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ABSTRACT

Owing to the limited amount of energy sources and the recent effects of fossil
fuel use on the global environment, the paradigm of energy supply is changing from
one based on the use of carbon-rich rocks, peat, and liquid found in the Earth to one
based on renewable sources, such as energy crops, sunlight, and wind. Several
methods for reducing the carbon dioxide concentration in the atmosphere and
preventing CO: emissions due to human activity have been investigated, such as
investigating the sorption of CO: into new/functionalized materials; increasing the
quantity of green carbon sinks (plants, phytoplankton, and algae containing
chloroplasts); increasing the level of dissolved carbonate and its salts in sea water; or
capturing CO: and transferring it to the bottom of the sea in a supercritical state.

Photocatalytic reduction of CO: to fuels using solar energy is an attractive
option for simultaneously capturing this major greenhouse gas and solving the
shortage of sustainable energy. To conquer the problem of increasing CO: in the
atmosphere, a solution using TiO: to convert CO: into usable fuel are conducted.
Basically, the approach centres on the concept of the large-scale re-use of CO: released
by human activity to produce synthetic fuels, and how this challenging approach could
assume an important role in tackling the issue of global CO2 emissions. There are
three main objectives of this research which are to design, synthesis and develop an
efficient modified nano-based TiO- to enhance the reduction of CO: to fuel, methane
(CH,) through photocatalyst, to study the material chemistry of modified Nano-based
TiO: who enhance the process of the photocatalyst and to utilize the prepared
photocatalyst for CO: conversion to CH4 in term to reduce greenhouse effect.

The photocatalytic experiment conducted by synthesising TiO.. Addition or
doping with noble metal, such as platinum (Pt), palladium (Pd), silver (Ag) and gold
(Au) ions allow extending the light absorption of band gap semiconductors to the
visible light. Noble metals could be introduced to the surface of TiO. by various
methods such as: electrolysis, chemical reduction, UV photoreduction, y-reduction
deposition from colloids or adsorption of metal clusters. The characterizations are
focused on optical and physical characterization. Then, the evaluation of photocatalyst

process is carry out in a solid gas phase photoreactor. A tungsten — halogen lamp with



high pass UV light filter are use as the visible light source. The CO. are bubbled
through the water vapour into the chamber. The result is collected and analyse for the
CH4 yield using gas chromatography system.

The information gained from this analysis will help to contribute towards a
better understanding of the main parameters that affect the activity of photocatalysts
and will ultimately lead to the optimized synthesis of more efficient photocatalytic

material for the photocatalytic reduction of CO: to hydrocarbon fuels.
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CHAPTER 1

INTRODUCTION

1.1 General Information

Global warming issue is getting crucial nowadays. This issue mainly caused due
to the unstoppable increasing atmospheric carbon dioxide (CO,) which produced by
human being activities. Greenhouse gases are the main factor which causes the global
warming. In the composition of greenhouse gases, there is 72% of totally emitted CO,,
18% of methane (CH,) and 10 % of nitrous oxide (NOx). It is clearly stated, CO, are the
most important causes of global warming. The source of production CO, is mostly by
burning fuels like e.g. natural gas, dieses, organic diesel, petrol and oil. According to
International Panel on Climate Change (IPCC), the atmospheric CO, level was
estimated that it could reach up to 590 ppm by 2100 and the global mean temperature
would rise by 1.9 °C (Li, An, Park, Majeda & Tang, 2014). The greenhouse gases will
seriously impact in many different aspects, such as ice melting at the Earth's pole, fast
rising sea level and increasing precipitation across the globe. CO, molecule is very
stable which is not easily transformed into others chemical in a reaction. By using
photocatalyst, CO, can be served as a building block for the synthesis of other useful
chemicals and chemical intermediates.

The photocatalyst for the conversion of carbon dioxide (CO) into hydrocarbon
fuels with the visible light energy is a promising and eco-friendly approach to prevent
the increase in greenhouse gases and exhaustion of fossil resources. Among the
semiconductor materials like Titanium dioxide (TiO,), Zinc oxide (ZnO), Tungsten
oxide (WQO3) and Zinc Sulphide (ZnS), TiO; is one of the most promising photocatalyst
due to its versatile characteristics including non-toxicity, low cost, high photocatalytic
and chemical biologically inert. From the TiO, materials, TiO, nanoparticles are great
interest in photocatalytic properties, hence it is used in antiseptic and antibacterial
compositions. Furthermore, it is also been used in many application such as degrading
organic contaminants and germs, UV-resistant material, manufacture of printing ink,

self-cleaning ceramics and glass, coating. Nevertheless, TiO, nanoparticles also used in



making of cosmetic products such as sunscreen creams, whitening creams, morning and
night creams, skin milks and in the paper industry for improving the opacity of paper.

However, the photocatalytic activity of TiO; is limited by its low capability of
absorption in the visible light and fast recombination rate of the photogenerated
electron-hole pairs. The wide band gap (3.2 eV for anatase and 3.0 eV for rutile) of TiO,
only can excited in UV range of spectrum (A < 380nm). It covers only ~ 5% of the
whole solar spectrum compare to the visible light spectrum (Sim, Leong, Phichiah &
Shliza, 2015). Various studies have been carry out to improve the photocatalytic activity
of TiO, by doping with noble-metals and non-metals. Besides, TiO, can be coupled with
semiconductors. The noble metal such as gold (Au), silver (Ag), and copper (Cu),
possess a great ability of visible light absorption due to existence of localized surface
plasmon resonance (LSPR). LSPR is an optical phenomena which generated by light
when it contact with conductive nanoparticles (NPs) that smaller than incident
wavelength. As in surface plasmon resonance, the electric magnetic force of incident
light can be settled to collect excite electrons of a conduction band, with the result being
coherent localized plasmon oscillations with a resonant frequency that strongly depends
on the composition, size, geometry, dielectric environment and separation distance of
NPs (Eleonora petryayeva, Ulrich J.krull, 2011). Moreover, noble metal will transfer the
electron to TiO; and traps the electron in the metal TiO, nanostructures to minimize the
surface charge recombination in TiO..

