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ABSTRACT 

 

Alkanolamines such as diisopropanolamine (DIPA) are used to treat natural gas in order 

to remove the acid gases, such as carbon dioxide, CO2 and hydrogen sulfide, H2S in it. 

The wastewater of this process contained high amount of the amines in which causes 

the COD reading to be high. Therefore, methods of degrading the recalcitrant pollutant 

were introduced using photo-Fenton reaction, in which Fe catalysts is added into the 

wastewater and the reaction took place under the illumination of light. The wastewater 

undergo oxidation process producing •OH radical which later will react with the amines 

and degrade them. Focusing on one method to synthesize the catalysts, few catalysts 

were developed to help in the degradation process of DIPA. The catalysts are 

characterized and tested in the wastewater in the presence of UV and visible light. The 

catalysts are characterized in order to obtain the suitable catalysts that will give higher 

DIPA degradation in the wastewater. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 BACKGROUND OF STUDY 

1.1.1 Wastewater contaminated with DIPA 

Amine solutions are used to remove hydrogen sulfide (H2S) in the gas sweetening 

process. There are two principle amine solutions used, monoethanolamine (MEA) and 

diethanolamine (DEA). Being the secondary amine of the alkanolamine group, 

diisopropanolamine (DIPA) is used to remove hydrogen sulfide (H2S) and carbon 

dioxide (CO2) from gasses. DIPA systems are similar to MEA systems but it offer more 

advantages such as the carbonyl sulfide (COS) can be removed and regenerated easily 

and the system is generally noncorrosive and requires less heat input. Wastewater 

contaminated with DIPA is constantly generated.  

Water that has been polluted by this organic pollutant cannot be easily discharged into 

the mainstream. Plus, high Chemical Oxygen Demand (COD) of the contaminated 

wastewater make it impossible to be treated by the conventional wastewater treatment. 

Since the wastewater that has been highly contaminated with DIPA is sent to the 

contractor to be disposed, the disposal cost will be relatively high due to large volume 

of wastewater generated. Pretreatment of waste is necessary before entering the 

wastewater treatment plant to meet the standard of requirement. 

1.1.2 Technology to treat wastewater contaminated with DIPA 

Treatment technology to degrade this organic compound is still need to be developed. 

Advanced Oxidation Processes (AOPs) have proved their abilities to mineralize organic 

contaminants present in wastewater. The main feature of AOPs is hydroxyl radical 

(OH°) which has a high oxidation potential and acts rapidly with most organic 
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compounds. Table 1.1 below shows the redox potential standards of some oxidant 

species. Hydroxyl radicals posses the redox potential value of 2.80V which is higher 

compared to other oxidant. Fluorine posses the highest redox potential value which is 

3.03V. However, fluorine is not suitable to be used in the experiment due to 

environmental issues. 

Table 1.1: Redox potential standards of some oxidant species 

Oxidant Redox Potential, E°, V. 

Fluorine 3.03 

Hydroxyl radical 2.80 

Atomic oxygen 2.42 

Ozone 2.07 

Hydrogen peroxide 1.77 

Permanganate ion 1.67 

Chlorine 1.36 

Chlorine dioxide 1.27 

 

Among the AOPs, Fenton’s oxidation is the simplest process which involves only 

ferrous catalyst and hydrogen peroxide. The degradability of DIPA was measured by 

the reduction of DIPA concentration in the treated wastewater sample. High percentage 

of DIPA degradation is observed using the Fenton’s oxidation process. However, 

biological treatment is still needed in order to complete the degradation process. 

Various methods are carried out to increase the degradability efficiency of the process. 

One of the ways to further increase the COD removal of organic compounds in 

wastewater is using photo-Fenton process. Photo-Fenton, which is the reaction of 

Fenton’s reagent with hydrogen peroxide (H2O2) aided by the light source is invented 

by the researcher. Using this process, higher COD removal can be obtained compared to 

the Fenton’s oxidation process. 
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1.1.3 Catalyst 

Catalyst is needed in the photodegradation study. To obtain a high percentage of DIPA 

degradation, catalyst that is going to be used must have a high durability and resistance 

to prevent itself from degrading together with DIPA.  In modified photo-Fenton 

process, Fe/TiO2 catalyst is used instead of Fe catalyst only. The catalysts will be 

synthesized using wet impregnation method. Characterization of catalyst involves the 

process of determining the properties of the catalyst using several equipments. 

Performance study will be conducted to test the synthesized catalysts in the wastewater 

containing DIPA. This study is important to determine the best catalyst with higher 

percentage of DIPA degradation.  

