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Abstract
Titanium silicalite zeolites(TS 1) having SU/Ti ratios of 3.3 . 137 and 26.3
were synthesized and used as photocatalysts  for decomposition  of
4 nitrophenol {(4-NP) in aqueous solution. In the dark, the adsorption of
4 -NP on TS | changed greatly depending on the Si/Ti ratio in TS~1 and
the pH of the solution. The amount of 4-NI? adsorbed on TS-1 increased
with increasing SiFT1 ratio and decreasing pH of solution. The
photocatalytic activies of TS-1 zeolites for the decomposition of 4 NP were
found to be greatly affected by H:0: In the absence of HxO: the TS1
having lower Si/Ti ratio and consequently containing a large amount of
extra framework titanium, exliubited higher photocatalylic activity. In
contrast, in the presence of HxO» the TS-1 with higher Si/Ti ratio in

which the titanium content is lower which the fraction of framework



titantum is higher showed a higher increase in photocatalytic  activity.
Especially in acid conditions, the addition of HuQ» to the reaction solution
results in a remarkable enhancement of the photocatalytic activity of TS -1
; the apparent rate constant increased with increased with increasing Si/Ti
ratio. Such resulls suggest that upon UV illumination, *OH radicals can be
formed easily from the titanium-hydroperoxide species that are formed by
the interaction of framework titanium in TS-1 with H:0. The
enhancement of photocatalytic activity of TS-1 for the decomposition of
4'NP by the addition of H.O: can be attributed to both the efficient
formation of -OH radicals and the close proximity of -OH radicals to the

reactant molecules,
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Table 1. Comparison of Photocatalysis with Thermal Catalysis

Thermal catalysis Photocatalysis
(Metal or metal oxide) (Semiconductor)
Input energy kT hv
Frce energy change AG<0 Even A4G>0 is possible

Main factors

Enhancement of reaction
rate or change of reaction
interaction

path  through

with catalvst surface

Generation of electrons
and holes by excitation
of photocatalyst and their

electron transfer reaction




Iz g <

,‘1-0_

CdS cgTe
¥ 5 CdSe
-
SrTiO:
T ;‘;OZ 1.4eV 1.1eV
0.0 f----- S R B S Aoy Bt MeSs-H'/H,
7
¢ Y]VQH Fez0
24ev
1.0 3 26V . 7heV
---------------------------------- --=-temmb - 02i/HA0
3.0eV| 2 36V
4 2.8eV
1
2.0 —
1
3.0—
i . [
OR type R type O type

Fig. 1. Energy-level diagram indicating energy positions
of the conduction and valence bands for various

semiconductors in aqueous solution at pH 0.
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Fig 2. Schematic illustration of the principle of photocatalysis.
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Dissolving Ti( i-OC,H,), in isopropyl aicohol

¥
Addition of SI{OC,H,),
¥
Mixing with stirrer for 30 mins
v
Stirring with titration (H,0+TPAOH)
¥
Crystallization in autoclave at 175°C for Sdays

v

Filtering and Drying at 80°C for 12hrs

I o

Calcining at 500°C for 8hrs

Fig. 3. Preparation schemes of TS-1 (Si/Ti = 50) catalyst.
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Table 2. Molar compositions of gel for TS-1 synthesis

‘ Sample SYTh TPAOH 2-Propanol TEOT TEOS H=0

ratio )

TS5-1-A o 0.5 3.00 0.200 1 36
TS-1-B 30 0.5 375 0.033 1 36
T5-1-C 50 0.5 3.00 0.020 1 36

-~ 14 ~
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. Magnetic Stirrer
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Fig 4. Schematic diagram of experimental apparatus.
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(a) (b) (c)

Fig. 5. Schematic diagram of three components : (a) cooling

vessel, (b) reaction vessel, (¢) light source.
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Fig. 6. X ray diffraction patterns of TS-1.
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Table 3. Si/Ti molar ratio in the synthesis mixture and the final solid

product
Catalyst Si/Ti ratio in Si/Ti ratio in
synthesis mixture final product
TS-1-A 5 3.33
TS-1-B 30 13.66
TS 1-C B 50 26.29
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Absorbance
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Fig. 7. Diffuse reflectance spectra of TS-1 and TiOs:.
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Table 4. Surface areas of TS 1

Surface arcalm®/g)

Catalyst
TS-1-A 282
TS1-B 341
TS 1-C 355
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Fig. 8 Change in the distribution coefficient of 4-nitrophenol as a function

of pH.
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Fig. 9. Photocatalylic decomposition of 4 nitrophenol over TS-1 and TiO-

at pH 3 in the absence of H.(O-
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Fig. 10. Photocatalytic decomposition of 4 -nitrophencl over TS-1 and TiO:

at pH 10 in the absence of H.0-
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Fig. 11. Effect of H20y on the photocatalytic decomposition of 4- nitrophenol

over TS 1-C at different pH values.
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Fig. 12. Photocatalytic decomposition of 4-nitrophenol over TS-1 and TiO»

at pH 3 in the presence of H:O-
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Fig. 13. Effect of oxygen concentration ¢n the photocatalytic decomposition

of 4-nitrophenol over TS-1-C at pH 3 in the absence of H.0:.
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Fig. 14. Effect of initial concentration of 4-nitrophenol on the photocatalytic

decomposition over TS-1-C at pH 3 in the absence of H:O»
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Table 5. Effect of H:0» on the photocatalytic decomposition of

4-nitrophenol®

Catalyst Apparent rate constant (min ')
In absence of HxO>  In presence of H,O.”
TS-1 A 0020 0.030
TS 1-B 0.006 0.039
TS 1-C (0.006 0.045
TiOx(P-25) 0.047 0.118

“pH of solution = 3.

"H.0: concentration = 11 mmol/l
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