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Anon-thermal plasma rector with a catalytic electrode made of sintered metal fibres (SMFs) was tested for
the oxidative decomposition of a model VOC toluene. The input energy was varied in the range 160-295 /1
by varying the applied voltage between 12.5 and 22.5 kV at 200 Hz. Influence of various parameters like
toluene concentration, SMF modification by Mn and Co oxides, input energy and ozone formation was
studied. It has been observed that plasma catalytic approach is very effective for total oxidation of toluene
at low input energy, especially at toluene concentration <250 ppm and SMF modification by transition
metal oxides increased the performance of the reactor significantly. MnOx modification appears to be a
better choice compared to CoOx, which may be attributed to the in situ decomposition of ozone leading
to the formation of more reactive oxidants like atomic oxygen.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The emission of volatile organic compounds (VOCs) by various
industrial and automobile sources into the atmosphere is a concern
as many of VOCs are carcinogens and harmful to living organisms
[1]. For the abatement of dilute VOCs (<1000 ppm), conventional
techniques like adsorption, thermal, and thermocatalytic oxidation
are not suitable, mainly due to high-energy consumption [1-3].
Among the alternatives, non-thermal plasma (NTP) generated at
atmospheric pressure appears to be the energy saving approach.
Non-thermal plasma chemical processing of hazardous air pollu-
tants (HAPs) has been extensively investigated [1-6], and it has
been demonstrated as an efficient technique for the decomposing
olefinic HAPs. NTP is a combination of energetic electrons, radicals,
ions and excited species as well as radiation. In NTP, the electrical
energy is primarily used for the production of energetic elec-
trons without heating the flue gas. In dielectric barrier discharge
(DBD) the presence of dielectric distributes the microdischarges
throughout the discharge volume. These microdischarges initiate
the chemical reactions in the gas phase through electron impact
dissociation and ionization of the carrier gas [7-9]. However, NTP
abatement of VOCs shows low selectivity (0.3-0.5) to total oxida-
tion (CO, and H,0) and may result in the formation of undesired
and sometimes toxic by-products [3,10]. In order to improve the
efficiency of NTP, often catalyst is combined with plasma technique
[3-10]. In catalytic plasma technique, a synergy between plasma
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excitation and catalysis has been observed mainly when the cata-
lystis placed in discharge. During the present study, NTP generated
by DBD has been used for the abatement of a model VOC toluene,
wherein the inner electrode is either a conventional metallic rod
or transitional metal oxides modified sintered metal fibre (SMF).
Influence of various parameters like VOC concentration, SMF mod-
ification and input energy has been studied.

2. Experimental

A detailed description of the reactor has been given elsewhere
[11-13]. The dielectric discharge was generated in a cylindrical
quartz tube with an inner diameter of 18.5 mm. The silver paste
painted on the outer surface of the quartz tube acts as the outer
electrode, whereas a sintered metal fibre (SMF) filter was used
as the inner electrode. The SMF was modified with 3 wt% of Mn
and Co oxides via impregnation of aqueous metal nitrate solutions
followed by calcination at 773 K for 4 h. The gas flow rate was main-
tained at 500 ml/min (STP), whereas the concentration of toluene
was varied between 100 and 1000 ppm. The specific input energy
(SIE) in the range of 160-295 ]/l was applied by varying the AC high
voltage (12.5-22.5kV) at a frequency of 200 Hz. The V-Q Lissajous
method was used to determine the discharge power (W) in the
plasma reactor, whereas, the SIE of the discharge was calculated
using the relation

power (W)

SEEUM = 535 flow rate (I75)

VOC concentration at the outlet of the reactor was measured
with an online gas chromatograph (Shimadzu 14 B) equipped with
a flame ionization detector and a SP-5 capillary column. The dis-
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charge length was 10 cm and the discharge gap was around 3.5 mm.
One end of the SMF electrode was connected to AC high voltage
through a copper rod, whereas the other end was connected to the
inlet gas stream through a Teflon tube. The gas after passing the dis-
charge zone diffuses through the SMF and was analyzed with a gas
chromatograph at the outlet. Conversion of toluene at each applied
voltage was measured after 30 min. In a similar way, ozone formed
in the plasma reactor was measured at 30 min with an UV absorp-
tion ozone monitor (API-450 NEMA). The formation of CO, and
CO was simultaneously monitored with a pre calibrated infrared
gas analyzer (Siemens Ultramat 22). As the volume changes due to
chemical reactions are negligible, selectivity of CO, and COx may
be defined as

oy _ [CO]
Sco(%) = 7.([VOC], — [VOC])
Sco, (%) = [€0,]

