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A B S T R AC T

The adsorption of phenol and lead (II) onto granular activated carbon (GAC) in single and 
binary system has been studied using fi xed bed adsorber. A general rate multi-component 
model has been utilized to predict the fi xed bed breakthrough curves for dual-component sys-
tem. This model considers both external and internal mass transfer resistances as well as axial 
dispersion with non-liner multi-component isotherm. The effect of important parameters, such 
as fl ow rate, bed height and initial concentration on the behavior of breakthrough curves have 
been studied. The equilibrium isotherm model parameters such as isotherm model constants, 
pore diffusion coeffi cients (Dp) were obtained from batch experiments, while the external mass 
transfer coeffi cients and axial dispersion (kf, Dz) were calculated from empirical correlations. 
The results show that the general rate model was found suitable for describing the adsorption 
process of the dynamic behavior of the GAC adsorber column.
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1. Introduction

The removal of toxic contaminants such as heavy metal 
ions and organic pollutants from industrial wastewaters is 
one of the most important environmental issues to be solved 
today. Lead (II) has been found together with a variety of 
aromatic compounds including phenol, naphthalene, and 
trichloroethylene (TCE) at high concentrations in a num-
ber of contaminated sites [1]. Lead (II) and its organic co-
pollutants often originate from industrial sources such as 
the iron-steel, petroleum, pesticides, paints, solvent, phar-
maceuticals, wood preserving chemicals. Phenol contain-
ing water, when chlorinated during disinfection of water 
results in the formation of chlorophenol [2,3].

Adsorption is a well-established and powerful tech-
nique for treating domestic and industrial effl uents [4]. 
Activated carbon is the most widely and effectively used 
adsorbent. A typical activated carbon particle, whether 
in a powdered or granular form, has a porous structure 
consisting of a network of interconnected macropores, 
mesopores, and micropores that provide a good capac-
ity for the adsorption of organic molecules due to high 
surface area. The surface chemistry of activated carbon 
and the chemical characteristics of adsorbate, such as 
polarity, ionic nature, functional groups, and solubility, 
determine the nature of bonding mechanisms as well as 
the extent and strength of adsorption. A variety of physi-
cochemical mechanisms/forces, such as van der Waals, 
H-binding, dipole dipole interactions, covalent bonding, 
cation bridging, and water bridging, can be responsible 




