Removal of dilute trichloroethylene in air by postplasma catalysis over Cu-Mn
mixed oxides
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Abstract: This study investigates the removal of dilutehtiicoethylene (TCE) in moist air by post-plasma
catalysis (PPC) using Cu-Mn mixed oxides heateth@fC and located downstream of the plasma reactor
(non-thermal plasma = NTP). In comparison to thealgtc oxidation and non-thermal plasma proce$¥; P
was found to be the best process to convert TGEG®, in particular when Cu-Mn oxide was synthetized
by redox precipitation method. Cu-Mn oxide prepabsdco-precipitation method showed a lower TCE
conversion but a better stability in the PPC predes TCE abatement.
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1. Introduction

The combination of NTP and a catalyst for trichkitylene (TCE) removal has attracted increasirey@st
because this process can significantly outperftierptasma alone and thermal catalysis experimemésms
of efficiency, selectivity and energy caslf the catalyst is located after the dischargaezpost-plasma
catalysis (PPC)), the preprocessing of TCE by péaeatment assists the sequential catalytic dwialdty
lowering TCE concentration and forming ozone. Gailreactions can take advantage of the NTP edhitte
Oz as a potential source of active oxygen specieBlieigafurther oxidation of both TCE and potential' N
gaseous hazardous by-products. Hence, the selefteatalysts for TCE abatement in a PPC processidh
consider some important criteria, such as ozonerdposition ability, TCE total oxidation capacity waell
as hydrothermal stability and resistance to chéarfopper-manganese mixed oxides have demonsthaied
great ability for ozone decompositioiCO oxidatiod and chlorinated VOCs remotaand their resistance to
the deactivation caused by chlorinated byproduckberefore TCE removal was studied using copper
manganese oxides, synthetized using two differeathaus, heated at 150°C and positioned in the
downstream of the plasma. Textural and surfaceackerizations of fresh and used catalysts were@padd
in order to make some correlations between theisiph-chemical properties and their performancasén
TCE abatement.

2. Experimental

The TCE abatement by PPC was investigated in ragigfTCE] = 300 ppm ; RH=15%) using a 10-
pin-to-plate negative DC corona discharge and Cunrhitted oxides as catalysts. For better compariken t
TCE abatement was also investigated with plasmaeadd room temperature during 1 hour (Energy Densit
(ED) : 60 ; 90 ; 120 J/L) and catalyst alone fro® 2o 300°C (2°C/min) with analysis every 50°C. The
performance of each configuration was evaluatgdrms of total TCE conversion, G@nd CQ yields and
byproducts distribution. The copper manganese exiwlere prepared either by a co-precipitation method
(sample CuMpOs-P4) using metal nitrates as precursors, tetrartaatityonium hydroxide (TMAH) as
precipitant or by a redox-precipitation method (plemCuMnQ-R3) using manganese acetate and copper
nitrate as precursors, permanganate of potassiumxidant. The fresh and used materials have been
characterized by ICP-OES; hysisorption, XRD and XPS analyses.



3. Results and discussion

During the NTP experiments a poor mineralizatiolT@E into CQ was observed since the highest
yield obtained was 13% for the energy density dd 32.. This low CQyield in NTP experiments can be
explained by the formation of polychlorinated origaby-products. In the TCE catalytic oxidationwiais
shown that both catalysts (CuMg®3 and CuMpOs-P4) are very active and selective to C@ the
temperature range 200-300°C. In comparison withes@ference catalysts used in the total oxidatfarGt,
CuMnO-R3 and CuMpO4s-P4 exhibited very good catalytic activitys¢E 250°C). Figure 1 shows the TCE
conversion into C@as a function of energy density (60-120 J/L) fer two catalysts in PPC configuration
in comparison with the NTP alone and catalyst aloaefigurations. The TCE conversion into £
significantly improved in PPC configuration whenmgmared to NTP and in particular using CuM#RB
catalyst. The superior catalytic performance of @@M-R3 can be explained by its high specific siefaca
and high redox properties. However the activityfCoMMnOx-R3 for the TCE degradation slightly decrelase
during the 1h of testing at 150°C, evidencing tleadivation of this catalyst during the analysigisT
deactivation can be related to the accumulatiochtirine at the surface (Figure 2).
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Figure 1. TCE conversion into C&Xor catalysis, Figure 2. Cl 2p XPS spectra of catalysts
NTP and PPC experiments. after PPC experiments.

When comparing to MnOand CeMnOx tested in the same pin-to-plate DC ren@lasma reactor,
except that the number of pins herein is increfeed 5 to 105 CuMnQ-R3 and CuMpO4-P4 exhibits better
performance in terms of TCE conversion into,CThe comparison of the ozone amount in the ogst
stream after TCE abatement as a function of EDTIR ldnd PPC configurations allows to conclude tanezo
decomposition over the catalyst surface as créa@br. The improvement of CQield could be related to
the facile oxidation of polychlorinated by-produdiy active oxygen species coming from the O
decomposition.

4. Conclusions

PPC process was found to be the best process wertdfCE into CQ with catalyst temperature of
150°C. A remarkable increase of £¢eld has been observed due to the facile oxidatfgpolychlorinated
by-products at the surface of Cu-Mn mixed oxidegtvlare suitable materials for ozone decomposition.
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