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ABSTRACT

Metal-organic framework (MOF) aerogels are porous materials with unique
characteristics such as tunability, high surface area, chemical stability, and high
mechanical strength, making them among the leading adsorbents in pollutant
adsorption and identification. One of the fundamental challenges with these structures
during the adsorption process is their separation at the end of the adsorption process
due to their powdery nature. To address this issue, this study used aerogels and their
composites with synthesized metal-organic framework (MOF). In this research, a
composite of MOF-5/cellulose aerogel was fabricated using cellulose extracted from
the cotton plant, and its effectiveness in removing an organic dye (methylene blue)
from aqueous environments was investigated. Characterization was performed using
electron microscopy, X-ray diffraction, and IR analysis. The adsorption of the
pollutant (methylene blue cationic dye) was measured using a UV-vis
spectrophotometer, showing a removal efficiency of 95% at alkaline pH within a 60-
minute time frame. The effects of pH, time, and dye concentration were also
examined. The reusability of the adsorbent material was demonstrated, with only a
5% reduction in adsorption capacity after three cycles of use.
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Figure 1: (a) composite made after being placed in freeze dryer, and (b) material made after smoothing.
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Figure 2: FT-IR spectra of (a) MOF-5 sample, and (b) the synthesized
composite.
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Figure 3: SEM images of samples (a) MOF-5, and (b) cellulose aerogel/MOF-5 composite.
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Table 1: Optimum adsorbent dose at pH equal to 7.2, adsorbent
weight 0.1 g and contact time 60 minutes.
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Figure 4: The effect of pH on the adsorption in the absorbent weight
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weight 0.1 g and contact time 180 minutes.
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Table 2: Adsorption isotherm data for MOF-5/cellulose aerogel
composite at pH equal to 10, absorbent weight 0.1 g, contact time 60

minutes, and dye concentration 50 ppm.
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Table 3: Adsorption kinetic data for MOF-5/cellulose aerogel composite at pH equal to 10, absorbent weight 0.1 g, contact time 60 minutes, and dye
concentration 50 ppm.

Co pseudo-first-order model Pseudo-second-order model
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k R e K R o(m
S [ ] r [ m | x| v [
60 0.03 15.6

MOF-5/ cellulose aerogel 50 0.135 0.927 . 0.689

odd ol polie diiinn 8550 50 (L8 Sldllae o Jgao
Table 4. Previous studies on maximum absorbed values.
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MOF-199 Methylene blue 45 15.28 (36)
Fes0,@MIL-100 (Fe) Methylene blue 75 49.41 37)
Activated carbon Methylene blue 80 46 (38)
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Figure 7: (a) The effect of contact time on the adsorption capacity of MOF-5/cellulose aerogel, (b) Pseudo-first-order kinetic model, and (c) Pseudo-

second-order kinetic model of acid blue dye and MOF-5/cellulose aerogel absorbent at pH equal to 10, absorbent weight 0.1 g, contact time 60
minutes, and dye concentration 50 ppm.
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