1.2 PROBLEM STATEMENT 

Fenton oxidation has proved its capability of degrading the wastewater contaminated 

with DIPA. However, this system still required extended duration for complete removal 

of organic compounds. Since the degradation efficiency for the oxidation process can be 

accelerated by irradiation with UV light, photo-Fenton system is used instead of Fenton 

system. Using this system, complete mineralization is achieved in shorter time 

compared to the previous system.  

   Fe
2+

 + H2O2           Fe
3+

 + OH
-
 + OH•………………………..(1) 

In photo-Fenton process, homogeneous catalyst which is the ferrous ion (Fe
2+

) is used 

in the presence of hydrogen peroxide (H2O2). The reaction between Fe and H2O2 will 

produce (OH°) which is essential in the degradation process. Fe
3+

 ion which is the by-

product of the reaction will dissolve into the solution. A fine ferric sludge will form 

when the solution pH was increased during the neutralization stage. The formation of 

sludge will be a drawback of this process as this will requires a sludge handling system 

prior to disposal of treated water. Plus, it is difficult to retrieve the ferrous ion Fe
2+

 used 

during the reaction.  

When the heterogeneous catalyst is used instead of homogeneous catalyst, the catalyst 

separation process is expected to be easier. The resultant effluent from the system also 
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will be free from any sludge or suspended solid originating from Fenton’s reagent. 

Modified photo-Fenton system used the concept of heterogeneous catalyst. The catalyst 

is modified into powder form where the TiO2 catalyst is introduced to be the support to 

the Fe catalyst. This Fe/TiO2 catalyst is used in the photo-Fenton process in the 

presence of light in order to increase the percentage of DIPA degradation. 

Various method can be use to dope the Fe catalyst to the TiO2 catalyst. The most 

common method that usually used is wet impregnation method. The catalysts are 

characterized and tested using the wastewater in the presence of UV and visible light in 

order to obtain the suitable catalysts that will give higher rate of DIPA degradation in 

the wastewater. 

1.3 OBJECTIVES 

1) To synthesize catalyst for photocatalytic oxidation of DIPA. 

2) To characterize the catalyst that has been prepared. 

3) To study the performance of synthesized catalyst using visible and UV light. 

1.4 SCOPE OF STUDIES 

This work has been undertaken to experimentally synthesize the catalyst for further 

usage in degradability of diisopropanolamine (DIPA) using modified photo-Fenton’s 

process. One method will be used to dope the Fe to TiO2 to form Fe/TiO2 catalyst which 

is wet impregnation method. The catalyst will be synthesized by varying the weight 

percent (wt%) of Fe in ferric solution, calcinations temperature and time. After that, the 

catalyst needed to be characterized to know its physical properties. The crystal 

structure, morphology, light adsorption, and photocatalytic properties of the catalysts 

were examined by X-ray Diffraction, Field Emission Electron Microscopy, and 

Ultraviolet-Visible Spectrophotometry. The performance of the synthesized catalyst 

under visible and UV light will be observed. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Usage of amine group in gas sweetening process 

Natural gas from some wells contains significant amounts of carbon dioxide and sulfur. 

This natural gas, is commonly called ‘sour gas’ due to the rotten smell provided by its 

sulfur content. Sulfur exists in natural gas as hydrogen sulfide (H2S). If the hydrogen 

sulfide content exceeds 5.7 milligrams of H2S per cubic meter of natural gas, the gas is 

considered as sour (Processing Natural Gas, retrieved: June 2012). ‘Sweetening’ the gas 

is referred to the process of removing hydrogen sulfide (H2S) and carbon dioxide (CO2) 

from natural gas. This treating unit is commonly used in refineries, petrochemical 

plants, natural gas processing plants and also some other industries. Amine solutions are 

used in an absorption process to remove the hydrogen sulfide (H2S) from the produced 

gas.  

Triethanolamine (TEA) was the first alkanolamine to be used in the early gas treating 

plants. The potential of alkanolamine as absorbent for acidic gases was discovered in 

1930 by R. R. Bottoms. Since then, other members of alkanolamines such as 

monoethanolamine (MEA), diethanolamine (DEA), diisopropanolamine (DIPA), 

methyldiethanolamine (MDEA) were introduced in the market and evaluated as 

possible acid gas absorbents (Kohl et al, 1997). Water pollution caused by these organic 

pollutants will likely increase proportional to the alkanolamines usage. Development of 

technology is needed to degrade these organic compounds in wastewater effluent since 

they are used widely these days.  

