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ABSTRACT

dyes) present in industrial wastewaters are one of the major causes of

pollution of groundwater sources. These pollutants are toxic to humans, plants
and aquatic life and should be removed from wastewater before disposal. Various
treatment technologies have been reported to treat pollutants from aqueous media,
such as coagulation and flocculation, oxidation, membrane filtration, and adsorption.
Most of these methods are associated with some shortcomings and challenges in
terms of applicability, efficiency, and cost. Based on economical aspect, flexibility
and simplicity of design, and availability of wide range of adsorbents, adsorption is
recommended as an effective method for removal of organic/inorganic pollutants from
aqueous media. Hydrogels are three-dimensional flexible polymeric networks with
extensive applications in the biomedical, pharmaceutical, agriculture, biotechnology
Keywords: and separation processes fields. Due to the unique physical and chemical characteristics
of hydrogels, such as hydrophilicity, swelling ability, high adsorption capacity,
the presence of various specific functional groups and modifiability, an increasing
research interest in the development and application of novel hydrogels in water and
wastewater treatment has emerged. Hydrogels have exhibited superior performance
in the adsorptive removal of a wide range of aqueous pollutants including heavy
metals and toxic dyes. Due to the lack of an overview on applications of hydrogels
in adsorption of pollutants, this review investigates the different steps involved in
the hydrogel-based treatment systems, the influencing factors and mechanisms of
pollutants removal. Major challenges about adsorption kinetics, operational pH range,
interference, and hydrogel recovery are discussed. Finally, important considerations
like stability, reusability of hydrogels and resource recovery are discussed for
economic and sustainability concerns.

l l eavy metal ions (e.g., Cd*, Pb*, Cu?', Mg?") and organic pollutants (like
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Fig. 1. Common wastewater treatment methods.
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The plotted data are obtained from Scopus
120 4 by entering the keyword 'Hydrogel' into the
search field and then restricting the results

100 9" ¢ the subject area of 'environmental
80 - science'.
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Fig. 2. Literature on hydrogels in the subject area of environ-

mental science during last 50 years [7].
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used in the synthesis of hydrogels [7].
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Fig. 7. Application of hydrogels in different subject areas.
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Fig. 8. Schematic of a hydrogel based wastewater treatment process.
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Table 1. Adsorptive removal of aqueous pollutants by hydrogels.
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Initial pollutant
Kinetic
Hydrogel Pollutant concentration q. t? pH? Isotherm * Ref.
model 4
(mg/L)
Removal of inorganic pollutants

Poly(AMPS) Cd (1) 500 141 12h - - L 14
Poly(AMPS-co-VI) Cd (1) 250 83 12h - - L 81
Poly(4-VP)-HCI macrogel CN 100-250 47 24h 9 - L 10
Poly(4-VP)-HCl microgel CN 100-250 56 2h 9 - L 10

Poly(AAc-co-CS) Cu? 200 302 20 min 5-6 PSO L 9

Poly(AAc-co-CS) Pb % 200 612 20 min 5-6 PSO L 9
Chitin/TiO, hydrogel As (V) 0.1-10 3.1 4h 3 E L 88
Poly(APTMACI)/La F 20 137 10 min 7 PSO S 89
Hydrogel-biochar composite As 3 28 48 h 6 PSO L 90
Poly(AAc-co-MMA)/GO Pb (II) 22 216 30 min 3-6 PSO L 91

Removal of organic pollutants

Poly(DEAEMA )/starch Direct red 81 25-250 112 50 min 1 - L 92
Polyaniline/y-alumina Remazol red 133 50 72 20 min 2 PSO L 93

Poly(APTMACI)/y-Fe O, Acidred 27 25 833 5 min 2-11 PSO L 7
Poly(AAc) Basic red 29 10-5000 1123 - - PFO L 94
Poly(APTMACI-co-DMAAm) Acidred 18 100-180 250 lh 11 PFO F 95
Poly(AAm-co- DADMAC])/silica Methyl orange 30 31 30 min 7 PSO F 36
Cellulose/chitosan hydrogel Congo red 30 40 115 min - PSO L 96

(1) Adsorption capacity (mg/g), (2) Equilibrium time, (3) pH value (or range) at witch maximum adsorption occurs, (4) PFO=Pseudo first order; PSO=Pseudo

second order; E=Elovich, and (5) L=Langmuir; F=Freundlich; S=Sips.
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Table 2. A summary of the findings on recovery and reusability of hydrogels.

Removal No. of Desorption
Hydrogel Pollutant Regenératio Regeneration eﬁ‘icienC}‘/ in adsorpti.on- efﬁcienC}'/ in Adsorpt.ion Ref.
solution time (h) consecutive desorption consecutive mechanism
cycles (%) cycles cycles (%)
Poly(AMPS) Cd (1) 0.1 M HNO, 24 - 1 98 14
Poly(AMPS-co-VI) Cd (1) 0.1 M HNO, 12 - 3 93-89 81
Poly(4-VP)-HCI macrogel CN 2 M NaOH 24 - 5 96-90 Electrostatic 10
Poly(4-VP)-HCI microgel CN 2 M NaOH 2 - 5 99-90 interactions 10
Poly(AAm-co-pullulan) Reactive blue 2 NaOH 24 68-59 4 97-73 48
Poly(AAm-co-pullulan) Methylene blue HCl1 24 97-90 4 97-83 48
Poly(DADMACI)/GO Ponceau S Deionized water - 5 98-50 Combination 113
Poly(AAc-co-MAa)/GO cd (I 0.1 M HCI 2 95-88 5 98 of electrostatic | o,
and ion
exchange
Poly(4-VP), bulk form As (V) 2 M NaOH 15 min - 5 90-82 69
Poly(4-VP), nanosized As (V) 2 M NaOH 15 min - 5 97-95 69
Ion exchange
Poly(APTMACI)/y-Fe 0, Acid orange 52 0.5 M NaCl in 5 min 99-98 30 70-80 7
25% methanol
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