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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, CO, and hydrogen sulfide, H,S 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 (H.S) 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 (H,S) and carbon
dioxide (CO,) 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



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 (H,O,) 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.



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/TiO, 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? +Hy0, —» Fe* + OH + OHe.ooovvvviie e, (1)

In photo-Fenton process, homogeneous catalyst which is the ferrous ion (Fe®") is used
in the presence of hydrogen peroxide (H,O;). The reaction between Fe and H,O, will
produce (OH°®) which is essential in the degradation process. Fe** 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?* 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



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 TiO, catalyst is introduced to be the support to
the Fe catalyst. This Fe/TiO, 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 TiO, 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 TiO, to form Fe/TiO, 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.



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 (H,S). If the hydrogen
sulfide content exceeds 5.7 milligrams of H,S 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 (H,S) and carbon dioxide (CO,)
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 (H,S) 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



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 (H20,), 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 H,0, : Fe?*) 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* ion. Since Fe** ion dissolved into the solution, it is difficult to retrieve
the ferrous ion, Fe?* 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?* which react in liquid phase to form Fe** 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 (H,O,) 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

6



TiO, where heterogeneous catalysis is applied (Zhang et al, 2011). Application of
photocatalytic oxidation utilizing Fe/TiO, 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 TiO,. Apart of that, photocatalytic oxidation
utilizing TiO, — and Pt/TiO, — 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 TiO, (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**. By this, the concentration of Fe?* 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** organic intermediate chelates.
2.4 Reasons of choosing TiO;, and DIPA in the experiment

TiO, make a suitable candidate for the as the catalyst support due to the small ionic
radius of Fe** (0.645A) which is compatible to ionic radius of Ti** (0.605 A) (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).



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/TiO, 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.



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

. B p (T =25°C)
Chemicals MW (g.mol™) Tm(°C) Ty (°C) 3
(kg.m™)
DIPA 133.19 44 249 0.989
Hydrogen
y. J 34.00 - - 1.11
Peroxide (H,0,)
Iron (111) nitrate
nonahydrate 404.00 47 - 1168000
(Fe(NO3)39H20)
TiO, P25 79.87 1850 - 4260
Glycerol 92.00 17.8 290 1261000




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/TiO; catalyst in this project is wet impregnation method. Figure 3.1

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

3.2.1.1 Wet Impregnation Method

Ferric Solution (0.5 Fe wt %) TiO, powder

Fe + TiO, slurry

Evaporation of
water (slurry)

at 80°C in Slurry Dried
water bath overnight in

oven at 80°C

Raw photocatalyst activation

Calcination of
the dried

Photocatalyst 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 Grain size, surface roughness, porosity,
Microscopy (FESEM) particle size distributions, material

homogeneity and intermetallic distribution

and diffusion.

Surface Area and Pore Size Analyzer Specific surface area and pore size
(ASAP) 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(eg.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)

11




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 NaH,PO,4 and 100 mM NaOH
Flowrate 1.2 mL/min
Temperature 30°C
UV detector 215 nm
Injection volume | 20 uL

12



3.2.4 Flowchart of Experimental Procedure

Catalysts were prepared using
Wet Impregnation (WI) method

(Catalyst Preparation)

A 4

A 4

Catalyts will be sent to be

(Catalyst Characterization)

characterized by various equipments

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.
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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 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 TiO, particles are at 1 and 2 hours subsequently. Calcination of TiO,
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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.

EHT = 7.00 kV Signal A = InLens Date :16 Nov 2012  Time :10:52:10
WD = 3.3 mm Mag = 100.00 K X Universiti Teknologi PETRONAS

Figure 4.5: Image of 0.3 wt% Fe catalyst calcine at 600°C for 2h
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WD = 3.5mm Mag = 100.00 K X Universiti Teknologi PETRONAS

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 um in size. The catalyst with 0.7
wt% of Fe has larger diameter which is 3.5 um compared to catalyst with 0.3 wt% of Fe
which has diameter of 3.3 um. 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.
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Figure 4.7: Energy dispersive X-ray spectrometry (EDX) of 0.3 wt%
Fe, 600°C, 2h
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Figure 4.8: Energy dispersive X-ray spectrometry (EDX) of 0.7 wt%
Fe, 600C, 2h

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° g™)
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
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0.7 wt% Fe, 700°C, 1h | 12.1464
0.7 wt% Fe, 700°C, 2h | 11.4147

Bare TiO, catalysts (TiO, P-25 Degussa) has surface area of 63 m? g™. (Yodyingyong,
S., 2011). It is shown that the synthesized TiO, 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 (A)
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

um 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

20



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.

