Removal of copper and cobalt from aqueous solutions
using natural clinoptilolite
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Abstract
Southern African clinoptilolite capability as an ion-exchanger with respect to Cu 2+ and Co2+ was investigated in order to
consider its possible application at removing metals from aqueous solutions. The column method was used in the cationexchange processes with synthetic solution concentrations of 0.07 M (3.86 g/ℓ), 0.33 M (19.31 g/ℓ) and 0.66 M (38.63 g/ℓ) of
Cu 2+ solution and 0.07 M (3.34 g/ℓ), 0.33 M (16.69 g/ℓ) and 0.66 M (33.37 g/ℓ) of Co2+ solution. Synthetic non-mixed sulphate
solutions of copper and cobalt recorded maximum cation uptakes of 79% and 63% with 0.02 M HCl-activated clinoptilolite
respectively. From the Cu/Co mixed solutions, both cobalt and copper recorded a 79% uptake with 0.02 M HCl-activation.
The 0.04 M HCl activation gave percentage removals of 79% and 77% for Co2+ and Cu 2+ respectively. In the ion-exchange
evaluation part of the study, it was found that in every concentration range, the adsorption mass ratio of clinoptilolite to metal
concentration conformed to both Langmuir and Freundlich adsorption isotherms. However, the non-mixed aqueous solutions of Cu 2+ and Co2+ fitted mainly the Langmuir equation. It was found that the adsorption process depends on the hydrated
radius of the cation being exchanged, the concentration of the acid that activates the clinoptilolite and the concentration of
the targeted cation in solution.
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Introduction
Water pollutants emanating from metallurgical operations have
been highlighted as one of the avenues by which groundwater
can be polluted thus threatening valuable water sources. The
need for clean drinking water is vital for the promotion of good
health and with it comes the challenge to provide safe and highquality drinking water. Groundwater is one of the major sources
of drinking water in South Africa. These freshwater sources
are faced with the challenge of deteriorating quality due to the
prevalence of pollution. The need for removal of metal species
in water and the general purification of these waters cannot be
overemphasised. A number of purification methods are currently
employed in the water purification industry and these include ion
exchange, ultrafiltration, phytoextraction, electrodialysis and
reverse osmosis (Geselbracht, 1996; Schnoor, 1997). However,
industrial wastewaters often contain a cuisine of metals that may
impose cost implications when it comes to purification.
Among the water purification technologies, ion exchange is
most commonly employed in industrial water treatment (Inglezakis et al., 2005). The ion-exchange reaction occurs between two
or more phases, one of which is liquid (solution or melt), whereby
an exchange occurs of two or more ions that are more or less
strongly bound to each phase. The ion exchanger may be a resin,
activated carbon, a zeolite or clay mineral. Zeolites, synthetic
or natural, are aluminosilicates that have a framework structure
with enclosed cavities and tunnels which are occupied by freely
moving hydrated cations that make ion exchange possible.
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Clinoptilolite is the most abundant and cosmopolitan zeolite (Inglezakis et al., 2005) and it has been widely exploited
for its ion-exchange capabilities since it can easily exchange its
interstitial sodium for external cations in solution (Kuronen et
al., 2006). Natural zeolites often do not perform optimally as
required for industrial applications. Therefore, chemical conditioning of zeolites to improve their performance is often carried
out. This conditioning removes certain cations from zeolites that
may hinder ion exchange and expose the easily exchangeable
ones. It has been previously reported in the literature (Zamzow
et al., 1992) that sodium-type natural clinoptilolite favours the
exchange of Cu 2+ over Co2+. Cation-exchange isotherms of Cu 2+
exchange on chabazite and clinoptilolite (Semmens and Seyfarth, 1978; Blanchard et al., 1984; Assenov et al., 1988), Co2+
exchange on clinoptilolite (Blanchard et al., 1984), Zn-exchange
on clinoptilolite (Semmens and Seyfarth 1978; Blanchard et al.,
1984; Assenov et al. 1988) and Cr3+ exchange on phillipsite and
chabazite (Pansini et al., 1991) are also reported in literature.
Herein, we report on the ability of the South African natural and modified clinoptilolite at removing heavy metals such as
Cu and Co from their synthetic solution using the ion-exchange
capability of the zeolite. The effect of concentration of the aqueous solutions and the degree of HCl activation of the clinoptilolite in its removal efficiency of the clinoptilolite were also
studied.

Experimentals
Zeolite source, characterisation and conditioning
The natural clinoptilolite used in this study was sourced from
the Vulture Creek, KwaZulu-Natal Province of South Africa. In
preparation for mineralogical studies and characterisation, the
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