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The performance of hydrogel adsorbents depends on the constituents of the gels and the
functions produced by the polymer networks of the gels. Research on hydrogels utilizing the
characteristic functions of polymer networks has increased over the last decade. The functions of
polymer networks are key to the development of advanced adsorbents for the removal of various
pollutants.
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1. Basic Requirements for Adsorbents
The design and use of adsorbents in the adsorption separation process are essential for
adsorption separation technologies. Adsorbents that meet requirements like material cost,
minimal environmental impact, stability, uptake rate, reusability, and adsorption capacity for
target adsorbates will be selected in practice. In the modern design of adsorbents, the
physicochemical structure of the adsorbent can be tailored to target pollutants. In the design of
the adsorption separation process, the parameters of both the adsorption equilibrium and the
mass transfer in adsorbents are crucial

[1][2].

The adsorption isotherms, the curves of semi-

empirical adsorption equilibrium showing the adsorption capacity as a function of adsorbate
concentration, represent the performance of the adsorbent. Adsorbent users can estimate the
performance of adsorbents under the condition of use based on the adsorption isotherms and
relevant conditions. Therefore, adsorption isotherms are indispensable for the practical use of
adsorbents, although data acquisition of adsorption isotherms is time-consuming. The adsorption
isotherm or adsorption capacity of adsorbents depends on a range of factors such as
temperature, ionic strength, solvent composition, particle size, and adsorber operation [1][2]. In the
design of adsorption processes and evaluation of adsorbents using literature data of adsorption
isotherms or capacities, it is necessary to conﬁrm the conditions under which the adsorption data
in the literature were collected, to evaluate the adsorption process properly. It is also essential to
consider desorption and regeneration methods involving simple operations and minimal waste.
Because extra solvent wastes are produced in the recovery and regeneration processes, the
desorption process should also be optimized.

2. Gel Adsorbents
Some adsorbents include a local gel phase. In most cases, only an adsorbent in which the entire
adsorbent consists of a gel phase is called a gel adsorbent. Polymer hydrogels have several
advantages in their application as adsorbents. The polymer networks create percolation pores with
the desired solvent content and pore size. The speciﬁc surface area of polymer hydrogels is not
typically discussed because of their network structure with a large amount of solvent. Open pores
created by the polymer networks in the gels enable adsorbates to percolate deep inside the gels
quickly, thus facilitating the adsorption capacity of the gels. Gels with high solvent content exhibit
excellent diﬀusional permeability toward a range of substances. The diﬀusivity of solutes in gels
has been extensively studied, both experimentally and theoretically. Various mathematical models
used to determine the diﬀusion coeﬃcient in gels have been developed and summarized in
studies published in the 1990s
scientiﬁc topic of discussion

[3][4].

Nevertheless, the study of diﬀusivity remains an interesting

[5][6][7][8][9][10][11].

The development of porous structures in polymer

gels can potentially increase the number of eﬀective adsorption sites and reduce mass transfer
resistance. Many methods for synthesizing porous hydrogels, such as phase separation
emulsion

[15][16][17][18]

,

ice

crystal

[19]

,

and

foam

[20][21]

[12][13][14]

,

, have been reported. A solution

environment that is diﬀerent from the outer solution can be created inside the gels depending on
the nature of the polymers, such as the hydrophilic–hydrophobic balance of polymers and the
existence of ﬁxed charges in the polymers. A gel liquid-phase system with an arbitrary size,
interface, and less solvent disturbance is unique and valuable. One of the signiﬁcant advantages
of particulate gels is their ease of liquid separation for solvent extraction. The solvent extraction
phase can be immobilized on the gels; rendering the handling of solvent easy. When stimuliresponsive polymers are used, the structure and physical properties of the gel can be reversibly
controlled by the stimuli to which the polymers respond. The stimuli-responsive property of the gel
produces a dynamic shift in the adsorption isotherm

[22],

which is eﬀective in adsorptive

separation systems. The network structure of gels can create integrated reaction ﬁelds,
characteristic of polymer hydrogels formed by a three-dimensional polymer network and
immobilized solvent, as mentioned above. The characteristics and functions of the polymer
network include open pores with a large pore volume, a scaﬀold for functional group
immobilization, compatibility with solvents, stimuli-responsiveness, strength imparting, and a
speciﬁc environment diﬀerent from the outer solution in terms of pH, ionic strength, and redox
potential.

3. Classiﬁcation of Hydrogels Based on the Roles or
Functions of the Polymer Networks
Polymer gels as adsorbents were classiﬁed based on the roles and functions of the polymer
networks in their applications as follows.

