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Abstract

ABSTRACT

The harmful effects of organic pollutants especially dyes have received significant concerns
due to their impact on human lives and the environment. Photocatalytic degradation of these dye
pollutants with the assistance of semiconductors has been well established as efficient means of
removing these pollutants. Different semiconductors have been applied as photocatalyst for the
degradation of these pollutants, among them; ZnO has attained tremendous attention from
researchers nowadays due to its strong adsorption ability, non-toxicity, high catalytic efficiency,
wide band gap, chemical stability, large exciton binding energy and inexpensive nature. The
above mentioned properties make ZnO a good photocatalyst. The performance of ZnO
photocatalyst is strongly dependent on their size, surface area and morphology. As such the
synthesis and shape control of ZnO micro/nanostructures have attracted much attention.
Compared with traditional chemical and physical methods of fabricating ZnO
micro/nanostructures, synthesis based on the use of plants have emerged as cost effective

approach to attain highly stable and less toxic ZnO structures.

In this thesis, we report the use of precipitation assisted by C. camphora leaf extract to
synthesize ZnO micro-flowers (ZnOMFs). The results showed that the ZnOMFs consisted of
several nanoplates connecting together under the direction of the plant extract which acted as a
bio-templating and stabilizing agent. FTIR analysis of the sample showed that biomolecules

mainly polyols assisted the formation and guided the evolving shape of the ZnOMFs.

Characterization techniques such as UV-Vis diffuse reflectance absorption Spectrum
(DRS), Energy-dispersive X-ray (EDX), Scanning electron microscopy (SEM), Transmission
electron microscopy (TEM), Photoluminescence analysis (PL) and X-ray diffraction (XRD)
were used to verify the nature of the obtained ZnOMFs. Well-defined ZnOMFs with statistical
particle diameter of 0.81 + 0.2 um could be synthesized by reacting 30 mL of aqueous
Zn(NO3),.6H,0 (0.2 M) with 10 mL of C. camphora leaf extract, adjusting the pH of the
mixture to 12 and annealed at 450 °C for 4 h. The average crystalline size was found to be 33 nm
as per Scherrer’s equation and BET surface area was 13 m%g. XRD analysis confirmed the

purity and high crystalline nature of the ZnOMFs and EDX spectrum verified that pure ZnO was
ii



Abstract

produced as it showed only peaks of Zn and O.

Also, adjusting the synthesis parameters such as the precursor concentration, dosage of leaf
extract, and pH of the reaction solution were effective in tuning the morphology of the
as-formed ZnO microstructures (ZnOMSs). Flowerlike ZnOMSs could be formed upon varying
the plant extract from 5 to 20 mL but the formation of the ZnOMFs was not possible without the
plant extract. ZnNOMFs were only attained at pH of 12 but other pH levels led to the formation of

different morphologies.

Photocatalytic property of the ZnOMFs was investigated by photodegradation of methyl
orange (MO) under UV illumination. The ZnOMFs showed excellent photocatalytic activity for
the degradation of MO. A very low catalyst loading of 0.05 g of ZnOMFs could degrade MO of
initial concentration of 24 mg/L under 45 minutes of UV light exposure. Several operating
variables such as initial MO concentrations, the ZnOMFs loading and pH of the reaction

solution were found to have significant influence on the photocatalytic activity.

Keywords: Semiconductors, Zinc oxide, Micro-flowers, Microstructures, Photocatalyst,

Photocatalytic degradation, Organic pollutants, Methyl orange, C. camphora
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Chapter 1 Literature Review

Chapter 1 Literature review

1.0 General Introduction

Recent increases in human society and intensification of industrial activities have brought
about excessive discharge of organic pollutants into water bodies therefore causing
environmental problems. Among these pollutants, organic dyes which are frequently used in
textile, paint, plastic and cosmetic industries have received more attention as prominent
environmental contaminants due to their harmful effects on humans." Besides the toxicity,
carcinogenic, and non-biodegradability nature of these dyes, they also affect the nature of
water bodies as it obstructs sunlight penetration and reduce photosynthetic activity important for
flora and fauna lives.? As such these organic chemicals found in wastewater effluents must be
removed or destroyed before discharging them into to the environment. However, the
conventional techniques such as coagulation, filtration, adsorption by activated carbon and air
stripping have been reported not efficient since they only transfer the pollutant from one phase
to other and are relatively high cost techniques.® It is therefore necessary to find an effective
method to degrade organic poliutants from wastewater. Many researchers have reported
photocatalytic oxidation by semiconductors as new cost effective and rapid technique for the
removal of organic dye pollutants from water. Various semiconductors such as ZnO,* ZnS,’
TiO,° Cds,” Fe,05° V,05° etc have been well reported to be good photocatalyst. Among these
photocatalysts, Zinc oxide (ZnO) micro/nanostructures with low toxicity and production cost,
have Dbeen of special interest because of their distinctive properties like excellent
chemical/thermal stability, wide direct band gap of 3.37 eV, high catalytic efficiency, high
exciton binding energy of 60 meV, and strong adsorption ability have been found to be a

promising and potential photocatalyst for degradation of various organic pollutants.

Researchers have proven that the activity of photocatalysts is strongly dependent on their
microstructures/nanostructures and morphology i.e., the arrangements of atoms in their crystal
structures. Anisotropic nanostructures have been well documented to have enhanced
performance over their bulk counterparts due to their large surface area to volume ratio and

1
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