Further studies have been devoted to improve the optical absorption and increase
the charge carrier transport Reduced graphene oxide (RGO) was used in the hybrids
thus diminish the bandgap and minimize the electron-hole recombination rate. Graphene
is a two-dimensional sp®-hybrized carbon nanosheet which consist rich characteristic
including high specific surface area, high electron mobility and tunable band gap. Liang
et al. prove that the less deficient graphene-TiO, nanocomposite thin film resulted in
larger improvement of photocatalytic for the photoreduction of CO, to CH,. Tan et al.
described that graphene-TiO, nanocomposite adopt the ultraviolet light (UV) produce a
maximum CH, product yield of 0.135umol g cat™ h™, which is 2.1 and 5.6 fold higher
than graphite oxide and pure anatase. These studies have shown that the enhancing
effects of graphene on the photocatalytic of TiO, in hybrid materials.

Recent years, research shows that the graphene-TiO, nanocomposite is limited to

photodegradation of organic pollutants. This encourages people to do more research



toward the photocatalytic conversion of CO, to CH, with the assist of RGO as the
proficient electron trapper to overwhelm the recombination of photoinduced electron-
hole pairs.

1.2 Problem Statement

Nowadays, the issues of the CO2 cause the global warming getting serious. CO,
are the highest gases which contains around 72% of the greenhouse gases. This mean
that CO, are the most serious causes of global warming compared to another two gases
(18% of CH,4 and 9% of NOx). The supply of CO; is definitely comes from by burning
fuels such as natural gas, diesel, organic- diesels, petrol and oil. The discharge of CO; to
atmosphere have been increase overnight within the last 50 years and still increase by
almost 30% each year. The CO, that released to the atmosphere will remains for 100 to
200 years. This lead the concentration of CO; in atmosphere increase, hence the earth
temperature increase. The CO, gives the serious impact in different aspect such as ice
melting at the Earth's pole, fast rising sea level and increasing precipitation across the
globe (Li, An, Park, majeda & Tang, 2014).

Most of the photochemistry and photoelectrochemistry process involves the
excitation of TiO, by photon with light energy greater than energy gap. However, the
wide band gap (3.2 eV for anatase and 3.0 eV for rutile) only can excited with UV light
which covers ~ 5% of the irradiation (A < 380 nm) from the total solar spectrum. The
solar spectrum consists of ~ 43% of the visible light and the remaining ~52% is infrared
light. The availability of UV spectrum is marginal in comparison to the visible light
spectrum. Hence it causes a major limitation of utilizing the UV source for its natural
activation. Thus the present available TiO, is not suitable for the utilization of visible
spectrum of solar energy. Therefore, the employment of solar energy for a
photocatalytic process can be improved by altering the energy gap response of TiO; to
the visible light region (Yu, Zhang, Cheng, & Su, 2007).



1.3 Objective

I.  To synthesize highly pristine anatase TiO, nanoparticles (NPs) as template
through a simple, facile and easy method.

ii.  To identify noble metals from the periodic table along with a novel, smart, ease
and sustainable method to incorporate them onto TiO, template for activating
LSPR phenomenon.

iii.  To investigate the contribution of carbon materials for visibility, electron
mobilizing and charge -carriers’ transportation by wrapping it onto the
synthesized composite photocatalysts.

iv. To characterize the prepared nanocomposite photocatalysts for its various
intrinsic natures through crystalline phase analysis, morphology, elemental
composition and optical properties.

v. To evaluate the visible light photocatalysis ability of the synthesized

nanocomposite photocatalysts by converting CO, to CHj.

1.4 Significant Of Research

Modified nano-based TiO, has great contribution towards the environment. In
treatment of waste water, TiO, nanoparticles have the great potential for removal of
organic pollutant from the waste water. However, it is not very practical in the industry
because of its low oxidation rate. By comparing TiO, nanoparticle conversion process
with other wastewater treatment such as activated sludge reactor, membrane bioreactor
and etc., TiO, nanoparticle conversion no need to undergo the treatment for the sludge
of the wastewater for secondary and tertiary treatment.

To solve the CO, problem permanently, it requires transformation of CO, into
another useful or non-toxic compound. In our research, we use the principle of
photoconversion to conquer the problem of increasing CO; in the atmosphere. The
solution by using TiO; to convert CO, into usable fuel is conducted. The TiO,
photoreduction’s end product does not produce any toxic gases. The final gas produce is
the dominant hydrocarbon, CH,. The production of CH4 will be another alternative to
replace the fossil fuel in the future. Thus, by upgrading CO, to reusable hydrocarbon

resources definitely would benefit humans and the environment.



CHAPTER 2

LITERATURE REVIEW

2.1 Background on Photocatalysis

2.1.1 Introduction

TiO: has been widely recognized as an excellent photocatalyst. It is known to
have superb pigmentary properties, high adsorption in the ultraviolet region, and high
stability which allows it to be used in various applications such as electroceramics,
glass, and photocatalytic purification of chemical in air and water (Cheng Chee Kaan et
al., 2012). The acceleration of a chemical transformation by the presence of a catalyst
with light is called photocatalysis. The catalyst may increase the rate of photoreaction
by interaction with the substrate in its ground or excited state and/or with a primary
photoproduct, depending upon the mechanism of the photoreaction and itself remaining
unaltered at the end of each catalytic cycle (Haque et al., 2012). There are many
semiconductor materials can be used as a photocatalyst. Semiconductors like TiO-,
Zn0, Fe:03, CdS, ZnS etc. are all suitable materials to initiate a photocatalytic process
(Kaan et al., 2012).

