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ABSTRACT 

 

 This research aims to the development of photocatalytic α-Fe2O3/TiO2 for 

hydrogen production by using noble metal deposition and plasma treatment. This 

study was to modification of heterojunctions of hematite (α-Fe2O3) deposition on 

titanium dioxide (TiO2) and Palladium (Pd) co-catalyst. As the result of the 

characterization, the average crystallite size of ternary α-Fe2O3/TiO2-Pd was 22 nm 

and its band gap energy was 2.00 eV, much lower than that of the pure TiO2 

nanoparticles (3.16 eV). The α-Fe2O3/TiO2-Pd also has higher specific surface area 

and smaller EIS radius, which enhance interface activity and charge transfer.              

The α-Fe2O3/TiO2-Pd exhibited great performance, with H2 production rate of 

3490.54 µmol h-1 g-1   and excellent stability in multi-cycle H2 production. 

 Plasma modification on α-Fe2O3/TiO2 photocatalyst, the crystalline phase of 

TiO2 form changed from pure anatase to a mixture of anatase and rutile phases. The 

particle size was reduced from 25 to 20 nm. The band gap energy decreased from 

approximately 2.18 eV to 1.84 eV and exhibited a wider absorption edge under visible 

light irradiation (400–700 nm). The charge transfer resistance was reduced from 2.24 

to 1.90 kΩ. Ar-plasma modification of the surface showed the attribution of oxygen 

vacancies and Ti3+. The plasma treatment improved the heterojunction photocatalyst 

to enhance the photocatalytic activity under visible light for H2 evolution. The best 

photocatalytic activity for H2 evolution rate was obtained at 1.25 mmol h-1 for              

α-Fe2O3/TiO2-10 photocatalyst  

Keyword : Photocatalyst, Hematite, Titanium Dioxide, Hydrogen 
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CHAPTER 1 

INTRODUCTION 

1.1 Background   

 

  The energy crisis of the fossil fuel shortage and the increase of 

pollutant is the main issues of global concern. Nowadays, fossil fuels are increasing in 

energy demand [1,2]. Hydrogen (H2) is considered one of the most promising 

renewable energy for sustainable energy and the environment. H2 is an energy-

efficient, non-pollutant and clean energy (H2 burned only by-product is water) [3] 

Hydrogen production from solar light includes photoelectrochemical, photobiological 

and photocatalytic, the method is low cost and environmental friendly [4,5].  

  Photocatalytic water splitting for hydrogen production is one of the 

most methods to produce H2 from solar, photocatalytic methods is a promising 

technology for H2 evolution and separation that provides an application in H2 

evolution and wastewater treatment[6]. A semiconductor is a catalytic material that 

activity with a photon for hydrogen evolution and degradation of pollutants. Among 

semiconductor materials that have been used for photocatalytic efficiencies such as 

cadmium sulfide (CdS) [7], Zinc oxide (ZnO)[8], tungsten trioxide (WO3) [9]  and 

titanium dioxide (TiO2) [10]. TiO2 is the most widely used semiconductor material 

based for the photocatalytic process. It is used for a semiconductor in photocatalytic 

due to chemical stability, high reusability, low cost and excellent photocatalytic 

activity which include wide band gap energy (3.2 eV) [10]. Because of the wide 

bandgap energy of TiO2 is absorption from the visible light which activity of 

photocatalytic. However, TiO2 is limited for absorption from the solar region (visible 

light of 43 %) because of the pure TiO2 absorption only of UV light radiation about 4 

% of the total light [10,11]. The methods to modify the surface of semiconductor 

material are a key factor for photocatalytic efficiency. Numerous methods have been 

modifying photocatalytic material such as noble metal doping, metal doping [12], ion-

doping  [13] and modification surface [10]. Hematite (α-Fe2O3) is a noble metal 

oxide, with wider absorption visible light (400-700 nm) and low band gap energy 

(2.0-2.3 eV), due to its excellent nontoxic and is cost-effective [10]. 
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 The noble metal deposition of α-Fe2O3 on the TiO2 can improve to wider 

absorption under visible light. Moreover, the deposition of ternary on the 

heterojunction can be improved photocatalytic activity, trapping the recombination 

electron-hole pair. The enhanced efficiency of photocatalytic activity has been 

reported deposition on heterojunction photocatalyst by platinum (Pt), silver (Ag) and 

palladium (Pd) etc.  Palladium (Pd) is one of the noble metals due to its chemical 

properties are similar to platinum (Pt), high surface area, and great electron transfer 

chemical stability [11]. For the modification surface, the plasma treatment is a method 

for modifying the surface by etching of surface which changes the surface properties 

to enhanced photocatalytic activity. In addition, these methods of modifying to 

generating of oxygen vacancy and highly stable of Ti3+ on the surface of TiO2, the 

increasing of the surface area including absorption under visible light and UV 

radiation and improve photogeneration of charge carrier [10]. 

