•  Copolymer hydrogel (comprised of two or more different 
monomer species with at least one hydrophilic component, 
arranged in a random, block or alternating configuration)  

 



Classification based on type of cross-linking  
 
Hydrogels can be divided into two categories based on the 
chemical or physical nature of the cross-link junctions, 
 

•  Linking polymer chains via chemical reaction.  

•  Using ionizing radiation to generate main-chain free radicals 
which can recombine as cross-link junctions.  

•  Physical interactions such as entanglements, electrostatics 
and crystallite formation. 

•  Photo-polymerization 



12 2 Smart Hydrogels

have been investigated. Alginate is a well-known example of a polymer that 
can be crosslinked by ionic interactions. It is a polysaccharide with mannuronic 
and glucuronic acid residues and can be crosslinked by calcium ions (Fig. 2.2a) 
[42]. Crosslinking can be carried out at room temperature and physiological pH. 
Therefore, alginate gels are frequently used as a matrix for the encapsulation of 
living cells [43] and for the release of proteins [44]. Interestingly, the gels can be 
destabilized by the extraction of Ca ions from the gel by a chelating agent. The 

(a) (b)

(d) (e)(c)

Fig. 2.2  Schematic of methods for formation of physically crosslinked hydrogels via. a Ionic 
interactions, b hydrophobic interactions, c self-assembling of stereocomplex formation, d coiled-
coil interactions, e specific molecular recognition

Table 2.1  Methods for synthesizing physically and chemically crosslinked hydrogels

Physically crosslinked hydrogels

Chemically crosslinked hydrogels

γ-ray etc.)
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2.2.2  Chemically Crosslinked Hydrogels

While physically crosslinked hydrogels have the general advantages of  forming 
gels without the need for chemical modification or the addition of crosslink-
ing entities, they also have limitations. It is difficult to decouple variables such 
as gelation time, network pore size, chemical functionalization, and degrada-
tion time; this restricts the design flexibility of a physically crosslinked hydrogel 
because its strength is directly related to the chemical properties of the constitu-
ent gelators. In contrast, chemical crosslinking results in a network with a rela-
tively high mechanical strength and, depending on the nature of the chemical 
bonds in the building blocks and the crosslinks, relatively long degradation times. 
Chemically crosslinked gels are also mechanically stable owing to the cova-
lent bond in these gels. Chemically crosslinked gels can be obtained by radical 
polymerization of low-molecular-weight monomers in the presence of a crosslink-
ing agent (Fig. 2.3a). One of the most widely used methods for the preparation of 
NIPAAm-based hydrogels is a redox polymerization using ammonium persulphate 
(APS) as an initiator and N, N, N′, N′-tetramethylethylenediamine (TEMED) as 
a catalyst. TEMED accelerates the rate of formation of free radicals from persul-
fate, and these in turn catalyze polymerization. The persulfate free radicals con-
vert monomers to free radicals that react with unactivated monomers to begin 
the polymerization chain reaction. The elongating polymer chains are randomly 
crosslinked by a crosslinker, resulting in a gel with a characteristic formulation 
that depends on such parameters as the polymerization conditions and monomer/

(a) (b)

(c)

(d)

Fig. 2.3  Schematic of methods for formation of chemically crosslinked hydrogels by radical 
polymerization of a vinyl monomers and b macromonomers c reaction of pendant functional 
groups, and d high-energy radiation



Classification according to network electrical charge  
Hydrogels may be categorized into three groups on the 
basis of presence or absence of electrical charge located 
on the cross- linked chains:  
 

•  Nonionic (neutral).  

•  Ionic (including anionic or cationic).  

•  Amphoteric electrolyte (ampholytic) containing both acidic and 

basic groups. 



Classification based on configuration  
 
The classification of hydrogels depends on their physical 
structure and chemical composition can be classified as 
follows:  
 
• Amorphous (non-crystalline) 
• Semi-crystalline: A complex mixture of amorphous and 

crystalline phases 
• Crystalline.  



Hydrogels sensitive to environmental conditions 

•  Hydrogels are capable of swelling or de-swelling reversibly in 
water and retaining large volume of liquid in swollen state.  

