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Abstract
Southern African clinoptilolite’s capability as an ion-exchanger with respect to Cu 2+ and Co2+ was investigated in order to
consider its viability in the removal of metal cations from aqueous solutions. The effect of chemical conditioning was investigated using sodium chloride (NaCl), hydrochloric acid (HCl) and potassium chloride (KCl). The most efficient activating
or conditioning reagent was found to be HCl at 0.02 M concentration, followed by KCl at 0.04 M and then NaCl at 0.04 M.
The worst performing clinoptilolite was the original form under the conditions described in this study and it thus served as
a control. The HCl-conditioned clinoptilolite was the most efficient in metal removal (79% Co2+ and 73% Cu 2+) followed by
the NaCl-conditioned form (69% Co2+ and 54% Cu 2+), while the KCl-conditioned form adsorbed 54% and 73% of
Co2+ and Cu 2+, respectively. The column method was used for the cation-exchange processes with synthetic solutions of
0.0020 M, 0.0698 M and 0.2000 M of Co2+ and Cu 2+ concentrations which were measured using atomic absorption spectro
scopy (AAS).
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Introduction
There are several factors affecting heavy metal removal from
aqueous solutions (Inglezakis and Grigoropoulou, 2004).
Particle size, chemical conditioning, contact time, initial metal
ion concentration, pH and the presence of the competing ions in
aqueous solutions can be given as some examples of significant
factors affecting removal of metals using clinoptilolite (Reed
and Arunachalam, 1994).
Natural zeolites which have been chemically conditioned
can be used for various industrial applications since chemical conditioning improves their ion exchange performance
(Semmens and Seyfarth, 1996) compared to the native clinoptilolite. Such applications include the sequestration of toxic
pollutants from industrial effluent and wastes. These natural
zeolites are crystals that are naturally occurring hydrated
alumino-silicates of alkali and alkaline earth cations. They
contain variable Si/Al ratios and have exchangeable ions such
as Na+, K+, and Mg2+ in their structures (Culfaz and Yagiz,
2004). The zeolites’ framework consists of alumino-silicates
with a 3-dimensional structure of SiO4 and AlO4 tetrahedral
molecules linked by shared oxygen atoms. Clinoptilolite is one
of the most abundant and cosmopolitan natural zeolites, which
is widely used because of its ion-exchange properties (Kuronen
et al., 2006). Natural zeolites, such as clinoptilolite, are able
to lose and gain water in a reversible manner and to exchange
their extra framework cations in solution without crystal structural changes (Kuronen et al., 2006).
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The performance of natural zeolites can be improved by
performing chemical conditioning on them. This conditioning
removes certain cations from zeolites that may hinder ionexchange while exposing the easily exchangeable ones. It has
previously been reported in literature that sodium-type natural
clinoptilolite favours the exchange of Cu 2+ over Co2+ (Zamzow
and Murphy, 1992; Coruh, 2008). Cationic exchange of Cu
on chabazite and clinoptilolite, Zn exchange on clinoptilolite,
Co exchange on clinoptilolite and Cr exchange on phillipsite
and chabazite have all been reported (Blanchard et al., 1984;
Assenov et al., 1988; Trgo et al., 2006).
Chemical conditioning of a zeolite is a process applied
with the aim of replacing certain cations in the zeolite with
exchangeable ones (Semmens and Martin, 1988). In this study
a natural zeolite, clinoptilolite, was investigated in its original form and was also chemically conditioned using HCl,
NaCl and KCl (Kesraoui-Ouki et al., 1993; Papachristou et al,
1993; Kesraoui-Ouki et al., 1994), subsequently referred to as
HCl-activated, NaCl-activated and KCl-activated throughout
this paper. Chemical conditioning also causes exchangeable
ions that are already within the zeolite to be more accessible,
contributing to the efficient performance of the zeolite. The
finally conditioned zeolite should have improved effective ionexchange capability (Bremner and Schultze, 1995; Gradev et
al., 1988; Panayotova and Velikov, 2003).
The Na+ ion is the most weakly bound ion in clinoptilolite
and thus it can be easily exchanged with the cations in solution. The effect of treatment of clinoptilolite samples was
investigated for the removal of NH4+ ions from aqueous solution. Cuban clinoptilolite has been previously transformed into
its Na+, K+, Ca2+ and Mg2+ forms after treatment (Rozic et al.,
2002; Zamzow et al., 1990; Milan et al., 1997; Rahmani et al.,
2009; Langwaldt, 2008). These studies revealed an improved
performance when Na+- clinoptilolite was used. Similarly,
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