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ABSTRACT

Rapid industrial growth and population increase have led to large amounts of
wastewater containing various organic and inorganic pollutants, including dyes.
Azo dyes, making up 70% of annual dye production, are the most widely used and
hazardous class, linked to cancer, skin irritation, and respiratory issues. Their
complex aromatic structure makes them resistant to conventional treatment
methods, posing significant environmental challenges. Adsorption has emerged as
an efficient and suitable approach for removing these compounds. Recently, metal—
organic frameworks (MOFs) have gained considerable attention as effective
adsorbents due to their unique properties, such as tunable structure, high surface
area, and porosity. This article reviews the classification of dyes, their
environmental impact, toxicity, and mutagenicity. It also examines the
decolorization process using various MOFs as adsorbents, along with
characterization methods of synthesized adsorbents and experimental procedures.
Key factors affecting dye removal—including adsorbent dosage, initial dye
concentration, pH, adsorption kinetics, isotherms, mechanisms, and adsorbent
reusability—are discussed in detail.
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Figure 2: Chemical structureof various pollutants found in water (1).
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Figure 6: Harmful effects of azo dyes on humans and environment (79).
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Figure 7: Dye removing methods and their advantages/disadvantages (82).
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Figure 8: SEM (a, b) and TEM (c—e) images of a typical NH2-UiO-
66(Zr) on NH2-MIL-125(Ti) heterostructured hybrid crystal. EDS
mapping (f-h) of a typical interface of NH»-UiO-66(Zr) and NH>-
MIL-125(Ti). T he resolution of the EDSprobe used is 16 nm x16 nm
(99).
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Figure 9: An overview of the synthetic strategies, structures and
applications of MOF-on-MOF hybrids (104).
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Table 1:Isotherm constants for dye adsorption at different MOF dosages (NH2-MIL-125(Ti)) (\Y0).

Parameter

Langmuir Qo 1429 833 1250

C._ 1 .C Ko 1.290 1.090 1.431

6 KQ Q R? 0.993 0.952 0.995
Freundlich Ke 649 514 1127

1
log g, = log Ke+= |ogCe 1/n 0.361 0.156 0.199
n R? 0.980 0.878 0.720
) Kr 12 358 132986
Temkin = e
g, =B,InK, +B,InC, L 6 90 98

R? 0.958 0.801 0.841
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Fig. 16: Mechanisms of pollutant adsorption on MOFs (135).
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Table 2: Different mechanisms of adsorption of different pollutants with different MOF composites.

Electrostaticattractionand

HKUST -1 modified cellulose/ Chitosan Methylene blue (179)
composite hydrogen bonding
CS/UIO-66 Zr Methyl orange Electrostaticinteraction (180)
- - Electrostaticattractionand
Copper-modified ZIF-8/Chitosan Zn Congo red hydrogen bonding (181)
TIF-Al/ Chitosan Al Pb(11) Chelation (182)
Chitosan -UiO-66 Zr As(111) Inner sphere complex (183)
Chitosan/ZIF-8 composite monolithic 7n Uranium Chelation (184)
beads
: : : n-1 accumulation
ZIF-67/polyacrylamide/chitosan aerogel Zn Tetracycline and hydrogen bonding (185)
Carbonized ZIF-8/chitosan biomass Electrostaticinteraction and
imprinted hybrid carbon aerogel 2 Bl pore adsorption ety
: Pore fillingandionic
MIL-53/ Chitosan Fe Congo red interaction (187)
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Table 2: Continued.

Citric acid cross-linked Zn-
MOF/Chitosan

MOF-808/ Chitosan Zr
MIL-101(Fe)@ Chitosan Fe
ZIF-8@ Chitosan sponge Zn

ZIF-8 @ Chitosan poly vinyl alcohol Zn
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Fig. 17:Photos of therecycling process of HKUST -1@ ABS
framework during MB removal (1).

Electrostaticattractionand

BiE i erange cation-rwinteraction (188)
Hydrogen bondingand
e electrostatic interaction (e
; Hydrogen bondingand
ATIEIEE 2 coordinate interactions ()
Congo red Electrostaticattraction (191)
Malachite green Electrostaticinteraction (192)
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Table 3: Dye removal ability of different MOF-based adsorbents.

MOF decoration of PEI-modified cellulose (MIL-53@PC)
MOF-5 incorporated waste-derived siliceous material
UiO-66
1% attapulgite/UiO-66

5% attapulgite/UiO-66

936.5 (193)
MG 39.5 (194)
304.1
CR 585.0 (195)
394.6
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Table 3: Continued.

95.2
208.3
IC 33.8
MB 690.3
MO 190.3
460.9
132.2
Ni-MOF MB 21.04 (202)

A N N

MOF-199

MOF-199

Rh6G

Malachite green(MG), Congo red (CR), Rhodamine B (RhB), Methylene Blue (MB), Methyl Orange (MO), Erichrome black T (EBT), Eosin
yellow(EY), Indigo Carmine (IC), Orange |1 (OII)
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