REFERENCES

—

. A J Fanelli, J. V. Burlew, Preparation of fine Alumina powder in alcohol J.
Mater. Sci. 23 (1998): 2897-2904.

Y. Oguri, R. E. Riman and H. K. Bowen, Processing of anatase prepared from
hvarothermallv treated alkoxv-derived hydrous titania. J. Mater. Sci. 23
(1988) : 2897-2904.

. M. Kondo, K. Shinozaki, R. Ooki and N. Mizutani, Crystallization behavior and
microstructure of hydrothermal treated monodispersed titanium dioxide
particles. J. Cerm. Soc. Japan 102 (1994). 740-744.

4. M. Inoue, Y. Kondo and T. Inui, An ethylene glycol derivative of boehmite. Inorg.

Chem. 27, 2 (1988): 215-221.
M. Inoug, H. Tanino, Y. Kondo and T. Inui, Formation of microcrystalline g-
alumina by glvcothermal treatment of gibbsite, J. Am. Cerm. Soc. 72, 2
(1989) : 352-353.
M. Inoue, H. Kominami and T. Inui, Thermal transformation! of Y-alumina
formed by thermal decomposition of  minum alkoxide in organic media, J.
Am. Cerm. Soc. 75, 9 (1992): 2597-2598.
7. M. Inoue, H. Kominami_and T. Inui. Novel synthetic method for the catalytic use
of thermally stable zirconia : Thermal decomposition of zirconium alkoxide in
organic media, Appl. Catal. A 97 (1993): L25-L30.
M. Inoug, H. Kominami and T. Inui, Novel synthesis method for thermally stable
monoclinic zirconia : Hydrolysis of zirconia alkoxides at high temperature
with a limited amount of water dissolved in inert organic solvent form the gas
phase, Appl. Catal. A 121 (1995): L1-L5.
9. M. Inoug, H. Otsu, H. Kominami and T. Inui, Synthesis of submicron spherical
crystals of gadolinium gallium garnets by the glvcothermal method, J. Mater.
Sci. Lett. 14(1995): 1303-1305.

10. M. Inoue, H. Otsu and T. Inui, Glvcothermal synthesis of rare earth aluminium
garnets, J. Alloys Comp. 226 (1995): 146-151.

11. M. Inoug, H. Kominami, H. Otsu, T. Inui, Synthesis of microcrystalline titania in

organic media, Nippon Kagaku Kaishi, (1991): 1364,

NS

L

(S

[op]

oo



76

12. H. Kominami, J. Kato, Y. Doushi, B. Ohtani, . Nishimoto, M. Inoue, T. Inui and
Y. Kera, Novel synthesis of microcrystalline titanium (IV) oxide having high
thermal  stability and ultra-high  photocatalytic activity . Thermal
decomposition of titanium (IV) alkoxide in organic solvents, Catal. Lett. 46
(1997): 235-240.

13 H. Kominami, Y. Takada, H. Yamagiwa and Y. Kera, Synthesis of thermally
stable nanocrystalline anatase by high-temperature hydrolysis of titanium
alkoxide with water dissloved in organic solvent from gas phase, J. Mater. Sci.
Lett. 15 (1996): 197-199.

14, H. Kominami, M. Kohno, Y. Takada, M. Inoue, T. Inui and Y. Kera, Hydrolysis
of titanium alkoxide in organic solvent at high temperatures: A new synthetic
method for nonosized. thermal stable titanium (IV) oxide, Ind. Eng. Chem.
Res. 38 (1999): 3925-3931.

15. H. Kominami, J. Kato, M. Kohno, Y. Kera and B. Ohtani, Photocatalytic
mineralization of acetic acid in aerated aqueous suspension of ultra-highly
active titanium (IV) oxide prepared by hydrothermal crystallization in toluene,
Chem. Lett. (1996); 1051-1052

16. H. Kominami, T. Matsuura, K. Iwai, B. Ohtani, . Nishimoto and Y. Kera, Ultra-
high active titanium (IV) oxide photocatalyst prepoared by hydrothermal
crystallization from titanium (IV) alkoxide in organic solvent. Chem. Lett.
(1995): 693-694.

17. H. Kominami, . Murakami, Y. Keraand B. Ohtani, Titanium (IV/) oxide
photocatalvst of ultra-high activity: A new preparation process allowing
compatibility of high adsorptivity and low electron-hole recombination
probability. Catal. Lett. 56 (1998): 125-129.

