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Removal of Gaseous Toluene Using a TiO, Photocatalytic
System with Mist Generated by Ultrasonic Atomization
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Abstract

Feasibility study of using TiO, mist generated by ultrasonic atomization for photocatalytic degradation of gase-
ous toluene was attempted in this study. For this, the photocatalytic reactor consisting of mist generator and photo-
reactor was designed. Most of experimental results showed that steady state reached about 30 minutes after the
start of experiments. The effects of TiO, concentration, toluene concentration, and UV wavelength on toluene
removal ratio were investigated. It was found that the highest removal efficiency was obtained when TiO, concen-
tration was 0.6 g/L in slurry. At this condition, it was found that the toluene removal efficiency increased as toluene
concentration in feed decreased. In order to investigate the effect of UV wavelength, experiments were carried out
using three UV lamps with different UV wavelength. The results showed that the highest removal efficiency was
achieved when the lamp with the shortest wavelength were employed.
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& 4 9)lew (Jeong et al., 2004), band gap energy ©|
Ape] 3 A2 Asklo] 2 OH radical & A
VOCsE H,08 CO,8 22 F7lgz Fsjgive
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1. Toluene gas (C;Hg in N,) 5. Sampling port 9. Ultrasonic generator

2. Clean air (N,: 0,=4:1) 6. Magnetic stirrer 10. Temperature controller
3. Flow meter 7. Reactor 11. Wet gas meter

4. Gas mixer (impinger) 8. UV lamp

Fig. 1. Schematic of TiO, photocatalytic system with mist generated by ultrasonic atomization.
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Fig. 2. SEM images of collected and dried ultrasonic mists generated from slurries containing (a) 0.2 g/L, (b) 0.4 g/L,

(c) 0.6 g/L, (d) 0.8 g/L, and () 1.0 g/L of TiO,.
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Fig. 3. Change in toluene removal ratio (%) with reaction

time (TiO, concentration=0.6 g/L). (a) C;,=10 ppm,
(b) C;, =200 ppm.
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Fig. 4. Comparison of toluene removal ratios according
to toluene gas feed concentration (C;,).

Table 1. Comparison of experimental conditions of the
previous study by Sekiguchi et al. (2008) and this
study.

Sekiguchi et al. (2008) This study

Toluene feed

0.6 ppm, 4.0 ppm 10 ppm, 200 ppm

concentration

Reactor volume 2L (box type) 2 L (cylinder type)

Gas flow rate 1 L/min 1 L/min

TiO, concentration lg/L 0.6g/L

Ultrasonic frequency 2.4MHz 1.72MHz

Sankyo BLB UV Sankyo BLB UV

Light source lamp (peak 365nm, lamp (peak 352 nm,

4W GLZ4) 4W FATS)
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shisol vlal EFA $V5mot A ¥37) el
Aoz Amdd

3.22 TiIC, s=0f W= EZA HHE
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Fig. 5. Comparison of toluene removal ratios for various
TiO, catalyst amounts and three light sources.
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Table 2. Comparison of toluene removal ratios for three UV light sources.

. UV sources Toluene feed concentration
Type Wavelength range Peak wavelength C;,=10ppm C;,=200ppm
UV-A 315~400 nm 352 nm 48.7% 16.7%
UV-B 280~360 nm 306 nm 50.3% 17.6%
Uv-C 100~280nm 254 nm 53.1% 18.0%

*TiO, concentration: 0.6 g/L, Gas flow rate: 1 L/min
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