3.1. Matrix for Immobilization
The simple use of hydrogels is for the immobilization of supports and carriers. Even in this simple
application of hydrogels, they have various advantages. The incorporation of diverse materials,
simple solid–liquid separation, stabilization of the immobilized substances maintaining high
dispersion, accumulation and enrichment of target substances inside the gels, and the size control
of stable solvent droplets with the size of gels are distinct advantages of the gels. The diﬀerence
between hydrogels and emulsions or liquid immobilizing capsules is that water is immobilized in
the polymer network with percolating open pores, and mass transfer across the surface of the gels
is not restricted. The size of gels and pores are controllable, and mass transfer in the gels is not
reduced, owing to the large amount of water and the percolating open pores in the hydrogels,
which are also eﬀective for the immobilized microorganisms and macromolecules, such as
antibodies and enzymes, to maintain their activity over a long time. Furthermore, gels can
produce a hierarchical reaction ﬁeld because zoning of embedded substances can be achieved
owing to the immobilization property of the polymer network.
The immobilization of ﬁne particles in gels enables easy handling of ﬁne particles in the liquidphase adsorption process. This advantage of gels is signiﬁcant in adsorption separation operations
in batch processes, especially in the use of nano- and microparticles as adsorbents. The polymer
network of the gel enabled the highly dispersed immobilization of nanoparticles (Figure 1), which
contributed to the increase in the eﬀective surface area of the nanoparticles. Nanoparticles can be
embedded by the polymerization of gel monomers in the suspension of nanoparticles or by their
synthesis inside the gel matrix. Various composite gels immobilizing nanoparticles have been
reported in the last decade, including amidoximated poly(methacrylic-co-acrylonitrile) composite
gel immobilizing magnetic CoFe nanoparticles for the removal of Cr 3+, Cd2+, and dyes

[23]

, Fe2O 3

nanoparticles immobilizing polyacrylamide/chitosan composite hydrogel for the removal of
methylene blue

[24],

hydrous ferric oxide immobilizing poly(trans-Aconitic acid/2-hydroxyethyl
2+

2+

2+

2+ [25]

acrylate) hydrogel for the removal of Pb2+, Cu2+, Cd2+, and Ni2+

[25]

, zirconia nanoparticles

immobilizing poly(N, N-dimethyl acrylamide) hydrogel for the removal of As2O 3 and AsO43−

[26]

,

and iron hydroxide (lepidocrocite) immobilizing poly(N, N′-dimethylaminopropyl acrylamide,
methyl chloride quaternary) cationic hydrogel for the removal of AsO 43− from groundwater

[27]

.

These gels increased the adsorption capacity by combining them with nanoparticles. Some
examples of the adsorption mechanisms of nanoparticles are illustrated in Figure 2

[27][28][29].

The adsorption mechanism is classiﬁed into inner-sphere surface coordination complexes (strong
bonding), outer-sphere ion-pair complexes, and electrostatic interactions. As2O 3 and AsO43− were
adsorbed on the zirconia and iron hydroxide nanoparticles via the inner-sphere complex. The large
surface area and surface charge of the nanoparticles would also contribute to the adsorption
capacity. From this perspective, composites with metal nanoparticles produced positive adsorption
results. Bimetallic nanoparticles, such as CoFe, NiFe, and CuNi, have been studied in water
treatment for the removal of heavy metals and decomposition of dyes from aqueous solutions
owing to their speciﬁc adsorption behaviors for pollutants, although the mechanism of adsorption
on the nanoparticles has not been extensively studied

[30][31]

.

Figure 1. Hydrogel for the immobilization support and carrier.

Figure 2. Examples of the adsorption mechanism on the nanoparticles.

3.2. Scaﬀold Fixing Functional Groups
A polymer network is the backbone of hydrogel adsorbents. Functional groups that function as
active sites for the adsorption of pollutants are immobilized on the polymer network. The
functional groups can be freely introduced into the polymer network, and the solvent content can
be adjusted intentionally in hydrogel adsorbents. Thus, the basis of adsorbent design is to use the
functional groups that interact with the target adsorbates in preference. Polymeric gel adsorbents
can be prepared by polymerizing monomers with desired functional groups or by post-chemical
modiﬁcation of the polymer network to obtain the desired functional groups. Increasing the
adsorbent’s surface area and grafting the branched polymer onto the backbone polymer chains
are generally used to increase the number of eﬀective adsorption sites in the adsorbents, as
mentioned above. Most studies focus on the adsorption performance, but not the adsorption
mechanism, despite the importance of the adsorption mechanism in practical process control. The
interactions facilitating adsorption are determined by the type of adsorbate, functional groups
involved in the adsorption with their spatial layout, and solution conditions such as pH and salinity.
In the case of rigid polymers such as chitosan, for instance, the conformation of the chitosan
polymer and pH-dependent charge of the amine groups in chitosan aﬀect the coordination
bonding between heavy-metal ions and the functional groups of the chitosan (amine groups and
hydroxyl groups)

[32]

.