7.(IVOC], — [VOC])

Sco, = Sco + Sco,

3. Results and discussion

3.1. Performance of DBD rector during the decomposition of
toluene

As mentioned in the introduction, NTP technique is expected
to be advantageous when the VOC concentration <1000 ppm as it
is difficult to maintain adiabatic conditions under dilute concen-
trations. The activity of the designed reactor was earlier reported
during the destruction of 250 ppm of selected VOCs of different
natures, including toluene. During the present study, concentration
of toluene has been changed between 100 and 1000 ppm in order to
understand the influence of VOC concentration on the performance
ofthe reactor. Fig. 1 presents the conversion of 1000 ppm of toluene.
The applied voltage was varied between 12.5 and 22.5 kV that cor-
responds to SIE of 160-295]/1, respectively. As seen from Fig. 1,
conversion of toluene increases with increasing the input energy
with all the electrodes including the conventional Cu electrode.
Interesting observation is that the SMF electrode showed nearly
the same conversion as that of the conventional Cu electrode. Con-
version over all the catalysts increased from 40% at 12.5kV (165]/1)
to 90% at 22.5kV (295]/1). Also, as seen from Fig. 1 SMF modifica-
tion with transition metal oxides has not shown any influence. This
may be due to the quick deactivation of the catalyst by polymeric
products formed in the reaction.

During the oxidative decomposition of toluene, the desired
products are CO, and H,0. However, in general NTP may lead to
undesired products and hence the selectivity to CO, is not 100%.
During the present study, no other hydrocarbon except toluene was
observed at the outlet, hence COx selectivity also represents the car-
bon balance. Fig. 1b presents the selectivity to COx (CO+CO5). As
seen from Fig. 1b, the selectivity to COx was poor with all catalysts
and was never close to 100%. The Cu and SMF electrodes showed
COx selectivity of 60 and 90% at 160 and 295 ]/, respectively. Hence,
with 1000 ppm of toluene, in the SIE range of the present study, the
SMF catalytic electrodes showed poor carbon balance. However,
SMF modification with CoOx and MnOy results in higher COx selec-
tivity. Fig. 1b also presents the CO, selectivity. As seen from Fig. 1b,
the selectivity to CO, was not impressive on all the catalysts. SMF
and Cu electrode showed around 30% selectivity at 295 J/I, whereas,
CoOx and MnOyx modified SMF electrodes showed slightly higher
value of 40%.
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Fig. 1. (a) Influence of SMF modification and SIE on the conversion of toluene (SIE:
160-295]/1 and 1000 ppm of toluene). (b) Influence of SMF modification and SIE on
selectivity to COx and CO; (SIE: 160-295]/1 and 1000 ppm of toluene).

As seen earlier during the destruction of 1000 ppm of toluene,
conversion, carbon balance and selectivity to CO, were not 100%
with all the catalysts, which may be due to high concentration
of toluene. In order to understand the influence of VOC concen-
tration, toluene concentration has been varied. Fig. 2 presents the
performance of the catalytic DBD rector for destruction of 500 ppm
of toluene. As seen from Fig. 2a, with decreasing concentration of
toluene from 1000 to 500 ppm, conversion increases. Also, as seen
from Fig. 2a SMF modification with CoOx and MnOx showed higher
conversion than unmodified SMF, whereas, at 1000 ppm, all the
electrodes showed same activity. Hence, the absence of the cat-
alytic effect at 1000 ppm may be due to the quick deactivation of
the catalyst, whereas at lower concentration, the catalysts appear
to be active. For 500 of toluene, the activity of the studied catalysts
followed the trend MnOy/SMF > CoOy/SMF > Cu > SMF.

