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Photocatalytic degradation of Bisphenol-A
using a rotating photocatalytic-oxidation
drum Reactor

Nam, Sang—Su

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University

ABSTRACT

Photocatalytic removal of bisphenol-A with a rotating photocatalytic
oxidation drum (RPODrum) reactor has been investigated in various
conditions. It has been found that TiO: thin film thickness of 455 nm
is more effective than 285 nm in the photocatalytic activity. A
germicidal lamp as a light source was more effective than a blacklight
lamp. In addition, the germicidal lamp with the light intensity of 6 W/L
has increased the removal efficiency by 13% compared to that with 4
W/L lamp. The blowing of air and N: gas at the flow of 0.5 L/min
has not further increased the removal efficiency of bisphenol-A. To
reduce the retention time of solution, higher rotation speed of RPO
drum was needed and the most efficient rotating-speed was 240 rpm.
The reaction rate constant k, and the half-life t;» in the bisphenol-A

removal with the most efficiently RPO drum reactor system have been
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calculated to be 0.139 min ! and 4.99 min, respectively.

Key Words: UV/TiOs, Rotating Photocatalytic-Oxidation

Drum(RPODrum) Reactor, Bisphenol- A, Kinetic Constant, Half-time.
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Fig. 2.1 Energy diagram for typical semiconductors




Table 2.1 Bandgap energy of several semiconductor photocatalysts

Bandgap Energy
Semiconductor
eV Wavelength (nm)
SnO» 3.8 326
ZnO 3.2 388
TiO, 3.2 388
SiC 3.0 413
WO; 2.8 443
Cds 25 496
GaAs 1.4 386
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Fig. 2.2 Photocatalytic reaction mechanism
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Table 2.2 Chemical and physical Properties of TiO2 Powder

Item (Component) Standard value
Bandgab energy o ;_2 eV
Degree of purity(TiO,) 99% minimum
Particle size 0.3+0.05p
Matter soluble in water 0.7% maximum

Specific gravity 39
Residue (325mesh) 0.015% maximum
Fe,Os 0.008% maximum
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Table 3.1 Analytical Conditions of Bisphenol-A by the GC/MSD

- Gas Chromatograph : HP 6890 Series Plus

Mass Selective Detector : HP 5973 Series,

Electron Ionization mode
- Column : HP-5MS (30 mxID 0.25 mmx0.25 um)

- Injection Temp. : 250°C, Detector Temp. : 280C

Oven Temp. : Initial Temp. 80T, Hold 3min,
Increase rate of 20°C /min, from 80T

to 300°C
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Fig. 42 Film thickness of TiO; immobilized on a stainless steel by SEM
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Fig. 4.4 Effect of the light source on the photodegradation
curves of bisphenol- A
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Fig. 45 Effect of UV light-intensity on the photodegradation
curves of bisphenol-A
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Fig. 4.7 Comparison of bisphenol-A removal efficiency with respect to
rotating speed
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Fig. 4.8 Photodegradation of TOC and UV-254 in a RPODrum
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Table 4.1 Kinetic constant, k and t,»2 values for various
experimental conditions

(a) Various number of TiO. coating times (2 W/L, blacklight lamp, 30 rpm)

Number of TiO: coating times k tiy2
[times] [min™'] [min)
0 0.0012 577.50
5 0.0027 256.67
10 0.0067 103.43

(b) Various Light Source (2 W/L, 30 rpm)

Light Source k tiy2
[] [min'] [min]
Vita-lite lamp 0.0012 577.50
Blacklight lamp 0.0067 103.43
Germicidal lamp 0.0111 62.43

(¢) Various light intensity (germicidal lamp, 30 rmpm)

Light intensity k ty2
[WIL] [min] [min]
0 0.0003 2310
2 0.0111 62.43
4 0.0174 39.83
6 0.0268 25.86
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(d) Various rotating speed (germicidal lamp, 6 W/L)

Rotating speed k tiz
from) [min] [min]
30 0.0268 25.86
60 0.0354 19.58
120 0.0599 11.57
240 0.139 4.99
360 0.137 5.06

(e) Various target component (germicidal lamp, 6 W/L, 240rpm)

k ti2

Target component o )
[min™] [min}
Bisphenol-A 0.139 4.99
Uv-254 0.1198 5.78
TOC 0.0646 10.73
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