•  They may perform dramatic volume transition in response to a 
variety of physical and chemical stimuli: 

•  temperature, electric or magnetic field, light, pressure, and 
sound  

•  pH, solvent composition, ionic strength, and molecular 
species 

•  Hydrogels can be designed with controllable responses as to 
shrink or expand with changes in external environmental 
conditions.  



Classification based on configuration

The classification of hydrogels depends on their physical struc-
ture and chemical composition can be classified 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 categories based on the
chemical or physical nature of the cross-link junctions. Chem-
ically cross-linked networks have permanent junctions, while
physical networks have transient junctions that arise from
either polymer chain entanglements or physical interactions
such as ionic interactions, hydrogen bonds, or hydrophobic
interactions [11].

Classification based on physical appearance

Hydrogels appearance as matrix, film, or microsphere depends
on the technique of polymerization involved in the preparation
process.

Classification according to network electrical charge

Hydrogels may be categorized into four groups on the basis of
presence or absence of electrical charge located on the cross-
linked chains:

(a) Nonionic (neutral).
(b) Ionic (including anionic or cationic).
(c) Amphoteric electrolyte (ampholytic) containing both

acidic and basic groups.
(d) Zwitterionic (polybetaines) containing both anionic and

cationic groups in each structural repeating unit.

Hydrogel-forming natural polymers include proteins such
as collagen and gelatine and polysaccharides such as starch,
alginate, and agarose. Synthetic polymers that form hydrogels
are traditionally prepared using chemical polymerization
methods.

Hydrogel product sensitive to environmental conditions

As mentioned above, hydrogels as three-dimensional cross-
linked hydrophilic polymer networks are capable of swelling
or de-swelling reversibly in water and retaining large volume
of liquid in swollen state. Hydrogels can be designed with con-
trollable responses as to shrink or expand with changes in
external environmental conditions.

They may perform dramatic volume transition in response
to a variety of physical and chemical stimuli, where the phys-
ical stimuli include temperature, electric or magnetic field,
light, pressure, and sound, while the chemical stimuli include
pH, solvent composition, ionic strength, and molecular species
(Fig. 1).

The extent of swelling or de-swelling in response to the
changes in the external environment of the hydrogel could be
so drastic that the phenomenon is referred to as volume col-
lapse or phase transition [12]. Synthetic hydrogels have been
a field of extensive research for the past four decades, and it
still remains a very active area of research today.

Utilization of hydrogel products

With the establishment of the first synthetic hydrogels by
Wichterle and Lim in 1954 [13], the hydrogel technologies
may be applied to hygienic products [14], agriculture [15], drug
delivery systems [14,16], sealing [14], coal dewatering [17], arti-
ficial snow [14], food additives [18], pharmaceuticals [19], bio-
medical applications [20,21] tissue engineering and
regenerative medicines [22,23], diagnostics [24], wound dress-
ing [25], separation of biomolecules or cells [26] and barrier
materials to regulate biological adhesions [27], and Biosensor
[28].

Fig. 1. Stimuli response swelling hydrogel.
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Classification

• pH-sensitive hydrogels

• Temperature-sensitive hydrogels

• Complexing hydrogels

• Materials sensitive to chemical or enzymatic reaction

• Magnetically responsive systems







•  Physically crosslinked thermosensitive hydrogels may undergo sol–
gel phase transitions instead of volume change at a critical solution 
temperature.  

•  Positive temperature-responsive hydrogels show phase transition at a 
critical temperature called the upper critical solution temperature 
(UCST). Hydrogels made from polymers with UCST shrink when 
cooled below their UCST.  

•  Negative temperature- responsive hydrogels have a lower critical 
solution temperature (LCST). These hydrogels shrink upon heating at 
above their LCST . 

Temperature-responsive hydrogels  



•  pH-responsive hydrogels are made of polymeric backbones with ionic 
pen- dant groups that can accept or donate protons in response to an 
environmental pH change.  

•  As the environmental pH changes, the degree of ionization in a pH- 
responsive hydrogel is dramatically changed. 