Fig. 2b presents the carbon balance during the decomposition off
500 ppm of toluene. The carbon balance increases with increasing
the SIE with all the electrodes. At 160]/1, all the electrodes showed
the same carbon balance ~65%. With increasing SIE, CoOx and
MnOx modified electrodes showed better selectivity than unmod-
ified systems. As seen from the figure, CoOx/SMF showed carbon
balance close to 100% at SIE 295]/1, whereas at the same SIE for
Cu and SMF the value is only 90%. It is also worth mentioning that
for 1000 ppm, metal oxide modification did not increase the car-
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Fig. 2. (a) Influence of SMF modification and SIE on the conversion of toluene (SIE:
160-295]/1 and 500 ppm of toluene). (b) Influence of SMF modification and SIE on
selectivity to COx and CO,(SIE: 160-295]/I and 500 ppm of toluene).

bon balance, whereas with decreasing concentration by two times,
polymeric deposits were reduced significantly. A similar observa-
tion has been also made from the CO, selectivity profile given in
Fig. 2b. As seen from Fig. 2b, Cu and SMF showed poor CO, selec-
tivity of 10% at 160]/1 that increased to 40% at SIE 295]/1, whereas
under the same conditions, CoOx and MnOx showed CO, selectivity
close to 50%.

Fig. 3a and b presents the influence of the applied voltage on
the conversion of 250 ppm of toluene. SMF catalyst at 160]/l shows
conversions close to 60% that increases to 100% at 265 J/1. A similar
behavior was also observed with CoOx and MnOx/SMF electrodes,
where ~100% conversion of toluene was observed at 235]/1. As
seen from Fig. 3b, for 250 ppm of toluene COy selectivity ~100%
was achieved only at 265 /1, whereas under the same conditions,
for 500 and 1000 ppm of toluene, CO, selectivity was <90%. Hence,
during the destruction of 250 ppm of toluene, SIE close to 265]/1
is required in order to avoid carbon deposit. Fig. 3b also repre-
sents CO, selectivity, where with increasing SIE, the CO, selectivity
also increases for the catalytic electrodes. MnOy/SMF, at 160]/1 the
maximum selectivity to CO, was around 30% which reached 65% at
295]/1. Asimilar trend was observed with other catalytic electrodes.
Hence at lower VOC concentrations, SMF modification by MnOy and
CoOy showed improved performance towards total oxidation.
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Fig. 3. (a) Influence of SMF modification and SIE on the conversion of toluene (SIE:
160-295]/1 and 250 ppm of toluene). (b) Influence of SMF modification and SIE on
selectivity to COx and CO,(SIE: 160-295]/1 and 250 ppm of toluene).

In order to ensure the influence of VOC concentration, conver-
sion of 100 ppm of toluene was followed in the same SIE range
and the results are presented in Fig. 4. As seen from Fig. 4 with SMF
electrode conversionreaches ~100% at 20 kV (265 J/1). Interestingly,
with CoOx and MnOy/SMF catalytic electrodes, ~100% conversion
of toluene was achieved even at 17.5kV that corresponds to SIE of
235]/1.

Fig. 4b represents the selectivity to COx during destruction of
100 ppm of toluene. Selectivity to COx also increases with increas-
ing voltage and reaches 100% (no carbon deposit) on all catalysts
when SIE more than 235]/l. Fig. 4b represents the selectivity to
CO,, for various catalysts during destruction of 100 ppm of toluene.
As seen from Fig. 4b, SMF showed only ~50% selectivity to CO, at
295]/1, whereas MnOy/SMF shows better performance, where the
selectivity to CO, was ~80% even at 235]/1 (17.5kV). It is worth
mentioning that with MnOy/SMF catalyst, at 17.5KkV, the conver-
sion was ~100% (Fig.4a) and there was no polymeric carbon deposit
(Fig. 4b). Hence, the DBD reactor with catalytic SMF electrode
showed remarkable activity during the destruction of 100 ppm of
toluene.

As the time scales of the reactions taking place in plasma are very
small, decrease in the performance is often observed over a period
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Fig. 4. (a) Influence of SMF modification and SIE on the conversion of toluene (SIE:
160-295]/1 and 100 ppm of toluene). (b) Influence of SMF modification and SIE on
selectivity to COx and CO,(SIE: 160-295]/l and 100 ppm of toluene).

of time, hence long-term performance of the DBD reactor is much
warranted. Fig. 5 presents the performance of the DBD reactor over
a period of time at a constant SIE of 235]/l during the destruction
of 1000 ppm of toluene. As seen from the figure, all the catalytic
electrodes maintain the same activity throughout the course of the
reaction. A similar behavior was observed at different concentra-
tions. This confirms the long-term stability of the electrodes during
the destruction of VOC.