Many hydrogels, including poly(acrylic acid) [33], poly(N-isopropyl acrylamide)
poly(N,N-dimethylacetamide-co-2-hydroxyethyl
poly(methacrylic-co-acrylonitrile)

[23]

poly(glycidyl methacrylate-glycine)

methacrylate)

[40]

,

[34][35][36][37][38][39]

,

amidoximated

, poly(2-hydroxyethyl methacrylate)-grafted copolymer [41],

[42],

poly(1-vinyl-2-pyrrolidone-co-sodium acrylate) [43], and

poly(maleic acid) with cyclic groups of poly (1, 4-dioxa-7, 12-diazacyclotetradecane-8, 11-dione)
and poly (1,4-diazocane-5,8-dione)

[44][45]

have been studied in the last decade to investigate their

adsorption properties over various targets. As typical adsorption characteristics of hydrogels,
Sammaddar et al. (2019) [46] and Qi et al. (2021) [47] reviewed the adsorption capacity of the
hydrogel adsorbents such as acrylic acid, amine, alginic acid, cellulose and its derivatives, pectin,
and chitosan gels for the removal of pollutants from the aqueous system. In addition to these
hydrogel adsorbents, hybrid and composite hydrogels involving natural polymer blend composites
and clay/natural polymer composites have been synthesized, and their adsorption properties for
hazardous pollutants have been reviewed

[48][49][50]

. Shalla et al. (2018) reviewed hydrogel

composites for the removal of recalcitrant organic dyes, including synthetic polymer-natural
polymer, clay polymer, graphene polymer, and metal oxide–polymer composites [51]. As ionic dyes
adsorb via electrostatic interactions, it is essential to increase both the number of adsorption sites
and their dispersibility using materials with a high aﬃnity for dyes in the composites.

3.3. Stimuli-Responsive Network
Thermoresponsive hydrogels are representative adsorbents of this type. These gels reveal a
change in the hydrophilic–hydrophobic balance of the polymer network depending on the
temperature. This property is often observed in amphiphilic polymers. Representative amphiphilic
polymers

include

poly(N-isopropyl

acrylamide),

poly(N-substituted

acrylamide),

and

their

copolymers. Polymers with a lower critical solution temperature (LCST) in an aqueous system
exhibit hydrophilicity with hydration below the LCST. At temperatures above the LCST, the
polymers exhibit hydrophobicity with dehydration. This property enables gels to adsorb and
desorb organic molecules with hydrophobic moieties through temperature control across the LCST
[22]

.

Figure 3a shows the basic concept of temperature-controlled adsorption and the separation of
organic contaminants in water using thermoresponsive hydrogels. The critical temperature of the
adsorption–desorption control corresponded to the LCST of the polymers used in the gels. LCST

can be controlled by the copolymerization of a small number of co-monomers that diﬀer from
PNIPA in terms of hydrophobicity. Various thermoresponsive copolymer hydrogels, such as Nisopropyl acrylamide (NIPA)-co-acrylamide, NIPA-co-polyacrylic acid (PAA), NIPA-co-dimethyl
acrylamide

(DMA),

and

NIPA-co-acryloyl

piperidine,

have

been

synthesized,

and

their

thermoresponsive adsorption properties for organic molecules have been reported in the 1990s.
The adsorption amount of adsorbates in this system depends on the diﬀerence in the
hydrophobicity of the adsorbates. This principle of adsorption control was applied to the
chromatographic

separation

of

steroids

in

1996

by

Kanazawa

et

al.

(1996)

[52]

.

This

chromatographic separation process in the aqueous phase demonstrated organic-eluent-free
separation. Changes in the volume of the gel occur along with the control of the hydrophilic–
hydrophobic balance in this system. Therefore, when applying the gel to column separation, it is
necessary to devise ways to use it, such as immobilizing the gel in a porous support. The stimuli to
which the temperature-responsive gels respond can be diversiﬁed by copolymerizing a small
amount of a second stimulus-responsive monomer into the gel

[53].

