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A PPEN D IX  A
TH E C A L C IN A TIO N  CO NDITIO NS OF TH E PR EPA RED  

C A TA LY STS AND C O N TR O LLER  SETPO INTS

T e m p e r a t u r e  c o n t r o l l e r  p a r a m e t e r :

Alarm 1, (Al) = 0
Alarm 2, (A2) 0

Xp %, (Pb) 2

T integral [sec], (xi) Off
T derivative [sec], ( t d ) Off
Approach, (Ap) 1.0

Cycle time [sec], (He) 10

Maximum power [heat], (Hl) = 100
Set point [celcius] 550

C o n d i t i o n s  o f  c a l c i n a t i o n :

Air flow rate = 30 ml min'1 
Rate of temperature program:= 10°c min'
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A PPEEN D IX  B
C A LC U LA TIO N  OF C RY STA LLITE SIZE

C alculation o f  crystallite size by Sherrer equation

Crystallite size was calculated from the half-height width of the 101 
diffraction peak of anatase using the Sherrer equation. The value of the shape factor, 
K was taken to be 0.9 and KC1 was used to be internal standard.

From Sherrer equation:

t _ 0.9X (B.l)
B Cos eB

Where: t = crystallite size
K = shape factor = 0.9
X = X-ray wavelength, Cu Ka: X  =  1.5418 A0
0B = the Bragg angle
B2 = B 2 m  -  B 2 S

B m = the measured peak width in radians at half peak height.
B s = the corresponding width of a standard material
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Example: The crystallite size of pure anatase titanium (IV) oxide prepared in 1,4 
butanediol is calculated as follow:

2 Theta
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From B2 = B 2 m - B 2 s

= 0.012342 — 0.004022= 0.00013
B = 0.0117
0B = 12.78°
X = 1.5418 A°

So, t = (0.9 X 1.5418)/ (0.0117 X cos 12.78)
= 121.6 A° = 12.2 nm
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A PPEN D IX  c

C R Y A TA L SIZE M E A SU R EM E N T FO RM  TEM  PH O TO G R A PH

Figure Cl demonstrates how crystal diameter is determined

1. First grid lines at a determined interval were drawn on the photo.
2. Measure crystal diameter along the grid line that pass through the crystal.
3. Calculate the average diameter from the equation

D a V, N

Where Dave = Average diameter
N = number of intersection between grid line and particles 
Dj = length of particle along the grid line intersection

For example, from the figure Cl

D ave =  — (  D \ + D 2 + z>3 + £>4 + D 5 + D  6 )

Note for particle number (4), 2 intersection exist hence there are 2 data used to 
calculate in this formula. For particle number (2), there is no intersection hence there 
is no data used to calculate.
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In practices, each TEM photo is enlarged before measurement due to easy to 
measure.
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A PPEN D IX  D
G AS CH R O M A TO G RA PH

D1 Operating condition

Flame ionization detector gas chromatograph, model 14A was used to analyze 
the concentrations of oxygenated compounds, acetone and 2-propanol

Gas chromatograph with the thermal conductivity detector, model 8A was 
used to analyze the concentrations of CO2 by using Porapak QS.

The operating conditions for gas chromatograph are described below:

GC model Shimadzu GC-14A Shimadzu GC-8A

Detector FID TCD
Column Capillary Porapak QS
Nitrogen flow rate 25 ml/min -
Helium flow rate - 25 ml/min
Column temperature

- initial 40°c 80°c
- final 140°c 80°c

Injector temperature 150°c 130°c
Detector temperature 150°c 130°c
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D2 Calibration curve

The calibration curves of 2-propanol, acetone, methanol and carbondioxide are 
illustrated in the following figures.

A rea o f peak

Figure D1 The calibration curve of 2-propanol
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Figure D2 The calibration curve of acetone
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Figure D3 The calibration curve of carbondioxide
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APPEN DIX  E
D A TA  OF EXPERIM ENTS

Table E l Data of figures 5.9-5.14

Time
(min)

% 2-propanol conversion of
TiO2(5:0) Ti02(4:l) Ti02(3:2) Ti02(2:3) Ti02(l:4) TiO2(0:5)

0 0 0 0 0 0 0

30 0 0 0 0 0 0

60 0 0 0 0 0 0

90 0 0 0 0 0 0

120 0 0 0 0 0 0

150 0 0 0 0 0 0

180 20.41 0.35 21.03 2.84 0 0

210 22.83 14.49 31.56 14.27 0 13.91
240 25.47 17.24 37.33 11.03 1.3 11.86

270 22.33 21.29 28.76 10.89 0.56 13.76
300 20.28 31.27 29.92 8.61 9.23 8.94
330 20.63 35.31 33.75 14.56 1.1 11.23
360 24.91 33.61 36.33 9.19 8.56 16.74
390 20.03 29.16 34.12 7.99 1.62 7.07
420 19.85 26.96 28.81 15.66 4.65 10.09
450 19.98 20.47 30.56 6.57 6.23 6.66

480 22.08 25.07 35.46 10.89 12.98 6.32
510 22.45 19.38 31.15 6.14 7.54 11.56
540 25.1 21.09 26.59 10.64 9.73 14.06
570 25.7 20.43 27.7 8.12 11.83 11.09
600 22.6 20.03 32.64 9.05 10.62 9.69



A PPEN D IX  F 
N O TATIO N

A = Electron acceptor
BET = Brunauer-Emmett-Teller
D = Electron donor
e' = Electron
FTIR = Fourier Transform Infrared Spectroscopy
GC = Gas Chromatrograph
h+ = Proton
MB = Methylene Blue
STREC = Scientific and Technological Research Equipment Center
TCE = Trichloroethylene
TEM = Transmission Electron Microscope
THyCA = Transfer Hydrolytic Crystallization in Alcohols
ฑ 0 2 -  Titanium (IV) oxide
TNB = Titanium normal butoxide
TPD = Temperature Programmed Desorption
TTB = Titanium (IV) tetra-tert butoxide
u v = Ultraviolet light
UV-Vis = Ultraviolet- Visible light
v o c = Volatile Organic Compound
XRD = X-Ray Diffraction
XPS = X-Ray Photoeletron Microscopy
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