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ABSTRACT

The natural illitic clay mineral (NICM) has been used as a low cost and highly effective
adsorbent in the removal of a toxic cationic dye, methylene blue (MB), from aqueous solution
by a batch adsorption technique. The effects of experimental parameters such as initial pH of
the aqueous solution, contact time, initial MB concentration, adsorbent concentration, ionic
strength, and temperature were studied in detail upon the adsorption process. The process
was found to be independent of initial solution pH and the adequate equilibrium time for
the adsorption of MB onto NICM was only 60m. The experimental data were analyzed by
the Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm models and showed
a good fit with both the Langmuir and Freundlich isotherm models. The monolayer adsorp-
tion capacity of NICM was found to be 24.87mgg�1 by using Langmuir isotherm model.
The kinetics of the adsorption were tested using pseudo-first-order, pseudo-second-order,
and intraparticle diffusion models. The results showed that the adsorption of MB onto NICM
proceeds according to the pseudo-second-order model. Thermodynamic parameters indicated
that the present adsorption process was feasible, spontaneous, and endothermic in nature.
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1. Introduction

The discharge of dyes and/or their breakdown
products from many industries including textile,
paper, cosmetics, pharmaceutical, leather, and plastics
may cause significant problems to both environment
and living organisms. Methylene blue (MB), a type of
cationic dye, is widely employed in dying cotton,
wool, and silk and it has some harmful effects to liv-
ing organisms such that the excess intake of MB can

cause increased heart rate, eye burns in humans and
animals, shock, Heinz body formation, cyanosis,
jaundice, quadriplegia, methemoglobinemia, convul-
sions, and tissue necrosis in humans, and also if
ingested, it damages to the gastrointestinal tract,
nausea, vomiting, and diarrhea [1–4]. As most of the
dyes, MB has a complex aromatic molecular structure
which makes it stable to light, heat, and oxidizing
agents [5]. Hence, it is important to develop an effi-
cient method for the removal of MB and also other
dyes from waters and wastewaters.
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