Figure 3. Thermoresponsive adsorption control using amphiphilic polymer hydrogel in aqueous
systems, (a) adsorption through hydrophobic interaction between the thermoresponsive hydrogel
and the molecules with hydrophobic moieties, (b) selective multipoint interaction, (c) solid-phase
extraction of metal ions.

3.4. Contaminant Uptake with Self-Assembling and Gelation
Pollutants in an aqueous system can be removed by self-assembly of gelator molecules and
gelation triggered by target substances using modern gelator molecules. This is similar to the
adsorption and concentration of contaminants in the coagulation process using coagulants. In the
case of Al-based coagulants, as many of the organic pollutants dissolved in water are negatively
charged, the coagulants electrostatically couple with the pollutants, followed by coagulation to
form gel-like ﬂocks through hydrogen bonding among the aluminum hydroxides produced from the
aluminum-based coagulants. The adsorption and removal of heavy-metal ions by polymers with
gelation are similar to the method by which heavy-metal ions directly chelate with polymers to
precipitate or aggregate. Chelating polymer coagulants adsorb metal ions via chelate bonding
between the metal ions and ligands in the polymers. The suitable ligands for target metal ions
depend on the type of metal ion (d10 type or transition metal type). Small molecular gelators, socalled molecular gels and low-molecular-weight gelators (LMWG), produce self-assembled
supramolecular polymer gels reversibly with non-covalent interactions, such as van der Waals
forces, π-π stacking or hydrophobic eﬀects, dipole–dipole, charge-transfer or coordination
interactions, and hydrogen bonding (Figure 4)

[54]

.

Figure 4. Example of metal ion removal by low-molecular-weight gelator (molecular gels).

3.5. Molecular and Ion Imprint Networks
A complex between a molecule that uses a template and functional monomers is ﬁrst formed
during molecular imprinting. The monomers are then copolymerized with a crosslinking agent. The
template molecule is then removed to obtain a molecular imprint polymer (MIP) with a binding
space complementary to the template molecule (Figure 5a)

[55][56].

Various methods have been

proposed to improve the selective adsorption performance of imprinted gels. The fragment
imprint method attains selective molecular recognition ability in the gel by using a part of the
structure of the target molecule or a substance that is similar to the structure of a pseudotemplate molecule (Figure 5a )

[57][58]

. The internal immobilization method uses a template

molecule with an ionic functional group close to the target molecule.

Figure 5. Schematic diagram of (a) molecular imprint and (b) ion imprint gels.
Ion imprinting diﬀers from molecular imprinting. Metal ions can be selectively separated using an
ion-imprinted polymer gel. The metal salt of the target metal ion is ﬁrst conjugated to the
monomers of the gel. The conjugate is then polymerized with a crosslinking agent to obtain an
ion-imprinted polymer gel with high selectivity (Figure 5b). Highly selective monitoring of metals
(Hg(II), Pb(II), Cd(II), and As(V)) using ion-imprinted polymers was demonstrated by Pankaj et al.
(2015)

[59].

For molecular and ion-imprinted polymer gel adsorbents, it is essential to create pathways with
easy access to the adsorption sites in the adsorbents. Li et al. (2014) reported a porous organic
polymer (POP) with a high surface area and size-adjustable open pores as adsorbents for heavy
metals

[60].

This adsorbent, named nano-trap, exhibited high selectivity for Hg in its adsorption

capacity (1 g-Hg of 1 g-Hg/1 g POP). Imprint gels using temperature-responsive polymer networks
have also been developed to improve adsorption and desorption rates by controlling the swelling
volume of the gel. Selectivity and adsorption capacity are trade-oﬀ factors. The adsorption
capacity of imprint gels is small and its increase without decreasing the selectivity is an essential
subject for imprint gels. In the case of macromolecules, mass transfer (diﬀusion) in the imprint
gels is slow. Thus, improvement of the gel structure with access pathways to the imprinted sites is
also crucial for rapid adsorption.

3.6. Reaction Field
This type of gel utilizes chemical reactions in the gel to adsorb target substances eﬀectively or
eﬀectively degrade the targets accumulated in the gel by adsorption. The gel serves as a ﬁeld for
the adsorption, accumulation, and reaction of the target substances. Over the past few decades,
such gel applications have been developed as immobilization carriers for microorganisms and
enzymes. In recent years, many studies have reported novel hydrogels with chemically reactive
polymer networks or reaction assisting polymer networks, controllable inner environments, and
highly dispersed catalytic materials.
Nakano et al. (2001) reported the adsorption and separation of hexavalent chromium using
crosslinked condensed tannin gel

[61].