18. H. Kominami, J. Kato, . Murakami, Y. Kera, M. Inoue, T. Inui and B. Ohtani,
Synthesis of titanium (IV) oxide of ultra-high photocatalytic activity: High-
temperature  hydrolysis of titanium alkoxides with water liberated
homogeneously from solvent alcohols. J. Molec. Catal A 144 (1999): 165-171.

19. X. ding, L. Liu, The influence of alumina dopant on the structural transformation
of gel-derived nanometre titania powders. J. Mater. Sci. Lett. 13 (1994): 462-
464,



7

20. C. A. Ledus, J.M. Campbell and J. A. Rossin, Effect of Lanthana as a stabilizing
agent in titanium dioxide support, Ind. Eng. Chem. Res. 85 (1996): 2473-
24T6,

21, . lwamato, . Tanakulrungsank, M. Inoue, K. Kagawa, p. Praserthdam and .
Uemura, Synthesis of large-surface area silica-modified titania ultrafing
particles by the glycothermal method, accepted for publication.

22. M. Inoue, T. Nishikawa and T. Inui, Reaction of rare earth acetates with
aluminum isopronoxide in ethylene glycol: Synthesis of the garet and
monoclinic phases of rare earth aluminate, J. Mater. Sci. 33 (1998): 5835-
h841.

23. M. Inoue and T. Inui, Glycothermal synthesis of metastable phases, 9th Cimtec-
World Ceramics Congress, Ceramics: Getting into the 2,0007s-Part B: 41-48.

24, M. Inoue, M. Kimura and T, Inui, Synthesis of alkovalumoxanes by oxidation of
aluminum metal in alcohols, 9t Cimtec-World Ceramics Congress, Ceramics:
Getting into the 2,0007s-Part D: 593-598.

25. B. M. Reddy, . Mehdi and E. p. Reday, Dispersion and thermal stability of
vanadium oxide catalysts supported on titania-silica mixed oxide, Catal. Lett.
20(1993): 317-321.

26. M. Yoshinaka, K. Hirota and 0. Yamaguchi, Formation and sintering Ti0?
(Anatase) solid solution in the system TiCh-SiCh, J. Am. Ceram. Soc. 80, 10
(1997): 2749-2753,

21. . Music7 M. Gotic7 M. Ivanda, . Popovic? A. Turkovici R. Trojko, A. Sekulic/
and K. Furie7 Chemical and microstructural properties of TiO? synthesized by
sol-gel procedure. Mater. Sci. Eng. B47 (1997): 33-40.

28. H. Imai and H. Hirashima, Preparation of porous anatase coating from sol-gel-
derived titanium dioxide and titanium dioxide-silica by water-vapor exposure.
J. Am. Ceram. Soc. 82, 9 (1999): 2301-2304.

29. X. Gao and 1. E. Wachs, Titania-silica as catalysts: Molecular structural
characteristics and physico-chemical properties, Catal. Today 51 (1999): 233-
254,

30. P. K. Doolin, . Alerasool, D. J. Zalewski and J. F. Hoffman, Acidity studies of
titania-silica mixed oxides, Catal. Lett. 25 (1994): 209-223.



APPENDICES



APPENDIX A
CALCULATION OF CATALYST PREPARATION

Calculation of the preparation of the silica modified titanium (IV) oxide

In this study, silica modified titanium (IV) oxide was prepared in each organic
solvent have 6 different Si/Ti atomic ratios, SifTi = 0, 0.05, 0.1, 0.2, 0.3 and 05.
Titanium (1V) tetra -tert -butoxide and tetraethyl orthosilicate is used as the reactant.

1. Titanium (IV) tetra -tert -butoxide (Ti[0(CH2)3CH3]4, TTB) has M.w. of 340.36 g
Titanium (Ti) has M.w. of 47.88 g
2. Tetraethyl orthosilicate (Si(OCzHs):, TEOS) has M.w. 0f208.33 g
Silicon (Si) has M.w. 0f28.085 ¢

Example: Calculation of preparation of titanium (IV) oxide with Si/Ti =0.05 is shown
as follow.

