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ABSTRACT

Bio-char, a by-product from the slow pyrolysis of wheat straw, was characterized and inves-
tigated as an adsorbent for the removal of cationic dye, methylene blue (MB) from solution.
Elemental analysis, Fourier transform infrared spectrum, X-ray diffraction, and pH of point
of zero charge (pHpzc) were presented. Adsorption studies were performed at different pH,
salt concentration, contact time and dye concentration in the batch mode. The results showed
that there were––OH and other functional groups on the surface of bio-char and the pHpzc of
the bio-char was 7.8. The value of solution pH 8–9 was best for the MB adsorption quantity.
Salt that coexisted in solution was not favored in MB adsorption. The equilibrium data were
modeled with Langmuir, Freundlich, and Sips equations. Overall, the data were best fitted
with the Sips model. The maximal adsorption capacity from the Sips model was 12.03
± 0.41mg/g at 293K. Thermodynamic parameters were calculated and the results show that
the process was spontaneous and endothermic in nature. Bio-char, a low-cost and eco-
friendly adsorbent, can be used to adsorb the cationic dye from the solution.
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1. Introduction

Dye wastewater discharged to natural receiving
waters may make them unacceptable for public con-
sumption due to the toxicological problems caused by
the toxic dyes to the environment and to human
health. Thus, it is desirable to eliminate dyes from tex-
tile wastewater [1]. Dye wastewater is usually treated
by physical, chemical, and biological treatment pro-
cesses. These include flocculation combined with flota-
tion, membrane filtration, electrokinetic coagulation,
electrochemical destruction, ion-exchange, irradiation,
precipitation, ozonation, and biodegradation. How-
ever, these technologies are generally ineffective in
color removal, expensive, and less adaptable to a wide

range of dye wastewaters [1]. Adsorption is superior
to other techniques in terms of initial cost, flexibility,
and simplicity of design, ease of operation, and insen-
sitivity to toxic pollutants. Furthermore, it can be used
to remove different types of coloring materials. Its
large-scale application is limited by the high cost of
the adsorbent [2,3]. Use of activated carbon has been
found to be effective, but it is too expensive and
regeneration is difficult. Many studies have been
undertaken to investigate the use of low-cost adsor-
bents. So, some raw or natural agricultural byproduct
and carbonaceous materials based on this by-product
as low-cost adsorbents have been tested to evaluate
their efficiency in the removal of dyes and other
pollutants [4–6]. However, some raw agricultural
by-products have many disadvantages, one of these is
the leaching of organic pollutants, which may cause*Corresponding author.
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