UV-Vis Spectrophotometry

0.5 1 e FeTio2 0.3wt%, 600, 2h

——FeTi02 0.7 Wt%, 600, 2h
——Fe Ti02 0.3 wt%, 600, 1h
Absorbance Fe TiO2 0.7 wt%, 600, 1h
) === Bare TiO2

\\ FeTiO2 0.3 wt%, 700, 1h

o1 1 e FeTiO2 0.3 wt%, 700, 2h
180 230 280 330 380 430 480 530 FeTiO2 0.7 wt%, 700, 1h

Wavelength, nm FeTiO2 0.7 wt%, 700, 2h

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 TiO, 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. FeTiO, 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 TiO; 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

0.4
0.35 \

0.3 0 340&39
0.25 \\

(.3 Wt%, 600 deg C, 2h

Concentration of DIPA (g/L)

0.2
\ 0.7 W%, 600 deg C, 2h

0.15 -

0.1 (.3 Wt%, 600 deg C, 1h

0.085713583
0.05 0.078426452
0 T T T T 1
0 30 60 90 120
Time (min)

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
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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 um compared to catalyst with 0.3 wt%

of Fe which has diameter of 3.3 um.
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

TiO, catalyst. However, in visible region, bare TiO, 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)

2)

3)

4)

5)

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.

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.

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.

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.

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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APPENDICES

Sample: 000-148 J123/SAPM112 0.3, 700 1hr
Operator: Omar
Submitter: Adnin
File: CAWINI0Z0\DATA\O00-146.SMP

Started: 5122012 5:115:45PM Analysis Adsorptive: N2
Completed: 6122012 2:03:23AM Analysis Bath Temp.: -195.800 °C
Report Time: 7122012 3:12:14PM Sample Mass: 0.3094 g
Warm Free Space:; 20.4785 cm? Measured Cold Free Space: 57.1260 cm? Measured
Equilibration Interval: 10 s Low Pressure Dose: Mone
Sample Density: 1.000 g/'em? Automatic Degas: Yes
Sample Prep: Stage Temperature (*C) Ramp Rate (°C/min) Time (min)
1 ao 10 30
2 300 10 240

Summary Report

Surface Area
Single point surface area at p/p®= 0.209403648: 12.2051 még

BET Surface Area: 12.8040 még
Langmuir Surface Area: 20.2766 m3/g
t-Plot External Surface Area: 15.9431 mé/g

BJH Adsomption cumulative surface area of pores
between 17.000 A and 3000.000 A diameter: 14.494 még

BJH Desomption cumulative surface area of pores
between 17.000 A and 3000.000 A diameter; 15.1331 ma/g
Pore Volume

t-Plot micropore volume: -0.001785 cm¥g

BJH Adsamption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0.121260 cmi'g

BJH Desomption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0.120087 cmi/g

Pore Size
BJH Adsorption average pore diameter (4V/A): 334.655 A

BJH Desorption average pore diameter (4V/A): 317.417 A
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Sample: 000-148 J123SAPM11/12 0.3, 700 2hr
Operator; Omar
Submitter: Adnin
File: CAWIN3020WDATALDD-148.5MP

Started: 5122012 5:15:45PM Analysis Adsorptive: N2
Completed: &/12/2012 2:03:23AM Analysis Bath Temp.: -195.800 C
Report Time: 71122012 3:12:15PM Sample Mass: 0.3001 g
Warm Free Space: 206054 cm? Measured Cold Free Space: 57.6062 cm? Measured
Equilibration Interval: 105 Low Pressure Dose: Mone
Sample Density: 1.000 g'cm? Automatic Degas: Yes
sample Prep: Stage Temperature (°C) Ramp Rate {*C/min) Time {min)
1 a0 10 a0
2 300 10 240