•  There are two types of pH- responsive hydrogels: anionic and cationic 
hydrogels: 
•  PAAc becomes ionized at high pH 
•  Poly(N, N′-diethylaminoethyl methacrylate) (PDEAEM) becomes ionized at 

low pH.  

pH-responsive hydrogels  



Any of the various polymerization techniques can be used  
to form gels, including bulk, solution, and suspension 
polymerization.  
 
In general, the three integral parts of the hydrogels prepa- 
ration are  

•  monomer 
•  initiator 
•  cross-linker 

 

Technologies adopted in hydrogel preparation  



Bulk polymerization  
•  Bulk polymerization is the simplest technique which involves only 

monomer and monomer-soluble initiators. 
•  The polymerization reaction is normally initiated with radiation, 

ultraviolet, or chemical catalysts.  

•  High rate of polymerization and degree of polymerization occur 
because of the high concentration of monomer.  

•  The bulk polymerization of monomers to make a homogeneous 
hydrogel produces a glassy, transparent polymer matrix which is very 
hard.  

•  When immersed in water, the glassy matrix swells to become soft and 
flexible.  

Technologies adopted in hydrogel preparation  



Solution polymerization/cross-linking  
•  In solution copolymerization/cross-linking reactions, the ionic or 

neutral monomers are mixed with the multifunctional cross- linking 
agent.  

•  The polymerization is initiated thermally by UV-irradiation or by a 
redox initiator system.  

•  The presence of solvent serving as a heat sink is the major 
advantage of the solution polymerization over the bulk polymerization. 

•  Typical solvents used for solution polymerization of hydrogels include 
water, ethanol, water–ethanol mixtures, and benzyl alcohol.  

  

Technologies adopted in hydrogel preparation  



Suspension polymerization  
 
•  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. 
•  Dispersion polymerization is an advantageous method since the 

products are obtained as powder or microspheres (beads), and thus, 
grinding is not required.  

  

Technologies adopted in hydrogel preparation  



Grafting to a support  
 
•  Generally, hydrogels prepared by bulk polymerization have inherent 

weak structure.  
•  To improve the mechanical properties of a hydrogel, it can be grafted 

on surface coated onto a stronger support.  
•  This technique that involves the generation of free radicals onto a 

stronger support surface and then polymerizing monomers directly 
onto it as a result a chain of monomers are covalently bonded to the 
support.  

  

Technologies adopted in hydrogel preparation  



Natural Hydrogel Polymers 
•  Formed from proteins and ECM components 

•  Collagen, Hyaluronic acid, Matrigel 

• Biological sources 
•  Chitosan, Alginate, Fibroin 

• Pros 
•  Inherently biocompatible and bioactive 
•  Promote many cellular functions 
•  Embedded proteins, growth factors, and enzymes 

• Cons 
•  Vary by batch 
•  High affinity to proteins present in serum  
•  Lacks tunability 



Synthetic Hydrogel Polymers 
• Non-natural materials 

•  Examples: poly(ethylene glycol), poly(vinyl alcohol), and poly(2-
hydroxy ethyl methacrylate) 

• Pros 
•  Minimal tendency to adsorb proteins 
•  Highly reproducible  
•  Readily available 
•  Opportunity to control presentation of mechanical properties and 

biochemical cues 

• Cons 
•  Lacks cell adhesion sites 
•  Tight crosslinks render cells immobile 
•  Protein diffusion is limited preventing cells from secrete ECM 



Motivation for Hydrogels 
• Drug delivery, scaffolds, food preservation, biosensors 
• Biomaterial, coatings for medical devices, contact lenses 

•  Biologically compatible 
• Study cell and tissue physiology 

•  Large water content and rubbery consistency makes hydrogels 
great mimics for living tissue 
 

of the ECM” -Kristy Anseth 

 



Drug delivery systems

• Permeability and swelling depend strongly on:

• chemical nature of the polymer

• structure

• morphology

• Drug delivery systems classification:

• swelling controlled

• chemically controlled

• environmentally responsive

• Smart and responsive hydrogels are ideally suited as 
intelligent drug delivery systems



