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Abstract. Sol-gel chemistry was adeptly exploited to fabricate polymer based hybrids for solar
disinfection to render clean drinking water. The present research study was carried out by inclusion
of different proportions of titania (2.5 and 7.5 wt. %) that covalently cross-linked with the polymer
matrix. In addition to morphological studies, the optical band gap and wavelength absorbed was
investigated through UV-Vis absorption spectra. Moreover, the efficacy of photocatalytic
antimicrobial activity of polymer based hybrids was evaluated using source water with controlled
amount of total coliform that causes waterborne diseases. This research provided a green synthesis
approach for water disinfection along with no disinfection byproduct formation, thus, rendering
energy efficient and cost-effective water disinfection.

Introduction

On the basis of adsorption phenomenon for the removal of pollutants from contaminated water,
the design and development of polymer based hybrids have been emerging as an easy and cost
effective approach for water disinfection [1]. Although, the traditional methods effectively remove
pollutants including heavy metals [2], dyes [3] and organic pollutants [4], but these methods still
suffer costly regeneration and selective removal of organic chemicals [5]. Meanwhile, more
efficient polymer based adsorbents are being prepared for effective water disinfection [6-8].
Therefore, these advanced materials are substituting the traditional methods to attain potable water
due to their large surface area, better thermal and mechanical profile, and controlled characteristics
such as pore size and tunable surface chemistry [9, 10]. However, their efficacy can be further
maximized by tuning the properties for a large-scale application.

The removal of organic pollutants to attain contaminant free drinking water is possible through
adsorption technology, while there is an accessibility of a wide range of adsorbents. Literature
reports efficient removal of phenolic wastes through polymer based adsorbents along with recovery
of reusable raw materials [11-13]. Likewise, traces of noxious wastes from industries entering into
the drinking water supplies has been a serious concern in the past few decades that is overcome
with the use of these polymer adsorbents [14]. However, not all polymeric adsorbents adsorb all the
pollutants, but their adsorption capacity can be enhanced to remove certain bacteria which cause
waterborne diseases along with the removal of organic pollutants to attain potable water [15]. The
utilization of nanoparticles can be helpful for this purpose due to their large surface area and higher
contribution [16]. Previously, metal oxides nanoparticles including titania, aluminum and iron
oxides are reported to have specific adsorption affinity toward charged pollutants along with
decontamination of disinfection byproducts in drinking water [2, 17, 18]. A combination of polymer
and nanoparticles can be used due to diverse physio-chemical properties that are appropriate for
water disinfection. Therefore, the synthesis of hybrid made from dispersed metal oxide
nanoparticles and polymer matrix can be an efficient route to obtain a water disinfectant.

In this research, we have synthesized a polymer based hybrid with a block copolymer and titania
nanoparticles for deep removal of organic pollutants from contaminated water. The incorporated
titania nanoparticles through photocatalysis produces reactive oxide species and hydroxyl radicals
responsible for killing the bacteria [19]. Meanwhile, the polymer support functions as a porous
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adsorbent [20, 21]. Ultimately, the as obtained polymer based hybrids were tested against
contaminated water for the removal of total coliform through an MPN (most probable number)
method.

Materials and Methodology

An anhydride grafted triblock copolymer of styrene-ethylene-butylene was used as a polymer
matrix. For in-situ so-gel synthesis of polymer based hybrid, titanium isopropoxide (TTIP) was
reacted with water to imbed titania in polymer. A small amount of silane coupling agent was added
to the reaction mixture to form a linkage between titania and the polymer matrix. The reaction
mixture was left to stir at room temperature for 24h. Ultimately, the mixture was poured onto
Teflon Petri dishes to obtain polymer based hybrids. Two hybrids containing 2.5 wt. % and
7.5 wt. % of titania were obtained to test as water disinfection efficiency.

Characterization Techniques

Morphology of polymer based hybrids was examined through FESEM (field emission scanning
electron microscope) using MIRA3 TESCAN, the polymer based hybrids were sputter coated using
sputter coater machine (Q150 QUORUM) with graphite with an average thickness of 10-15 um
before examination under FESEM. UV-Vis spectroscopy was performed with Cary 5000UV-Vis-
NIR Spectrophotometer. Disinfection studies were performed at Pakistan Council of Research in
Water Resources (PCRWR) through MPN/100 ml method.

Results and Discussion

Morphological and Optical Analysis: Micrograph of polymer based hybrids is shown in Fig. 1.
Well dispersed titania nanoparticles in the polymer matrix were observed that is accountable for
maximum UV absorption. Therefore, to confirm the maximum wavelength absorbed by the polymer
based hybrids, UV-Vis spectra of absorption against wavelength was obtained (Fig. 2 a). It was
evaluated that the maximum wavelength absorbed was in the range of 320-400nm. While the Tauc
plot (Fig. 2 b) was plotted to determine the optical band gap that was estimated to be 3.12 eV.

Fig. 1 FESEM image of polymer based hybrid.
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Fig. 2 (a) UV-Vis absorption spectra. Fig. 2 (b) Tauc plot.

Water Disinfection Studies: Table 1 shows the disinfectant activity of the two polymer based
hybrids after analysis through MPN/100ml method. The water disinfection activity was calculated
by the percentage difference in initially present and remaining total coliform count after UV
exposure for 3 h of contaminated water containing polymer based hybrids and different disinfectant
activities for each sample were observed as shown in Fig. 3. It was found that the hybrid containing
2.5 wt% of titania in the polymer showed 50% reduction in total coliform while the hybrid
containing 7.5 wt% of titania showed around 90% reduction in total coliform (also refer annex-1).
The reason was based on the content of titania present in the polymer based hybrids, where more
amount of titania caused generation of a larger number of reactive oxide species that caused killing
of bacteria through photocatalysis [22, 23].

Table 1 Water disinfection activity after analysis through MPN/100ml method.

Sample Total coliform count Percentage
(MPN/100ml) reduction in total
coliform (%)
Contaminated water (Reference) 140 -
Polymer based hybrid 70 50
with 2.5wt% titania
Polymer based hybrid 13 90

with 7.5wt% titania
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Fig. 3 Graph shows the disinfectant activity after analysis through MPN/100ml method.
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Summary

The findings through our research suggested that sol-gel technique was efficient method to fabricate
polymer based hybrids. Moreover, polymer matrix provided immobilization of nanoparticles along
with better dispersion. This approach can be considered as an environment friendly synthesis, since
it eliminates post treatment removal. Furthermore, efficacy of disinfectants also increased with
increased titania content, where up to 90% of reduction in total coliform was achieved with no
reaction byproducts. Finally, the properties of these hybrids can be further tuned to achieve
complete contaminant free drinking water. Thus, this research can provide an efficient and cost-
effective pathway to obtain potable water, especially in developing countries.
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