Summary Repont

Surface Area
Single point surface area at p/p®= 0.299391050: 11.8702 m2/g

BET Surface Area: 12,3928 ma/g
Langmuir Surface Area: 19.7391 mé/g
t-Plot External Surface Area: 15.7849 m3/g

BJH Adsomption cumulative surface area of pores
between 17.000 A and 3000.000 A diameter: 14.185 m¥g

BJH Desomption cumulative surface area of pores
between 17.000 A and 3000.000 A diameter: 14.9320 m2/g

Pore Volume

Single point adsorption total pore volume of pores
less than 0.000 A diameter at p'p°= 1.000189711: 0.138745 cmi3g

t-Plot micropore volume: -0.001932 cm¥g

BJH Adsomption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0.118583 cmig

BJH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0.128048 cmilg

Pore Size
Adsorption average pore width (4V/A by BET): 447.8332 A
BJH Adsorption average pore diameter (4V/A): 334,395 A

BJH Desorption average pore diameter (4V/A): 343.016 A
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Sample: 000-145 H23SAPM1A12 0.7-700-1hr
Operator: Omar
Submitter: Adnin
File: CAWIN3020\DATAWO00-145.5MP

Started: 41272012 8:30:53AM Analysis Adsorptive: N2
Completed: 41122012 6:20:14PM Analysis Bath Temp.: -195.800 *C
Report Time: 71272012 3:12:13PM Sample Mass: 0.2879 g
Warm Free Space: 20.7290 cm? Measured Cold Free Space: 59.0572 cm?* Measured
Equilibration Interval: 10 s Low Pressure Dose: MNone
Sample Density: 1.000 g/om? Automatic Degas: Yes
Sample Prep: Stage Temperature (°C) Ramp Rate (*C/min) Time (min)
1 a0 10 30
2 300 10 240

Summary Report

Surface Area
Single point surface area at p/p®= 0.209349782: 11.7178 ma/g

BET Surface Area: 12.1464 m2fg
Langmuir Surface Area: 19.1743 még
t-Plot External Surface Area: 14.8436 m2g

BJH Adsomtion cumulative surface area of pores
between 17.000 A and 2000.000 A diameter: 14.030 m¥g

BJH Desomtion cumulative surface area of pores
between 17.000 A and 2000.000 A diameter: 14.2016 m2/g

Pore Volume

Single point adsorption total pore volume of pores
less than 23267910 A diameter at pp*= 0.999177336: 0.128836 cmig

t-Plot micropore volume: -0.001551 cmig

BJH Adsorption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0128712 cmilg

BJH Desomption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0.123132 cmilg

Pore Size
Adsorption average pore width (4\/A by BET): 424.6054 A
BJH Adsorption average pore diamater (4V/A): 366.951 A

BJH Desorption average pore diamater (4V/A): 344.628 A
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Sample: 000-147 J123/SAPA1/12 0.7, 700 2hr
Operator; Omar
Submitter: Adnin
File: CAWIN30201DATA\Q00-147 .SMP

Started: 5122012 5:15:45PM Analysis Adsorptive: N2
Completed: 8122012 2:03:23AM Analysis Bath Temp.: -195.800 °C
Report Time: 7122012 3:12:15PM Sample Mass: 0.29589
Warm Free Space: 20.5866 cm? Measured Cold Free Space: 57.8012 cm? Measured
Equilibration Interval: 10s Low Pressure Dose: None
Sample Density: 1.000 g'cm? Automatic Degas: Yes
Sample Prep: Stage Temperature (°C) Ramp Rate (*C/min) Time (min)
1 a0 10 30
2 300 10 240

Summary Report

Surface Area
Single point surface area at p'p®= 0.299672079: 10.9765 m2/g

BET Surface Area: 11.4147 még
Langmuir Surface Area: 18.0120 m2/g
t-Plot External Surface Area: 13.7862 ma/g

BJH Adsomtion cumulative surface area of pores
between 17.000 A and 3000.000 A diameter: 12.761 m2g

BJH Desomption curulative surface area of pores
between 17.000 A and 3000.000 A diameter: 12.4788 ma/g

Pore Volume

Single point adsorption total pore volume of pores
less than 25209.214 A diameter at p/p®= 0.999240228: 0.128691 cmig

t-Plot micropore volume: -0.001363 cm¥g

BJH Adsoiption cumulative volume of pores
between 17.000 A and 3000.000 A diameter: 0.128332 cmg

