MORERBIAC S 270 1 -8 (2001)

3

RS

o, ERLIZHEAT,

Mo OOIFL > OKMHERAESRE
—HALERICDEE5—

MR BT - B SR IR B

Photocatalytic Degradation of Trichloroethylene in the Gas-Phase
— Contribution of Photochemical Reactions —

Masayuki MURABAYASHI ”, Kiminori IToH " and Koichi KAWAMURA"Y

Synopsis

Photocatalytic degradation of trichloroethylene (TCE) in the gas-phase was studied by using a
batch reactor with TiO2 photocatalyst. When the degradation reaction of TCE was repeated in a
same reactor, reaction rates changed much depending on the reaction conditions for the repeated
reactions. The facts indicated that the reaction intermediates and products would give much effect on
the following reaction. As a result, photochemical reaction was found to have a large contribution to
the photocatalytic degradation of TCE. When phosgene and/or chlorine were once produced
photocatalytically, photochemical reaction, which progressed very fast, was thought to dominate the
reaction rates of the degradation of TCE.
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Fig.1 Half-life(t») in the TCE photocatalytic
degradation reaction repeated in a
batch reactor
The atmosphere in the reactor was
replaced with dried air before each
reaction.
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Fig.2 Relative concentration of phosgene at

60min after the start of each reaction
* Relative concentration of phosgene
was expressed with the absorbance in
the FTIR measurement.
The reaction was repeated in the same
reactor and with the same photocatalyst
as those in the preceding reaction.
The atmosphere in the reactor was
replaced with dried air before each
reaction.
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Fig.3 Changes of concentration of TCE and
dichloroacetylchloride (DCAC) with
time in the first and second (repeated)
reactions
The atmosphere in the reactor was
replaced with dried air before each
reaction.
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Fig.4 The change of the relative concentration
of phosgene (expressed in the
absorbance) with time when the
photocatalyst was illuminated with
black-light fluorescent lamps without
addition of TCE
Procedure of the experiment : The
photocatalytic degradation of TCE was
repeated 4 times. The atmosphere in
the batch reactor was replaced with
dried air before each reaction. The
duration time of each reaction was 10
min. After the 4% reaction the
atmosphere in the reactor was replaced
with dried air and the photocatalyst
was 1lluminated.
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Fig.5 Change of the concentration of TCE
with time in the photocatalytic
degradation of TCE without replacement
of the atmosphere in the reactor
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Fig.6 Effect of the addition of reaction
products on the photocatalytic
degradation of TCE
* A definite amount of a reagent of
DCAC was added, so that the absorbance
for DCAC in the FTIR measurement
became 0. 6789.

** A definite amount of a reagent of
HCl was added, so that the absorbance
for HCl in the FTIR measurement
became 0.0021.

*¥#% A definite amount of gaseous
reaction products containing phosgene
(COCl:) were added, so that the
absorbance for COCl: in the FTIR
measurement became 0.0180.
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Fig.7 Effect of the addition of gaseous
reaction products containing COCl: on
the photocatalytic degradation of TCE
* The amount of gaseous reaction
products added was expressed by the
absorbance for phosgene in the FTIR

measurement.
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Fig.8 Change of the concentration of TCE
with time in the photochemical reaction
repeated without replacement of the
atmosphere in the reactor
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Fig.9 Relation between the half-life of the
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were added before the reaction. The
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was expressed representatively by the
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Fig.10 Change of the absorbance in the range
of wavelength between 280 and 400nm
in the photochemical degradation of
TCE

* Standard absorption curve for Cl.
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Fig.11 Effect of the addition of chlorine on
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degradation of TCE
The added chlorine was produced from
the reaction of potassium permanganate
with hydrogen chloride. The concentration
of chlorine amounted to &.3ppmv for
both reactions.
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