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h i g h l i g h t s

� Design concepts and applications of interpenetrating polymer networks hydrogels are reviewed.
� Influence of the second network on properties of IPN hydrogels is discussed.
� Deswelling and mechanical properties of PNIPPAm are improved in IPN hydrogels.
� IPN hydrogels are recommended as efficient sorbents for heavy metal ions.
� IPN cryogels perform better than conventional hydrogels in dye removal.
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a b s t r a c t

Interpenetrating polymer networks (IPN) hydrogels have gained great attention in the last decades,
mainly due to their biomedical applications. This review aims to give an overview of the recent design
concepts of IPN hydrogels and their applications in controlled drug delivery, and separation processes.
In the first part, the main strategies for the synthesis of semi-IPN and full-IPN hydrogels, their relevant
properties, and biomedical applications are presented based on the nature of the networks, the main cat-
egories selected being: IPN hydrogels based on polysaccharides (chitosan, alginate, starch, and other
polysaccharides), protein based IPN hydrogels, and IPN hydrogels based only on synthetic polymers.
The influence of the second network on the stimuli responsiveness of the ‘‘smart’’ IPN hydrogels is dis-
cussed based on the most recent publications in the field. In the second part, an overview of the most
specific applications of IPN hydrogels in separation processes is critically presented. Factors which con-
trol the separations of dyes and heavy metal ions by semi-IPN and full-IPN as novel sorbents are dis-
cussed based on the recently published articles and own results. A special concern is given to the
macroporous IPN composite cryogels, which are very attractive materials for separation processes being
endowed also with a high reusability.
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1. Introduction

Hydrogels are three-dimensional, hydrophilic, polymeric net-
works capable to retain large amounts of water, or biological fluids,
characterized by a soft and rubbery consistence, being thus similar
with living tissues [1,2]. Hydrogels may be chemically stable or
‘‘reversible’’ (physical gels) stabilized by molecular entanglements,
and/or secondary forces including ionic, H-bonding or hydrophobic
interactions, these hydrogels being nonhomogeneous [1,2]. Exam-
ples of reversible hydrogels are ‘‘ionotropic’’ hydrogels formed by
the interaction between a polyelectrolyte and an oppositely
charged multivalent ion, and the polyelectrolyte complexes (com-
plex coacervates) formed by the interaction between two oppo-
sitely charged polyelectrolytes. Physical gels can be disintegrated
by changes in the environment conditions such as ionic strength,
pH, and temperature. Physical hydrogels have numerous biomedi-
cal applications in drug delivery, wound dressing, tissue engineer-
ing and so on. Covalently cross-linked networks form permanent or
chemical gels [1]. ‘‘Smart’’ hydrogels are able to significantly
change their volume/shape in response to small alterations of cer-
tain parameters of the environment. Responsive hydrogels have
numerous applications, the most of them being focused on biolog-
ical and therapeutic demands [3–5], and sensing applications [6].
However, single-network hydrogels have weak mechanical proper-
ties and slow response at swelling. To enhance the mechanical
strength and swelling/deswelling response, multicomponent net-
works as interpenetrating polymer networks (IPNs) have been
designed.

IPNs are ‘‘alloys’’ of cross-linked polymers, at least one of them being
synthesized and/or cross-linked within the immediate presence of the
other, without any covalent bonds between them, which cannot be sep-
arated unless chemical bonds are broken [7–9]. The combination of the
polymers must effectively produce an advanced multicomponent poly-
meric system, with a new profile [10]. According to the chemistry of
preparation, IPN hydrogels can be classified in: (i) simultaneous IPN,
when the precursors of both networks are mixed and the two networks
are synthesized at the same time by independent, noninterfering routs
such as chain and stepwise polymerization [7,9,11] (Fig. 1a), and (ii)
sequential IPN, typically performed by swelling of a single-network
hydrogel into a solution containing the mixture of monomer, initiator
and activator, with or without a cross-linker (Fig. 1b). If a cross-linker

is present, fully-IPN result, while in the absence of a cross-linker, a net-
work having linear polymers embedded within the first network is
formed (semi-IPN) [7,8,12,13].

When a linear polymer, either synthetic or biopolymer, is en-
trapped in a matrix, forming thus a semi-IPN hydrogel, fully-IPN
can be prepared after that by a selective cross-linking of the linear
polymer chains [14–16] (Fig. 1c).

By their structure, IPN hydrogels can be classified in: (i) IPNs, formed
by two networks ideally juxtaposed, with many entanglements and
physical interactions between them; (ii) homo-IPNs, which are a special
case of IPN, where the two polymers which form the independent net-
works have the same structure; (iii) semi- or pseudo-IPNs, in which
one component has a linear instead of a network structure. Mechanically
enhanced IPN hydrogels as ‘‘double networks’’, promoted by Gong et al.,
have attracted attention by their potential for biomaterials, mainly as a
replacement of natural cartilage [17–19]. The particular feature of this
new type of IPN hydrogels, characterized by high resistance to wear
and high fracture strength, consists of the preparation first of a densely
cross-linked ionic hydrogel, the second network being a neutral loosely
cross-linked network [17,18].

This review aims to give an overview on the preparation and
applications of semi- and fully-IPN hydrogels based on the most re-
cent publications in the field. In the first part, the main synthesis
strategies of IPN hydrogels, their relevant properties and biomedi-
cal applications will be presented. In the second part, an overview
on the most specific applications of the IPN hydrogels in separation
processes will be given.

2. Design, characterization, and biomedical applications of IPN
hydrogels

A wide variety of hydrophilic polymers or their precursors have
been used to synthesize hydrogels, the main classes consisting of
natural polymers and their derivatives (polysaccharides and pro-
teins), and synthetic polymers containing hydrophilic functional
groups such as –COOH, –OH, –CONH2, SO3H, amines and R4N+,
and ether [1]. By the combination of polymers coming from these
two classes, IPN composite hydrogels can be prepared by the three
routes presented in Fig. 1. The most often encountered combina-
tions of polymers used to prepare IPN composite hydrogels are
summarized in Fig. 2.
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