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Abstract
Ethylene vinyl acetate (EVA)/ Cloisite® 20A (C20A) composite fabricated via the melt-blending method was used for the
development of a heavy-metal adsorbent through acid and heat treatment. Heat-treated composites were produced at 400°C
to 1 000°C in air and N2 atmospheres. The materials were characterised through TGA, FT-IR, contact angle and Zetasizer.
Treating EVA/C20A composites with H 2SO4 at 130°C reduced the contact angle from 99.73° to 30.40°. The acid-functionalised composite was tested for the removal of Pb2+ and an adsorption capacity of 49 mg∙g−1 was recorded while the heattreated composite exhibited an adsorption capacity of 153 mg∙g−1.
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Introduction
Heavy-metal pollution is known to cause instability, disorder, harm or discomfort to living organisms (Al-Attar, 2011).
Several studies have shown that heavy metals such as lead,
zinc, cadmium, chromium and copper can be very toxic
even at low concentrations (Periasamy and Namasivayam,
1996). Industrial and agricultural activities are a major source
of heavy-metal pollution worldwide. In South Africa, for
instance, industrial, mining and agricultural activities are
considered as the driving force of the country’s economy. Due
to the rapid development of agriculture, industrial and traffic
activities large amounts of heavy-metal pollutants are discharged to the local environment (Bai et al., 2011; Liua et al.,
2011. The aggressive development of agriculture and industrial
sectors makes it difficult to combat heavy-metal pollution. It
has been reported that landfill is the best available technology
especially for developing countries for the disposal of solid
waste; however, heavy-metal pollution by landfill leachate is
still possible (Longa et al., 2011). Heavy metals may also end
up in sewage effluents (Bystrzejewski et al., 2011).
Removal of heavy-metal ions from sewage effluents and
other water resources is essential to ensure environmental and
human safety. Several techniques like reverse osmosis, nanofiltration, ion exchange and adsorption have been used in the
removal of heavy metals from water. The use of activated carbon (AC) as an adsorbent is a simple and economically viable
method of pollutant removal (Vargas et al., 2011). According
to Tongpoothorn et al. (2011) activated carbon is a widely-used
adsorbent because of its extremely high surface areas, micropore volumes, large adsorption capacities, fast adsorption
kinetics, and relative ease of regeneration.
In this study, a heavy-metal adsorbent was derived from
EVA/C20A composites that had been synthesised via the
melt-blending method. The melt-blending method has been
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gaining significant attention in the fabrication of polymeric
composites with improved mechanical properties, relative to
those produced by alternative composite fabrication strategies (solution blending and in situ polymerisation). Polymer/
clay composites have been the centre of research over the past
decade because of their potentially large application area. To
ensure environmental safety, the materials should be discarded
safely after use. Experiments in our laboratory have shown
that EVA/C20A composites synthesised via the melt-blending
method are hydrophobic and non-biodegradable in garden soil
and compost. Therefore, we have derived a heavy-metal adsorbent from the EVA/C20A composite through acid and heat
treatments of the non-biodegradable composites. The treatment
methods were compared. Both procedures were kept as simple
as possible to minimise costs. Bench-scale experiments on the
removal of Pb2+ from aqueous solution were undertaken to test
the potential application of the novel adsorbent in heavy-metal
removal from water. Equilibrium and kinetic models were
extensively applied on the adsorption results in order to establish whether the adsorbent is suitable for heavy-metal removal.
The results indicate that composites used for different purposes
may still be reused in adsorption technology after acid or heat
treatment.

Experimental
Materials
Ethylene vinyl acetate (EVA) with 9% vinyl acetate (VA) was
supplied by Plastamid, South Africa. The density of EVA was
0.930 g∙cm−3 and the melting point was 95°C. Cloisite® 20A
(C20A), a natural montmorillonite clay modified with dimethyl
dihydrogenated to allow quaternary ammonium salt – CEC =
95 meq∙100 g−1, was obtained from Southern Clay Products,
Texas, USA. Concentrated acids (HCl and H2SO4) and KOH
were sourced from Aldrich Chemicals, South Africa.
Preparation of adsorbent
The EVA/C20A was fabricated and characterised for thermal and morphological properties as discussed in our work
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