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A B S T R AC T

A simple and effective biodegradable material known as chitosan-clay composite beads were 
prepared to remove Pb(II) ions from aqueous solution. For this purpose, various important 
parameters such as contact time, pH and temperature were examined on the adsorption of 
Pb(II) ions onto crosslinked chitosan-clay composite beads. Maximum adsorption capacity of 
Pb(II) was observed at pH 4.5 and 25°C and calculated as 7.93 mg/g according to Langmuir 
isotherm model. Thermodynamic parameters namely ΔG°, ΔH° and ΔS° of the Pb(II) adsorption 
process have been calculated as 7.889 kJ/mol, −15.131 kJ/mol and −0.0785 kJ/molK respectively. 
EDTA was the best eluent for the desorption of Pb(II) ions from the crosslinked chitosan-clay 
beads. Scanning electron microscope (SEM) was used to characterize the surface morphology 
of the crosslinked chitosan-clay beads.
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1. Introduction

Heavy metal ions such as Pb(II) is toxic and carcino-
genic at relatively low concentrations. Lead has many 
functions, ranging from sheets for roofing, to pipes and 
blocks for screening from radioactive emissions [1]. More-
over, Pb is widely used in industrial applications, such as 
battery, printing, pigments, fuels, photographic materials, 
and explosives manufacturing [2,3]. However, lead has 
the most damaging effects on human health [4]. Many 
methods such as ion exchange, precipitation, adsorption, 
and membrane processes have been used for the removal 
of toxic metal ions [5−10]. In particular, adsorption is 
recognized as an effective and economic method for the 
removal of pollutants from wastewaters and low cost 
adsorbents are becoming the focus of many investigations 

on the removal of heavy metals from aqueous solutions 
[11−15]. Biopolymers are potential adsorbents due to 
their biodegradability, non-toxicity, effi ciency. These are 
inexpensive and thus are competitive with ion-exchange 
resins and activated carbon. They contain chemically 
active functional groups that serve as effi cient sites to 
bind metal ions [16]. Both chitin and chitosan are becom-
ing increasingly important natural polymers because of 
their unique combination of properties like biodegrad-
ability, biocompatibility and bioactivity, non-toxicity in 
addition to attractive physical and mechanical proper-
ties [17]. Chitosan is obtained from the deacetylation 
of the natural biopolymer chitin, found in crustaceous 
shells, insects, and fungal cell walls [16,18]. It has been 
used widely as an adsorbent for transition metal ions and 
organic species because the amino (–NH2) and hydroxy 
(–OH) groups on c hitosan chains can serve as the coordi-
nation and reaction sites [19−23]. It is also reported that 




