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Abstract : Volatile organic compounds (VOCs) are widely used in both industrial and domestic activities. VOCs are one of the
most unpleasant, frequently complaint-rousing factors of pollution around the world. It is now necessary to research and develop
an alternative technology that could overcome the problems of the existing odor-control and VOC-eliminating techniques. In this
study, essential oil and photocatalytic process was applied in the removal of benzene and toluene, typical VOCs in petrochemistry
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plant. therefore, this study conducted experiments on the selection of appropriate essential oil, photodegradation, hydroxyl radical

generation capacity. The removal efficiency and reaction rate were performed to selecte the type and concentration of essential

oil. As a result, removal efficiency of Hinoki Cypress oil was approximately 70% and reaction rate of Hinoki Cypress was high.
The results of photolysis experiment, photocatalytic oxidation process showed that the decomposition efficiency of VOCs

increased considerably with increasing UV lamp power. In addition, the conversion of VOCs was increased up to 0.1 g L™
photocatalysts. The hydroxyl radicals measure was performed to determine the ability to generate hydroxyl radicals. The
analytical result showed that high TiO, concentration and lamp power was produced many hydroxyl radical. Experiments of the
removal efficiency and reaction rate were performed using essential oil and photooxidation. As a result, the removal efficiency
showed that the removal efficiency was increased high temperature and reaction time. The activation energy was calculated from

the reaction rate equation at various temperature condition. Activation energy was approximately 18 kJ mol ™.
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Table 1. The condition of low concentration systems and gas ch-
romatography / mass spectrometry of VOCs

Thermo desorption system

Maker and model | Gerstel TDS 3

TDS temp. 30 C (0.5 min) =60 C min" —240 C 5 min
T]?S transfer 250 C
line temp.

Gas chromatograph

Maker and model | Agilent 6890 GC

Column SUPELCO VOCOL (60 m x 320 um x 1.8 um)
-100 C (until TDS final temp.) —12C sec™ —
CIStemp. 1 250 (10 min)
CIS mode Splitless (2 min)
CIS pac.kmg Deactivated glass wool
material
35 C (5min)—3 Cmin" —60 CT—5 C min”
Oventemp. |—150 C—2 Cmin" —200 C (Post Run 200
T 3 min)
Carrier gas Helium 1.2 ml min
Flow mode Constant flow

Mass Spectrometer

Maker and model | Agilent 5973 MSD
Mode EI mode, Scan

35-300 (amu)

Mass range

512

1. Ballast stabilizer 7. Pressure sensor
2. Quartz tube 8. Thermometer
3. UV lamp 9. Magnetic bar
4. Reactor 10. Magnetic stirrer
5. Gas inlet 11. Water inlet

6. Gas outlet 12. Water outlet

Figure 1. Schematic diagram of experimental apparatus for mea-
surement of UV reactor.
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Figure 2. Effect of essential oil on concentration and removal effi-

ciency (concentration of VOCs : 100 ppm, temperature :
30 C, dilution rate of essential oil : 105).
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Figure 3. A chromatogram of an hinoki cypress oil by GC-MS.
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Table 2. Chemical composition of a Hinoki cypress oil

Paek# R.Time Name Area Area (%)
1 10.357 o-Thujene 2083580 1.33
2 10.583 o-Pinene 35432390 | 23.85
3 11.088 Camphene 2980491 1.88
4 11.806 B-Phellandrene | 7147242 4.62
5 11.943 B-Pinene 3975774 2.53
6 12.306 Myrcene 3162014 2.05
7 12.853 3-Carene 27641745 17.97
8 13.094 2-Carene 2853240 1.85
9 13.316 Cymene 3305215 2.26
10 13.488 Limonene 18478526 6.56
11 14.240 y-Terpinene 5243441 3.39
12 14.968 a-Terpinolene | 27471663 18.42
13 17.380 Terpinen-4-ol 2699260 3.39
14 17.509 | cuminyl alcohol | 451508 0.56
15 17.720 a-Terpineol 294413 0.37
16 19.738 Bornyl acetate 1035453 1.22
17 21.034 Terpinyl acetate | 1713194 2.02
18 21.924 B-Elemene 367510 0.42
19 23.471 y-muurolene 554873 0.67
20 23.854 o-muurolene 779799 0.99
21 24.160 5-Cadinene 1461183 1.82
22 24.637 a-elemol 485564 0.57
23 26.058 o-muurolol 260996 0.32
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Figure 4. Effect of photocatalyst on concentration and removal
efficiency (concentration of VOCs : 100 ppm, tempe-
rature : 30 C, UV lamp : 253.7 nm + 184.9 nm 14 W,
concentration of photocatalyst : 0.1 g L'l).
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Figure 6. Effect of lamp power on removal efficiency (concentra-
tion of VOCs : 100 ppm, temperature : 30 C, UV lamp :
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:30 C, (temperature : 30 C, UV lamp : 253.7 nm + 184.9
nm, concentration of TiO; : 0.1 g L™).
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temperature : 40 C, dilution rate of essential oil : 105, uv
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Table 3. Kinetic data for the reaction rate in essential oil and pho-
tocatalyst (a) Benzene (b) Toluene

T | C/Cy | In(C/Co) | t(s) k UT | In(k)
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30 | 0.059 |-2.83022 | 280 |0.010108 | 0.0033 |-4.5944
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T | C/Cy | In(C/Cy) | t(s) k UT | In(k)
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40 | 0.025 | -3.68888 | 260 |0.014188 | 0.003195 |-4.2554
50 | 0.017 | -4.07454 | 240 |0.016977 | 0.003096 | -4.0759
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