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Abstract—In this study, to improve oxidative degradation of aqueous phenol, an advanced oxidation process of UV/H,0,
was combined with microwave irradiation. This new process, comparing with a copventional UV/H,0, process, was found to
considerably accelerate the oxidative degradation rate. For example, it accelerates up to 50 % increase of the reaction rate and
more than 60 % increase of the removal efficiency based on TOC values, without any thermal effect. In the course of the ox-
idative degradation of aqueous phenol, several kinds of intermediates, such as hydroquinone, catechol, maleic acid, glyoxalic
acid, formic acid, and etc., could be observed by HPLC analyzer. Benzene ring intermediates such as hydroquinone and cat-
echol were both formed and degraded much more rapidly in the UV/H,0, process with microwave irradiation system than in
the conventional process. High efficiency of the new process with microwave irradiation will arise probably from such facts
that, since microwave violently vibrate polar substances, reactant molecules might change into high excited states to be easily

oxidized and such vibration of polar substances can also improve the mass transfer rates between reactants.
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Fig. 1. Schematic diagram of experimental apparatus with microwave
irradiation system.
1. Reactor
2. Low pressure mercury vapor lamp
3. Microwave generator
4. Heat exchanger

5. Rotameter
6. Recycle pump
7. Three way-valve
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Table 1. Analyzing conditions for liquid chromatography

Condition I Condition II
Column ODS Phenomenex
Temperature 45°C 45°C
Flow-rate 1 ml/min 0.5 ml/min
Injection volume 1l 1wl
Mobile phase 10mM Phosphate buffer 0.005N H,SO,

70 %/Methanol 30 %

Attenuation 4 4
Chart speed 5 mm/min 5 mm/min
Detector UV(210 nm) UV(210 nm)

Temperature, °C
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Fig. 2. Temperature change of water by microwave irradiation.
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Table 2. Output of microwave power calculated by Eq. (1) »
ATA(C/sec) P(W)

Electric current
5A 0.367 460.65
4A 0.283 355.215
3A 0.258 323.836
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Fig. 3. Steady state temperature of water during irradiation of micro-
wave(electric current of microwave : 5A ; recycling rate : 0.6 l/
min).
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Fig. 4. Effect of microwave on decomposition of phenol(initial concen-
trations : phenol 200 ppm, H,O, 600 ppm ; reaction temp. : 50 °C).
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Fig. 5. Pseudo first-order plot for decomposition of phenol(initial con-
centrations : phenol 200 ppm, H,0, 600 ppm ; reaction temp. :
50 °C).
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Fig. 6. Comparison of microwave effect on pseudo first-order rate
constants of phenol decomposition(reaction temp. : 50 °C).
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Fig. 7. Degradation of TOC in UV/H,0, process with microwave ir-
radiation system(initial concentration of phenol : 200 ppm ; re-
action temp. : 50 °C).
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Fig. 8. Effect of microwave on degradation of TOC(initial concentra-
tions : phenol 200 ppm, H,0, 1,200 ppm ; reaction temp.: 50
0.
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Fig. 9. Effect of temperature on degradation of TOC(initial concen-
trations : phenol 200 ppm, H,0, 1,200 ppm).
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Fig. 10. Intermediates formed in the course of phenol degradation
in UV/H,0, process with microwave irradiation system(in-
itial concentrations : phenol 200 ppm, H,0, 1,200 ppm ; reac-
tion temp. : 50 °C).
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Fig. 11. Intermediates formed in the course of phenol degradation in
UV/H,0, process without microwave irradiation system(in-
itial concentrations : phenol 200 ppm, H,0, 1,200 ppm; reac-
tion temp. : 50 °C).
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Fig. 12. Intermediates formed in the course of phenol degradation
in UV/H,0, process with microwave irradiation system(in-
itial concentrations : phenol 200 ppm, H,0, 600 ppm ; reac-
tion temp. : 50 °C).
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Fig. 13. Liquid chromatogram on intermediates produced from phe-
nol decomposition(HPLC Condition II in Table 1).
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