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ABSTRACT

This study investigates the synthesis of cobalt-based ZIF-67 using methanol,
ethanol, and isopropanol as solvents. The impact of these alcoholic solvents on the
particle size, morphology, and structural characteristics of ZIF-67 was analyzed
using X-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy,
and scanning electron microscopy (SEM). The results revealed that solvent
selection significantly influences the particle size and uniformity. Among the
solvents used, ZIF-67 synthesized with isopropanol exhibited the highest methylene
blue adsorption capacity, with a value of 29.1 mg/g, while ZIF-67 synthesized with
ethanol and methanol showed adsorption capacities of 22.94 mg/g and 19.37 mg/g,
respectively. These experiments were conducted under the optimized adsorption
conditions, including a pH of 7, an adsorbent dose of 0.02 g, an initial methylene
blue concentration of 7 mg/L, and a contact time of 180 minutes. The Langmuir
isotherm and pseudo-second-order kinetic model analyses indicated that the
adsorption process is endothermic, spontaneous, and follows a monolayer
adsorption mechanism. This study emphasizes the crucial role of solvent selection
in the synthesis of ZIF-67 and highlights its impact on adsorption properties.
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Figure 2: SEM images of ZIF-67 synthesized using (a, and b) methanol, (b, and c) isopropanol, and (c, and d) ethanol as solvents.
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Figure 3: Fourier-transform infrared (FTIR) spectra of ZIF-67 synthesized using methanol, isopropanol, and ethanol as solvents.
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Figure 4: X-ray diffraction (XRD) patterns of ZIF-67 synthesized using methanol, isopropanol, and ethanol as solvents.
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Figure 5: Comparison of Methylene blue adsorption capacities by
ZIF-67-EtOH, ZIF-67- MeOH, and ZIF-67-1sopropanol, in a
experimental conditions of Methylene blue concentration = 7 mg/L,
volume = 100 mL, time = 180 min, and temperature = 25°C.
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Figure. 6. Effect of operational parameters on Methylene blue adsorption by ZIF-67-EtOH, ZIF-67- MeOH, and ZIF-67-1sopropanol, (a) adsorbent
dosage, (b) Initial concentration, (c) pH, (d) adsorption time, and (e) temperature.
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Table 1: Isotherm constants for methylene blue adsorption by ZIF-67-EtOH, ZIF-67-MeOH, and ZIF-67-Isopropanol.

Adsorbents
ZIF-67-EtOH 28.49 43.88 0.99 42.56 0. 262 0.98
ZIF-67-MeOH 34.84 47.83 0.98 55.71 0.274 0.94
ZIF-67-Isopropanol 41.15 1215 0.99 65.46 0.206 0.93
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Figure 7: Adsorption isotherms of methylene blue onto ZIF-67-EtOH, ZIF-67-MeOH, and ZIF-67-Isopropanol, (a) Freundlich isotherm, and (b)
Langmuir isotherm.
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Table 2: Kinetic constants related to methylene blue dye (10 mg/L) on ZIF-67-EtOH, ZIF-67-MeOH, and ZIF-67-1sopropanol adsorbents.

Adsorbents 9. (cal)
mg-g*

ZIF-67-EtOH 19.38 11.88
ZIF-67-MeOH 22.94 13.91
ZIF-67-Isopropanol 29.1 15.56

Langmuir

Ki (L-mg™)

Freundlich
2 K. (cal) K, 2
R L-mg* L-mg* R
0.053 0.77 19.53 0.027 0.99
0.062 0.82 23.09 0.031 0.99
0.064 0.76 29.23 0.035 0.99

' Endothermic
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Table 3: Thermodynamic parameters related to the adsorption of methylene blue onto ZIF-67-EtOH, ZIF-67-MeOH, and ZIF-67-1sopropanol
adsorbents.

Adsorbent AH° (KJmol?) AS° (KJmol™)
ZIF-67-EtOH 19.38 0.011
ZIF-67-MeOH 22.94 0.009

ZIF-67-1sopropanol 29.1 0.014

o
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Figure 8: Adsorption Mechanism of Methylene Blue by ZIF-67.
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Table 4: Removal of aqueous pollutants using Metal-Organic Frameworks.

Z|F-67-EtOH
ZIF-67-MeOH Methylene Blue
ZIF-67-Isopropanol
diclofenac sodium
ZIF-67-MIP
flunixin meglumine

ZIF-8 based composites Chromium (V1)

ZIF-8@Fe/Ni malachite green (MG)
Cobalt (Co?)
ZIF-8/PAN
Nickle (NiZ*)
UiO-66-Lys/PAN Cobalt lons
nano-Ag20/ZIF-8@ .
polyacrylonitrile (PAN) 3 e
ZIF-8@ZIF-8/PAN Cr (V1)
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