
Desalination and Water Treatment 
www.deswater.com
1944-3994/1944-3986 © 2012 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2012.2934

*Corresponding author.

44 (2012) 118–127
June

Adsorption of Congo red onto mesoporous carbon material: 
equilibrium and kinetic studies

Leila Torkiana, Behdad Ghaderi Ashtianib, Ehsanollah Amerehc, Nourali Mohammadic,*
aDepartment of Applied Chemistry, Islamic Azad University, South Tehran Branch, Tehran, Iran
bDepartment of Materials Engineering, Science and Research Campus, Islamic Azad University, Tehran, Iran
cIranian Research & Development Center for Chemical Industries, Academic Center for Education, 
Culture and Research (ACECR), Tehran, Iran
Tel. +982614764050; Fax: +982614764051; email: norali_mohammadi@yahoo.com

Received 22 April 2011; Accepted 8 December 2011

A B S T R AC T

In the present study, adsorption of Congo red dye on carbon mesoporous surface has been 
investigated. Mesoporous carbon CMK-3 adsorbent with high surface area and large pore vol-
ume was prepared and its textual and structural properties were characterized by X-ray powder 
diffraction patterns (XRD) and nitrogen physisorption isotherms. Adsorption experiments 
were carried out as batch studies at different contact time, pH, initial dye concentration and salt 
concentration. The dye adsorption was rapidly attained after 60 min of contact time. Removal of 
dye in acidic solutions was better than in basic solutions. The adsorption of dye increased with 
increasing initial dye concentration and salt concentration. The equilibrium data were analyzed 
by the Langmuir, Freundlich and Temkin models, which revealed that Langmuir model was 
more suitable to describe the Congo red adsorption than other models. Experimental data were 
analyzed using pseudo-fi rst-order, pseudo-second-order, elovich and intra-particle kinetic 
models. It was found that kinetics followed a pseudo-second-order equation. Thermodynamic 
study showed that the adsorption was a exothermic process.
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1. Introduction

Among the different environmental pollutants, dyes 
are a large and important group of chemicals. They are 
widely used in different kinds of industries such as 
textile fi nishing, dyestuff manufacturing, carpet, plas-
tics, paper and etc. These dyes are inevitably left in the 
industrial wastes and consequently discharged mostly 
in surface water resources. The discharge of colored 
wastewater into water resources even in a small amount 

can affect the aquatic life and food web. Since many 
organic dyes are harmful to human beings [1,2].

The methods for removal of color from industrial 
effl uents include coagulation and fl occulation [3], mem-
brane separation [4], oxidation or ozonation [5], electro-
coagulation [6], adsorption [7] and so on. Amongst the 
numerous techniques of dye removal, adsorption pro-
cess is one of the effective techniques that have been suc-
cessfully employed for color removal from wastewater.

A wide variety of materials, have been tested for 
the removal of dyes from aqueous solutions, including 
Activated carbon [8,9], zeolite [10], perlite [11], carbon 




