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Abstract

Water pollution is one of the serious global issues caused by expanding urbanization and industrialization. Over the last few
decades, various adsorbents have been developed to improve water quality and address future challenges of water pollution.
Among them, the development of hydrogel-based adsorbents has received significant attention due to their hydrophilic nature,
3D formation, high porosity, non-toxic properties, reusability, and multifunctionality. Therefore, this review provides various
types and characterizations of hydrogel and summarizes recent progress in the use of hydrogel adsorbents for the removal
of water contaminants. Further, we introduced the preparation of hydrogel-based adsorbents, their adsorption capacity, and
the development of multifunctional adsorbents for discussing the future direction of advanced adsorbents.
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Figure 1. Schematic illustration for the adsorption process of pollutants

Table 1. Hydrogel-based Adsorbents for Removal of Water Pollutants

Adsorption

) L

0 : Water molecules

: Pollutants

onto hydrogel-based adsorbent.

Conventional techniques Advantage Drawbacks Refs.

. N - Low cost - Production of sludge .
Chemical precipitation - Simple process - High concentration of samples [9-11,133]
Coagulation-flocculation - Low cost & easy to e?mploy - leltatlpn of complete removal [136]

- Low energy consumption - Generation of large sludge
- Requirement of small space - Low elimination efficiency
Membrane filtration - High efficiency - Complex process [12-14,137]

- High selectivity - Membrane fouling
- Easy regeneration of resins - High operation cost

fon exchange - Does not produce a sludge - Selective towards metal ions [20-22,138]
- Low cost process

Adsorption - No waste generation - Low selectivity [27-29,139]
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Classification of hydrogels
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Figure 2. Classification of hydrogels based on the different properties.
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Figure 3. Chemical structures of various (a) natural and (b) synthetic
hydrogels that have the potential for application as adsorbent.
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Figure 4. (a) Adsorption kinetics of methylene blue (MB) on adsorption on the single network hydrogel beads (SAP) and double network polymer
hydrogel beads (DAP). Reprinted with permission from ref. [104]. Copyright 2019 Elsevier. (b) Cleaning of MB solution by flowing it through
the hydrogel microcapsule-based layers, while exposing photocatalytic core to UV light. Reprinted with permission from ref. [105]. Copyright 2020

The Royal Society.
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