2.2 Wastewater treatment technology 

Advance Oxidation Process (AOPs) showed a great potential to become the most 

favorable process in wastewater treatment. Hydroxyl radical (OH°) which is the main 

feature of AOPs, has a high oxidation potential and acts rapidly with most organic 
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compounds. Several methods can be found to produce hydroxyl radical (OH°), 

however, AOPs has the potential to degrade wide range of organic compounds which is 

impossible to be degraded by other methods. Using hydrogen peroxide photolysis, 

AOPs has been proven to degrade organic compounds such as dyes, aromatic 

hydrocarbons, amines, pharmaceutical molecules and mineral oils at low initial pH 

values (2-5) (Lou et al (1995) & Gulkaya et al (2006)). Nitrophenols, using Fenton and 

photo-Fenton reagent has also been degraded in a study (Goi et al, 2002).  

Fenton and photo-Fenton oxidation process are examples of AOPs. Involving only 

ferrous catalyst and hydrogen peroxide (H2O2), highly reactive hydroxyl radical (OH°) 

will be produced with the potential of 2.8V. This was first reported in 1876 by Fenton 

(Matthew, 2003). Using Fenton’s reagent, biodegradation of monoethanolamine (MEA) 

and diethanolamine (DEA) achieved complete degradation in 24 hours (Sabtanti et al, 

2009, Dutta et al, 2010). Removal of organic compounds occurs slowly, therefore, 

extended duration is needed for it to complete. 

2.3 Advantages of heterogeneous catalyst 

At optimum condition, (pH=3, molar ratio of 10 for H2O2 : Fe
2+

) COD removal of 73% 

was reported for degradation of waste water contaminated with diisopropanolamine 

(DIPA) (Omar et al, 2010). Major disadvantage of this process is the formation of the 

sludge from Fe
3+

 ion. Since Fe
3+

 ion dissolved into the solution, it is difficult to retrieve 

the ferrous ion, Fe
2+

 ion back (Vinita et al, 2010). Thus, replacement of homogeneous 

catalyst with a heterogeneous catalyst is hoped to prevent this problem from happening. 

Homogeneous catalyst occurs when the catalyst operates respectively in the same phase 

with the reactant such as Fe
2+

 which react in liquid phase to form Fe
3+

  ion, hydroxyl 

radical (OH°), and hydroxide ion (OH
-
) in liquid state. Heterogeneous catalyst involves 

the reaction of catalyst in different phases from the reaction. Example of heterogeneous 

catalysis involved is between powder catalysts in form solid with the presence of liquid 

hydrogen peroxide (H2O2) where the reaction occurs in liquid form. 

Some of the photo-Fenton reaction utilizes the concept of heterogeneous catalysis. The 

photocatalytic efficiency increases to 76% (highest of all samples) using F-Fe codoped 
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TiO2 where heterogeneous catalysis is applied (Zhang et al, 2011). Application of 

photocatalytic oxidation utilizing Fe/TiO2 under UV radiation was reported widely to 

degrade broad range of recalcitrant organic compounds such as phenol (Adan et al, 

2009), dyes (Asilturk et al, 2009), and pesticides (Banic et al, 2011) with superior 

photocatalytic activity compared to bare TiO2. Apart of that, photocatalytic oxidation 

utilizing TiO2 – and Pt/TiO2 – assisted photocatalyst under UV radiation was also 

reported widely to degrade broad range of recalcitrant organic compounds such as 

ethylamine, diethylamine, ethanolamine, diethanolamine and triethanolamine. This is 

proven when 55-80% of the total nitrogen recovered from initial nitrogen concentration 

was collected after the experiment (Klare et al, 2000). Another alkanolamine, 2-

dimethylamino-2-methyl-1-propanol (DMAMP), was also studied in the photocatalytic 

oxidation system utilizing TiO2 (Lu et al, 2009). 

The rate of degradation of organic pollutant with Fenton reagents can strongly 

accelerated by irradiation with UV-light. The combination of UV light with Fenton 

(photo-Fenton) is advantageous, not only it leads to ferrous catalyst recycling by 

reduction of Fe
3+

. By this, the concentration of Fe
2+

 increases and therefore the reaction 

is accelerated. The increased in efficiency of the photo-Fenton process is attributed to 

the photo reduction of ferric ion, the efficient use of light quanta and the photolysis of 

Fe
3+

 organic intermediate chelates. 

