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Abstract — Heterogeneously-catalyzed oxidation of aqueous phase trichloroethylene (TCE) over supported metal
oxides has been conducted to establish an approach to eliminate ppm levels of organic compounds in water. A contin-
uous flow reactor system was designed to effect predominant reaction parameters in determining catalytic activity of the
catalysts for wet TCE decomposition as a model reaction. 5 wt.% CoO,/TiO, catalyst exhibited a transient period in
activity vs. on-stream time behavior, suggesting that the surface structure of the CoO, might be altered with on-stream
hours; regardless, it is probable to be the most promising catalyst. Not only could the bare support be inactive for the wet
decomposition reaction at 36 °C, but no TCE removal also occurred by the process of adsorption on TiO, surface. The
catalytic activity was independent of all particle sizes used, thereby representing no mass transfer limitation in intrapar-
ticle diffusion. Very low TCE conversion appeared for TiO,-supported NiO, and CrO, catalysts. Wet oxidation perfor-
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mance of supported Cu and Fe catalysts, obtained through an incipient wetness and ion exchange technique, was dependent
primarily on the kinds of the metal oxides, in addition to the acidic solid supports and the preparation routes. 5 wt.%
FeO,/TiO, catalyst gave no activity in the oxidation reaction at 36 °C, while 1.2 wt.% Fe-MFI was active for the wet
decomposition depending on time on-stream. The noticeable difference in activity of the both catalysts suggests that the Fe
oxidation states involved to catalytic redox cycle during the course of reaction play a significant role in catalyzing the wet
decomposition as well as in maintaining the time on-stream activity. Based on the results of different CoO, loadings and reac-
tion temperatures for the decomposition reaction at 36 °C with CoO,/TiO,, the catalyst possessed an optimal CoO, amount at
which higher reaction temperatures facilitated the catalytic TCE conversion. Small amounts of the active ingredient could be
dissolved by acidic leaching but such a process gave no appreciable activity loss of the CoO, catalyst.

Key words: Heterogeneous Wet Catalysis, Continuous Flow Reaction, Cobalt Oxide, Trichloroethylene, Chlorinated Hydro-

carbons, Metal Oxides
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Table 1. Physicochemical properties of the supported catalysts prepared

Catalys et coment%) AlDs (i

Shaped TiO?} 79

NH,-ZSM-5(MFI structure)” 30 400

NiO/TiO, W 54

CrO/TiO, W 54

CoOJTiO, W 1 80
5.01 71
104 65

CuOJTiO, W 54

FeO/TiO, W 54 73

Cu-MFI IE 1.8 30 386

Fe-MFI IE 12 30 383

Note. Use of a 30/40-mesh TiO, for its supported catalysts.
“IW, incipient wetness; IE, ion exchange.

bprovided by Millennium Chemicals (DT51D).

“Provided by Zeolyst (CBV3024E).

“Nominal content.
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Fig. 1. Schematic of a continuous flow reaction system for catalytic
wet decomposition of aqueous TCE in water.
1. On/off valve 11. TCE injection port
2. TCE storage tank 12. Mass flow meter or controller
3. Liquid-level gauge 13. Thermocouple
4. 3-way valve 14. I-shaped reactor
5. High precision liquid pump 15. Catalyst and inert mesh screen
6. Precision pressure gauge 16. Electric furnace
7. Check valve 17. Off-line sampling port
8. Transparent glass window 18. On-line sampling system
9. Large volume magnetic bar  19. Gas chromatograph
10. Large volume magnetic stirrer
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Fig. 2. An aqueous concentration of TCE and its feed reservoir pres-
sure as a function of operating time.
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Fig. 3. The extent of removal of an aqueous TCE by its adsorption at
36°C on the bare TiO, support in the continuous flow reactor.
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Fig. 4. Influence of particle sizes of 5% Co0O,/TiO, catalyst on the
time on-stream activity in wet TCE decomposition at 36 °C.
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Fig. 5. Catalytic activity of DT51D TiO,-supported transition metal
oxides for wet decomposition of TCE at 36 °C in flowing water.
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Fig. 6. Time on-stream activity of supported Fe and Cu catalysts for
wet oxidation of TCE at 36 °C in flowing water.
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Fig. 7. Influence of CoO, content on the catalytic performance of
TiO,-supported cobalt oxides for catalytic wet decomposition
of TCE at 36 °C in flowing water.
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Fig. 8. Catalytic activity of 5% Co00,/TiO, for wet TCE decomposi-
tion at given reaction temperatures.
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Table 2. Concentration of CI” produced in the continuous process of catalytic liquid-phase TCE decomposition over 5% Co0O,/TiO, and

physicochemical properties of the used catalyst

Catalyst Concentration of C1~ produced (ppm)“ Metal content (%)” Sper (m*g)’
Recation temperature (°C) Fresh Used Fresh Used
23 36 50
Time on-stream (min)
60 180 60 180 60 180
TiO, ND ND 79
5% CoO,/TiO, ND ND 5 23 53 55 5.01 4.69 71 75

Note. ND=no detected.

“Content in an effluent solution after reaction at each temperature for each on-stream time.

bAfter reaction at 36 °C for a 280-min on-stream time.
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