Photocatalysis, which initiates the breakdown of organic molecules into simpler
aliphatic molecules and eventually to CO.. An additional mineral acids are involved in
several of the natural purification of aqueous system lagoons, ponds, streams, rivers and
lakes. The process is well supported by the sunlight, a natural sensitizer. In 1976, the
employment of ‘colloidal semiconductors’ and the beginning of catalysts to promote
specific redox processes on semiconductor surfaces were developed (Kalyanasundaram,
1983). Since then, naturally occurring semiconductors that could boost this solar driven
purification process have been proven in laboratory scale (Matthews, 1993). Wrapping
up, the solar photocatalytic process can also be applied to removal of trace metals,
destruction of organics, removal of inorganic compounds, degradation of natural
organic matter and medical applications (Alex Omo Ibhadon and Paul Fitzpatrick,
2013).



2.1.2 Principle of Photocatalysis

A
Reduction
CB (v °A-
Excitation by Recombination
photon (/2v) (heat)
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B A
+
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Figure 2.1: Principle of Photocatalysis

The acceleration of a chemical reaction by direct irradiation or irradiation of a
catalyst that minimize the activation energy for the first reaction to occur is described as
photocatalysis. Photocatalytic oxidation (PCO), which also called as heterogeneous
photocatalysis, has been applying since the mid-1970s to sanitize water from harmful
microorganisms. Besides, it has been applied to compensate for insufficiencies in spore
destruction and decontamination in ultraviolet germicidal irradiation (UVGI) air
disinfection systems (Hoffmann et al., 1995). Inertness to chemical environment and
long-term photostability has made TiO. an important material in many practical
applications, and, in commercial products ranging from drugs to foods, cosmetics to
catalysts, paints to pharmaceuticals, and sunscreens to solar cells in which TiO: is used
as a desiccant, brightener, or reactive mediator (Alex Omo Ibhadon and Paul
Fitzpatrick, 2013).

Photocatalysis processes involve the initial absorption of photons by a molecule
or the substrate to produce highly reactive electronically excited states (Amy L. et al.,
1995). When a photocatalyst is exposed with photons with energies greater than the
semiconductor’s band gap, Eg (eV), an electron is carried to the CB and leaves a
positive hole in the VB. This is called an electron-hole pair (Alex Omo Ibhadon and

Paul Fitzpatrick, 2013). The efficiency of the photocatalytic process is measured as a



quantum yield which is defined as the number of events occurring per photon absorbed.
The ability to measure the actual absorbed light is very difficult in heterogeneous
systems due to scattering of light by the semiconductor surface. It is usually assumed
that all the light is absorbed and the efficiency is quoted as an apparent quantum yield.
If several products are formed from the photocatalytic reaction the efficiency is
sometimes measured as the yield of a particular product (Amy L. et al., 1995).

The most common approach to categorize the trapping sites of electrons below
the CB is purely based on their energy position in respect to CB and depicted as
preexisting defect states,5,8—-10 suggestively called ‘shallow’ and ‘deep’ traps. The deep
traps are consensually associated to O2 defect sites, namely vacancies, which are more
abundant on TiO: surface due to unsaturated coordination related to crystal termination.
The shallow traps on the other hand are a matter of intense discussion and there is not to
date an unambiguous structural feature associated with them that is consensual (Fabio
G. Santomauro et al., 2015).

The resistance between charge-carrier recombination and charge transfer is the
one that determine overall quantum efficiency for interfacial charge-carrier transfer
(Hoffmann et al., 1995). The band positions or flat band potentials of the semiconductor
material is also of great importance which indicates the thermodynamic limitations for

the photoreactions that can take place.

2.2 Graphene oxide

Graphene, which consists of a single atomic layer of sp2 two-dimensional (2D)
hybridized carbon atoms arranged in a honeycomb structure, is a basic building block
for all graphitic forms. The initial application of graphene was in the field of electronic
devices, concentrated upon its electronic properties. The studies on graphene reveal that
it possesses other exciting properties, such as high stiffness and strength, excellent
thermal properties and promising biocompatibility (Jianchang Li et al., 2014).
The techniques concluded for synthesizing graphene can be grouped into six major
methods, i.e., mechanical cleavage, epitaxial growth, chemical vapor deposition (CVD),
total organic synthesis, and chemical method. Recently, GO has gained more attention
because it is functionalized easily with fluorescent probe and other compatible

biomolecules (Liu, et al., 2010; Pham, et al., 2011). These unique properties of GO



make it a promising nanomaterial for bioapplication. Industrially produced GO could be
used for wide range of application such as solar cell (Xinjuam, et al., 2012), hydrogen
storage(Wang, et al., 2007), transparent conductive films (Park, et al., 2010), Polymer
composite (Zhang, et al., 2009, Eda and Chhowalla, 2009), Paper like materials (Dikin,
et al., 2007), biomedicine (Mohanty and Berry, 2008; Yousefim, et al., 2012; Bykkam,
et al., 2013), fabricating nanoelectronic devices (Bunch, et al., 2007), energy storage
devices (Liu, et al., 2010), biosensors (Prabhakar, et al., 2008; Lu, et al., 2009; Zhou, et
al., 2010; Yancai, et al., 2013), catalysis (Chauhan, et al., 2011) and transparent
electrodes (Zhang, et al., 2010).

GO also possesses nontoxological effects and hence can be widely used in
medicinal research. Due to antimicrobial activity of GO, they can also be employed in
dental resin composites, bone cement, ion exchange fibers and coatings for medical
devices, biosensors and nano-biotechnology research. The results showed that GO
nanoparticles presented good antibacterial activity effective against common human
pathogenic microorganism (Bao, Qi, Dun Zhang and Peng Qi, 2011).