2.4 Reasons of choosing TiO2 and DIPA in the experiment 

TiO2 make a suitable candidate for the as the catalyst support due to the small ionic 

radius of Fe
3+

 (0.645Å) which is compatible to ionic radius of Ti
4+

 (0.605 Å) (Khan et 

al, 2008). DIPA is chosen as the organic pollutant in this experiment because it is 

reported that COD value of DIPA is very high which is 17 000ppm (Omar et al, 2010) 

while the value given by the local authority is only 100 ppm (Environmental quality 

(sewage and industrial effluents) regulation, 1979). 

 

 

 



8 
 

2.5 Methods available to prepare the catalyst 

The catalyst was synthesized before it is use in the photodegradation process. There are 

many methods of synthesize including wet impregnation and co-precipitation. Wet 

Impregnation method will be used in synthesizing the catalyst in this experiment. These 

two main reactions were used widely to prepare catalyst which has been used in  

photodegradation process involving recalcitrant organic compounds such as ethylamine, 

diethylamine, ethanolamine, diethanolamine and triethanolamine (Klare et al, 2000).  

2.6 Conclusion 

Until now, no study was reported on the application of Fe/TiO2 for the degradation of 

DIPA. Therefore, this study is carried out to test the effectiveness of modified photo-

Fenton to degrade this organic pollutant which is widely utilized in natural gas 

processing plant. Catalyst will be synthesized based on the  Wet Impregnation method. 

The catalyst that has been prepared will be characterized. Lastly, the performance of the 

catalyst will be studied under the reaction of visible and UV light.  
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CHAPTER 3 

METHODOLOGY 

 

This chapter explains on the experimental part of the project work, including 

description on the chemicals, procedure and operation of the experiment and analytical 

methods. The details of each experiment are also elaborated in this chapter. Basically, 

the experiment is divided in three main activities. Those activities are catalyst 

synthesizing, characterization of catalyst as well as catalyst performance study. 

3.1 CHEMICALS 

Table 3.1 below shows the list of chemicals used in this project. 

 

Table 3.1: List of chemicals used in this project 

Chemicals MW (g.mol
-1

) Tm (°C) Tb (°C) 
ρ (T = 25°C) 

(kg.m
-3

) 

DIPA 133.19 44 249 0.989 

Hydrogen 

Peroxide (H2O2) 
34.00 - - 1.11 

Iron (III) nitrate 

nonahydrate 

(Fe(NO3)3.9H2O) 

404.00 47 - 1168000 

TiO2 P25 79.87 1850 - 4260 

Glycerol 92.00 17.8 290 1261000 
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3.2 EXPERIMENTAL PROCEDURE 

3.2.1 Catalyst Preparation 

Supported titanium dioxide catalysts are widely used in a number of industrial 

processes. The role of the support may be to improve the properties such as stability of 

the active components or to participate directly in the catalytic reaction, for example, by 

providing acidic sites. The activity of the supported catalysts is strongly dependent on 

the preparation method used and on the choice of reagents and support. One method 

used to prepare Fe/TiO2 catalyst in this project is wet impregnation method. Figure 3.1 

below shows the summary of the procedures to prepare the Fe/TiO2 catalyst. 

 

3.2.1.1 Wet Impregnation Method 

 

 

Ferric Solution (0.5 Fe wt %)  TiO2 powder 

Fe + TiO2 slurry 

Slurry 

Raw photocatalyst activation 

Photocatalyst 

+ 

Dried 

overnight in 

oven at 80°C 

Evaporation of 

water (slurry) 

at 80°C in 

water bath 

Calcination of 

the dried 

photocatalyst 

at 600°C for 1 

hour 

Figure 3.1: Summary of wet impregnation catalyst preparation method 
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3.2.2 Catalyst Characterization 

Specific equipment can be used in order to find the properties of modified catalyst. 

Some of the equipments used in this project are listed in the table 3.2 below: 

3.2.2.1 Equipments 

 

Table 3.2: List of equipments used in this project 

Equipments Evaluate 

Field Emission Scanning Electron 

Microscopy (FESEM) 

Grain size, surface roughness, porosity, 

particle size distributions, material 

homogeneity and intermetallic distribution 

and diffusion. 

Surface Area and Pore Size Analyzer 

(ASAP) 

Specific surface area and pore size 

distribution 

Thermal Gravimeter Analyzer (TGA) Assessment of moisture, volatiles  and 

composition, thermal and oxidative 

stability as well as decomposition kinetics 

X-Ray Diffraction (XRD) Crystal structure / pattern 

UV-Vis Spectroscopy Light absorption range 

 

 

3.2.3 Catalyst Performance Study 

The measuring key of this study is the concentration of DIPA that can be removed from 

the wastewater. In this experiment, some parameters will be kept constant such as: 

i. Amount of DIPA (e.g. 500 ppm) 

ii. pH (e.g. 7) 

iii. Weight of the catalyst (e.g. 0.5 g/L) 

iv. Dosage of hydrogen peroxide (e.g. 450 mg/L) 

The parameters that can be varied are: 

i. Source of light (e.g. visible and UV light) 
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ii. Sets of catalyst. 

