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h i g h l i g h t s

" A novel magnetic chelating resin with EDTA functionality was prepared.
" It shows easy separation and excellent adsorption for Cr(VI) in aqueous solution.
" 100% of Cr(VI) could be removed at the low metal concentration (<40 mg/L).
" XPS shows that the mechanism contains Cr(VI) reduction and electrostatic interaction.
" A conceptual model for Cr(VI) adsorption by this resin is proposed to illustrate the mechanism.
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a b s t r a c t

Adsorption of Cr(VI) from aqueous solution onto a magnetic chelating resin with EDTA functionality
(magnetic PS-EDTA) was investigated in a batch system. Various factors affecting the uptake behavior
such as pH, contact time, initial concentration of the metal ions and dosage of resins on Cr(VI) removal
were studied. The magnetic modified resin showed higher adsorption capacity and shorter adsorption
equilibrium time for Cr(VI) compared with the raw PS-EDTA resin. The equilibrium data were analyzed
using the Langmuir, Freundlich and Tempkin isotherm models among which Langmuir isotherm model
was found to be suitable for the monolayer adsorption process. The monolayer adsorption capacity values
of 123.05 mg/g for raw PS-EDTA and 250.00 mg/g for magnetic resin were very close to the maximum
capacity values obtained at pH 4.0. Kinetic studies showed that the adsorption followed a pseudo sec-
ond-order reaction. The mechanism was further identified by fitting intraparticle diffusion and McKay
plots. The result indicates film diffusion was the rate-limiting step and intraparticle diffusion was also
involved in adsorption. XPS spectra confirmed that reduction of Cr(VI) by Fe3O4 nanoparticle on the resin
occurred, while the electrostatic interaction between protonated amine groups and Cr(VI) anion played
an important role in the adsorption. Furthermore, the resin could be regenerated through the desorption
of the Cr(VI) anions using 0.5 M NaOH solution and could be reused to adsorb again.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Many industries such as electrodeposition, leather manufactur-
ing, steel production and wood preservative industries generate a
huge amount of toxic metals. The discharge of such effluents cause
increased adverse effects on human beings and environment. Chro-
mium is one of the most important toxic metals which could dam-
age upper respiratory tract and has chronic toxicity [1]. Chromium
exists in trivalent (Cr(III)) and hexavalent (Cr(VI)) states. Cr(VI) has
been considered more hazardous to public health due to its muta-

genic and carcinogenic properties [2]. It is a relatively strong chem-
ical oxidant and could react with the enzymes of the body or
biological systems, resulting that its toxicity is about 300 times
more than Cr(III) [3].

Because of its high toxicity, Cr(VI) must be substantially removed
from the wastewater before being discharged into the aquatic sys-
tem. Various methods of chromium removal include chemical
reduction, filtration, precipitation, adsorption, electrodeposition
and membrane systems or even ion exchange process [4]. Among
these technologies, adsorption may be considered as preferable in
many cases due to its outstanding simplicity, high efficiency, low
investment, and potential recovery and reuse of metals [5]. In recent
years, investigations have been carried out for low cost, non-
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