The fusing of graphene with TiO: can create compound with both exceptional
characters and functions of two components and lead to some additional novel
properties. Thus, graphene-based photocatalyst own great numbers of chance for the
photocatalytic CO: reduction field. Due to the unique structure and excellent electronic,
thermal and mechanical properties, graphene is expected to be catalyst supports. The
combination of graphene with TiO: can create composites with both the outstanding
characters and functions of two components and lead to some additional novel
properties. Thus, graphene-based photocatalyst possesses numerous opportunities for
the photocatalytic CO: reduction field (Liu, Jinghua, et al., 2016).

2.3 Noble Metal

Metal nanoparticles are widely used to construct structures that possess unique
electric, photonic and catalytic properties such LSPR, SERS and SEF (Zhang, YuJuan,
et al., 2012). Nanoparticles of Ag, Au, Cu, Fe and its oxides, Pd and Pt can be utilize in
catalyzing reactions, which provide immense scope for green chemistry. Fe and its
oxide nanoparticles are excellent materials for environmental remediation. Nanoscale

materials are used as sorbents for contaminants, in nanofiltration and in reactive



membranes. The use of metal nanoparticles in sensing could bring about a revolution in
biology, healthcare, military and day-to-day life (Nair, A. Sreekumaran, et al., 2007).

In particular, the extinction spectra of noble metal nanoparticles are dominated
by LSPR. These resonances are attributed to a coherent excitation of the CB electrons,
excited by means of an electromagnetic field. In the presence of the oscillating
electromagnetic field of the light, the free electrons of the metal nanoparticle undergo a
collective coherent oscillation with respect to the positive metallic lattice (Hu, Chun,
Tang, Yuchao, Jiang, Zheng, Hao, Zhengping, Tang, Hongxiao and Wong, Po Keung,
2003).

Addition or doping with noble metal, such as Pt, Pd, Ag and Au ions allow to
extend the light absorption of band gap semiconductors to the visible light. Noble
metals could be introduced to the surface of TiO: by various methods such as:
electrolysis, chemical reduction, UV photoreduction, y-reduction deposition from
colloids or adsorption of metal clusters. It was proved that doping with [Pt3(CO)6]n2-
(n=3-10) clusters could enhance the photoconversion yield by inhibition of the electron
hole recombination (Grabowska, Ewelina, Hynd Remita, and Adriana Zaleska, 2010).

The effect of the metal modification on the photocatalytic activity depends on
the type of metal, metal precursor concentration used during synthesis and the origin of
titania. Generally, the surface modified with Ag, Au and Pt clusters exhibits better
efficiency in phenol photooxidation than TiO.-based photocatalysts. It was discovered
that Ag and Pt transform titania surface to expand the photocatalytic activity both under
UV and visible light irradiation (Grabowska, Ewelina, Hynd Remita, and Adriana
Zaleska, 2010).

2.4 CO: reduction

The past few decades have witnessed the problem of global warming, which is
dominantly caused by CO- emissions from fossil fuel consumption. Therefore, seeking
for any alternative to minimize CO- emission has attracted increasing attention all over
the world. The traditional method used to solve this problem is carbon capture and
storage, but in fact this problem has never been solved radically because CO: does not
convert into other substances. The photocatalytic reduction of CO: into hydrocarbon

fuels was found to be a prospective way (Liu, Jinghua, et al., 2016). The energy grade of
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CO: is low from a thermodynamic perspective, accounting for why any transformation
to hydrocarbon requires energy infusion. The energy source should be provided without
producing more CO-, such as solar energy (Wu, Jeffrey, and Hung-Ming Lin, 2005).

Photocatalytic CO: conversion is a complicated combination of photophysical
and photochemical processes. The redox reaction is initiated by photoexcitation when
the energy of photons equal to or greater than the band gap of a semiconductor is
received by the photocatalyst. Then the electrons are excited from the VB to the CB (Li,
Kimfung, et al., 2014).

2.5 Photoreactor
The important aspect that might affect the photocatalytic efficiency is the
arrangement of catalyst particles in the photoreactor system. Photoreactor act as a holder
where phtocatalyst, reactant and photon meet. There are two main parameters that
determine the types of photoreactor for CO, photoreduction which are:
1. Phases: gas-solid, liquid-solid, gas-liquid-solid and etc.

2. Mode of operation: batch, semi-batch, continuous and etc.

Photocatalyst can normally be tested in a photoreactor configuration in suspended or
fixed form as shown in Figure 2.2. An ideal photoreactor must equip with best lighting
distribution into the system. Then, the comparative analysis of the yield of CO,
emission reduction products and reactor configuration is mainly based on quantum
efficiency. Table 1 summarizes the advantages and the disadvantages of the different
types of photoreactor systems which used for CO, photoreduction (Oluwafunmilola
Ola, M.Mercedes-Valer, et al., 2015).
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A
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Figure 2.2: Schematic of (A) slurry reactor design with top illumination, (B) optical

11

fiber reactor design with side illumination and (C) internally illuminated reactor with

top illumination.
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Table 2.1: Advantages and Disadvantages of Photoreactor Systems.

Reactor design

Advantages

Disadvantages

Fluidized and
slurry reactor

(multiphase)

(1) Temperature gradients inside the
beds can be reduced through vigorous
the solid

movements caused by

passing through the fluids
(I1) Heat and mass transfer rates
increase considerable due to agitated

movement of solid particles

(111) High catalyst loading

(1) Filters (liquid phase) and

scrubbers (gas) are needed

(I1) Flooding tends to reduce the
effectiveness of the catalyst

(111) Difficulty of separating the

catalyst from the reaction mixture

(IV) light

efficiency due to absorption and

Low utilization

scattering of the light by the
reaction medium

V) Restricted
capacities due to mass transport

processing

limitations

Fixed bed reactor

(1) High surface area
(I1) Fast reaction time
(I11) The conversion rate per unit

mass of the catalyst is high due to the

flow regime close to plug flow

(1) Temperature gradient between

gas and solid surface is common




(IV) Low operating costs due to low

pressure drop

13

Monolith reactor

(1) High surface to volume ratio and
low pressure drop with high flow rate

can be achieved

(I1) Configuration can be easily

modified

(1) Low light efficiency due to
opacity of channels of the

monolith

Optical fiber

reactor

() High surface area and light

utilization efficiency

(1) Efficient processing capacities of

the catalyst

(1) Maximum use of the reactor

volume is not achieved

(1) Heat build-up of fibers can

lead to rapid catalyst deactivation
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CHAPTER 3