BJH Desomption cumulative volume of pores
between 17.000 A and 2000.000 A diameter: 0.124240 cmaig

Pore Size
Adsorption average pore width (4V/A by BET): 450.9650 A
BJH Adsorption average pore diameter (4V/A): 402.278 A

BJH Desorption average pore diameter (4V/A): 398.250 A
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Sample: 000-631 J1S0/SARM1/12 0.3wi% WIB0OC 1hr

Operator: Omar
Submitter. Adnin

File: CA202MDATAMOVEMB~11000-631.5MP

Started:

Completed:

Report Time:
Sample Mass:

Cold Free Space:
Low Pressure Dose:

112112012 9:51:15AM
1112112012 7:34:50PM
1247/2012 3:03:46PM
0.2871 ¢

36.0416 cm?

MNone

MNotes:

N2

-195.860 °C

Mo

25.0938 cm* Measured
s

Yes

Analyziz Adsorptive:
Analysiz Bath Temp.:
Thermal Corrsction:
Warm Free Space:
Equilizration Interval:
Automatic Degas:

Summary Report

Surface Area

Single point surface area at P/Po = 0.249484001:
BET Surface Area:

Langmuir Surface Area:

i-Plot Micropare Area:

t-Plot External Surface Area:

BJH Adsorption cumulative surface area of pores

between 17.000 A and 3000.000 A width:

BJH Desorption cumulative surface area of pores

between 17.000 A and 3000.000 A width:

Pore

Single point adsorption total pore volume of pores
less than 1425334 A width at P/Po = 0.986234148

Single point dezorption total pore volume of pores
less than 937 686 A width at P/Po = 0.979387067

t-Plat micropore volume

BJH Adzorption cumulative volume of pores
between 17.000 A and 3000.000 A width

B.JH Desorption cumulative volume of pores
between 17.000 A and 3000.000 A width

31.8508 mifa
327918 mfg
43 6968 m3g
0.6363 m¥g

321355 mifg

34.893 m¥g

33.0510 m3fg

Volume

- 0.272534 cm®lg

. 0.287648 cm?lg

- -0.000060 em/g

. 0.295558 cm?lg

o 0.294531 cmilg

Pore Size

Adsorption average pore width (4\/A by BET): 3324413 A
Desorption average pore width (474 by BET): 3508784 A
BJH Adsorption average pore width (41/4): 338.319 A

BJH Desorption averans pore width (4V/4): 302.098 A
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Sample: 000-633 J190/SAPM112 0.3wt% Wi 600C 2hr

Operator. Omar
Submitter: Adnin

File: C:A2020\DATAWNOVEMB~11000-633 3MP

Started: 11/23/2012 9:52:54AM
Completed: 11/23/2012 6:28:00PM
Report Time: 127772012 3:03:49PM
Sample Mass: 0.2994 g
Cold Free Space; 26.0703 cm?
Low Pressure Dose: None

Analysis Adsorptive:
Analysis Bath Temp.:
Thermal Caorrection:
\Warm Free Space:
Equilibration Interval
Automatic Degas:

Summary Report

Surface Area

Single point surface area at P/Po = 0249166736
BET Surface Area

Langmuir Surface Area

t-Flot Micropore Area

{-Plot External Surface Area

BJH Adsorption cumulafive surface area of pores
hetween 17.000 A and 3000.000 A width

BJH Desorption cumulative surface area of pores
hetween 17.000 A and 3000.000 A width

Pore

Single point adsorption total pore volume of pores
less than 3326.707 A width at P/Po = 0994169321

Single point desorption total pore volume of pores
less than 823.500 A width at P/Po = 0.9753184286

{-Plot micropore volume

BJH Adsarption cumulative valume of pores
hetween 17.000 A and 3000.000 A width

BJH Desorption cumulative valume of pores
hatween 17.000 A and 3000.000 A width

- 29.3496 milg
- 30.2452 milg
- 44 9787 mlg
- 0.0152 m*g

30,2300 m3lg

. 34.863 m3g

- 3591456 milg

Volume

- 0.254821 cmfg

- 0.252047 cmifg

- -0.000357 cmdig

- 0.255497 cmfg

- 0.254983 cm?fg

Pore Size

Adsorplion average pore width (4V/A by BET)

