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Abstract: Contamination of ground water and soils by chlorinated organic compounds such as trichloroethylene (TCE) and perchloroethylene (PCE) is one of the most common environmental problems at US Superfund sites.  So far in practice, the remedy of choice has been pump-and-treat or soil-vapor-extraction.  The aqueous or gas stream extracted from underground is stripped of contaminants, usually by contact with activated carbon.  Due to the non-destructive nature, the carbon sorbent must be eventually disposed of or regenerated, which increases the remediation cost.  The work described here aims at destroying chlorinated contaminants by converting them to relatively environmentally-benign products through the use of metal catalysts.  In the laboratory, a tube reactor is loaded with an aluminum oxide monolith impregnated with platinum and rhodium, originally used in an automobile catalytic converter.  Experiments show that stable operation with high conversions (above 90% at residence times under 1s) can be achieved at relatively low temperatures (as low as 300 °C) by mixing the contaminated gas with hydrogen and oxygen simultaneously.  The chlorinated hydrocarbons are converted to alkanes, carbon dioxide and hydrogen chloride (or chlorine gas).  Meanwhile, such a mixed “redox” condition minimizes catalyst deactivation.  Further experiments show that a homologous series of alkanes (i.e., ethane, propane and n-butane) can replace hydrogen as the reductant and the resultant “redox” conditions can also lead to high conversions of PCE and TCE.  It appears that the dissociation energy of the C-H bond in the respective alkane molecule plays a decisive role in the activation energy, and eventually the reaction rate, of PCE conversion.  We implemented this new technology in a pilot field study at a State Superfund site in Tucson, Arizona.  The reactor was operated continuously for 38 weeks, under stop-start conditions, without change in its catalyst performance.  Propane was found to be a good alternative to hydrogen as the reductant, significantly reducing the operating cost. Overall, catalytic destruction of chlorinated organic contaminants promises to be a viable alternative to current ground water and soil remediation technologies.