METHODOLOGY

This project studies the photocatalytic activity of doping of noble metal Ag onto the
surface of the TiO, photocatalyst for the conversion of carbon dioxide, CO, to methane,
CH,. The experimental design for this study includes phocatalyst materials, synthesis of
TiO,, Synthesis of Ag-TiO,, Synthesis of RGO, Synthesis of RGO-Ag/TiO,, catalyst
characterization and Photocatalytic Reduction of CO2. A detailed study is explained in
this chapter.

3.1 Material

Titanium (IV) chloride (TiCls, 99.9%), graphite flakes (C, 99%), sliver nitrate
(AgNQO3, 99.9%), tetrahydrofuran (THF, 99%), ethylene glycol (C,HgO, 99.8%), benzyl
alcohol (C;HgO, 99.8%), potassium permanganate (KMnO4, 99.9%), sulphuric acid
(H2S04, 98%), hydrogen peroxide (H»O,, 30%), hydrogen chloride (HCI, 37%)

denatured ethanol (99.7%) and deionized water.

3.2 Synthesis of TiO;

Synthesis of TiO, is done by adding drop by drop of 1 ml of TiClin to 20ml of
anhydrous benzyl alcohol while the solution is stirred. Observe the colour of the
solution which will turn to red colour and then to orange colour and lastly will remain in
yellowish colour with white precipitate at the bottom of the beaker. The stirring process
will last for 24 hour and aged for 21 days at room temperature. Next, recover the white
precipitate by centrifugation at 300rpm for 30 minutes and rinse it thoroughly with
20mL of ethanol and follow by 20ml of tetrahydrofuran (THF) for 2 times. This process
is repeated for 3 times to ensure removal of CI" anions. Lastly, dry the TiO, sample at
room temperature. (Leong et al., 2015)
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3.3 Synthesis of Ag-TiO;

0.2g of TiO2 is added into the mixture of ethylene glycol which contains
AgNO3. The mixture is then stirred continuously for 15 minutes under visible light.
After the stirring process, the white precipitate formed is separated by centrifugation at
2000 rpm for 5 minutes. The result is then retrieved and washed it with ethanol and
distilled water. This process is repeated for 2 times and lastly dries it overnight at 90°C.
(Leong et al., 2015)

3.4 Synthesis of RGO

According to Simplified Hummers method, graphene oxide was synthesized by
adding 3.0g of natural graphite powder in the mixture of 400ml of H,SO, and 18g of
KMnO4. Then, stir the mixture for 3 days to complete the oxidation process. H,O,
solution is then added to stop the oxidation process. Next, graphite oxide is wash with 1
M of HCI and deionized water. During the washing process, the graphite oxide
underwent exfoliation to form GO gel. After that, let the GO gel to dry in vacuum at
60°C for 24 hour to obtain graphene oxide solid (GO solid). (Hummers, W.S et al.,
1958)

3.5 Synthesis of RGO-Ag/TiO,

After getting the GO solid, dissolve 0.2g of GO solid in the deionized water
under ultrasonic condition for an hour. Then add 1g of Ag/TiO; into the yellow brown
solution (GO solution) and stir for 1 hour until homogenous phase appear. Next, the
homogeneous solution is autoclaved at 180°C for 6 hour. This hydrothermal treatment
reduce GO to RGO. After 6 hour, retrieve the result through centrifugation and wash it
thoroughly through deionized water. Dry the RGO-Ag/TiO, suspension at room
temperature. (Leong et al., 2015)
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3.6 Characterization

The x-ray diffraction (XRD) patterns of the prepared photocatalyst are studied
with Burker D8 Advance instrument using Cu Ko (A = 0.154nm) radiation operating at
40 kV and 40 mA for the angle of diffraction 20 between 10 and 80 degrees with an
angular step of 0.05° s . It is used to investigate the crystalline phase composition and
the grain size of the photocatalyts (Leong et al., 2015).The Figure 3.1 shows the XRD
equipment photo that located in Central Lab.

Figure 3.1: X-ray Diffraction (XRD) machine model Burker D8 Advance

The physical structures of the sample are measured by field emission scanning
electron microscope (FESEM) at an accelerating voltage of 20 kV (JSM-7800, Joel).
Furthermore, the transmission electron microscopy (TEM) study is carried out to get the
details on the element composition, crystallography and particle size distribution of the
nanomaterials. Energy dispersive x-ray spectroscopy (EDX) detector is used to observe
the specific structural and determine the composition of the synthesis material. These
characterizations can be performed by FESEM JSM-7800F which possesses all the
methods above (Leong et al., 2015). Figure 3.2 shows the FESEM machine which is
used.
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Figure 3.2: Field Emission Scanning Electron Microscope (FESEM) model
JSM-7800F

UV visible spectrophotometer is used to measure the ability of the prepared
photocatalysts to absorb visible light. UV visible spectrophotometer (UV-2600,
Shimadzu) (Figure 3.3) which equipped with integrating sphere attachment is used.
BaSO4 are used as a reference to collect spectra. Metrohnm Autolab (PGSTAT302N) is
used to measure the transition of the photogenerated electrons in the composites. A
standard three-electrode system using platinum wire as counter electrode, Ag/AgCl as
reference electrode, and synthesized sample as working electrode was employed for the
study. 0.1 M Na2SO4 aqueous solution was used as the electrolyte solution. 500 W of
tungsten—halogen lamp with a high-pass UV filter was utilized as visible light

irradiation source (Leong et al., 2015).