Catalyst performance study is conducted in a jacketed glass reactor covered with 

aluminium foil to avoid any hazard from UV light. A quartz tube with an 8W low 

pressure mercury lamp was inserted into the reactor. In this study, the degradation of 

DIPA is measured by observing the decreasing concentration of DIPA using High 

Performance Liquid Chromatography (HPLC). The standards of HPLC are as below: 

 

Table 3.3: The standards of HPLC 

Agilent 1100 HPLC 

Column YMC Pack Polymer C18 (250 x 6.0 mm I.D.) 

Eluent 60/40 of 100 mM NaH2PO4 and 100 mM NaOH 

Flowrate 1.2 mL/min 

Temperature 30°C 

UV detector 215 nm 

Injection volume 20 L 
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3.2.4 Flowchart of Experimental Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

Catalysts were prepared using 

Wet Impregnation (WI) method  

(Catalyst Preparation) 

Catalyts will be sent to be 

characterized by various equipments 

(Catalyst Characterization) 

Catalyts will be tested in degrading 

DIPA using UV and visible light 

(Catalyst Performance Study) 

Figure 3.2: Flow chart of experimental procedure 
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CHAPTER 4 

RESULT AND DISCUSSION 

 

4.1 CATALYST CHARACTERIZATION 

4.1.1 Thermal Gravimeter Analyzer (TGA) 

Calcination is any thermal treatment carried out in order to decompose some 

compounds present in the catalyst, generally with evolution of gaseous products. Apart 

of that, the purpose of calcinations is to allow solid state reactions among different 

catalyst components to occur. With calcinations, all the catalysts properties, especially 

porous structure and mechanical strength will be induced in the degradation process 

later on. Thermal Gravimeter Analyzer (TGA) is important to determine the 

calcinations time and temperature of the catalyst. Catalysts are tested using this 

equipment before they are being sent into the furnace.  

 

Figure 4.1: The degrading temperature of 0.3 wt% Fe catalyst 
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Figure 4.2: The degrading temperature of 0.7 wt% Fe catalyst 

Figure 4.1 and 4.2 above shows the weight lost of the catalyst after it is dried at a 

certain range of temperature. From the results shown above, significant weight loss 

undergoes by both of the catalysts after 200°C of drying. After 700°C of drying, the 

catalyst has experienced complete weight lost. Therefore, the calcinations temperature 

of the catalyst is decided to be at 600°C and 700°C respectively. This is because, the 

catalyst need to be tested before and after it loss all of its component’s weight 

completely. 
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Figure 4.3: The degrading time of 0.3 wt% Fe catalyst 

 

Figure 4.4: The degrading time of 0.7 wt% Fe catalyst 

Figure 4.3 and 4.4 above shows the weight lost of the catalyst after it is dried at a 

certain range of time. From the results shown above, significant weight loss undergoes 

by both of the catalysts after 10 minutes of drying. After 35 min of drying, the catalyst 

has experienced complete weight lost. However, the calcinations time of the catalyst is 

decided to be at 1 and 2 hours. This is because, the normal calcinations time for catalyst 

containing TiO2 particles are at 1 and 2 hours subsequently. Calcination of TiO2 
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catalysts for photochemical oxidation of concentrated cholophenols under direct solar 

radiation is found to be optimum at 500°C for 2 hours (Ba-Abbad, M. M. et al, 2012). 

4.1.2 Field Emission Scanning Electron Microscopy (FESEM) 

Morphology and diameter of the particles can be seen through this equipment. These 

two characteristics of the particles will give some impact to the reactivity of the catalyst 

with the wastewater later on.  

 

Figure 4.5: Image of 0.3 wt% Fe catalyst calcine at 600°C for 2h 
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Figure 4.6: Image of 0.7 wt% Fe catalyst calcine at 600°C for 2h 

The morphology of the particles of both catalysts is irregular pattern. Particles of both 

of the as-synthesized catalysts are approximately 3–5 μm in size. The catalyst with 0.7 

wt% of Fe has larger diameter which is 3.5 μm compared to catalyst with 0.3 wt% of Fe 

which has diameter of 3.3 μm. With increasing weight percent of Fe, the particles form 

larger aggregates while morphology of the particles remains the same. Larger 

aggregates cause the surface area of the catalysts to be low.  

