
Modification of activated carbon by the alkaline treatment to remove
the dyes from wastewater: mechanism, isotherm and kinetic

Bagher Hayati, Niyaz Mohammad Mahmoodi*

Department of Environmental Research, Institute for Color Science and Technology, Tehran, Iran
Tel. +98 021 22969771; Fax: +98 021 22947537; email: mahmoodi@icrc.ac.ir

Received 11 September 2011; Accepted 26 March 2012

ABSTRACT

The present paper investigates the surface modification of activated carbon (AC) by alkaline
(NaOH) and dye removal ability of the surface modified activated carbon (SMAC). Acid Red
14 (AR14) and Acid Blue 92 (AB92) were used as the dye models. The surface characteristics
of SMAC were investigated using the Fourier transform infrared (FTIR), scanning electron
microscopy (SEM), and surface area. The possible mechanism of the adsorption process and
dye interaction with SMAC surface was analyzed. The effects of adsorbent dosage, initial
dye concentration, and pH on the dye removal were investigated. The isotherm and kinetic
of dye adsorption were studied. The adsorption isotherm of the dyes onto AC and SMAC
followed Langmuir and Freundlich isotherms, respectively. The kinetic of dyes onto both AC
and SMAC followed pseudo-second-order kinetic model. The results indicated that the alka-
line (NaOH) treatment of AC was an efficient method to modify the AC. The maximum
adsorption capacity (Qmax) of AR14 and AB92 was 2.50 and 0.69mg/g onto AC and 9.17 and
11.77mg/g onto SMAC, respectively. Dye desorption tests (SMAC regeneration) showed that
the maximum dye release of 85% for AR14 and 83% for AB92 was achieved in an aqueous
solution at pH 12. In addition, the SMAC could be used as an eco-friendly adsorbent to
remove the dyes from colored wastewater.

Keywords: Surface modification; Activated carbon; Alkaline treatment; Dye removal; Isotherm
and kinetic

1. Introduction

Synthetic dyes are an important class of organics
and are often found in the environment as a result of
their wide spread industrial use. These compounds
are difficult to degrade owing to their complex aro-
matic structure and synthetic origin. Many of them
are known to be toxic or carcinogenic. Therefore, there
is a definite need to have a technology, which may
work suitably under the above circumstances and
should be cost effective for the treatment of colored
wastewater [1–6]. Several methods, such as adsorption

[7–9], nanofiltration [10], ozonation [11], and electro-
flotation [12] were used to remove the organics from
the wastewater. Among these processes, adsorption
was found to be superior to other techniques
employed for wastewater treatment in terms of initial
cost, simplicity of design, ease of operation, and insen-
sitivity of toxic substances [13].

Activated carbon (AC) is the most commonly used
and most effective adsorbent [14]. Nevertheless, its
application is restricted due to its high cost. The use
of low-cost agriculture by-products to produce AC
has been shown to provide an economical solution to
this problem [15,16]. The adsorption of pollutants by
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