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Abstract

A multilayer tower-type photoreactor, in which TiO,-coated glass-tubes were installed, was used to measure the
vapor-phase BTEX removal efficiencies by ozone oxidation (O5/UV), photocatalytic oxidation (TiO»/UV) and the
combination of ozone and photocatalytic oxidation (O,/TiO,/UV) process, respectively. The experiments were
conducted under various relative humidities, temperatures, ozone concentrations, gas flow rates and BTEX
concentrations. As a result, the BTEX removal efficiency and the oxidaion rate by O5/TiO,/UV system were
highest, compared to Oy/UV and TiO,/UV system. The 0,/TiO,/UV system accelerated the low oxidation rate of
low-concentration organic compounds and removed organic compounds to a large extent in a fixed volume of
reactor in a short time. Therefore, O,/TiO,/UV system as a superimposed oxidation technology was developed to
efficiently and economically treat refractory VOCs. Also, this study demonstrated feasibility of a technology to
scale up a photoreactor from lab-scale to pilot-scale, which uses (i) a separated light-source chamber and a light
distribution system, (ii) catalyst fixing to glass-tube media, and (iii) unit connection in series and/or parallel. The
experimental results from O,/TiO,/UV system showed that (i) the highest BTEX removal efficiencies were
obtained under relative humidity ranging from 50 to 55% and temperature ranging from 40 to 50°C, and (ii) the
removal efficiencies linearly increased with ozone dosage and decreased with gas flow rate. When applying
Langmuir-Hinshelwood model to TiO,/UV and O,/TiO,/UV system, reaction rate constant for Os/TiO,/UV system
was larger than that for TiO,/UV system, however, it was found that adsorption constant for O5/TiO/UV system
was smaller than that for TiO,/UV system due to competitive adsorption between organics and ozone.
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Fig. 1. X-ray diffraction patterns of TiO, sol.

Fig. 2. SEM photograph of TiO, sol.
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Fig. 3. Schematic diagram of 0,/TiO,/UV system.
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Table 1. Initial operating conditions of a photocatalytic
reactor with and without ozone addition.

Relative humidity 40 (£ 1%
Temperature 25(x1)°C
Flow rate 20 L/min
+
Concentration of VOC vapors 1(()];) (:I‘_ 3]2:})5([1;(2]3?5)1() 2)
Ozone dosage 20 ppm
. . 300~400 nm
Wavelength of UV light (max. intensity 365 nm)
Catalyst loading 1 mg (Ti0,)/cm? (glass tube)
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Fig. 4. Variation of total BTEX conversion by O,/UV,
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