Figure 3.3 UV Visible spectrometer model UV-2600, Shimadzu
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Gas chromatography (GC) is used to identify and analysing the extracted gas
samples especially methane, CH,. It is equipped with flame ionisation detector (FID)
and molecular sieve 5A. It can identify specific compound in gas mixture by using
respond factor. The respond factor of methane gas was evaluated by inserting different
concentrations of methane standards and set at 1.34 minutes. A range of +0.1 to +0.18
minutes in the respond factor of methane was observed against time due to the nature of
the column. During conditioning, the column was cleaned by let the carrier gas (He) to
circulate through the injection port, column and detector at a flow rate of 25ml/min. The
temperature of the detector and oven were increased to 453K and 458K. After 20
minutes, the oven was decreased to 323K with flow rate set to 5ml/min. During
analysis, the base temperature use to identify methane gas of the FID detector is 523K
and oven temperature is 323 for 1 minutes. Then the sample was injected into the GC.
The gas was vaporized and circulated into the column and will go through FID detector
which will generate signals to identify the components. Average of three readings was

taken. Figure 3.4 shows the GC which located in Central Lab.

| §i}

o g j
.A“:i, o
| o .

Figure 3.4: Gas Chromatography in Central Lab
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3.7 Photocatalytic Reduction of CO,
The phtocatalytic reduction of CO; is carry out in a solid gas phase photoreactor.
The experiment setup is shown as the schematic diagram in Figure 3.1. The activities
are evaluated under the visible light irradiation for the conversion of CO, with water
vapour to CH,4. A 500 W tungsten — halogen lamp with high pass UV light filter are use
as the visible light source. Synthesis powdered sample, RGO-Ag/TiO, with petri dish
are place into the chamber together with a total volume of 9.8 mL highly purified CO,
(99.9%) which are supply by the mixture of CO, and water vapour. The CO, are
bubbled through the water vapour into the chamber. In order to eliminate the impurities,
CO, gas was eject through the reactor at a flowrate of 300 mL min™ for 1 hour and then
maintain the flowrate at 100 mL min™ for the whole experiment. The comparisons
between the photocatalytic reduction of CO, and the controls method are done under
such conditions:
1. Absence of light irradiation but presence of photocatalyst and the flow of CO, and
water vapour.
2. Absence of photocatalyst but presence of light irradiation and the flow of CO, and
water vapour.
3. Absence of light irradiation but presence of photocatalyst and the flow of CO, and
water vapour.

4. Under N, and water vapour flow presence of photocatalyst and the light irradiation.

The result is collected and analyse for the CH,4 yield using gas chromatography system
(Sim et al., 2015).

Visible light

Ot \ Glass filter
R L
< :

Flowmeter I
- Bople g
l CO, + H,0
Stainless steel
reactor
CO, o !
000
Photocatalyst
Water
bubbler

Qutlet

Figure 3.5: Schematic diagram of solid gas phase photoreactor
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Characterization

FESEM image are successfully shown as the Figure 4.1.The image Figure 4.1(a)
shows the regular distribution of Ag/TiO, onto the RGO sheets and (b) shows the Ag
doped onto the surface of TiO, through efficient sustainable photodeposition method,
(c) and (d) shows the particle size of Ag nanoparticles (NPs) with lattice fringes
spacing.

Figure 4.1 Physical surface structural of the (a)and (b) RGO-Ag/TiO, and (c)
and (d)TEM images of RGO- RGO-Ag/TiO;

The structure signifies the two-dimensional transparent RGO sheets with those Ag
nanoparticles that surrounded on the surface of TiO, uniformly. The morphology of the
TiO, remain the same although it is warp by the impurities. The cross sectional of RGO-
AQ/TiO, are clearly shown in the image with the tube length of the Ag that range
between 7nm and 9nm. The synthesis photocatalyst Ag and TiO, are shown clearly by
the lattice fringes recorded in TEM image of RGO-Ag/TiO, (Figure 4.1d). The lattice
fringes with spacing 0.24 nm and 0.35nm are corresponding to the plane of Ag and TiO;
respectively.
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The characteristic of X-ray diffraction (XRD) patterns of the successfully
encapsulated RGO-AgTiO, are shown as Figure 4.2. The peaks of GO, TiO,, RGO-
TiO, and RGO-Ag/TiO; are shown in the graph. (Sim et al., 2015).

Intensity (a.u)

A: Anatasc
Ag: Silver NPs

r T T T T T T

10 20 30 40 50 60 70 80
2 Theta (Degree)

Figure 4.2: Diffraction patterns of (a) GO, (b) TiO,, (c) RGO-TiO; and (d)
RGO-Ag/TiO,

The diffraction peaks are recorded at 20= 38.1°, 44.3°, 64.4° and 77.4° which resembles
to crystal phase (1 1 1), (20 0), (2 20) and (3 1 1) of Ag nanoparticles. The intense
diffraction peaks confirms the synthesis of the Ag nanoparticles are very stable. A peak
was seen at 26= 10.6° (0 0 2) when GO sample signifying almost complete oxidation of
nature graphite into GO by expanding the d-spacing from 0.34 to 0.93 nm. In both
RGO-TiO, and RGO-Ag/TiO,, the amount of carbon species in the compound is low.
Therefore, RGO-did not show a visible diffraction peak. The mean crystalline size of
TiO, is found to be 20.29nm which is almost the same with the pure TiO, 19.68nm. The

calculation is done by using Scherrer Equation. (Equation 4.1) (Sim et al., 2015).

_ K
B B cosO

B is the full width half maximum(FWHM) for the 20 peak, K is the shape factor which

(Eq.4.1)

is 0.89 taken for the calculation, X is the wavelength of X-ray which is 0.154nm and 0 is
the diffraction angle. (Sim et al., 2015).

