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Abstract

Industrial wastewater contains various harmful pollutants, and effectively treating these pollutants is crucial for environmental
protection and public health. This review paper examines various adsorbent materials used in industrial wastewater treatment.
The characteristics and applications of key adsorbents, such as activated carbon, zeolite, nanomaterials, and bioadsorbents,
are introduced, and the advantages and disadvantages of each material are discussed. Furthermore, the paper suggests direc-
tions for the improvement of adsorbent materials and future research, emphasizing the importance of developing sustainable
materials and utilizing nanotechnology. The need for modeling and optimization of adsorption processes is also highlighted.
This paper underscores the significance of adsorbent materials in industrial wastewater treatment and provides a guide for
future research directions.
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Figure 1. Experimental procedure followed for the production of
amorphous silica and carbonaceous precursor (Reprinted with permission
from [12]. Copyright by 2015 American Chemical Society).
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Figure 2. Schematic of the various zeolite-based composites prepared
from zeolite and inorganic materials.
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Figure 3. Proposed mechanism for Cr(VI) removal by FeS/Fe(0)
(Reprinted with permission from [21]. Copyright by 2021 Elsevier
Ltd.).
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Figure 4. Schematic of Grafting of APTES with lignin and tannin parts (top), Adsorption of MO dye with the bioadsorbent (bottom) (Reprinted
from [24]. Copyright by 2022 American Chemical Society, CC-BY4.0).
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Table 1. Comparison and Pros and Cons of Adsorbent Materials in Terms of Their Adsorption Capacity and Efficiency

Absorption capacity Removal efficiency

Materials Pros Cons
(mg/g) (o)
Activated carbon 10~1000 7095 Can be applied to various contaminants Relatlvelyvexpenswe
*Easy to regenerate *Less efficient when regenerated
*Inexpensive if natural S;iaﬁnzzz inefficient for specific
. B 9 " - . . .
Zeolite 1~300 60~90 Selectnfe adsorption possible for specific Adsorption kinetics can be very slow due to
contaminants .
small pore size
. *Inexpensive and environment friendly = *Poor selectivity for contaminants
Bio-adsorbent 1-200 50-80 *Recycle of various bio-byproduct *Not so stable, physically and chemically
*High adsorption capacity and removal  *High production cost
Nanomaterials 103000 80~99 rate possible thorough artificial synthesis *Synthesis processes can be environment

*Various shapes and selectivity control unfriendly
possible *Less efficient when mass produced
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