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ABSTRACT 

 

 

Volatile organic compounds, VOCs such as benzene and toluene are hazardous to 

human health even when exposed at low concentration due to their carcinogenic impact.  

Recently, photocatalytic degradation has received great attention from researchers as 

one of the promising method to lower VOC concentration in the air. Common 

photocatalyst used for this process is titanium dioxide, TiO2. However, TiO2 can only 

be activated under UV light range due to the wide band gap energy. Limited resources 

are the challenge faced in implementing photocatalytic degradation. This is because 

only 3% of the sunlight wavelength range is of UV light while the other 45% is of 

visible light. The conventional method, also known as the ‘one-factor-at-a-time’ is a 

common approach taken in photocatalytic degradation. This approach is usually 

difficult and the interaction between process parameters is complicated to interpret as it 

requires numerous experiments. Besides, the complexity of photocatalytic degradation 

also lies in predicting the removal efficiency of the pollutants. Hence, this study is 

attempted to modify the TiO2 photocatalyst and to activate it under visible light 

wavelength range. The modified photocatalyst was applied in the photocatalytic 

degradation of individual benzene or toluene, as well as their gaseous mixture under 

irradiation of visible light.  In this research, TiO2 was modified by co-doping with 

nitrogen and iron elements, prepared using sol-gel method in order to activate the 

photocatalyst in visible light wavelength. The modified photocatalyst was characterized 

using XRD, BET surface area, UV-Vis DRS, and XPS. The synthesized N, Fe-TiO2 

was applied in the photocatalytic degradation, and tested with individual benzene or 

toluene, and benzene-toluene gaseous mixture under irradiation of visible light. To 

reduce the number of experiments, as well as to optimize the degradation process, 

response surface methodology (RSM) was applied for each photocatalytic degradation 

cases. Artificial neural network (ANN) models were also developed to predict the 

complexity of the photocatalytic degradation process under visible light. It was found 

that N, Fe-TiO2 photocatalyst is an anatase phase with crystal size of 19 nm and higher 

active surface sites. In addition, the energy band gap of N, Fe-TiO2 photocatalyst is 2.33 

eV, representing its ability to be activated under visible light wavelength region. RSM 

models have been developed to predict the removal efficiency of benzene, toluene and 

benzene-toluene gaseous mixture in order to optimize the responses. It was found that 

all independent variables that consisted of pollutant concentration, flow rate, and 

photocatalyst loading played a significant role in the degradation process which was 

evaluated based on the ANOVA, main effect, and variable interaction analysis. The 

optimum condition based on the RSM model of benzene-toluene gaseous mixture was 

10 ppm (benzene concentration), 10 ppm (toluene concentration), 0.8 L/min (flow rate), 

and 25.54 (photocatalyst loading) which have successfully degraded 87.66% (desirable: 

87.28%) and 90.83% (desirable: 89.95%) of benzene and toluene, respectively. Finally, 

the ANN models for individual benzene or toluene gas was 3-15-1, and benzene-toluene 

gaseous mixture was 4-15-2. The models were proven to have a good fit with high 

determinant coefficient, R2 value for all cases, which is near to 1. The developed ANN 

models were good predictors for the application of the degradation process. The 

objectives of this research were successfully achieved, thereby marked the applicability 

of photocatalytic degradation of benzene-toluene gaseous mixture using N, Fe-TiO2 

photocatalyst under visible light irradiation. 
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CHAPTER ONE 

INTRODUCTION 

 

 

This chapter outlines the overview of the process of the photocatalytic degradation 

process and some important components in this process such as a photocatalyst, light 

sources, pollutants and photoreactor. In addition, problem statement, research 

objectives, the scope of the research study and the significance of the study are 

presented in this chapter. This research aims to utilize the available materials and 

technology in order to treat volatile organic compound at lower cost with high removal 

efficiency.  

 

1.1 BACKGROUND RESEARCH 

 

Volatile organic compounds (VOCs) that are present in air are emitted from 

various sources such as petrochemical industrial waste, landfills, transportation and 

household chemicals and products. All chemicals containing carbon element which 

exist in the atmosphere except carbon dioxide and monoxide are called VOCs 

(Augugliaro et al., 1999). Benzene and toluene gases are the examples of VOCs which 

could cause harmful effects towards human health even at low concentration. Exposure 

to VOCs may cause; (1) both acute and chronic health problems, thus, it is considered 

as carcinogenic, mutagenic and teratogenic, (2) global warming, (3) depletion of ozone 

layer, (4) formation of acid rain, and (5) sick building syndrome due to its existence in 

the indoor air (Lin et al., 2013; Peerakiatkhajohn et al., 2011; Zhong et al., 2007).  

Various treatments have been applied to remove VOCs from the air in the past few 

decades such as absorption, adsorption, condensation, bio-filtration, and incineration 

(Assadi et al., 2012; Sun et al., 2010; Wang  et al., 1998). However, most of the 

conventional methods possessed disadvantages, such as producing secondary 

pollutants, high capital investment and operation cost for a low concentration VOCs, 

short and unpredictable life spans (Jeong et al., 2005). 

Benzene and toluene are aromatic hydrocarbons which are classified as elements 

in the VOCs groups producing a very high impact on the human health. Inhaling those 

elements even at minute concentration could cause dizziness, eye, nose and throat 
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