In the analysis of light absorption of the photocatalyst, UV visible spectroscopy
analysis was carried out and shown as Figure 4.3(A).



0.8

0.6

Absorbance (a.u)

0.4

0.2

0.0

(A)

(2)

T
300

T
400

T
500

T T
600

T
700

Wavelength (nm)

800

T
900

FRY)™

22

i
/ 132ev
T

(B)

/3/

hv (eV)

T
4

Figure 4.3: The diagram shows (A) UV visible absorption spectra (B) Calculated
bandgap energies of (a) TiO,, (b) RGO-TiO, and (c) RGO-Ag/TiO;

The line move towards visible light region is clearly seen for RGO-TiO, and RGO-
Ag/TiO,. This portrayed narrow bandgap energy on the RGO plane. This significant
shift determines the incorporation of RGO in the photocatalyst through Ti-O-C bond.
The improvement in the visible light region at ~460nm can be seen after incorporation
of Ag nanoparticles into RGO-Ag/TiO,. The doping of Ag nanoparticles on the surface
of photocatalyst, TiO, leads to visible light absorption. Figure 4.3(B) shows the
calculated bandgap energy for the prepared photocatalysts. After the incorporation of
RGO, the bandgap energy of TiO, was tuned to 2.9eV. The reduction of bandgap is
caused by the Ti-O-C bond. The electron surface of TiO, is bonded with unpaired m-
electrons and shift the electron to the valance band edge. The observed phenomenon
boost the RGO-Ag/TiO2 with a notable visible light performance. (Sim et al., 2015).

4.2 Photocatalytic Reduction of CO,

There is a series of control experiments were carried out to proof that the mainly
yield of methane, CH,; is come from photocatalytic reduction of CO,. The control
experiments are:

1. Absence of light irradiation but presence of photocatalyst and the flow of CO2 and
water vapour.
2. Absence of photocatalyst but presence of light irradiation and the flow of CO2 and
water vapour.
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3. Absence of light irradiation but presence of photocatalyst and the flow of CO2 and
water vapour.

4. Under N2 and water vapour flow presence of photocatalyst and the light irradiation.
Figure 4.4 indicates the insignificant CH, yield presence in these control tests. This
reveals that most of the CH, is produce by the present of photocatalyst, CO,, water
vapour and light irradiance. The graph in Figure 4.4 shows that the total CH, yield
increase in order from anatase TiO,, (5.67 pmol m ?) < RGO-TiO, (6.89 pmol m ?) <
Ag-Ti02(9.03 pmol m %) < RGO-Ag/TiO2(10.965.67 umol m 2).
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Figure 4.4: The total yield of CH4 over Control 1, Control 2, Control 3, Control 4,
Anatase TiO,, RGO-TiO,, Ag-TiO,and RGO-Ag/TiO,.
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Figure 4.5: Time dependence on the production rate of CH4

Figure 4.5 reveals that the minimal CH,4 production rate is obtained by anatase TiO,
which has a maximum yield of 1.28 umol m %h™". It obviously shows that pure TiO, are
not sensitive to absorb visible light due to its huge bandgap. The combination of
RGO/TiO; enhance the moving electron from the anatase TiO, to RGO, hence the
production of the CH, increased to 1.60 pmol m 2h™*.The maximum production rate of
CH4 is RGO-Ag/TiO, which is 2.88 pmol m *h*. The photoreduction efficiency
increased from anatase TiO, to RGO-TiO,to Ag/TiO; and lastly RGO-Ag/TiO,,
RGO-AQ/TiO, made an increase in total yield of CH, which comparable with
anatase TiO, and RGO-TiO,. Ag nanoparticles have the unique characteristic of
negative work function (4.26eV) which can absorb the photogenerated electron of TiO,.
As the Ag nanoparticles and the RGO combined, the electron will be absorbed from the
Ag nanoparticles to surface of RGO. Moreover, the LSPR phenomenon was excited by
the adoption of noble metal under presence of visible light. The presence of visible light
triggered Ag nanoparticles surface plasmon and cause generation of high concentration
electron on its surface. The occurrence of electron collision excited the electron
movement from valance band (VB) to conduction band (CB) of TiO, Then, the
contacted RGO surface quickly transfers those electrons through m- conjugation

structure. Ag nanoparticles mainly reduces the conduction electron bandgap (CB),
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makes the electrons easier to jump from the VB to the CB of TiO2. This effective
movement of electrons from Ag to RGO surface prolongs the life span of the charge
carriers. As the electron was excited from VB to CB, there is an occurrence of holes at
VB.

Furthermore, the excess formation of the electron through Ag will also reacts
with the surface absorb oxygen to form superoxide anion radical (O,") whereas the holes
form active radicals (OH) by reacting with water molecules (H20). The OH radicals
triggered suppression of electron-holes recombination. This default was conquered by
doping Ag/TiO,onto RGO sheets surface to prolong the lifetime of electron-hole pairs.
The electrons trapped at RGO will reduce the CO, to CO. Then produced CO then
combine with hydrogen ion through reduction process to yield CH4. (Figure 4.6) (Sim
etal., 2015).

VACUUM LEVEL

Figure 4.6: Excitation mechanism of RGO-Ag/TiO2 photocatalyst under visible
light irradiation.



