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Abstract

Today, industrial and sanitation wastewater production and their penetration into water

resources have caused numerous challenges. Moreover, limitations on water resources used in
industry, agriculture, drinking water, and wastewater have led human societies to make optimal
use of available resources and treat the polluted water. This study investigated the effect of the
acid and alkaline activation methods on dye adsorption by red clay. Each activated soil was used
to remove methylene blue paint by adsorption method to determine the activated soil with the
highest efficiency. The influential factors on adsorption, including the effects of solution pH (5-
11), dye concentration (100-100 mg/L), and the amount of adsorbent (0.3-0.2 g) in adsorption of
methylene blue dye, were examined on the optimal adsorbent, and the optimal conditions were
investigated and determined. Then, X-Ray diffraction, measurement of porosity and effective
surfaces, and Fourier transform infrared analysis were used to study the physical, chemical, and
morphological properties. The results of chemical analysis showed that the soil activated with 3
M acid has the highest adsorption capacity among other activation methods. According to the
detection analyses, the surface area of the clay increased after the acid activation operation due
to some of the bonds in the structure of the clay breaking (results of Fourier transform infrared)
and the opening of the plates (scanning electron microscope images). These factors increased
the uptake of activated soil significantly (27 to 81%) compared to raw soil. The adsorption
behavior of the adsorbent showed that the adsorption isotherm is consistent with the Langmuir
equation model. The results of the reusability study showed that the adsorbent is reusable.
Results also showed that the modified soil is an effective adsorbent to remove methylene blue
from aqueous solutions.
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Table 2. Surface analysis of raw and optimally activated clay

Surface area Total pore volume

Average pore diameter

Samples (mZ/g) (cm3/g) (nm)
Natural red clay 37.15 0.053 4.97
Optimal activated clay 46.52 0.099 7.11
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Table 3. Langmuir isotherm parameters for raw and S
optimally activated clay ?
s 60
Samples K(L/mg) qm(mg/g) R’ 2
Natural red clay 3.36 0.40 0.98 ; 40
Optimal activated clay ~ 6.77 20.02  0.99 é
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Table 4. Freundlich isotherm parameters for raw and Initial concentration (ppm)
optimally activated clay . o )
. Fig. 6. Effect of initial dye concentration on the
Samples K(@L/g) n R removal of methylene blue dye using raw and optimally
Natural red clay 209 178 095 o activated clay '
Optimal activated clay 540 530 0.79 shiobie K5 Bz (59 2 S sl bl A g -F S5
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Table 5. Reported parameters of Langmuir isotherm for some adsorbent

K m
Adsorbent Adsorbate E References
(L/mg)  (mg/mg)
Activated clay modified by iron oxide Alizarin Red S 0.306 32.7 (Fuetal., 2011)
Red clay Brilliant Green dye  0.276 125 (Rehman et al., 2013)
Clay Direct Red 243 dye  0.0064 156.25 (Kavcei, 2021)
Red mud-activated ;
. ) Methylene Blue 0.77 89.28 (Linh et al., 2019)
Graphite composites
Modified montmorillonite Brilliant Red 261/0 39/27 (Asrari and Izadi Navan, 2018)
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