Cr oxidizes tannin via a redox reaction to form a carboxyl

group on the tannin gel. The Cr was reduced from Cr(VI) to Cr(III) by the tannin and adsorbed on
the carboxyl and hydroxyl groups of the tannin gel via the ion-exchange method (Figure 6a). This
reaction can be increased by adjusting the pH of the aqueous phase, enabling a large-scale
removal of Cr (287 mg/g). The idea of incorporating a redox reaction mechanism into a gel to
convert diﬃcult-to-separate metal ions into easily adsorbable metal ions paves the way for
developing a simple separation process that inculcates multiple separation processes within the
gel particles. In this system, Cr(VI) is adsorbed via electrostatic interactions with positively
charged amine groups of the gel. Gallic acid facilitates the reduction of Cr(VI) to less toxic Cr(III).
Along with the reduction of Cr(VI), oxidation of phenolic hydroxy groups in the gel to carbonyl
groups and low pH conditions due to gallic acid promote the adsorption of Cr(III) by chelating
mechanism, resulting in a large adsorption capacity of 476.2 mg/g.

Figure 6. Reactive adsorption system. (a) Tannin gel redox adsorption system. (b) Hydrolysis of
metal cations. (c) Adsorption and catalysis reaction.
In the ionic gels of aqueous systems, the pH inside the gel becomes basic or acidic because of the
Donnan equilibrium between the gel and outer liquid phase

[62].

Utilizing this property of ionic

gels, the precipitation of heavy-metal ions as hydroxides in the gel is possible. Gotoh et al. (2017)
reported the recovery of metal ions through hydrolysis of metal ions in a cationic hydrogel using
poly(N-[3-dimethylaminopropyl]acrylamide) gel (Figure 6b) [63]. The pH of the gel is controlled by
varying the type and concentration of ionic groups. This system enables the immobilization of a
large number of metal ions in gels in the form of poorly soluble hydroxides. Application for the
remediation of soils contaminated with heavy-metal ions using this in situ immobilization has been

proposed.
In recent years, many hydrogel adsorbents with highly dispersed and ﬁxed photocatalytic
nanoparticles have been reported. The adsorption and photocatalytic functions of the
nanoparticles were applied to water and wastewater treatment. Yang et al. (2017) developed a
composite hydrogel catalyst composed of poly(hydroxyethyl acrylate/N-methyl maleic acid) and
CuS nanoparticles

[64]

. The gel adsorbed and concentrated sulfamethoxazole (SMX) antibiotics in

the composite hydrogel. Subsequently, 90% of SMX was degraded upon visible-light irradiation by
the photocatalytic reaction with embedded CuS nanoparticles (Figure 6c). Zhang et al. (2018)
reported Fe3O 4 nanoparticle-embedded porous hydrogel beads as catalysts for the Fenton reaction
of

methyl

orange

[18].

Zhu et al. (2021) reported poly(triethylene glycol methyl ether

methacrylate) hydrogels as carriers of phosphotungstic acid for acid catalytic reactions in water
[65].

Tokuyama et al. (2022) developed TiO2 nanoparticle-loaded poly(NIPA) ﬁbers for the

adsorption and photocatalytic degradation of organic pollutants in aquatic media

[66].

3.7. Dissociation Control of Functional Groups in the Polymer Network
Changes in the dissociation of ionic groups on the polymer networks occur depending on the
volumetric change in the crosslinked polymer hydrogels. Weak acid-type or weak base-type ionic
groups on the polymer chains undergo a shift in their dissociation equilibrium pKa, with changes in
pH inside the gel when the density of the ionic groups in the gels changes with the swelling or
collapse of the gel (Figure 7). This phenomenon is considered to occur because of various
phenomena, such as a change in the dielectric constant, counter ion condensation, and
dehydration of the polymer. By utilizing this property, the adsorption control of target ions (the
counter ions of the ionic groups in the gels) is achieved through volumetric swelling control of the
gels. Thermoresponsive polymer gels are one of the candidates for this application because of
their simple and easy volume control. Gotoh et al. (2010) reported the temperature-swing
adsorption of phosphoric acid by poly(N-isopropyl acrylamide-co-N-[3-dimethylaminopropyl]
acrylamide)

copolymer

hydrogels

[67].

