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Abstract

The catalytic oxidation of volatile organic compounds (VOCs), which were benzene and
toluene, was studied in the supercritical carbon dioxide(SC-CQ2) media. In SC-CO: media, the
deep oxidation conversion of VOCs was increased with the temperature and pressure. The
deep oxidation conversion in SC-CO; media is better than that in air media at same pressure
condition. This can be explained by the solubility of VOCs in SC-CQ, The many
intermediates produced by the partial oxidation of VOCs were detected from off-line samples.
The intermediates were identified as benzene, toluene, benzaldehyde, phenol, naphthalene,
1,1’-biphenyl, benzoic acid, 3-methylphenol, 1,1'-(1,2-ethanediyl)bis- benzene, 1,1'-(1,2-ethene-
diyDbis-benzene, anthracene, and so on. The amount of intermediates was decreased as the
molar ratio of oxygen to carbon dioxide was decreased. When the molar ratio of oxygen to
carbon dioxide was 1:16, the deep conversion was kept constant. Thus, the -catalytic
oxidation process in SC-CO; media can be combined on-line with supercritical fluid extraction
of environmental matrices and supercritical regeneration of used adsorbent. Thus, the nontoxic
SC-CO: media process was suggested as the new VOCs control technology.
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Fig. 1. Schematic diagram of catalytic oxidation process.
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Fig. 2. Deep conversion of benzene with tempe-
rature in SC-CO; media.
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Fig. 3. Deep conversion of toluene with tempe-
rature in SC-CO2 media.
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Table 1. Hildebrand Parameter of Reaction Media and Organic Solvents

T: [C] P. [atm] V [em®/mol] 8 [MPa¥
Nitrogen -146.8 334 324 53
Carbon Dioxide 311 728 55.0 12.3
Oxygen -1184 497 33.0 8.2
Benzene 2802 48.3 889 187
Toluene 31838 405 106.3 18.2
o-Xylene 357.2 3638 1206 184
m-Xylene 344.0 349 1229 180
p~Xylene 3431 346 1233 179
Ethylbenzene 344.2 3H5 1225 180
Styrene 367.8 395 1148 19.0
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Fig. 4. GC chromatogram to identify oxidation products of benzene in SC~CO; media. (250°C, 70 atm)

Table 2. Intermediates of Aromatic Solvents Oxidation in SC-CO2 Media

(a) Benzene
. 250°C 30T

RT Intermediates Hatm | 70atm | 105atm | 3Hatm | 70atm | 105atm

0.98 | Benzene 50.5 57.3 50.5 50.0 577 62.4

6.62 | Phenol 10.1 54 29 7.3 14.6 10.7
1048 | Naphthalene 7.3 135 125 144 7.2 6.2
1363 | 1,1'-Biphenyl 21.8 12.2 11.3 114 10.4 6.0
1766 | Anthracene 10.3 116 13.8 169 10.1 147
(b) Toluene

. 250C 350C

RT Intermediates Fatm | 70atm | 106atm | 5atm | 70am | 105 atm
1.05 | Benzene 42 2.1 48 6.2 75 6.3

167 | Toluene 21.3 23.2 31.0 40.4 4.2 48.7

5.03 | Benzaldehyde 28 7.4 48 48 2.7 2.3

6.80 | Phenol 9.1 95 79 126 6.7 59

895 | 3-Methyl-phenol 54 6.5 34 56 5.2 6.0
10.57 | Naphthalene 159 12.6 13.0 72 8.7 5.4
11.00 | Benzoic acid - - 40 2.6 - 3.6
1369 | 1,1’-Biphenyl 16.9 13.9 105 5.4 8.7 9.1
1560 | 1,1'-(1,2-ethanediyl)bis-benzene| 132 12.9 11.0 184 12.0 84
17.73 | Anthracene 11.2 119 9.6 6.8 4.3 4.3
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Fig. 5. GC chromatogram to identify oxidation products of toluene in SC-CO; media. (250C, 70 atm)
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Table 3. Intermediates with O2/CO; Mole Ratio at 250C, 70 atm

. 0»/CO; Mole Ratio [Area%]
Reactant RT Intermediates 1/4 18 | 116 | v | e
1.03 Benzene 17.3 41.0 839 100.0 100.0
6.72 Phenol 154 129 7.0 - -
Benzene 10.49 Naphthalene 135 12.1 2.3 - -
13.69 1,1’ -Biphenyl 42.3 22.4 5.9 - -
17.66 Phenanthrene 115 116 09 - -
1.06 Benzene 2.1 31 0.6 - -
1.65 Toluene 13.2 5.6 99.4 100.0 100.0
514 Benzaldehyde 7.4 ~ - - -
6.87 Phenol 95 - - - -
9.00 3-methyl phenol 6.5 - - - -
Toluene ™65 | Naphthalene 176 - - - -
13.74 1,1’ -Biphenyl 159 - - - -
1,1'~(1,2-ethanediy])bis—
1665 | 4 etryibengene 159 13 - - -
1775 Phenanthrene 119 - - - -
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Fig. 6. Deep conversion of benzene and
toluene with 0»/CO; mole ratio in
SC-CO2 media.
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