Contact lenses

• New high permeability lenses made of silicone based 
hydrogels

• Wear resistance has been improved thanks to specific 
surface treatments

• The hydrophobic surface of the silicone is converted into 
hydrophilic to avoid eye adesion and protein accumulation

• These systems have a higher permeability to oxygen

• Can be used up to 30 days without removing them

• They are covering now more than 2/3 of the market



Important Properties 
• Swelling 

• Solute diffusion 
• Surface properties and mobility 
• Optical properties 
• Mechanical properties 

Most important parameters that define structure and 
properties of swollen hydrogels are  
•  polymer volume fraction in swollen state, ν2.s, 
•  effective molecular weight of polymer chain between cross-linking 

points, Mc, and 
•  correlation distance between two adjacent cross-links, ξ. 
 
Rubber-elasticity theory and equilibrium-swelling theory are extensively 
applied to describe these three dependent parameters.  



Structure and properties of hydrogels

• From morphology the 
structure is defined by:

• Pores size: ξ 

• Molecular weight between 
cross-links:

• Volume fraction of the 
polymer in the swollen 
gel:

� 

υ 2,s = Volume polimero
Volume gel rigonfiato

=
Vp

Vgel

= 1
Q

� 

Mc

Cross-links

� 

X = M0

2Mc

Degree of cross-linking:
Volume of polymer

Volume of swollen gel



Equilibrium swollen theory

• Free energy upon swelling:

• Neutral:

� 

ΔG = ΔGelastico + ΔGmiscela

Elastic forces

Interaction energy polymer-solvent

� 
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−
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Mn :  peso molecolare catene lineari senza cross - linking
υ 2,r :  frazione volumetrica del polimero nello stato rilassato
υ :  volume specifico del polimero
χ1 :  parametro di interazione polimero solvente
V1 :  volume molare del solvente

It can be used to 
calculate the 

molecular weight

: molecular weight of linear chains without cross-linking
: volumetric fraction of polymer in the relaxed state
specific volume of the polymer
polymer-solvent interaction parameter
molar weight of the solvent
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a retractive force to pull the chains inside. Equilibrium is achieved when these 
expanding and retracting forces counter balance each other. The equilibrium swell-
ing ratio or water content, given by Eq. (2.5), is generally used to describe the 
swelling behavior of hydrogels.

Here, Wswollen is the weight of the swollen gel, and Wdry is the weight of the dry 
gel.

The swelling kinetics of hydrogels can also be determined from the swelling 
kinetic curves. First, the weight of the dry gel (W0) is determined. The dried gel 
was then immersed in an excess amount of water until the swelling equilibrium 
was attained. The weight of the wet gel (Wt) was determined after the removal of 
the surface water. The swelling ratio was calculated with the following equation.

Many groups have investigated the swelling/shrinking kinetics of PNIPAAm gels 
when the temperature is increased or decreased to above or below the LCST, 
respectively. For example, Yoshida and coworkers have compared the shrinking 
kinetics of PNIPAAm gels with different architectures. Comb-type PNIPAAm 
hydrogels collapsed from a fully swollen state in less than 20 min, whereas sim-
ilar gels without grafted side chains took more than one month to undergo full 
shrinking [41, 168]. They also reported a comb-type grafted hydrogel composed of 
PEO graft chains in the crosslinked PNIPAAm network [125]. The swelling char-
acteristics are crucial to the use of hydrogels in biomedical and pharmaceutical 
applications since the equilibrium swelling ratio affects the solute diffusion coeffi-
cient, surface wettability and mobility and optical and mechanical properties of the 
hydrogel. The swelling properties are determined by many factors, including the 
type and composition of monomers, crosslinking density and other environmental 
factors such as temperature, pH and ionic strength.