Honda

et

al.

(2021)

synthesized N-[3-

(dimethylamino)propyl]methacrylamide (DMAPM)-co-N-tert-butyl acrylamide (TBAM) nanogels and
applied them for the separation of carbon dioxide

[68].

Nagasawa et al. (2019) reported the

inﬂuence of the hydrophobicity of the backbone polymer on the thermoresponsive adsorption and
recovery of carbon dioxide in a poly(N-isopropylacrylamide-N-tert-buthyacrylamide) copolymer gel
slurry system

[69].

A molecular design that produces a larger pKa shift is expected to yield a high-

performance gel. To use this property, the mechanical strength of the gels to withstand repeated
swelling operations is required. In addition, the gels must be micronized for a rapid response and
adsorption. This process is energy-consuming when thermoresponsive gels are used because of
the temperature-swing operation of the entire system. Therefore, it is crucial to devise methods to
reduce energy consumption in practical applications. Eﬀective utilization of the heat generated in
chemical factories, steel mills, incinerators, etc. would increase the feasibility of these processes.
Thin membranes fabricated on porous supports with nanosized particles of TBAM gels successfully
achieved the energy-saving separation of carbon dioxide [68].

Figure 7. Adsorption control via pKa shift in the stimuli-responsive ionic hydrogels.

3.8. Diversiﬁcation of the Application
Composite or conjugated forms of hydrogel adsorbents can increase the performance of the gel
and the availability of the gels as adsorbents, considering the advantages of their use, cost, and
material sharing from an ecological point of view. Adsorbents that exhibit advanced functions
have been developed based on composite design. An example is the hydrogel embedding of
magnetic nanoparticles

[23].

Solid–liquid separation of ﬁne adsorbent particles is easily performed

using magnetic force in a liquid-phase separation system. Rehman et al. (2016) reported Fe3O 4
nanoparticle-immobilized poly(3-acrylamidopropyl trimethylammonium chloride) microgels for the
removal of AsO43−

[70].

The magnetic ﬁeld-responsive microgels were easily recovered from

aqueous media for reuse. Because the adsorbents are lost over repeated use, the design of gels
with a highly stable magnetic recovery rate is the subject of this study. In the application of spilled
oil recovery, Xu et al. (2018) reported that poly(vinyl alcohol)/cellulose nanoﬁber (PVA/CNF) oil
adsorbent gels with Fe3O 4 nanoparticles eﬀectively absorb oil spreading on the water surface, and
the gels can be easily collected from the surface by the application of a magnetic ﬁeld [71].
Xiao et al. (2018) developed light-to-thermal conversion phase-change composite hydrogels
consisting of sodium acetate trihydrate (NaAc3H2O), acrylamide–acrylic acid sodium copolymer,
and CuS for the storage of solar heat energy by light-to-thermal conversion (Figure 8a). The
composite hydrogel exhibited good energy conversion in a stable form during the phase change of
NaAc3H2O. It restricted molecular water movement via hydrogen bonding with the functional
groups on the polymer network of the gel, when NaAc3H2O was melting, without water leakage
[72].

Figure 8. Application of the hydrogel adsorbents: (a) heat accumulation with light-to-thermal
conversion, (b) conservation science: schematic image of the gel cleaning for painting art
restoration.
Applications of gel adsorbents have diversiﬁed in recent years. The adsorption and absorption
properties of hydrogels have been applied in various ﬁelds
hydrogels is dressing materials

[73].

[74][75][76][77].

One of the applications of

Hydrogels can maintain a humid environment, absorb exuded

tissue ﬂuid, and exchange gas; making them a potential wound dressing material. Clean moist

healing that adheres to the skin, absorbs exudate, disinfects the site, releases drugs through
wound dressing, through ﬁne particles of hydrogels are the scope of this application. In
conservation science, in the 1980s, Richard Wolbers developed a “gel cleaning method” using gels
such as gellan gum, agarose, and Pemulen TR-2 to restore and clean cultural properties In the gel
cleaning method, stains on cultural properties are transferred to the gel. It is remarkably eﬀective
for cleaning the vertical surfaces of artworks such as paintings (Figure 8b). Gel cleaning with less
volatilization of organic solvents (acetone, hexane, etc.) is also helpful for preserving the working
environment. Hydrogel functions, such as solvent immobilization, surface ﬂexibility, adhesion,
adsorption, absorption, and extraction, are used in this technique. The multifunctional properties
of hydrogel adsorbents can be further applied in diﬀerent ﬁelds.
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