4.3 Project Management

4.3.1 Budget and Cost Analyses
Table 4.1: List of Cost Chemicals
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Chemicals Quantities Cost (RM) Total Cost

(RM)

1. TiCl, (99.9%) 1 317 317

2. C (99%) 1 2,221 2,221

3. AgNO3 (99.9%) 1 1,132 1,132

4. C4Hs0 (99.9%) 1 783 783

5. C,Hg0; (99.8%) 1 726 726

6. C7Hs0 (99.8%) 1 905 905

7. KMnOy4 (99.9%) 1 109 109

8. H,S04 (98%) 1 138 138

9. H,0, (30%) 1 145 145

10. HCI (37%) 1 152 152

11. C2Hs0O (95%) 1 138 138

TOTAL (including 7,171.96
GST)




Table 4.2: List of Cost Materials of Reactor
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No. Materials Quantities Cost (RM) Total Cost
(RM)
1. Dwyer Rate Flowmeter 2 119.00 238.00
2. Pressure Gauge 1 180.00 180.00
3. Stainless Steel Ball Valve 2 30.00 60.00
4. Push In Fitting 1/8-6 10 541 54.10
5. Push In Fitting 1/4-6 3 6.25 18.75
6. Elbow Push In Fitting 1 15.00 15.00
1/4-6
7. Push In Tee Fitting 1/4-6 1 13.25 13.25
8. U-clip 4 3.00 12.00
9. Brass Reducing Bush 1 4.24 4.24
1/4x1/8
10. Brass Reducing Bush 3 5.30 15.90
3/8x1/4
11. Black Tubing 5 3.20 16.00
12. O-Ring 11 4 0.35 1.40
13. O-Ring 30 1 0.75 0.75
14. Cable Gland 3.5-6 6 1.10 6.60
15. Labotary Glass Bottle 1 15.00 15.00
250ml
16. Aluminium Sheet 1 200.00 200.00
17. Mild Steel Square Tube 1 200.00 200.00
TOTAL (including GST) 1,051




4.3.2 Workflow
Table 4.3: Project Workflow
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ACTIVITY

Short briefing from Dr Che Ku

Discussion on the project about the
photocatalyst experiment and
photoreactor

Describe all the methodology

i.  Materials
ii.  Synthesis of TiO,
iii.  Synthesis of Ag-TiO;
iv.  Synthesis of RGO
v.  Synthesis of RGO-Ag/TiO,
vi.  Characterization
vii.  Photocatalytic Reduction of CO,

Preparation the application form of
workshop, training chemical harzadous
and risk assessment

Start the photocatalyst experiment

Characterization

Poster preparation

Thesis write-up

Submission of first draft thesis report,
extended abstract and logbook

Mock presentation of project

Improvisation of the final individual
thesis report

Submition of Presentation Approval
Form and poster

Submission of the final individual thesis
report, extended abstract, peer evaluation
form and general handling form

Presentation of the project
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Global warming is very crucial problem that occurs nowadays. Carbon dioxide,
CO; emissions are one of the main causes of global warming. Our project entitles
“Development of Photocatalyst for CO, Conversion to Hydrocarbon Fuel” mainly find a
solution to tackle the excess CO, in our atmosphere. Among all semiconductors,
Titanium dioxide, TiO, has a valuable properties. It can be use on reducing CO, through
simple method. However, the limitation of TiO, is due to its large band gap.
Furthermore, TiO, will only respond under ultraviolet light which is 2% to 5% sunlight.
After concluding, it is important to carry out investigation on the photoconversion of
CO; by using modified TiO, to enhance the conversion of CO, to useful hydrocarbon
fuel.

The synthesis of photocatalyst, RGO-Ag/TiO, was successfully done in our
project through a simple method. The photocatalyst TiO2 is doped with noble metal
Sliver, Ag and then been warped onto the surface of RGO. The Ag can enhance the
electron transfer from the TiO, to RGO and increase the rate of conversion of CO, to
methane, CH,. The Ag nanoparticle supported the composited through energetic LSPR
phenomenon which increase the production of hydroxyl radical and delayed the electron
and holes. It is a significant photocatalyst which can reduce CO, under presence of light
irradiance. Therefore, the composition of RGO-Ag/TiO, provides an opportunity to
simply describe the methodology to tackle the causes of global warming.

A series of characterization was carried out to determine the acceptance of
visible light on the composite RGO-Ag/TiO,. Field emission scanning electron
microscope, FESEM is used to determine the physical surface structure of the
photocatalyst. The morphology does not change as the doping of noble metal occurs.
Transmission electron microscopy, TEM study the details on the element composition,
crystallography and particle size distribution of the nanomaterials. While, dispersive x-
ray spectroscopy, EDX detector is used to observe the specific structural and determine
the composition of the synthesis material. X-ray diffraction, XRD analysed the

crystalline phase composition and the grain size of the photocatalyts. The peak of
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diffraction shows the phase structure of the Ag which is 77.4° for RGO-Ag/TiO,. UV
visible spectrometer use to determine the absorption of visible light of the photocatalyst.
RGO-AQ/TiO; has the highest light absorption value. Gas chromatography, GC is use at
last to identify the presence and the concentration of methane gas. The highest

concentration of the CH, is produced by photocatalyst RGO-Ag/TiO,,

5.2 Recommendation

All in all, this project is focus on the synthesis and the characterization of
photocatalyst which doped by noble metal for the reduction of CO, under visible light.
The limitation of economic and technical must be overcome if this alternative energy
needs to be commercialised. The expenditure for the feedstock such as CO, H,O and
solar energy will contols the fuel price. The characteristic of the CO, is also a concern to
produce significant CH,4. The cost will also need to include the overall cost of the capital
such as equipment for example solar collectors. Furthermore, the scale up photoreactor
needs to be reconfigured due to get the most efficiency of CO, reduction. Therefore, the
next phase on the development of photocatalyst RGO-Ag/TiO, should be focus on the
testing of performance and processing capacity in a given reactor volume. Besides, the
understanding of engineering aspects of CO; reduction is also needed an efficient
reactor. Therefore, the efficiency on designing the photoreactor is encouraged to
enhance the conversion efficiency. Besides, further works on different composition of
flue gas streams can be used as a feedstock for CO, reduction. The impurities of the
concentration of CO, can be determine and used to achieve the best concentration of
CO..
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APPENDICES

Figure 1: This is our photocatalyst RGO-Ag/TiO,

Figure 2: This is the real prototype of photocatalyst reactor
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