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Abstract
Organic compounds are some of the major pollutants of water worldwide. They can be toxic or carcinogenic even at low
concentrations. The non-reactivity of these species makes it difficult to remove them from water, particularly when present at
concentration levels of nanograms per litre (ng·ℓ-1) or lower. Reasonably inexpensive yet effective methods for the removal of
these organic pollutants to below ppb levels are therefore required.
Insoluble cyclodextrin polyurethanes have demonstrated the ability to remove organic species from water at concentration levels of nanograms per litre. Carbon nanotubes have also been reported to efficiently adsorb some organic molecules
such as dioxins and polychlorinated dibenzo-furans. However, these nanotubes are currently too expensive to be used on their
own in water treatment.
An investigation into the use of cross-linked cyclodextrin polyurethanes copolymerised with functionalised multiwalled
carbon nanotubes as adsorbents for organic pollutants has yielded very useful results which may have an impact in future
water treatment applications.
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Introduction
Removal of organic compounds from water remains a big challenge for municipalities and water authorities. Such organic
compounds, which include polychlorinated biphenyls (PCBs),
poly-aromatic hydrocarbons (PAHs), dioxins and endocrine disrupting compounds (EDCs) can be toxic and pose serious health
risks to humans and animals (Elijarrat and Barcelo, 2003). EDCs
for example, have been highlighted as priority organic pollutants in the European Union Directive of 2001 (Richardson,
2004). These chemicals mimic naturally produced hormones
and they interfere with the normal functions and development
of organisms (Paris et al., 2006) including interrupted sexual
behaviour (Richardson, 2004; Vidaeff et al., 2005). Some examples of EDCs are natural and synthetic steroid sex hormones,
some polychlorinated biphenyls and dioxins.
Techniques such as the use of activated carbon, zeolites and
reverse osmosis are currently being used to treat water before
consumption. However, activated carbon fails to remove many
organic pollutants at concentration levels of nanograms per litre
(Li and Ma, 1999). Zeolites also show low affinity for organic
compounds and reverse osmosis is currently too expensive for
wide spread use (Li and Ma, 1999). Thus, an effective, yet economical method to remove these organic pollutants to safe concentration levels is often required.

Cyclodextrin-polyurethanes containing carbon
nanotubes
Cyclodextrin based insoluble polymers have demonstrated the
capacity to remove organic species in water at concentration
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levels as low as ng·ℓ-1 (Li and Ma, 1999; Mamba et al 2007).
Furthermore, in our laboratories, it was found that these polymers could be recycled at least eighteen times while still maintaining high adsorption efficiency (Mhlanga et al., 2007). However, two deficits have emerged from testing these polymers
with a variety of pollutants:
• They have only been demonstrated to be effective at low
concentrations of organic pollutants
• Their structural integrity has been somewhat compromised
after prolonged recycling.
Carbon nanotubes, though expensive to produce, have shown an
ability to efficiently adsorb dioxins, polychlorinated dibenzofurans, biphenyls (Long and Yang, 2001) and some inorganic
pollutants at higher concentrations. It has also been reported that
multiwalled carbon nanotubes (MWNTs) can improve structural
stability especially when used as polymer composites (Xu et al.,
2006; Xiong et al., 2006).
Previously we have reported that cyclodextrin polyurethanes
incorporated with MWNTs effectively removed p-nitrophenol
from water with adsorption efficiency as high as 99% (Salipira
et al., 2007). Herein, we further report the efficiency of these
polymers to adsorb trichloroethylene, one of the priority endocrine disrupting compounds. This paper also outlines the characterisation techniques that were employed in elucidating structural identity of these novel polymers.

Experimental
Experimental techniques used in this investigation were standard and only when necessary, were modifications performed to
these in order to suit the applications that were required. All
chemicals that were used were of reagent grade and were purified
as required. Solvents were obtained at high purity from suppliers and where necessary, they were dried and deoxygenated by
distillation from sodium under argon. All reactions unless oth-
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