Removal of copper(II) from aqueous solution using
spent tea leaves (STL) as a potential sorbent
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Abstract
In this work spent tea leaves were used as a non-conventional, cost-effective sorbent for removal of Cu(II) from aqueous solutions in batch systems. The sorbent was characterised with respect to surface area, pore volume, density, etc.
The equilibrium sorption data were applied to various sorption isotherm models, and the order of fitness was: Langmuir
> Temkin > Freundlich. The maximum sorption capacity Qo was found to be almost 90.9 and 68.4, as evaluated using
Langmuir isotherms at 27ºC and 37ºC respectively. The observed decrease in sorption capacity with temperature indicated
the exothermic nature of the uptake process. The kinetic uptake data were best interpreted by a pseudo second-order kinetic
model with values of rate constants of adsorption of 1.47 x 10 -2 and 3.01 x 10 -2 g/mg∙min, respectively, for the initial sorbate
concentrations of 10 and 20 mg∙ℓ-1 at 27ºC. The sorption mean free energy was determined from the Dubinin Radushkevich
(DR) isotherm model and was found to be 9.91 kJ∙mol-1, indicating ion exchange/chemisorption nature of uptake process.
The Cu(II) uptake was found to increase with the pH of the sorbate solution and maximum sorption was observed in the pH
range of 1.0 to 4.8. Finally, thermodynamic parameters like ∆Go, ∆Ho, ∆So were also evaluated.
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Introduction
The presence of heavy metal ions from the transition metal
series, viz, Ni, Fe, Cu, etc., in aquatic systems poses a major
threat to the environment, due to their acute toxicity to many
life forms. Unlike organic pollutants, the majority of which are
susceptible to biological degradation, metal ions do not degrade
into harmless end-products (Gupta et al., 2001). These metals
enter into urban wastewater which, on being used in irrigation,
results in accumulation of these metals in the surface soils.
After saturation, surface soils release these contaminants into
groundwater and soil solution for plant uptake. Wastewater
irrigation further enhances the heavy metal content of soils
(Singh et al., 2004).
Copper is one of the major contaminants released from
metal-finishing, electroplating and electrical industries. In
humans, copper toxicity causes itching and dermatisation
and keratinisation of the hands and soles of feet (Huang et al.,
2007). Severe gastro-intestinal irritation and possible changes
in the liver and kidneys occur due to intake of large doses of
copper (Ajmal et al., 1998). Inhalation of copper spray increases
the risk of lung cancer among exposed workers (Aydin et al.,
2008). According to the World Health Organisation (WHO) and
United State Environmental Protection Agency (USEPA), the
maximum permissible limit of copper in drinking water is
1.3 mg∙ℓ-1 (Hach, 2003). Hence the removal of copper from
wastewater before its discharge into aquatic systems is
extremely important and deserves immediate attention.
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Out of various methods employed for the removal of
Cu(II) from aqueous solution, adsorption appears to be
the most frequently adopted technique (Bajpai and Rohit.,
2007). In addition, continuous attempts have been made to
develop low cost non-conventional adsorbents for removal
of toxic metal ions including Cu(II). These adsorbents
include newspaper pulps (Chakravarty et al., 2008), pomegranate peel (El–Ashtoukhy et al., 2008) waste tea fungal
biomass (Razmousky et al., 2008), potato peels (Aman et al.,
2008), soybean hulls (Yadav et al., 2008), pine cone powder
(Ofomaja et al., 2009), areca – a food waste (Zhang et al.,
2008), orange peel (Ningchuan et al., 2008), pecan nutshell
(Vaghetti et al., 2009), modified bagasse (Jiang et al., 2009),
maple wood sawdust (Rahman and Islam, 2009), etc.
In a continuous attempt to search for potential cost-effective sorbents for removal of toxins from wastewater, we hereby
propose spent tea leaves (STL) as a novel sorbent for effective
copper removal. Tea is basically the dried and processed leaves
of only one species of plant, Camellia sinesis (Mokgalaka et
al., 2004). It is consumed by the largest number of people in
the world and considered the second-most popular beverage in
the world. It is estimated that somewhere between 18 and 20
billion cups of tea are drunk daily on our planet (Razmovski
et al., 2008). Canned or bottled tea drinks as well as instant tea
drinks are produced on industrial scale by hot water extraction
of tea leaves, and producers face a great problem in disposing
of the spent tea leaves after extraction. Therefore utilisation of
STL is also desirable. The insoluble part of the spent tea leaves
consists of mainly cellulose (37%), hemicellulose and lignin
(14%), and polyphenols (25%). According to chemical analyses
reported by Harler (1963), these components constitute almost
80% of the insoluble portion of spent tea leaves. The presence
of hydroxyl and phenolic groups led us to think that these polar
groups could work as active sorption sites for the uptake of
transition metal ions like Cu (II).
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