 

 

 

 

 

 

 

 

Figure 4.7: Energy dispersive X-ray spectrometry (EDX) of 0.3 wt% 

Fe, 600°C, 2h 
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Energy dispersive X-ray spectrometry (EDX) analysis of the 0.3 and 0.7 wt% Fe 

catalysts at 600°C shows peaks for titanium, oxygen and ferrous element. There is no 

trace of any other impurities could be seen within the detection limit of the EDX as 

presented in Figure 4.7 and 4.8. 

Based on observation, 0.3 wt% Fe, 600°C, 2h catalyst has higher tendency to degrade 

more DIPA since it has smaller diameter of particles compared to 0.7 wt% Fe, 600°C, 

2h catalyst. 

4.1.3 Brunauer-Emmette-Teller (Surface Area & Porosity) 

The size and number of pores determine the internal surface area. It is usually 

advantageous to have high surface area (large number of small pores) to maximize the 

dispersion of catalytic components. However, if the pore size is too small, diffusional 

resistance becomes a problem. BET test can give both the values of surface area and 

pore size of the catalysts.  

Table 4.1: BET surface area of the catalysts 

Catalysts BET Surface Area (m
2
 g

-1
) 

0.7 wt% Fe, 600°C, 1h 39.5713 

0.7 wt% Fe, 600°C, 2h 34.2946 

0.3 wt% Fe, 600°C, 1h 32.7918 

0.3 wt% Fe, 600°C, 2h 30.2452 

0.3 wt% Fe, 700°C, 1h 12.8040 

0.3 wt% Fe, 700°C, 2h 12.3926 

Figure 4.8: Energy dispersive X-ray spectrometry (EDX) of 0.7 wt% 

Fe, 600C, 2h 
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0.7 wt% Fe, 700°C, 1h 12.1464 

0.7 wt% Fe, 700°C, 2h 11.4147 

 

Bare TiO2 catalysts (TiO2 P-25 Degussa) has surface area of 63 m
2
 g

-1
. (Yodyingyong, 

S., 2011). It is shown that the synthesized TiO2 samples is smaller than the standard 

sample of Degussa P-25 which is produced commercially. Catalyst that has largest 

surface area among all are 0.7 wt% Fe, 600°C, 1h catalyst followed by 0.7 wt% Fe, 

600°C, 2h catalyst, 0.3 wt% Fe, 600°C, 1h catalyst and 0.3 wt% Fe, 600°C, 2h catalyst. 

This shows that the 0.7 wt% Fe, 600°C, 1h catalyst has the potential to degrade more 

DIPA in the wastewater.  

Table 4.2: Average pore width of the catalysts 

Catalysts Average pore width (Å) 

0.7 wt% Fe, 600°C, 1h 292.2111 

0.7 wt% Fe, 600°C, 2h 312.7005 

0.3 wt% Fe, 600°C, 1h 332.4419 

0.3 wt% Fe, 600°C, 2h 337.0078 

0.3 wt% Fe, 700°C, 1h 334.655 

0.3 wt% Fe, 700°C, 2h 447.8332 

0.7 wt% Fe, 700°C, 1h 424.6054 

0.7 wt% Fe, 700°C, 2h 450.9650 

 

The surface area of the catalyst calcined at 600°C is much lower compared to the 

surface area of the catalyst calcined at 700°C. Based on observation, catalyst with larger 

surface area has smaller pore width.  

0.3 wt% Fe, 600°C, 2h catalyst has medium surface area and pore width. Thus, it can be 

the suitable catalyst to degrade more DIPA in the wastewater later on as it also has 3.3 

μm of particle’s diameter which is relatively small.   

4.1.4 UV-Vis Spectroscopy 

The catalysts are tested with this UV-VIS Spectrophotometer in order to determine the 

absorption range of the catalyst. The higher the absorptivity of the catalyst in a certain 

region, the higher the reactivity of the catalyst. Since the reaction of the catalyst in the 
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wastewater is put under the illumination of light, it is preferred to have catalyst with 

higher reactivity in the visible light. This is because UV light is more expensive than 

visible light. 

 

Figure 4.9: The range of wavelength of catalysts 

The UV region starts from 200 to 380 nm while visible region starts from 380 to 780 

nm. In UV region, all of the catalysts which have been calcined at 600°C have the 

absorbance of approximately 0.2. Bare TiO2 catalyst also shows the same pattern. 

