Short communication

Cyclodextrin nanosponges in the removal of organic matter to
produce water for power generation
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Abstract
The water treatment processes employed by coal-fired power stations do not completely remove most of the natural organics
(volatile component) from the feed water used for power generation. Currently, polyaluminium chloride, polyelectrolyte and
ion exchange resins are used to treat water at power stations. The effectiveness of water-insoluble cyclodextrin (CD) polymers
in the removal of natural organics (volatile component), dissolved organic carbon (DOC) and total organic carbon (TOC) from
water collected at a specific power plant is reported. Results obtained from this study show that, despite the usage of the treatment processes, natural organic species emanating from raw water still persist throughout the stages of the water treatment
process. The polymers on the other hand demonstrated the ability to remove dissolved organic carbon (DOC) from raw water
by as much as 84%, whilst TOC removal was relatively low.
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Introduction
The presence of organic pollutants in raw water is a major
concern for a number of power plants and industries requiring
ultra-pure water such as pharmaceutical and electronics sectors
(Maughan et al., 2000). Power stations in South Africa generally
acquire their water from neighbouring surface water sources
and face similar problems in terms of the presence of organic
pollutants. Also, this water often contains inorganic salts as well
as natural organic matter (NOM). The concentration levels of
organics depend very much on the catchment, soil properties and
other industrial and agricultural activities in the area. Seasonal
variations are also a key factor as they also contribute to the
level of organics in water. As per Eskom’s chemistry guidelines,
water specifications illustrated in Table 1 have to be adhered to
(Gericke, 2002).
On entering the boilers (Fig. 1), these organic impurities can
be decomposed to short-chain organic acids and carbon dioxide
through thermo-hydraulic processes (540°C, 18 MPa) (Aspden et
al., 2002). The newly formed acids can cause a decrease in the
pH of the boiler water depending on the level of contamination,
which in turn can impact negatively on the steam quality.
To alleviate this problem Eskom, the electricity generating
utility in South Africa, has developed a strategy which is aimed
at producing water with reduced organic load. The approach in
this strategy entails reducing organic loading in the water through
the conventional treatment processes employed. These conventional treatment processes which have now been adopted by all
power stations involve coagulation and flocculation of raw water
followed by clarification, sand filtration and demineralisation
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TABLE 1
Demineralisation water specifications for coal fired
power stations measured at the mixed bed outlet
(Gericke, 2002)
Parameter

Turbidity (FTU)
Specific conductivity (µs/CM@25°C)
Sodium (ppb as Na+)
Silica (ppb as SiO2)
Chloride (ppb as Cl-)
Sulphate (ppb as SO4-)
TOC (ppb as C)

Target

Limit

< 0.1
0.2
<0.08
0.1
<1
2
ALARA
10
<1
2
<1
2
100
250

Key: ALARA: as low as reasonably achievable

(Aspden et al., 2000). These processes are illustrated in Fig. 1.
Herein, we report on the effectiveness of cyclodextrin polymers, synthesised in our laboratories (Mhlanga et al., 2007;
Li and Ma, 2000), in the removal of organic pollutants from
water sampled at a specific power station. The effectiveness of
these water-insoluble cyclodextrin polymers in the removal of
organic species from water present in concentration levels as
low as ng/ℓ has been previously reported (Salipira et al., 2008;
Mamba et al., 2007).

Experimental
Sampling site
Water samples (20 ℓ) were collected from each of the different
sampling points at a specific power station (raw water outlet,
clarifier outlet, potable water head tank inlet, cation exchanger
outlet, weak base and strong base outlet) as shown in Fig. 1. It
should be noted that only raw water was used in total organic
carbon (TOC) and ultraviolet-visible (UV-Vis) analyses.
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