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Kinetics and thermodynamics of removal of metal ions using
EDTA-modified cation ion exchange resin
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ABSTRACT

Amberlite IRA-400(Cl") (polymeric resin) has been modified with disodium salt of ethylenedi-
aminetetraaceticacid (Na,EDTA). The modified chelating resin (MCR) has been characterized by
energy-dispersive X-ray spectroscopy, scanning electron microscopy and Fourier transform infrared
spectroscopy techniques. Distribution coefficient (K,) has been determined with MCR for various
metal ions (Co*, Ni*, Cu*, Zn*, Cd*, Hg*, Pb*") and K, data have been analysed using Langmuir
and Freundlich adsorption isotherms. Thermodynamic parameters, (equilibrium constant, stan-
dard Gibbs free energy, enthalpy and entropy changes), using various chemical kinetics model
(pseudo-first-order, pseudo-second-order or intra-particle), have been computed by performing
metal ion exchange at different temperatures (299, 309, 319 and 329 K). Elution behaviors of above
metal ions have been observed using various electrolytes (NH,NO,, HNO,, HCIO,, CH,COOH).
It has been found that exchange process follows Langmuir adsorption isotherm together with
second order kinetic model.
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1. Introduction

Aqueous bodies are most valuable and essential
components on the earth. Due to unique nature, water
is required for various vital activities of living systems.
Also, it plays important role in industries because of its
abundance and solvent property. Unfortunately, qual-
ity of water resources is deteriorating day by day due to
growth in population/civilization, domestic sewage, agri-
cultural activities, industrialization, geological and cli-
mate changes [1-4]. The important environmental issue
for water pollution is the presence of heavy metal ions
coming from various sources. Many heavy metals are
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highly toxic (cobalt, nickel, copper, zinc, cadmium, mer-
cury and lead). These metal ions are chemically and bio-
logically non-degradable and are toxic even at very low
concentrations [5-8]. Various industries such as mechan-
ical, metallurgical, mining, pigment, paper, etc, release
wastewater containing metal or metal derivatives [9-12].
Above toxic metal ions remain one of the serious public
health problems for human health. Heavy metal toxicity
can cause hypertension, nephritis, abdominal pain, vomit-
ing, anaemia, brain diseases, high blood pressure, genetic
defect and lung cancer [13-17]. Recently, different meth-
ods are adopted for treating waste water [18-20]. Different
methodologies (precipitation, adsorption, electroplating,
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