2.4.4  Mechanical Properties

The mechanical properties of hydrogels depend on their composition and structure 
[169]. Generally speaking, the polymer gels are very weak, i.e., gels are soft and 
brittle, and the gel cannot with stand large deformation. This is mainly due to the 
fact that gels are far from fully connected polymer networks and contain various 
types of inhomogeneities, such as dangling chains and loops. Biopolymers, such 
as gelatin gels and polysaccharides, have been extensively investigated because of 
their variety of applications in products such as cosmetics and foods. The mechan-
ical performance of conventional hydrogels can be expressed as elastic modulus. 
The elastic modulus can range from kPa to MPa, e.g., gelatin gel and agarose. 
The mechanical properties of these gels, however, have been mostly evaluated 
by shearing or compression, not by stretching, because of poor deformability. 

(2.5)Equilibrium swelling ratio = Wswollen/Wdry

(2.6)Swelling ratio = (Wt − W0) /W0
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The equilibrium swelling ratio or water content is generally used to describe the 
swelling behavior of hydrogels: 

The swelling kinetics of hydrogels can also be determined from the swelling kinetic 
curves.  

The swelling characteristics are crucial to the use of hydrogels in biomedical and 
pharmaceutical applications since the equilibrium swelling ratio affects: 
•  the solute diffusion coefficient 
•  surface wettability 
•  mobility 
•  optical and mechanical properties of the hydrogel. 



Swelling Properties 
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membrane to pure solvent (Dip/Diw) is defined as [23]:

(6)

where λ is the ratio of the solute diameter (dh) to the
pore size (ξ).

Macro-porous hydrogels have large pores, usually
between 0.1 and 1 µm. Since the pores of these gels
are much larger than the diffusing species, the 
effective solute diffusion coefficient (Deff) can be
described by the diffusion coefficient of solute in the
water field pores (Diw) [23]: 

(7)

where Kp, ξ and τ are the partition coefficient, the net-
work porosity and the network tortuosity, 
respectively.

In 1999, super-porous hydrogels (SPHs) were
introduced as a different category of water-absorbent
polymer systems [28,29]. The size of pores in SPHs is
usually in the range of several hundred 
micrometers. Most of the spherical pores inside the

hydrogels are connected to form the open channel sys-
tem, which acts as a capillary system causing a rapid
water uptake into the porous structure [30]. Thereby,
SPHs swell in aqueous solution to equilibrium state in
a matter of a minute regardless of their size. Such a fast
swelling is due to absorption of water by capillary
force rather than by simple absorption [30,31].
Conventional SPHs are then characterized by fast
swelling, high swelling ratio and weak mechanical
properties. Recently, new generation of SPHs was
developed to overcome their poor mechanical
strength. The second-generation SPH composites
(SPHCs) are characterized by fast swelling, medium
swelling ratio and improved mechanical properties,
while the third-generation SPH hybrids (SPHHs) 
possess high elastic properties [28].

THEORETICAL DESCRIPTION OF SWELLING

During the past decades, modelling of polymeric 
networks swelling has been conducted on different
scales, based on global macroscopic to microscopic
theories [32]. For instance, the global swelling ratio of
polyelectrolyte gels is well explained through 
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Type Morphology Type of 

absorbed

water

Major swelling 

mechanism

Swelling rate Application

Non-porous

Micro-porous

Macro-porous 

Super-porous

Without network 

porosity

Various porosity with

closed-cell structure

(100-1000 A)

Various porosity with 

closed-cell structure 

(0.1 -1 µm)

High porosity with

interconnected open-

cell structure

Mostly bound

Mostly bound

Mostly bound

Mostly free

Diffusion through 

free volumes

Combination of 

molecular diffusion

and convection in

the water filled pores

Diffusion in the water 

filled pores

Capillary forces

Very slow, sample

size-dependent

Slow, sample size-

dependent  

Fast, sample size-

dependent  

Very fast, sample

size-independent

Various uses from contact 

lenses to artificial 

muscles, etc.

Mainly in biomedical 

applications and controlled 

release technology

Mainly in form of 

superabsorbents in baby  

diapers, etc. 

DDS (particularly in the 

gastrointestinal tract), 

tissue engineering, etc.

Table 1. Hydrogels in a viewpoint of porosity-related swelling kinetics.
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requires the knowledge of the underlying radiation chemistry.
This need has been since long one of the main factors stimulat-
ing the investigations on radiolysis of polymers in aqueous
solutions. Hydrogels can be obtained by radiation technique
in a few ways, including irradiation of solid polymer, monomer
(in bulk or in solution), or aqueous solution of polymer.

