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Background

A conceptualization of a DNAPL source illustrates the
modes of occurrence that need to be addressed In source
zone flooding schemes.
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Both laboratory and field experiments have
demonstrated the ablility of potassium permanganate to
oxidize common chlorinated ethylenes like trichloroethylene
(TCE) and tetrachloroethylene (PCE).

Chlorinated ethylenes can be rapidly degraded by
permanganate Iin agueous solution. The half lives of TCE,
cis-1, 2-DCE, trans-1,2-DCE and 1,1-DCE with 1 mM MnO,
range from 0.4-18 minutes. The half-life of PCE, however, Is
much longer, about four hours (Yan and Schwartz, 1998).
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Oxidation schemes have some limitations because of the
low solubility of chlorinated ethylenes (e.g., TCE) iIn the
agueous phase (Yan ans Schwartz, 1998 and Zhang and
Schwartz, 2000). An ongoing thrust of our work is to find
methods that increase the efficiency of permanganate oxidation.
Following here Is an update of recent work on the use of
catalysts to speed up the reaction.

ODbjective

e to introduce the concept of phase transfer catalysis for the
oxidation of chlorinated solvents,

 to evaluate whether the catalyzed oxidation scheme can
enhance the oxidation of TCE with MnO’,

e to test whether or not adding a PTC could enhance the
oxidation rates of the most common chlorinated solvents
occurring as binary mixtures.

Catalytic Permanganate Oxidation

Phase transfer catalysis Is a technique for converting
similar chemical species situated in two or more phases. Due
to their amphiphilic nature, the catalysts distribute themselves
between aqueous and organic phases, form an association
with the reactive anion (e.g. MnO,’), and bring them into the
organic phase in a form suitable for reactions.
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Kinetic Batch Experiment with TCE

We conducted kinetic batch experiments to study the rate
of permanganate oxidation of TCE In the presence of the
selected catalysts (Table 1). We evaluated samples for TCE
degradation by measuring the chloride concentration and UV
absorbance for MnO,".

PTPP led to a marked increase in the CI- concentration in
the agueous phase during the first 20 to 25 minutes of the
experiment. The pattern of reaction speedup, PTPP > TBA >
TEA >Blank, iIs consistent with the extraction constants (Kg)
calculated based on the solubllities in the organic phase of
methylene chloride.
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Table 1. Chemical properties of selected PTC- MnOa4 ion pairs.
Name/PTCs Abbr. % Sw’ S logKEe®
tetraethylammonium TEA 165.71 7.30° 10 0.235 1.64
tetrabutylammonium TBA 277.92 210" 10" 0.417 4.98
pentyltriphenylphosphonium PTPP 413.35 2.40° 10™ 1.460 7.40

FW; formula weight (g/mole), Sy; solubility (M) In water, S; solubility (M) in methylene chloride, a; formula weight of

bromide salts only, b; Karaman, et al., (1984), c: calculated
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Figures show the spectra of UV-Vis scans. The larger
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