3.2. Discussion

As seen from the data presented above, the NTP reactor with cat-
alytic electrodes show better performance compared to the plasma
reactor using conventional Cu or SMF electrode. Modification of
SMF by MnOy and CoOy increased the product selectivity towards
total oxidation (CO, and H,0). The better performance of CoOx
and MnOy/ SMF may be due to the formation of atomic oxygen
by “in situ” decomposition of ozone on the surface of the catalytic
electrode [11-17]. Various attempts were reported earlier com-
bining catalyst with plasma, often referred as ‘hybrid reactors’.
These hybrid reactors may be classified either as in-plasma or post-
plasma catalytic reactor, also referred as one-stage and two-stage
plasma reactors. This hybrid plasma-catalysis has been extensively
investigated and it has been established that the performance of
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Fig. 5. Conversion of 1000 ppm of toluene as a function of time at 235]/I1.

NTP technique for removal of VOCs can be improved significantly
by the addition of catalyst [1,7-12,16-24]. Advantages of using
plasma-catalysis systems over NTP include increase in conversion
of VOC at low input energy, higher selectivity to total oxidation
and decrease in undesired by-products. A synergistic effect has also
been reported during catalytic plasma technique, especially when
the catalyst was placed in the discharge zone [11-13]. Another
advantage is that the VOCs can be decomposed at ambient tem-
peratures, where in general, the catalyst will not be active. The
main oxidizing species formed by NTP when produced in air is
ozone, even though other oxidizing species like hydroxyl radicals
and ultraviolet light were reported [13]. Influence of ozone has
been reported in two ways: either during direct interaction with
the VOCs or may lead to the formation atomic oxygen on the cata-
lyst surface. The former process increases the conversion, whereas
the latter process may increase the CO, selectivity.

In-plasma catalytic rector, where the catalyst is placed in the dis-
charge zone shows better performance over post-plasma catalytic
treatment, probably due to a better reaction condition like ready
availability of other short-lived oxidizing species and ozone. Syn-
ergy was thought to be limited to when the catalyst is placed inside
the discharge region. In one-stage configuration, the synergistic
effect may be due to the increase in concentration of short-lived
excited species on the surface of the catalyst and the effect of pho-
tons and electrons generated in the plasma. It was earlier shown
that the presence of ultraviolet light also increases the efficiency
of the NTP reactor [13]. In addition plasma catalytic systems have
been shown to follow zero-order kinetics during VOC decompo-
sition, indicating the importance of surface reactions, hence this
configuration is expected to show promising results [23]. How-
ever, the main disadvantage with this configuration is the faster
deactivation of the catalyst as a result of the carbonaceous deposit.

A higher performance of the NTP technique has also been
reported when the catalyst was placed down stream to discharge
zone in post-plasma reactor. This seems to be due to the oxidiz-
ing properties of long-lived species mainly ozone and oxides of
nitrogen. Other short-lived oxidizing species such as oxygen radical
anion O,,~! and activated O,* cannot reach the catalyst surface in
downstream configuration [12]. In order to utilize them effectively,
a high flow rate of the gas should be maintained. But maintaining
a high flow rate leads to solid deposits on the catalyst surface [12].

The reactor studied in the present case is a modified single
stage reactor, where the catalyst component was integrated on SMF
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electrode. The specific advantage, as seen from the data presented
above, is the high selectivity to total oxidation at any SIE as opposed
to nearly the same conversion. Direct catalytic oxidation of VOCs
may be neglected due to the low quantity of the catalyst (3 wt%) and
also the time scales of plasma activation of VOCs and direct catalytic
action are different. In order to understand the role of the ozone,
its concentration with and without SMF modification was studied.
There is no direct correlation between the amount of O; formed and
the observed conversion of VOC during its oxidation by plasma. The
decomposition of VOC in the NTP reaction is due to the dissocia-
tion under electron impact and also due to the reaction of organic
species with ozone and other oxidizing species formed in plasma.
It is known that reaction between ozone and toluene in the gas
phaseisveryslow (1.2 x 10720 cm3 mol~1s~1)[22] compared to the
reaction of toluene with atomic oxygen (5.7 x 10712 cm3 mol-1s-1)
indicating that without catalyst ozone may not show any gas
phase reactivity with toluene [22]. As reported recently, in one-
stage configuration, electron-induced processes, surface discharges
and short-lived radicals are potential active species as opposed
to long-lived species like ozone and oxides of nitrogen in a two-
stage configuration. Although decomposition of ozone to oxygen
is a thermodynamically favored process, temperature higher than
373K is required. At lower temperatures, a catalyst is necessary
for ozone decomposition, producing active species on the catalyst
surface that may induce secondary oxidation reactions [23]. Due to
its long lifetime ozone is of importance in both one and two-stage
plasma systems. In the two-stage configuration, ozone may still be
present in significant concentrations and partial oxidation of the
VOCs may take place with ozone in the gas phase. It is believed
that the conversion of VOCs is mainly due to ozone acting either
directly or indirectly via adsorption or decomposition on catalyst
surfaces, leading to the formation of strongly oxidizing species,
such as atomic oxygen [23]. To understand the role of ozone, its
concentration was measured in the present study.