The first method, i.e., irradiation of hydrophilic polymer in
a dry form [64], has some drawbacks. It may require special
sample preparation (like pressing or melting), and some diffi-
culties may be encountered in obtaining homogeneous macro-
scopic hydrogels. Moreover, it requires usually much higher
doses of ionizing radiation to obtain a gel compared to irradi-
ation in solution, and furthermore, it may be difficult to
remove fully the oxygen that can promote unwanted side reac-
tions [65].

An Innovative category of hydrogel products

About three decades ago, superabsorbent polymers (SAPs)
were introduced into the agriculture and diaper industries,
and then, their applications were extended to other industries
where an excellent water holding property was of prime
importance.

In 1998, superporous hydrogels (SPHs) were considered as
a different category of water-absorbent polymer systems. The
original SPHs were developed into next generations of SPHs
with more useful properties, such as high mechanical strength
and elastic properties. In this review, evolution of SPHs is
described in detail, and the differences between SPHs and
superabsorbents (SAPs) are also explained. SAPs, just like
SPHs, are structurally cross-linked hydrophilic polymers,
which have the ability to absorb considerable amounts of
water or aqueous fluids (10–1000 times of their original weight
or volume) in relatively short periods of time [60].

Depending on the manufacturing process and the materi-
als used during preparation, the swelling rate of SAPs
ranges from fraction of a minute to hours. The fast swelling,
however, is mainly based on the small size of the SAP
samples. On the other hand, the swelling kinetics of SPHs
is always fast regardless of the size of the final product.
The porous hydrogels are prepared using several techniques,
such as freeze-drying [66], microemulsion formation, and
phase separation [67]. On the other hand, modern SAPs
and SPHs are normally prepared utilizing a gas blowing
technique in which acid induced decomposition of a bicar-
bonate compound is exploited [68].

Although both SAPs and SPHs are porous in structure,
they are different from each other as compared in Table 3.
The SPHs swell immediately upon contact with water regard-
less of their size in the dried state [69].The same monomer solu-
tion can produce different types of water-absorbing polymer
networks, such as nonporous, porous, and superporous struc-
tures depending on the presence of foaming agent, foaming aid
and foam stabilizer, as shown in Table 4. The comparisons
made in Table 4 are based on SAP and SPH prepared by using
acrylamide and acrylic acid.

Preparation of super-absorbent and super-porous hydrogels

In the preparation process of SAPs described by the steps dis-
played in Fig. 10, the following general procedure is applied
regardless of the type of materials used. Since hydrophilic
monomers have a very high heat of polymerization, their bulk
polymerization is normally associated with a violent exother-
mic reaction that results in a heterogeneous structure, so-called
popcorn product with no water-absorbing properties.

Because of the phenomenon described above, the monomer
is first diluted with certain amount of water to reach a desired
monomer concentration (Step 1). Dilution with water also
makes it easy to handle the monomers. For instance, the
water-diluted glacial acrylic acid possesses superior handling
properties as compared with acrylic acid because of its lower
freezing temperature [69].

Normally, the monomer is mixed with water at room tem-
perature under gentle mixing. To produce ionic superabsor-
bent, monomers, such as acrylic acid, may be neutralized to
some degree, normally to 75 mol% (Step 2), followed by addi-
tion of a cross-linker (Step 3). Since neutralization can be
accompanied by the sudden release of significant amounts of
heat, a double-surfaced reactor equipped with external or
internal cooling jackets or coils may be employed.

Table 2 Optimum conditions of graft copolymerization of
cassava starch and acrylamide/itaconic acid.

Composition Ratio (w/w, g/g)

Weight ratio of the monomer, AAm/IA 90:10
Weight ratio of starch to monomer 1:2
APS (wt%) of monomer 0.5–2.0
APS/TEMED 1:2
MBA (wt%) 2
Temperature 45 !C
Stirring rate 250 rpm

Table 3 General features of superabsorbent (SAPs) and superporous (SPHs) hydrogels.