TTB 25 g were used for preparation of all Si/Ti atomic ratio

TTB 25 g were consist of titanium equal.
Titanium = (47.88 / 340.36) x 25 g=3.517¢ =0.073454 mole

S0, SifTi = 0.05 has silicon equal:
Silicon = 0.05 x 0.73454 = 0.003673 mole = 0.10315 g

From silicon = 0.10315g, TEOS is used equal.
(28.0855 /208.33) x weight of TEOS = 0.10315 g
So, weight of TEOS = (0.10315 / 28.0855) x 28.33 = 0.7651 g

The result of calculation of all Si/Ti atomic ratios is shown in Table A.l
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Table A.I Reagents used for the synthesis of silica modified titanium (IV) oxide
SifTiatomic ratio  Titanium (IV) tetra-tert - butoxide  Tetraethyl orthosilicate

0 254 0 g
0.05 59 0.7651 g
01 59 15303 ¢
0.2 59 3.061 ¢
03 25 ¢ 4591 ¢

05 % 765 g
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Where: V' = constant volume
., = pressure at 0°C
.. =pressure att °C
T =21315 +t K
ob= (27315 /T)xPt= Laim

Partial pressure

] [Flow of (He+N2) - Flow of He ] xPh
Flow of (He+N2)
=03 atm

N. saturated vapor pressure, Po= 11 atm = 836 mm.Hg

(B3)

(B4)

X = P/ P o = P [ 1.1
How to measure V
1 ml. / 1 atm at room temperature
S, /S‘l\
Desorption N, calibration area
of N, area
V. 2 x 1 x 271315 ml/gofcatalyst

1 T

Where: = weight of sample

(B5)
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APPENDIX B
CALCULATION OF SPECIFIC SURFACE AREA

Calculation of BET surface area

From Brunauer-Emmett-Teller (BET) equation:

- +N

wnere: X = Telative partial pressure ofN2,. ..
p = saturated vapor pressure of N2 (or adsorbed gas) at the experimental
temperature
p = equilibrium vapor pressure of N
V' =volume of gas adsorbed at pressure p, ml. at the NTP / g of sample
VITE volume of gas adsorbed at monolayer, ml. at the NTP / g of sample
C =Exp(e1-e2/RT)

Where: e1 = heat of adsorption at the first layer
e2 = heat of condensation of adsorbed gas on all other layers

Assume C —»co, then

X

1(X) (B2)
V(I-X)

\VmC

Let: Vm = Vm7
Vm = volume of gas adsorbed to form the N2 complete monolayer
V' =volume of gas adsorbed measured by GC
X =P/Po



S=4.343 Vm

S0,
b S2 X 1 X 07272 X 4343

Data from experiment show below:
Si=0028¢
2=0.2389 g
=0.303 g8

So that, Sh=89.6 m2¢'1

m2g-1

(B3)
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v Vx[l-[Flow of (He+N2 - Flow of He ] / 1.] (B.6)
Flow of (He+N2)

Where: = surface area from literature 0f N2
= 4,373 m2/ ml. of N2

Sothat, S=4.373 x Vm/m2/ g catalyst (B.7)

Example: The BET surface area of pure anatase titanium (IV) oxide prepared in 14
butanediol is calculated as follow:

g S

1

Desorption of N, area N, 1 ml /1 atm at room temperature

From equation B.5 and B.6

v o s2 x 1 x 21315 v [I-[Flowof(He+N2>-Flow ofH e]/L11]
, T Flow of (He+N2

When T = 273.15 and

[I-[Flow of (He+N2 - Flow ofHe | / 1.1]  =0.7272
Flow of (He+N2



APPEENDIX C
CALCULATION OF CRYSTALLITE SIZE

Calculation of crystallite size by Sherrer equation

Crystallite size was calculated from the half-height width of the 101
diffraction peak of anatase and 110 diffraction peak of rutile using the Sherrer
equation. The value ofthe shape factor, K was taken to be 0.9 and KC1 was used to he
Internal standard.

From Sherrer equation:

t 0% (C.I)
B Cos 0B

Where: t = crystallite size
K = shape factor = 0.9
X = X-ray wavelength, Cu Ka :x = 1.5418 A0

o8 = the Bragg angle

B =Bm-Bs
Bm = the measured peak width in radians at half peak height.
Bs = the corresponding width of a standard material
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Example: The crystallite size of pure anatase titanium (IV) oxide prepared in 14
butanediol is calculated as follow:

Anatase titanium (IV) oxide

B, =0.7071°
=0.1234 rad

23 235 24 A3 ESe7LSS )\ L6 265 27 275 28

2 Theta
KCl
B, =0.2303 °C
=0.004 rad
27 275 28 28.5 29 29.5 30

2 Theta



From B = Bm- Bs
=(0.01234 - 0.00402 = 0.00832
0B=12.78°

X =15418 A®

So, t =(0.9x 1.5418)/ (0.00832 x Cos 12.78)
= 170 A°= 17nm
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