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Chapter One: Research question and hypothesis 

1.1 Introduction 

In our present day and age the use of coal in providing power has been escalating due to 

its abundance, affordability and simplicity of design. Electricity utility companies, 

industrial processes, the steel industry and exports consume ubiquitous amounts of coal 

on an on-going basis [1]. Its use ensures that the major economic driving-force industries 

are ever consistent in providing the needs of our society. However, this type of coal 

usage creates fly ash in large amounts. In their publication in 2001, Mohapatra and Rao 

defined fly ash as a solid waste, produced in large amounts during the burning of coal, 

waste and fossil fuels, that has spherical particles of varying chemical composition and 

other characteristics depending on its origin [2]. There is a pressing need to recycle or 

re-use fly ash for industrial purposes because only 10-20 % of the waste is used in the 

cement, concrete and construction industry [3]. On the other hand the rest is left in 

holding ponds, lagoons, slag heaps and landfills  which proves to be environmentally 

detrimental and uneconomical considering that these dumpsites occupy the land 

unproductively and require maintenance [1]-[3]. Fly ash has also been reportedly used in 

the ceramic industry, as adsorbents for waste management, water stabilisation, 

materials recovery, agriculture and composite materials synthesis [1]-[3].  

In this study the use of fly ash as a catalyst for the synthesis of carbon nanofibres using 

the chemical vapour deposition (CVD) method was examined. To date, few researchers 

have studied the possibility of using fly ash to synthesise CNFs using this method [4]-[9]. 

And none so far, except for Hintsho et al. have managed to elucidate a possible 

mechanism of their growth on the surface of the fly ash particles [10].  

Thus in this study the possibility of using fly ash, taken from South African power 

plants, to synthesise CNFs was assessed. Qualitative techniques were used to explain the 

possible growth mechanism of these CNFs by looking at their stages of growth along the 

course of the CVD reaction. 

Knowing that pristine CNFs were chemically inert towards polar materials, chemical 

functionalisation methods were used to introduce active sites to their external surfaces 

to enable possible covalent bonding with TiO2 nanoparticles. No one so far has 

attempted using fly ash synthesised CNFs for this application. These CNFs were 
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functionalised through an acid treatment which has been commonly employed in the 

past for the functionalisation of other types of CNFs and CNTs. Once again no one has 

reported on the functionalisation of CNFs produced from fly ash. It was reasonable to 

assume that the mere presence of fly ash within the CNFs would have made them 

behave slightly differently from CNFs synthesised by using conventional catalysts, 

where these could be washed off using acids and other methods.  

Similarly few researchers have tried to modify and use CNFs so-produced for potential 

industrial use. In this study hybrid materials of CNFs and TiO2 nanoparticles were made 

for possible use in photocatalysis. 

Many researchers have attempted to coat their carbon nanomaterials (CNMs) with TiO2 

nanoparticles and have either created methods that cannot be easily implemented 

industrially or these particles did not chemically bind to the surface of these materials 

[11]-[22]. Even if they did bind they agglomerate or the coating of the anatase 

nanoparticles onto these CNMs was non-uniform and was easily disturbed by physical 

methods.   

Aim 

The aims of the project were as follows: 

1) To synthesise CNFs from fly ash sourced from the Duvha power station (i.e. 

Duvha fly ash) using CVD.  

2) To perform a systematic study of the formation of CNFs on the surface of the 

Duvha fly ash particles through monitoring of the reaction using electron 

microscopy. 

3) To assess the effect of acid functionalisation on CNFs with a HNO3:H2SO4 mixture 

as a function of time. 

4) To chemically attach TiO2 nanoparticles to CNFs by simple, reproducible means. 

5) To assess the effects of the exposure time to the TiO2 precursor on the particle 

size of the TiO2 nanoparticles formed on the CNFs. 
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Research questions and hypothesis: 

• Can CNFs be synthesised by the CVD method using fly ash obtained from the 

Dhuva power station as a catalyst? 

• Can the growth of the CNFs from the Duvha fly ash particles be assessed 

qualitatively? 

• How does the time of chemical functionalisation of CNFs using HNO3/H2SO4 

mixtures affect the coating of TiO2 nanoparticles on their surfaces? 

• How does the time of exposure to titanium precursors affect the coating of TiO2 

onto the surface of CNFs?   

Objectives  

To 

i. Synthesise CNFs from fly ash obtained from the Duvha power station using CVD. 

ii. Deduce the growth mechanism of the CNFs on the surface of the Duvha fly ash 

particles. 

iii. Functionalise these CNFs and study the effect of time of exposure to acid on their 

chemical properties and their ability to bind (chemically or physically) TiO2 

(titania) nanoparticles to themselves. 

iv. Investigate the effect of the time of exposure to a titanium precursor on the 

particle size and establish the characteristics of the CNF-TiO2 hybrid. 

 

1.2 Outline of Dissertation 

Chapter One: introduces the research hypothesis and questions including the aims and 

objectives of the study. 

Chapter Two: gives a detailed literature review on fly ash, CNFs and their proposed 

growth mechanism, the functionalisation of CNFs, the synthesis of CNF-TiO2 hybrids and 

their possible applications in photocatalysis and related reactions. 

Chapter Three: indicates the characterisation techniques and experimental procedures 

used for all the materials that were synthesised in this study.  

Chapter Four: discusses the synthesis of CNFs using Duvha fly ash as a catalyst in a CVD 

reactor and their functionalisation. It also expounds upon the synthesis of the CNF-TiO2 

hybrid. 
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Chapter Five: provides general conclusions and recommendations for further studies. 
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