Point of comparison SAPs SPHs

Commonly used monomer Acrylamide, acrylic acid, salts of acrylic
acid including sodium and potassium acrylates

Acrylamide, acrylic acid, salts of acrylic acid
including sodium and sulfopropyl acrylates,
2-hydroxyethyl methacrylate

Method of synthesis Bulk, solution, inverse-suspension Mostly aqueous solution
Initiating system Thermal, redox Mostly redox
Porous structure Random closed to semi open cells Interconnected open cells
Final product Particles Any shape including particles, sheet, film, rod.
Applications Where high swelling, fast-medium

rate of swelling is required
Where size-independent high and very
fast swelling is required
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Slow swelling is due to slow diffusion of water into glassy matrix of dried hydrogels. 
Sometime fast swelling polymer is more desirable; therefore, Chen et al., 1999 and 
Park developed a new kind of superabsorbent polymers so called superporous 
hydrogels. 
 
Superporous hydrogels (SPHs) are porous hydrophilic crosslinked structures with the 
ability of absorbing aqueous fluids up to a few hundred times their own weight. 
 
Superporous hydrogels (SPHs) were originally developed as a novel drug delivery 
system to retain drugs in the gastric medium. These systems should instantly swell in 
the stomach and maintain their integrity in the harsh stomach environment, while 
releasing the pharmaceutical active ingredient. 
 
 
 



All modern superabsorbent polymers are produced to pos-
sess large amounts of pores necessary to acquire fast water
absorption property [70]. This property can normally be
achieved by generating gas bubbles. To produce foam during
polymerization, foaming aid such as glacial acetic acid is added

to the monomer solution (Step 4). For promoted polymeriza-
tion, thermal and redox initiators, such as ammonium persul-
phate or potassium persulphate, are normally used. Oxidant
and reductant are added to the monomer solution under gentle
mixing (Steps 5–6). Gas bubbles are generated by addition of

Fig. 10. Preparative steps in the production of SAPs and SPHs.

Fig. 11. Post-preparation steps of SAPs and SPHs.

Table 4 Typical formulations of aqueous solution polymerization for SAPs and SPHs preparation.

Starting material Role Nonporous SAP Porous SAP Superporous SPH

Acrylamide, acrylic acid Monomer U U U
Bisacrylamide Cross-linker U U U
Deionized water Solvent U U U
Ammonium persulphate Oxidant U U U
Tetramethyl ethylenediamine Reductant U U U
Glacial acetic acid Foaming aid U U
Sodium bicarbonate Foaming agent U U
PEO-PPO-PEO block copolymer Foam stabilizer U
Starting reaction temperature (!C) 25 25 25
Reaction temperature Within 30 s (after 15 s of

inhibition period)
the reaction temperature
rises from 25 to
about 75 !C with the
rate of about 2 !C/s

Within 66 s (after 80 s
of inhibition period) the reaction
temperature rises from 25 to
about 65 !C with the rate of
about 1 !C/s

Within 78 s (after 80 s
of inhibition period)
the reaction temperature
rises from 25 to about
55 !C with the rate
of about 0.7 !C/s

Reaction product after synthesis Solid rigid hydrogel Solid flexible
unstable foam

Solid flexible Stable foam
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•  The highest absorption capacity (maximum equilibrium swelling) in 

saline.  

•   Desired rate of absorption (preferred particle size and porosity) 

depending on the application requirement.  

•   The highest absorbency under load (AUL).  

•   The lowest soluble content and residual monomer.  

•   The lowest price.  

•   The highest durability and stability in the swelling environment and 

during the storage.  

The functional features of an ideal hydrogel material 



•  The highest biodegradability without formation of toxic species 

following the degradation.  

•   pH-neutrality after swelling in water.  

•   Colorlessness, odorlessness, and absolute non-toxic.  

•   Photo stability.  

•   Re-wetting capability (if required) the hydrogel has to be able to give 

back the imbibed solution or to maintain it; depending on the 

application requirement (e.g., in agricultural or hygienic applications).  

The functional features of an ideal hydrogel material 