Desorplion average pore width (4V/A by BET)

- 337.0078 A
© 3333380 A

BJH Adsorption average pore width (4V/4): 203.141 A

BJH Desorption average pore width (4V/4); 260548 A
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NZ

-195.841 °C

No

28.0859 cm® Measured
10s

Yes



Sample: 000-632 J190/SAPA1/12 0.Twt% WIE00C 1hr

Cperator:
Submitter:

File: CA2020\DATANOVEMB~1\000-632 SMP

Started: 11/22/2012 9:30:21AM
Completed: 11/22/2012 T:42:25FM
Report Time: 12/7/2012 3.03:48PM
Sample Mass: 0.3024 g
Cold Free Space: 851872 cm?®
Low Pressure Dose: None

Analysis Adsorptive:
Analysis Bath Temp..
Thermal Correction:
Warm Free Space:
Equilibration Interval;
Automatic Degas:

Summary Report

Surface Area

Single point surface area at P/iPo = 0.249716321
BET Surface Area

Langmuir Surface Area

t-Plot External Surface Area

BJH Adsorption cumulaiive surface area of pores
hetween 17.000 A and 3000.000 A width

BJH Desorption cumulaiive surface area of pores
hetween 17.000 A and 3000.000 A width

Pore

Single point adsorption total pore volume of pores
less than 1153.516 A width at P/Po = 0.982925440

Single point desorption total pore volume of pores
less than 859.825 A width at P/Po = 0.976955321

{-Plot micropore volume

BJH Adsorption cumulative volume of pores
hetween 17.000 A and 3000.000 A width

BJH Desorplion cumulative volume of pores
hetween 17.000 A and 3000.000 A width

- 382879 mlg
- 395713 milg
- 53.9530 m?lg

- 40.0752 m?lg

- 42.854 mig

- 47 3661 milg

Volume

- 0.285080 cm?lg

- 0.317303 cmlg

- -0.000731 cm®fg

- 0322876 cm’lg

20322147 emlg

Pore Size

Adsorption average pore width (4V/A by BET)
Desorption average pore width (4V/A by BET)
BJH Adsorption average pore width (4V/A)

BJH Desorption average pore width (4V/A)

D2022111 A
© 3207404 A
S 301.375 A
:272.048 A
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N2

-195.856 °C

No

278931 cm® Measured
10s

Yes



Sample: 000-634 J190/3APH1M2 0.7wt% Wi 600C Zhr
Operator: Omar
Submitter: Adnin
File: CA2020\DATAWWOVEME~1\000-634 SMP

Started: 11/24/2012 8:50:54AM Analysis Adsorptive: N2
Completed: 11/24/2012 6:34:28PM Analysis Bath Temp.: -195.829 °C
Report Time: 1272012 3:03:51FPM Thermal Correction: No
Sample Mass: 0.2915¢g WWarm Free Space: 28.2443 cm® Measured
Cold Free Space: 85.7645 cnm® Equilibration Interval: 105
Low Pressure Dose; None Automatic Degas: Yes
Summary Report
Surface Area

Single point surface area at P/Po = 0.249720800; 32 8433 mifg
BET Surface Area: 342846 melg

Langmuir Surface Area: 51.6539 m3lg

t-Plot External Surface Area: 37.3565 mlg

BJH Adsorption cumulative surface area of pares
hetween 17.000 A and 3000.000 A width: 39.891 m3¥g

BJH Desorption cumulative surface area of pores
hetween 17.000 A and 3000.000 A width: 42.7572 mg

Pore Volume

Single point adsorption total pore volume of pores
less than 1228.294 A width at P/Po = 0.9830983752; 0.268008 cm®lg

Single point desorption total pore volume of pores
less than £71.925 A width at PIPo = 0.977282047: 0.293298 cm®lg

t-Plot micropore volume: -0.002026 cm*fg

BJH Adsorption cumulative volume of pores
hetween 17.000 A and 3000.000 A width: 0.298923 cm®lg

BJH Desorption cumulative volume of pores
hetween 17.000 A and 3000.000 A width: 0.297881 cv®lg