However, all of the catalysts that have been calcined at 700°C have the absorbance of 

0.1 which is lower than the catalysts that has been calcined at 600°C. The peak of the 

reactivity is at 300nm. FeTiO2 0.7 wt%, 600°C, 2h catalyst has the highest reactivity at 

the peak with the absorbance of 0.32.  

Meanwhile in visible region, bare TiO2 catalysts have 0 absorbance which indicates that 

the catalyst is unreactive in that region. The other catalysts are slightly reactive in the 

visible region at the range of 380 to 400 nm. However, the catalysts which have been 

calcined at 600°C have the absorbance of approximately 0.13 which is lower than the 

catalysts that have been calcined at 700°C with the absorbance of approximately 0.14. 

Since 0.7 wt%, 600°C, 2h catalyst has the highest reactivity in the UV region followed 

by 0.3 wt%, 600°C, 2h catalyst, it is predicted that both of the catalyst will degrade 

more DIPA in the wastewater compared to other catalyst. 
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4.2 CATALYST PERFORMANCE STUDY 

The catalysts were tested in the reactor with initial concentration of DIPA at 500 ppm. 

The samples of the solution were taken at 30 minutes interval for two hours. This is 

because at two hours of reaction, the DIPA degradation process has already come to 

stable. 

4.2.1 Reaction under UV Light 

 

Figure 4.10: DIPA degradation rate for 0.3 and 0.7wt% of Fe catalysts calcined at 600°C for 1h and 

2h under UV illumination. 

Figure 4.10 shows the DIPA degradation rate for 0.3 and 0.7 wt% catalysts when they 

are calcined at 600°C for 1 hour and 2 hours under UV illumination. The trend shows 

that, 0.3 wt% catalyst calcined at 600°C for 2 hours has the best performance among all 

catalysts shown above. The concentration of DIPA by the catalysts reaches 0.0784 g/L 

after two hours of reaction.  
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Figure 4.11: DIPA degradation rate for 0.3 and 0.7 wt% of Fe catalyst calcined at 700°C for 1h and 

2h under UV illumination 

Figure 4.11 shows the DIPA degradation rate for 0.3 and 0.7 wt% catalysts when they 

are calcined at 700°C for 1 hour and 2 hours under UV illumination. The trend shows 

that, 0.7 wt% catalyst calcined at 700°C for 1 hour has the best performance among all 

catalysts shown above. The concentration of DIPA by the catalysts reaches 0.1306 g/L 

after two hours of reaction.  
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4.2.1 Reaction under Visible Light 

 

Figure 4.12: DIPA degradation rate for 0.3 and 0.7 wt% of Fe catalyst calcined at 600°C for 1h and 

2h under visible illumination 

Figure 4.12 shows the DIPA degradation rate for 0.3 and 0.7 wt% catalysts when they 

are calcined at 600°C for 1 hour and 2 hours under visible illumination. The trend 

shows that, 0.3 wt% catalyst calcined at 600°C for 2 hours has the best performance 

among all catalysts shown above. The concentration of DIPA by the catalysts reaches 

0.1638 g/L after one and a half hours of reaction.  
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Figure 4.13: DIPA degradation rate for 0.3 and 0.7 wt% of Fe catalyst calcined at 700°C for 1h and 

2h under visible illumination 

Figure 4.13 shows the DIPA degradation rate for 0.3 and 0.7 wt% catalysts when they 

are calcined at 700°C for 1 hour and 2 hours under visible illumination. The trend 

shows that, 0.7 wt% catalyst calcined at 700°C for 1 hour has the best performance 

among all catalysts shown above. The concentration of DIPA by the catalysts reaches 

0.1370 g/L after one and a half hours of reaction.  

Based on observation, the lower the weight percent of Fe, the lower the concentration of 

DIPA in wastewater after 2 hours of reaction. However, it depends on the calcinations 

temperature and time of the catalysts. The catalysts that have been calcined for 1 hour 

produce better results than catalysts that have been calcined for 2 hours. This is because, 

with increasing calcinations time, the particle size of the catalyst also will increase. 

Increasing particle size will cause the surface area to be smaller. This is the same with 

calcinations temperature. As the temperature increase, the particle size of the catalyst 

also will increase. (Yodyingyong, S., 2011).  