In the absence of toluene, with increasing SIE, ozone formation
increases and reaches to a maximum of 1100 ppm at 195]/1 and
reaches zero at 295]/1. The decrease in the ozone formation with
increase in SIE may be due to the formation of other reactive species
like nitrogen oxides destroying ozone [21]. At the same time, the
increase of the in situ temperature of the bulk gas in the plasma
reactor at high SIE also cannot be ruled out as ozone is not thermally
stable above 373 K. As seen from Fig. 6, in the presence of toluene,
at 195]/1, ozone formation decreased to 800 ppm, which was fur-
ther decreased to 500 ppm when SMF was modified with MnOy
and CoOy. From the data presented above, a higher performance
of the plasma reactor was achieved with the MnOy/SMF catalytic

electrode. SMF modification by metal oxide mainly resulted in high
selectivity rather conversion. This may be due to in situ decompo-
sition of ozone leading to the formation of reactive oxygen species
(atoms) on the catalyst surface. These reactive oxygen species are
the possible oxidants in this reaction. Similar observation was made
earlier during the destruction of benzene when MnO, catalyst was
placed in the plasma reactor [22].

4. Conclusions

A catalytic plasma reactor with the inner electrode made of
sintered metal fibre was designed and tested for the oxidative
decomposition of toluene. It has been observed that modification
of SMF with transition metal oxides not only increased the con-
version of toluene at low consumption of VOC, but also increased
the total oxidation selectivity. Better results were obtained at low
concentration of VOC, especially for 100 ppm of toluene.

References

[1] F. Holzer, U. Roland, F.D. Kopinke, Combination of non-thermal plasma and
heterogeneous catalysis for oxidation of volatile organic compounds: Part 1.
Accessibility of the intra-particle volume, Applied Catalysis B: Environmental
38(2002) 163-181.

[2] V. Demidiouk, J.0. Chae, Decomposition of volatile organic compounds in
plasma-catalytic system, IEEE Transactions on Plasma Science 33 (2005) 157.

[3] U. Roland, F. Holzer, F.D. Kopinke, Improved oxidation of air pollutants in a
non-thermal plasma, Catalysis Today 73 (2002) 315-323.

[4] S.Futamura, A. Zhang, H. Einaga, H. Kabashima, Involvement of catalyst mate-
rials in nonthermal plasma chemical processing of hazardous air pollutants,
Catalysis Today 72 (2002) 259-265.

[5] A. Ogata, D. Ito, K. Mizuno, S. Kushiyama, T. Yamamoto, Removal of dilute
benzene using a zeolite-hybrid plasma reactor, IEEE Transactions on Industry
Applications 37 (2001) 959-964.

[6] V. Demidiouk, S.I. Moon, ].0. Chae, Toluene and butyl acetate removal from air
by plasma-catalytic system, Catalysis Communications 4 (2003) 51-56.

[7] A.M. Harling, D. Glover, J.C. Whitehead, K. Zhang, Novel method for enhancing
the destruction of environmental pollutants by the combination of multi-
ple plasma discharges, Environmental Science and Technology 42 (2008)
4546-4550.

[8] A. Ogata, K. Yamanouchi, K. Mizuno, S. Kushiyama, T. Yamamoto, Oxidation of
dilute benzene in an alumina hybrid plasma reactor at atmospheric pressure,
Plasma Chemistry and Plasma Processing 19 (1999) 383-394.