Pore Size
Adsorption average pore width (4V/A by BET): 312.7005 A
Desorplion average pore width (4V/A by BET): 342.0025 A
BJH Adsorption average pore width i4V/A): 200,742 A

BJH Desorption average pore width (4V/A): 278.681 A
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16/11/2012 11:42:51

0.3%WI

Spectrum processing :

No peaks omitted

Processing option : All elements analyzed (Normalised)

Number of iterations = 4

Standard :
O Si02 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% -
. 50pm : Electron Image 1
oK 44.18 70.34
TiK 55.39 29.46 Ti Spectrum 1
Fe K 0.44 0.20
Totals 100.00
o]
Ti
=] Ti
J I\ﬂ Fe
T rrrrr Tt T} rr T ALt T [N |
Comment: 1 23 4 5 6 7 8 9 10
Full Scale 41532 ot Curzor: 0.000 ke
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16/11/2012 11:45:14

0.7% WI

Spectrum processing :

No peaks omitted

Processing option : All elements analyzed (Normalised)

Number of iterations = 3

Standard :
O Si02 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% -
. 50pm ' Electron Image 1
OK 38.47 65.21
TiK 60.96 34.51 Spectrum 1
Ti
Fe K 0.58 0.28 1
Totals 100.00
o]
Ti Ti
J)ll. — _J U\ Fe
UL L DL DR L L 0 L L B DL L BB B B
Comment: 1 2 3 4 5 B 7 5 10
Full Scale 4153 otz Cursor: 0.000 ke




Sample Name: ADNIN 0 MIN (I)

Seg. Line : 10
1 Locaticn @ Vial 10

Acg. Operator
Bcg. Inmstrument @ Instrument
Injection Date @ 1172372012 5:17:42 BM Inj : 1

Iny Volume : 20 pl
g45PL 2012-11-23 13-29-12°\MRLAYR DEA.M

: CiwCHEM3Z2WINWDATANADNINNADNIN Z3MOV_
11/16/2012 B:21:22 AM by Niamnah
CiWCHEM32W1NMETHOD3\ADNIN DIPASID.M
1172472012 11:20:2¢ EM by Jailani
(modified after loading)

Rcg. Method

Last changed
Analysis Method :
Last changed

DAD1 A, Sig=215.4 Ref=230,100 (ADNINADMIN_23MOV_84SPL 2012-11-23 15-28-12'D10-1001.0)
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Sorted By : 3
Cazlib. Data Modified Monday, November 19, 2012 4:22:59 PM
1.0000
1.0000

Diluticon Factor with ISTDs

=1

Multiplisr:
Dilution:
Use Multiplier &

Signal 1: DRD1 &, Sig=215,4 Ref=3&0,100
BztTime Type Areza Amt/Area Amcunt Grp  HName
[min] [mED*s] [g/1]

1838 0.00000 0.00000 DIFA
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Sample Name: ADNIN 30 MIN (I)

Acg. Operator » Jailani Seg. Line : 11
Acg. Instrument : Instrumsnt 1 Locaticn @ Vial 11
Injection Date : 11/23/2012 5:29:40 BM Inj 1
Iny Velume @ 20 pl
Acg. Methed : Ci\CHEM3Z2W1WDATANADNINAADNIN 23NOV_g45PL 2012-11-23 15-29-12\MARLAYA DEA.M
Last changed » 1171672012 B:21:22

EM by Niamnah

Analysis Method : C:\CHEM3Z2\1\METHCD3\ADNIN DIPASTID.M
Last changed » 1172472012 11:20:2¢ EM by Jailani
(modified after lcading)

DAD1 A, Sig=215.4 Ref=380,100 (ADNINVADNIN_23MOV_64SPL 2012-11-23 15-28-121011-1101.0)

3

ra
n
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] |/
50 |

Fa
Cad
-
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-1
=]
L=]

Sorted By 3ignal
A

Calib. Data Modified londay, Hovember 185, 2012 4:22:59 BM

1.0000
1.0000
Use Multiplier & Diluticn Factor with ISTDs

Multiplisr:
Dilution:

Signal 1: DADL &, Sig=215,4 Ref=3&0,100

BetTime Type Aresa Amt/Area Amcunt Grp  HName
[min] [mAU+3] [g/1]

