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Photocatalytic decomposition of 4-nitrophenol over nanosized

TiOz particles via ultrasonic irradiation

Chang-Wook Oh

Department of Chemical Engineering, Graduate School
Pukyong National University

Abstract

Nanosized Titanium dioxide particles were prepared by sol-gel method at
ambient temperature using ultrasonication (Ti-US). The advantages of
ultrasonication method are demonstrated as compared to the conventional
stirring method of titania (Ti-S) preparation. The physical properties, such as
surface area, thermal stability, crystallite size and crystallinity according to R
ratio have been investigated by TEM, XRD and BET. In addition, the
photocatalytic degradation of p—nitrophenol has been studied by using batch
reactor in order to compare the photocatalytic activity of prepared nanosized

TiOz particles. The higher photocatalytic activity of Ti—-US is attributed to the

more uniform size of the particles as compared to Ti—-S samples. In addition,
ultrasonication not only reduces the particle size but also enhances the

hydrolysis of titanium alkoxide for and better crystallization of anatase

nanoparticles.

Keywords : Nanosized titanium  dioxide particles, Ultrasonication,

Photocatalytic degradation of p—nitrophenol.
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Table. 1. Physical properties of various TiO: catalysts

Sol-gel method  sol-gel + ulirasonic method  ultrasonic method

Crystallite size £ (nm)
from XRD 10.5 11.0 9.0

N K'(min-1)x10
Conditions B o
R(EtOH/H=0)=0, calcined at 500°C
sol-gel method (Ti-S) 10.0
R(H.O/TTIP)=75 | sol—-gel+ultrasoic method 12.1
Ultrasonic method (Ti—US) 43.2

_15_
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Table. 2 Physical properties of Ti-S(Ti-US) powder R(molar ratio of H2O0/TTIP)

ratio

Ti=S [calcined at 773K]

R(HzO/TTIP)25 R(H,O/TTIP)50 R(H, O/TTIP)75 R(H,O/TTIP)100

Crystallite size £ (nm)

From XRD 12.4 11.5 10.5 111

Ti-US [calcined at 773K]

R(H,O/TTIP)25 R(HO/TTIP)50 R{HO/TTIP)75 R(H,O/TTIP)100

Crystallite size £ (nm)

From XRD 11.4 13.3 3.0 10.6

—- 10 -
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['ig. 8. The effect of R(molar ratio of H.O/ Ti(i-OCsH7)4) ratio on the photo-
catalytic decomposition of p-nitro phenol : Co=100ppm, W=0.67g/L, Tr=30T,
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Table.3 Apparent first-order rate constsnt(k’) of photocatalytic decomposition of

p-nitrophenol at different R(H.O/TTIP) molar ratio

k'{min—")x10-*

Conditions
Calcined at 500°C
R(H,O/TTIP)=25 15.8
R(H,O/TTIP)=50 148
A(EtOH/H,0)=0 R(H,O/TTIP)=75 432
R(H,O/TTIP)=100 22.6
R(H,O/TTIP)=125 10.0
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Table.4. Physical properties of nanosized Ti-S(Ti-US) powders by XRD, TEM

and BET analysis

Ti-S [at R(Hx O/TTIP)ratio-75]

BET surface area

Particle size from

Crystallite size £ (nm)

Samples(K)
(m?/g) TEM (nm) From XRD

Ti-5(473) 188.8 _ 5.9
Ti-S(573) 110.8 - 6.5
Ti-5(873) 103.1 - 71
Ti-S(773) 63.3 20 11.0
Ti-3(873) 30.1 - 25.2
Ti-3(973) - - 49.2

Ti-US [at R(HOTTIP)ratio-75]

BET surface area

Particle size from

Crystallite size £ (nm)

Samples(K)
(r*/g) TEM (nm) From XRD

Ti-US(473) 198.1 - 5.1
Ti-US(573) 125.1 - 6.5
Ti-US(673) 108.4 - 7.4
Ti-US(773) 69.2 14 9.0
Ti-US{873) 25.0 - 21.6
Ti-Us(973) - - 48.4
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Iig. 14 Transmission electron micrographs of Ti-S @ R(H.O/TTIP)

ratio—75, calcined at 773K.
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Fig.15. Powder XRD patterns of Ti-US sample synthesized at different EtOH

/H20 ratio.
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Table.5. Phyvsical properties and photocatalytic decomposition of nanosized Ti-

US powders

Conditions Crystallite size Intensity
R, (EtOH/H,0)=0 166 9.0
Re o (ETOH/H,0)=1 220 1.2
Calcined at 500°C Reion(EtOH/H,0)=2 230 14.2
Reon(EtOH/H,0)=5 295 16.4
Reyon (EtOH/H,0)=10 315 16.6
Conditions K min)x 1072

Calcined at 500°C

Reton(EtOH/H,0)=0 43.2
Reron(EtOH/H,0)=1 9.82

R(H,O/TTIP)=75 Reron(EtOH/H,0)=2 7.30
Reion(EtOH/H,0)=5 5.72

Retor(EtOH/H,0)=10 5.04
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IFig.17. Apparent first-order rate constant(k’) of photocatalytic decomposition of

p-nitropkenli at different Rroa(EtOH/H20) molar ratio.
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Table 6. Effects of calcination temperatures on phase structures and average

crystalline size(nm) of Ti-US

Catalysts . t XRD TEM
EtOH/H,0 ratio emperature Structure Crystallite size(nm) Particle size(nm)

773K anatase 9.0 14

0 873K Anatase,rutile 21.6 -

973K rutite - -

773K anatase 16.4 24

5 873K anatase 33.8 -

973K Anatase,rutile 48.0 -

773K anatase 16.6 22

10 873K anatase 18.7 -

973K anatase 26.2 -
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