[9] H.H.Kim, K. Takashima, S. Katsura, A. Mizuno, Low-temperature NOy reduction
processes using combined systems of pulsed corona discharge and catalysts,
Journal of Physics D: Applied Physics 34 (2001) 604-613.

[10] U. Roland, F. Holzer, F.D. Kopinke, Combination of non-thermal plasma and
heterogeneous catalysis for oxidation of volatile organic compounds. Part 2.
Ozone decomposition and deactivation of y-Al,03, Applied Catalysis B: Envi-
ronmental 58 (2005) 217-226.

[11] Ch. Subrahmanyam, M. Magureanu, A. Renken, L. Kiwi-Minsker, Catalytic
abatement of volatile organic compounds assisted by non-thermal plasma. Part
1. A novel dielectric barrier discharge reactor containing catalytic electrode,
Applied Catalysis B: Environmental 65 (2006) 150.

[12] Ch.Subrahmanyam, A. Renken, L. Kiwi-Minsker, Catalytic abatement of volatile
organic compounds assisted by non-thermal plasma. Part II. Optimized cat-
alytic electrode and operating conditions, Applied Catalysis B: Environmental
65 (2006) 157.

[13] Ch. Subrahmanyam, M. Magureanu, D. Laub, A. Renken, L. Kiwi-Minsker, Non-
thermal plasma abatement of trichloroethylene enhanced by photocatalysis,
Journal of Physical Chemistry C 111 (2007) 4315.

[14] HH. Kim, S.M. Oh, A. Ogata, S. Futamura, Decomposition of gas-phase ben-
zene using plasma-driven catalyst (PDC) reactor packed with Ag/TiO; catalyst,
Applied Catalysis B-Environmental 56 (2005) 213-220.

[15] H.Einaga, S. Futamura, T. Ibusuki, Complete oxidation of benzene in gas phase
by platinized titania photocatalysts, Environmental Science and Technology 35
(2001) 1880-1884.

[16] A.M.Harling, D. Glover, J.C. Whitehead, K. Zhang, Industrial scale destruction of
environmental pollutants using a novel plasma reactor, Industrial & Engineer-
ing Chemistry Research 47 (2008) 5856-5860.

[17] R. Radhakrishnan, S.T. Oyama, Y. Ohminami, K. Asakura, Structure of
MnOy/Al, 05 catalyst: a study using EXAFS, in situ laser raman spectroscopy and
ab initio calculations, Journal of Physical Chemistry B 105 (2001) 9067-9070.

[18] H.H. Kim, Y.H. Lee, A. Ogata, S. Futamura, Plasma-driven catalyst processing
packed with photocatalyst for gas-phase benzene decomposition, Catalysis
Communications 4 (2003) 347-351.

[19] H.Einaga, S.Futamura, Catalytic oxidation of benzene with ozone over alumina-
supported manganese oxides, Journal of Catalysis 227 (2004) 304-312.

[20] H. Einaga, T. Ibusuki, S. Futamura, Performance evaluation of a hybrid sys-
tem comprising silent discharge plasma and manganese oxide catalysts for



682 Ch. Subrahmanyam et al. / Chemical Engineering Journal 160 (2010) 677-682

benzene decomposition, IEEE Transactions on Industry Applications 37 (2001) [23] A.M. Harling, DJ. Glover, J.C. Whitehead, Kui Zhang, The role of ozone in the

1476-1482. plasma-catalytic destruction of environmental pollutants, Applied Catalysis B:
[21] H.H. Kim, A. Ogata, S. Futamura, Oxygen partial pressure-dependent behav- Environmental 90 (2009) 157-161.

ior of various catalysts for the total oxidation of VOCs using cycled system of [24] A. Nasonova, H.C. Pham, D. Kim, K. Kim, NO and SO, removal in non-thermal

adsorption and oxygen plasma, Applied Catalysis B: Environmental 79 (2008) plasma reactor packed with glass beads-TiO; thin film coated by PCVD process,

356-367. Chemical Engineering Journal 156 (2010) 557-561.

[22] NIST, Chemical Kinetics Database on the Web, Standard Reference Database 17,
Version 7.0 (Web Version), Release 1.4 (2007).



	Catalytic non-thermal plasma reactor for abatement of toluene
	Introduction
	Experimental
	Results and discussion
	Performance of DBD rector during the decomposition of toluene
	Discussion

	Conclusions
	References