------- Bt D e el Bt
7.300 VB +  121.97823 0.00000 0.00000 DIFR
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Sample Mame: ADNIN 0 MIN (I)

Acg. Operator : Jailani

Seg. Line : 12
Acg. Instrument : Instrument 1 Location @ Vial 12
Injection Date @ 1172372012 5:41:38 BM 1

138 BM Inj

Iny Volume : 20 pl
Recg. Method + C:WCHEM32W1\DATAM\ADNIN“ADNIN 2Z3NOV_e45PL 2012-11-23 15-29-12\MRLAYA DEZ.M
Last changed » 11/16/2012 3:21:22 AM by Niamnah
knglysis Method : C:WCHEM3ZWINMETHOD3'ADNIN DIPASTD.M
Last changed : 1172472012 11:20:2

& EM by Jailani
(modified after lcading)

DAD1 A, Sig=215.4 Ref=250,100 (ADNINADMIN_23MOV_84SPL 2012-11-23 15-28-121012-1201.0)

_ ﬂ
100 ‘ ||
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mit

Sorted By : 3ignal

Calib. Data Modified Monday, MNovember 19, 2012 4:22:59 PM
Multiplisr: : 1.0000

Dilution: H 1.0000

Use Multiplier & Diluticn Factor with ISTDs

Signal 1: DRD1 &, 3ig=213,4 Ref=3&0,100

BztTime Type Areza Amt/Area Amcunt Grp  HName
[min] [maD*s] [g/1]
------- R Bl B Bl el B mtminlettl bt
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Sample Name: ADNIN %0 MIN (I)

Acg. Operator Seg. Line : 13
Bcg. Inmstrument @ Instrumsnt 1 Locaticn @ Vial 13
5:53:31 BM Inj : 1

Inj Velume @ 20 pl
Reg. Method : C:\CHEM3Z%\1%DATA\ADNIN\ADNIN_ Z3NOV_¢45PL 2012-11-23 15-2%-12\MRLAYZ DEZ.M
Last changed : 1171672012 B:21:22 AM by Niamnah
Analysis Method : C:A\CHEM3ZV1WMETHOD3\ADNIN DIPASTD.M
Last changed : 1172472012 11:20:26 EM by Jailani

[modified after leoading)

DAD1T A, Sig=2154 Ref=250,100 (ADNIMWADNIN_23MON_845PL 2012-11-23 15-28-12013-1301.0)

Injection Date : 1172372012

il 7 g g mit

(=]
-
.
£ 1 —

Sorted By : Signal

Calib. Data Modified Monday, November 19, 2012 4:22:59 PM
HMultiplier: : 1.0000

Dilution: H 1.0003

Use Multiplier & Diluticn Factor with ISTDs

Signal 1: DADL &, Sig=215,4 Ref=360,100

BetTime Type Erea Emt/Area Amcount Grp Hame
[min] [mAT*3] [g/1]
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Sample Mame: ADHIN 120 MIN

Acg. Operator Seqg. Line : 4
Ecg. Inmstrument : Instrument 1 Locaticn @ Vial 14
Injection Date : 1172372012 £:05:22 BM 1
Inj Vo 20 nl
Rcg. Method :\WCHEM3Z% 1\ DATAN\RDNIN'ADNIN Z3NOV_g45PL 2012-11-23 15-29-12\MRLAYX DER.M
Last changed » 11/1e/72012 3:21:22 AM by Niamnah
Analysis Method @ C:\CHEM3Z2W1WMETHODSWADNIN DIFASTD.M
Last changed » 1172472012 11:20:26 EM by Jailani

(modified after loading)

DaD1 A, Sig=215.4 Ref=380,100 (ADNINVADNIN_23MOV_845PL 20112-11-23 15-28-12:014-1401.D)

r3
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E
n —
(=1

4
(=]
L=l

Sorted By : Signal
b

I
o
=

Calib. Data Modified
HMultiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Diluticn Factor with ISTDs

londay, November 19, 2012 4:22:5

Signal 1: DAEDl &, Sig=215,4 Ref=3&0,100

BEetTime Type Aresa Amt/Area Emcount Grp Hame
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