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Abstract

Synthetic dyes such as methylene blue, which are cationic and one of the most important and
toxic pollutants in water, are resistant to biodegradation. Adsorption is an effective method to
remove these dyes from water. Silica aerogels have been considered as efficient adsorbents due
to their specific surface area and high porosity. In this research, the adsorption of methylene blue
from an aqueous solution of methylene blue in different concentrations from 5 to 150 mg/L and
at two temperatures of 25 and 40 °C and using different amounts of silica aerogel as adsorbent
has been studied. Within the studied conditions, the highest adsorption capacity of methylene
blue on silica aerogel was 42 mg/g, and in different tests, the removal percentage of methylene
blue was 38-97%. The kinetics and capacity of adsorption of methylene blue-silica aerogel
system were studied. Adsorption kinetics were evaluated through two pseudo-first-order and
second-order kinetics models. Based on the correlations and the regression, it was observed that
the experimental data are more consistent with the first-order kinetics model. Also, the corelation
between the experimental data and the equation of Langmuir and Freundlich isotherms was
investigated. The results showed that there is a better agreement between the experimental data
and the Langmuir isotherm.
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Figure 1. Chemical structure of MB
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Figure 2. A picture of the testing process and silica aerogel granuls
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Figure 3. The figure on the right is the maximum wavelength of methylene blue at 662 nm and the figure on the left
is its calibration graph.
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Figure 4. SEM image of the used silica aerogl as adsorbent
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Figure 5. Pore size distribution of the used silica aerogel as dye adsorbent.
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Figure 6. N2 adsorption/desorption isotherm for the used silica aerogel as dye adsorbent.
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Figure 8. Effect of acrogel amount on MB adsorption. MB concentration =50 mg/lit and Solution volume= 250 ml.
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Figure 9. a) Kinetic curve of surface adsorption of MB on aerogel b) Equilibrium concentration rate of solution.
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Table 1. Representation Kinetic parameters for surface adsorption of MB using aerogel as adsorbent.

Co Pseudo-first-order model Pseudo-second-order model
Qe.cal ki R? Qe.cxp Qecal k2 R?

mg/L (mg/g) (min™) (mg/g) (mg/g) (mg.g".min™)

5 1.36 0.0378 0.978 1.33 1.43 0.05756 0.980
10 1.26 0.0261 0.946 2.24 2.33 0.05168 0.997
30 5.69 0.0235 0.995 6.94 7.46 0.00785 0.993
50 11.46 0.0179 0.992 11.73 13.10 0.00235 0.983
80 16.52 0.0097 0.992 18.55 20.04 0.00100 0.959
100 20.16 0.0052 0.981 23 20.58 0.00076 0.937
150 28.95 0.0049 0.989 31.77 28.49 0.00045 0.898
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Table 2. Langmuir and Freundlich isotherm parameters for MB adsorption on aerogel.

T Langmuir Freundlich
Cexp Om Kc R? n Ke R2
K (mglg) (mg/g) ml/mg (mg.g™).(ml.mg)¥"
298 31.77 42.02  237.99 0.92 1.28 1533.2 0.834

313 20 24.94 401.01 0.95 1.48 572.27 0.876
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Figure 11. a) Equilibrium adsorption capacity of silica aerogel as adsorbent with methylene blue concentration in
solution b) Langmuir isotherm. c) Freundlich isotherm.
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Table 3. Comparison of the maximum adsorption capacity for MB by different adsorbents in the articles.

Adsorbents Omax Isotherm Kinetic References
(mg/g)

Chitosan-g-poly(acrylic acid) 8.30 Freundlich  Pseudo-second- [41]

biocomposite order model

CTS/DMDAAC/CMC millimeter-scale 16.90 Langmuir  Pseudo-second- [42]

hollow spheres order model

Modified N,O-carboxymethyl chitosan Freundlich  Pseudo-second- [43]
0.55 order model

CS—LDH hydrogel _ Pseudo-second- [44]

2.50 order model



Chitosan-silica-TiO2 Freundlich  Pseudo-second- [45]

61.60 order model

Hide substance/chitosan/hydroxyapatite Langmuir  Pseudo-second- [46]
3.80 order model

SA/IGO@Fe;04/CS _ Pseudo-second- [47]
21.33 order model

Silica aerogel Langmuir  Pseudo-first- S gy
42.02 order model
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