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Oxidative Degradation of PCE/TCE Using KMnO, in Aqueous Solutions

under Steady Flow Conditions

Heonki Kim* and Tae Yun Kim

Dept. Environmental Sciences and Biotechnology, Hallym University

The rates of oxidative degradation of perchloroethene (PCE) and trichloroethene (TCE) using KMnQO, solution
were evaluated under the flow condition using a bench-scale transport experimental setup. Parameters which are
considered to affect the reaction rates tested in this study were the contact time (or retention time), and the concen-
tration of oxidizing agent. A glass column packed with coarse sand was used for simulating the aquifer condition.
Contact time between reactants was controlled by changing the flow rate of the solution through the column. The
inflow concentrations of PCE and TCE were controlled constant within the range of 0.11~0.21 mM and 1.3~1.5
mM, respectively. And the contact time was 14~125 min for PCE and 15~36 min for TCE. The KMnQO, concentra-
tion was controlled constant during experiment in the range of 0.6~2.5 mM. It was found that the reduction of PCE
and TCE concentrations were inversely proportional to the contact time. The exact reaction order for the PCE and
TCE degradation reaction could not be determined under the experimental condition used in this study. However,
the estimated reaction rate constants assuming pseudo-1st order reaction agree with those reported based on batch
studies. TCE degradation rate was proportional to KMnQO, concentration. This was considered to be the result of
using high inflow concentrations of reactant, which might be the case at the vicinity of the source zones in aquifer.
The results of this study, performed using a dynamic flow system, are expected to provide useful information for
designing and implementing a field scale oxidative removal process for PCE/TCE-contaminated sites.
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Table 1. Column dimensions and soil parameters relevant
to this study

- volume of column(cm®) 73.6
2 = gl AlS{diuq
IH'“' * =8cH volume of sand packed(cm3) 46.6
mass of sand packed(g) 123.6
21. Mg bulk density of the sand packed(g/cm’) 1.68
B 7ol AR B A7 300-500 um S 2k porosity 039
waste
Injection
HPLC valve uv
pump HPLC column detector computer
sand
column
mo 1 KMnO,
pump solution
3-way mixing
valve
waste or pump 2 PS%!IEJS;;E
Co
sample
collection

Fig. 1. Experimental setup used in this study.
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Table 2. Experimental conditions for oxidative degradation of PCE and TCE

chemical exp. PCE/TCE/PFBA KMnO, conc. retention time flow rate
# conc. (mM) (mM) (min) (cm’/min)

1 0.112 125 0.31

2 0.134 61.2 0.58

PCE 3 0.156 1.27 30.5 1.17

4 0214 14.5 2.40

5 0.146 0 30.5 1.17

1.43 31.8 1.21

! 1.46 063 153 2.38

1.42 294 1.17

2 1.27

TCE 1.52 153 2.34

3 1.26 253 36.1 1.20

1.51 14.8 2.39

4 1.45 0 29.0 1.20

PFBA 1 0.14 0 239 1.20
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Fig. 2. PFBA breakthrough curve.
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Fig. 3. Breakthrough curves of PCE: dashed line represents
the averaged final concentrations when the effluent PCE
concentration reached at a plateau.
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Fig. 4. Changes in the relative concentration of PCE with
respect to the hydraulic retention time (or the residence
time) in the column during transport.
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Fig. 5. Breakthrough curves for TCE transport
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Fig. 6. Changes in the relative concentration of TCE with
respect to the hydraulic retention time (or the residence
time) in the column during transport
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Table 3. Retardation factors(R,) and sorption coefficients for PCE and TCE measured under the conditions used in this study

. exp. PCE/TCE/PFBA conc. K,
chemical ; (mM) R, (cmf/g)
1 0.112 1.34 0.079
2 0.134 1.23 0.053
PCE 3 0.156 1.24 0.056
4 0.214 1.23 0.053
5 0.146 1.41 0.095
| 1.43 1.25 0.058
1.46 1.26 0.060
) 1.42 1.20 0.046
TCE 1.52 1.24 0.056
3 1.26 1.50 0.116
151 1.23 0.053
4 145 1.21 0.050
PFBA 1 0.14 1.00 0.000
2 olgsle] EAz 249 AL FEaE As] Sl

ZAlske PCE % TCEZ} Atsklel KMnO,ol of3ted
AR $ES RGO, B8 THEe
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dNAPLEA 299°] Hi= A9 XY Uig 3}
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