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Table 1.
	Materials
	Advantages 
	Disadvantages
	Ref.

	PVA/PVP/AAc hydrogels
	Low cost and easy technical access
	Low efficiency on the adsorption of dyes and metals
	[24]

	CS/PVA/PVP composite hydrogel
	The material can be reused 
	Difficult synthesis 
	[25]

	PVA-GO-NaAlg nanocomposite 
	Good properties antifouling 
	Limited to remove cationic dyes
	[26]

	PVP-PEK copolymer from PVOH oxidation
	Biodegradable material 
	High quantities of ware are consumed during the synthesis
	[27]

	Porous TiO2/PVA composite sphere
	Good photoactive property and recovery during its application in large-scale wastewater treatment.
	The synthesis is a very low temperature
	[28]

	TiO2 Immobilized Polymeric Photocatalyst
	Crack-free composite surface
	The pH should be controlled during degradation of dye.
	[29]

	PVA/PVP/α-MnO2-stearic acid nanocomposites
	Easy synthesis
	Ultrasonic irradiation must be constantly controlled to avoid agglomeration.
	[30]

	PVA-PVP-Chitosan microspheres
	Useful to remove other organic pollutants such as pesticides.
	Low thermal stability.

	[31]





Table 2.
	Functional group
	Wavelength (1/cm)

	
	HG
	HG-Fe
	HG-F
	HG-Fe-F

	O-H (υ)
	3320
	3345
	3350
	3340

	-CH (υ)
	2940
	2925
	2932
	2923

	C=O (υ)
	1728, 1640
	1735, 1650
	1728, 1658
	1736, 1658

	C-H (δ)
	1424, 1372
	1420, 1373
	1426, 1373
	1426, 1373

	C-N (υ)
	1260
	1232
	1240
	1240





Table 3.
	Element
	%-weight

	
	HG
	HG-Fe
	HG-F
	HG-Fe-F

	C
	63.3±0.87
	61.9±1.12
	61.7±0.96
	62.0±1.31

	O
	36.7±1.77
	37.4±0.95
	38.3±1.00
	37.0±1.46

	Fe
	---
	0.7±0.56
	---
	1.0±0.33








Table 4.
	Sample

	Pseudo first order
(Lagergren)
	
	Second order
(Elovich)
	
	Pseudo second order
(Ho-McKay)
	
	Experimental

	
	qe
mg/g
	KL
1/h
	R2
	
	a
mg/g h
	b
g/mg
	R2
	
	qe
mg/g
	K2
g/mg h
	R2
	
	qe
mg/g

	HG
	0.35
	43.85
	0.894
	
	2.7E+07
	65.18
	0.996
	
	0.35
	211.43
	0.934
	
	0.35

	HG-Fe
	0.46
	49.91
	0.960
	
	3.3E+12
	74.37
	0.994
	
	0.47
	224.12
	0.982
	
	0.47





Table 5.
	Material
	qmax. (mg/g)
	Reference

	Heat Treated Eggshells
	258.28
	[55]

	Biopolymer-based nanohydroxyapatite composites 
	135
	[56]

	Granulated and calcined alum sludge
	0.033
	[57]

	Stratified voids of MIL-53 (Al)-NH2 (MOFs)
	1014
	[58]

	Chitosan composite impregnated with Fe(OH)3/CaO nanoparticles
	2.52
	[59]

	Polypyrrole-based magnetic nanocomposite
	24.7
	[60]

	Cow dung carbon impregnated with Ca - Fe (ICDC)
	9
	[61]

	Magnetically charged cationic hydrogel with La
	136.78
	[62]

	Cupric oxide nanoparticles
	3152
	[63]

	Zr(IV)/Chitosan
	48.3
	[64]

	Aluminum Modified Zeolite
	10.25
	[65]

	Money plant (Epipremnum aureum)
	1.54
	[66]

	Lemon leaf adsorbent
	1.4
	[67]

	Fungus Pleurotus eryngii
	66.6
	[68]

	Tamarind shell activated with ammonium carbonate
	19.5
	[69]

	Acid Treated Bentonite
	0.103
	[70]

	Hematite with Al(OH)3
	0.54
	[71]

	Calcined MgAlCO3 layered double hydroxides
	213.8
	[72]

	PVA/PVP hydrogels modified with FeCl3
	0.46
	This work






Table 6.
	Sample

	Pseudo first order (Lagergren)
	
	Second order 
(Elovich)
	
	Pseudo second order
(Ho-McKay)
	
	Experimental

	
	qe
mg/g
	KL
1/h
	R2
	
	a
mg/g h
	b
g/mg
	R2
	
	qe
mg/g
	K2
g/mg h
	R2
	
	qe
mg/g

	HG
	0.35
	2.58
	0.991
	
	10.67
	23.48
	0.916
	
	0.36
	10.62
	0.968
	
	0.35

	HG-Fe
	0.35
	1.90
	0.924
	
	5.48
	20.88
	0.927
	
	0.37
	7.35
	0.966
	
	0.36






Table 7.
	
	
	Calculated constants of Langmuir, Freundlich, and L–F

	Adsorbent
	
	Langmuir
	
	Freundlich
	
	Langmuir-Freundlich (L-F)

	
	T
K
	KL
L/mg
	qm
mg/g
	R2
	
	KF
(mg/g)(L/mg)1/n
	n
	R2
	
	a
mg/g
	KLF
L/mg
	n
	R2

	HG
	293
	1.78
	12.30
	0.983
	
	0.13
	2.81
	0.922
	
	0.89
	10.98
	0.5
	0.984

	
	298
	3.02
	11.02
	0.991
	
	0.16
	1.96
	0.965
	
	1.05
	5.87
	0.4
	0.989

	
	308
	6.09
	4.78
	0.977
	
	0.20
	1.78
	0.973
	
	2.46
	11.78
	0.4
	0.977

	
	318
	5.79
	3.97
	0.994
	
	0.32
	2.88
	0.972
	
	0.54
	2.16
	0.3
	0.994

	HG-Fe
	293
	2.55
	11.40
	0.991
	
	0.13
	2.24
	0.967
	
	0.76
	8.74
	0.3
	0.991

	
	298
	3.37
	10.06
	0.992
	
	0.16
	1.72
	0.954
	
	1.90
	10.44
	0.35
	0.993

	
	308
	5.05
	8.85
	0.997
	
	0.18
	1.58
	0.975
	
	2.21
	11.17
	0.25
	0.997

	
	318
	5.04
	3.65
	0.993
	
	0.25
	2.19
	0.926
	
	2.27
	8.28
	0.45
	0.992





Table 8.
	Material
	Parameter
	Temperature (K)

	
	
	293
	298
	308

	HG
	ΔG°
J/mol
	55707
	56657
	58558

	
	ΔS°
[bookmark: _Hlk129607052]J/mol K
	-190.13

	
	ΔH°
J/mol
	-0.0096

	HG-Fe
	ΔG°
J/mol
	29546
	30050
	31059

	
	ΔS°
J/mol K
	-100.84

	
	ΔH°
J/mol
	-0.0054