  This research aimed to improve the photocatalytic material of 

heterojunction of α-Fe2O3/TiO2 with the ternary of Pd nanoparticle, and modification 

of the surface by plasma treatment for obtain for improve photocatalytic activity for 

hydrogen production under solar light and visible light. The photocatalytic membrane 

was to modify by plasma for H2 production. The characterization of material in the 

surface morphology, chemical crystallite size, charge carrier separation, charge 

transfer, particle size, optical bandgap energy, elemental composition and chemical 

state, respectively. Finally, the photocatalytic material was investigated for H2 

production, stability and investigated in H2 production.   
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1.2 The objective of this research was as follows  

 

• To synthesis of the heterojunction hematite (α-Fe2O3) on titanium dioxide 

(TiO2) photocatalytic and cocatalyst with palladium (Pd)  

• To modified of photocatalytic hematite (α-Fe2O3) on titanium dioxide (TiO2) 

photocatalytic by plasma treatment for hydrogen evolution 
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CHAPTER 2 

 
 This study presents the development of heterojunction S-Scheme α-

Fe2O3/TiO2 photocatalyst with Pd cocatalyst for enhanced photocatalytic H2 

production activity and stability. The α-Fe2O3/TiO2-Pd was obtained characterization 

by various techniques including XRD, UV-vis, FE-SEM, TEM, EDS and XPS, 

respectively. The migration of photogenerated charge carriers was performed by PL 

emission and transient photocurrent response. The ternary heterojunction of               

α-Fe2O3/TiO2-Pd exhibits improve photocatalytic activity towards H2 evolution rate 

and its stability under exposure to visible light is investigated. This article has been 

published in the title of “S‑Scheme α‑Fe 2O3/TiO2 Photocatalyst with Pd Cocatalyst 

for Enhanced Photocatalytic H2 Production Activity and Stability in Catalysis Letters. 
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PAPER I 

 

S-Scheme α-Fe2O3/TiO2  Photocatalyst with Pd Cocatalyst for Enhanced 

Photocatalytic H2 Production Activity and Stability.  
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CHAPTER 3 
 

 This chapter presents the modification of heterojunction photocatalyst of       

α-Fe2O3/TiO2 nanocomposite by Ar-plasma treatment for hydrogen evolution. The    

α-Fe2O3/TiO2 has obtained a characterization of the crystal structure, optical 

properties, bandgap energy, surface morphology, elemental composition and charge 

carrying capacity of the photocatalyst nanocomposite was investigated. Finally, the 

performance of α-Fe2O3/TiO2 for the H2 production and photocatalyst stability was 

investigated. This article has been published in the title of “Modification of surface    

α-Fe2O3/TiO2 photocatalyst nanocomposite with enhanced photocatalytic activity by 

Ar gas plasma treatment for hydrogen evolution” in the Journal of Environmental 

Chemical Engineering. 
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CHAPTER 4 

CONCLUSIONS 

 
 In summary, the development of photocatalytic material of improving 

photocatalytic activity by noble metal deposition and plasma treatment for hydrogen 

production. The photocatalyst heterojunction of S-scheme α-Fe2O3/TiO2 

nanocomposite with the ternary of Pd were synthesis by sol-gel methods for increased 

H2 production rate. As the result of the characterization, the average crystallite size 

was 22 nm. The band gap energy was decreased from 2.18 to 2.00 eV and the stronger 

intensity absorption under visible light. The deposition of Pd ternary over                  

α-Fe2O3/TiO2 was improve the recombination and separation efficiency of charge 

carriers. The H2 evolution rate was increased from 74.60 µmol h-1 to 349.54 µmol h-1 

and the reusability was decreased 10 % under visible light. The possible mechanism 

of heterojunction photocatalytic has been presented in S-Scheme heterojunction and 

Type-II heterojunction has been descript in Chapter 2 and Chapter 3.     
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Fig. 4.1 Mechanism of photocatalyst over α-Fe2O3/TiO2 and Pd cocatalyst in S-Scheme and 

Type-II heterojunction  

 

Table 4.1 Summarize of characterization and performance of photocatalyst samples 

Photocatalyst 
UV-vis 

(λ,nm) 

Average 

crystallite 

size (nm) 

Crystallinity 

(%) 

Band gap 

Energy (eV) 

H2 

production 

(µmol h-1) 

Reusability 

α-Fe2O3/TiO2 ≥420 23.5 92.55 2.18 74.60 NA 

α-Fe2O3/TiO2-Pd ≥420 22.11 94.54 2.00 349.54 90% 

α-Fe2O3/TiO2-10 ≥420 21.50 78.23 1.84 1250 94% 
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 The modification of photocatalytic heterojunction α-Fe2O3/TiO2 by Ar plasma 

at 50 watts of 5-20 min was investigated. As a result, the plasma modification was 

obtained mixed of anatase and rutile phase were presented, the average crystal size 

was decreased from 25 nm to 20 nm and the band gap energy was reduced from 2.18 

eV to 1.84 eV. The charge transfer resistance was reduced from 2.24 to 1.90 kΩ for α-

Fe2O3/TiO2 and α-Fe2O3/TiO2-10. The Ar plasma treatment at 10 min (α-Fe2O3/TiO2-

10) shows the highest H2 production rate at 1250 µmol h-1 when compare with the α-

Fe2O3/TiO2. Therefore, the concludes in this work to the development of α-

Fe2O3/TiO2 photocatalyst of characterization and the performance is summarized in 

Table 4.1 Chapter 4. 
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APPENDIX 

PAPER I SUPPORTING INFORMATION 
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PAPER II SUPPORTING INFORMATION 
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