In conclusion, 0.3 wt%, 600°C, 2h catalyst has proven to be reactive in both UV and 

visible region among other catalyst that have been calcined at 600°C. On the other hand, 

0.7 wt%, 700°C, 1h catalyst has proven to be reactive in both UV and visible region 
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among other catalyst that has been calcined at 700°C. However, 0.3 wt%, 600°C, 2h 

catalyst has high reactivity in the UV region since it has degrade DIPA until it reaches 

0.0784 g/L of concentration. Therefore, 0.3 wt%, 600°C, 2h catalyst emerged as the 

best catalyst among all. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATION 

 

5.1 CONCLUSION 

5.1.1 Catalyst Preparation 

A total of eight catalysts with different calcinations time, temperature and Fe weight 

percent have been prepared. These catalysts were prepared using the wet impregnation 

method. 

5.1.2 Catalyst Characterization 

5.1.2.1 Thermal Gravimeter Analyzer (TGA) 

After drying the catalyst in the oven, few catalysts are tested using this equipment to 

determine the calcinations time and temperature. The calcinations time of the catalysts 

are decided to be at 1 and 2 hours respectively while the calcinations temperature of the 

catalysts are decided to be at 600°C and 700°C respectively. 

5.1.2.2 Field Emission Scanning Electron Microscopy (FESEM) 

The morphology of the particles of both catalysts is irregular pattern. The catalyst with 

0.7 wt% of Fe has larger diameter which is 3.5 μm compared to catalyst with 0.3 wt% 

of Fe which has diameter of 3.3 μm. 

5.1.2.3 Brunauer-Emmette-Teller (Surface Area & Porosity) 

Catalyst with larger surface area have smaller pore sizes. Since the catalyst are better 

with larger size of both of the properties, average  values of surface area and pore sizes 

can be found in 0.3 wt%, 600°C, 2h catalyst. Therefore, the catalyst emerged as the 

winner among all other catalyst. 
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5.1.2.4 UV-Vis Spectroscopy 

All catalysts that have been prepared are more reactive in UV region including bare 

TiO2 catalyst. However, in visible region, bare TiO2 is not reactive at all compared to 

other catalysts which are slightly reactive at the range of 380 to 400 nm. 

5.1.2 Catalyst Performance Study 

0.3 wt% catalyst calcined at 600°C for 2 hours give the best performance in degrading 

DIPA under the illumination of both UV and visible light. On the other hand, 0.7 wt% 

catalyst is better in both UV and visible light when it is calcined for 1 hour at 700°C. 

However, 0.3 wt% catalyst calcined at 600°C for 2 hours is much preferred as it gives 

lower DIPA concentration after two hours of reaction which is 0.0784 g/L. 

5.2 RECOMMENDATION 

1) X-ray Diffraction (XRD) test can be performed on the catalyst to find out the 

phase of the catalyst whether it is in rutile or anatase phase. Apart of that, and 

study of zero point of charge is worth to find out whether the catalyst posses the 

same or different charge with DIPA. 

2) Producing catalyst in smaller quantity tends to give more accurate result in terms 

of characterization. Thus, it is recommended to produce the catalyst in smaller 

scale at one time.  

3) Catalyst preparation method can be compared before deciding which method to 

be used in order to produce better catalyst. For example, co-precipitation method 

can be compared with wet impregnation method. 

4) In order to save time, the author only makes two hours of reaction of the catalyst 

with DIPA. The reaction can be prolonged to three hours and above to observe a 

more stable DIPA degradation reaction.  

5) Higher concentration of initial DIPA is preferred before carrying out the 

reaction. This is because, the HPLC will not be able to detect below than 100 

ppm of DIPA after degradation process took place. 
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0.3%WI 
16/11/2012 11:42:51 

Comment: 

Spectrum processing :  

No peaks omitted 

 

Processing option : All elements analyzed (Normalised) 

Number of iterations = 4 

 

Standard : 

O    SiO2   1-Jun-1999 12:00 AM 

Ti    Ti   1-Jun-1999 12:00 AM 

Fe    Fe   1-Jun-1999 12:00 AM 

 

Element Weight% Atomic%  

         

O K 44.18 70.34  

Ti K 55.39 29.46  

Fe K 0.44 0.20  

    

Totals 100.00   
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0.7% WI 
16/11/2012 11:45:14 

Comment: 

Spectrum processing :  

No peaks omitted 

 

Processing option : All elements analyzed (Normalised) 

Number of iterations = 3 

 

Standard : 

O    SiO2   1-Jun-1999 12:00 AM 

Ti    Ti   1-Jun-1999 12:00 AM 

Fe    Fe   1-Jun-1999 12:00 AM 

 

Element Weight% Atomic%  

         

O K 38.47 65.21  

Ti K 60.96 34.51  

Fe K 0.58 0.28  

    

Totals 100.00   
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