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Formation of microdischarges in porous dielectric materials generatelt bygh voltage has
been investigated. Two geometrical configurations (sandwich typeandatype) and several ma-
terials with diferent pore size and thickness have been tested. The |-V charadaisticurrent
pulse characteristics have been recorded and supplemented with thgrapbs of the discharge.
Stable microdischarges have been successfully generated only usiegats with a certain pore
size and in the limited range of the 1-V characteristics.
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1 Introduction

Non—-thermal plasmas are emerging as successful methodsvert various gaseous
pollutants into inert or treatable species [1, 2]. Chemieglctions in the plasmas are
mainly initiated by the interaction of molecules with erstig electrons produced by
various electrical discharges and the free radicals. Tadwgthe energy féciency and
selectivity of non—-thermal plasma applications, combarabf non—thermal plasma and
catalyst has been investigated recently [3, 4]. Variouensds including dielectrics, ferro-
electrics and metals oxides are used as catalysts, whidmgaave the formation of active
radicals and their distribution. The presence of the catatythe reactor also influences
the discharge plasma modes and their electrical charsiitsriln the ferroelectric—bed
discharge (FBD), a material with high permittivity (ferteetric pellets of e.g. BaTig
PbTiQ;) is held between two electrodes. Once the high voltage ibeapphe electric field
at the contact points of the pellets is enhanced and a digelvacurs. The discharge con-
sists of a large number of intermittent breakdown filamemtigrodischarges, occurring
especially in the vicinity of the contact points. Filamewgtanicrodischarge can also be
observed in a dielectric—barrier discharge (DBD) betweem ¢lectrodes, at least one of
which is covered with a dielectric (e.g. quartz, ceramias polymers). A large number of
filamentary microdischarges of nanosecond duration rahddistributed both in time and
in space appears upon the breakdown. Their number is propalrto the voltage applied
on the electrodes and the frequency is usually of severareds kHz [5, 6]. The microdis-
charges of FBD and DBD are excellent sources of energetitretes and free radicals of
a high density. Due to its attractive properties, the mimchtharge phenomenon is studied
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for potential industrial applications, e.g. ozone ger@sffree radical generation and their
applications in pollution control.

In this paper, we present experimental investigations@fticrodischarges formation
in porous dielectric materials. The aim of this study is ttedmine the conditions of dis-
charge generation with respect to the pore size and thiskokethe dielectric material.
The discharge in two eierent geometry configurations has been generated. Althacgh
or pulsed high voltage power is typically needed in bothdelectric and dielectric barrier
discharges to generate microdischarges, we have insteadssfully used the dc power.
The generation of the microdischarges inside the porousaniethteresting from the point
of view of car industry, where ceramic honeycomb catalystsused for engine exhaust
abatement. Although it is quiteftlicult to generate uniform non—thermal discharge plasma
inside narrow holes of the ceramic honeycomb catalyst [@dlifig an &ective combina-
tion of plasma and honeycomb catalyst and improving theoperdince is a challenge.

2 Experimental setup

A schematic diagram of the experimental apparatus is shovi#ig. 1. The first con-
figuration (sandwich geometry, 1a) employs the dielectaced between two mesh elec-
trodes @ 14 mm). Fig. 2 summarizes the physical properties and shafptee used di-
electrics. The diameter of the dielectrics was 28 mm and thiekness was 3 and 6 mm for
A, B, C and D, E, respectively. The ceramics A, B, C were seddrom alumina (AIO3)
powder particles of dierent sizes and the ceramics D and E were made of cordierite
(2Mg0.2AL03.5Si0%,) and alumina. In the second configuration (corona geomghy,
the dielectric was placed on the mesh electrode with mudtirtrelectrode above consisted
of 5 nails in one row placed 25 mm above the grounded meshretlecs 49 mm). Two
materials tested were the ceramics D (thickness 3 mm) armbtiteng F (thickness 3 mm)
consisting of particle chains of MgO and made by electrastaioating [8].

DC HV

Ceramics Al,O3 Contents | Pore Size Porosity

BLITAEAL s os | 3

A 99 0.8 38

. B 92 15 42

a) sandwich type c 92 90 37
D n/a 800 80~90
E n/a 1250 80~90

[LZ23%357]

b) corona type

Fig. 2. Properties and shapes of the used di-
Fig. 1. Experimental apparatus. electric materials (from left to right B, D, E).

DC regulated high voltage power supply (Pulse Electronigi#ering, M502), con-
nected via a 5 M series resistor to limit the total discharge current, waslus drive the
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discharge reactor. The discharge of positive polarity wasstigated only. The voltage was
measured by a high voltage probe (Tektronix, P6015A) andlibeharge current and the
current pulses were measured using a current probe (Tektfe®021) linked to the dig-
itizing oscilloscope (Tektronix, TDS644A). The photognapof discharge were taken by
the digital camera (Nikon, E4300) with adjustable iris arpasure time. All experiments
were carried out in atmospheric air at”ZLand 60 % relative humidity.

3 Experimental results

The pore size was found to be the most critical parametehfonticrodischarge gen-
eration. The Fig. 3 represents the -V characteristic offieharge using the ceramics A
in the sandwich geometry (full circles). At very low curreiftess than 10QA), the -V
characteristic was relatively stable in time. With furtiesrease of the discharge voltage,
the current increased but was not stable and had a tendedegtease spontaneously in
time. As a result, the |-V curve bent. Thifect can be most likely assigned to the dielec-
tric layer of high resistivity between the electrodes, asdharge emitted from the active
electrode is accumulated on its surface. The accumulatadyehincreases the potential
difference on the dielectric layer and decreases the potemtibkigap [9]. The electric
field in the gap is thus smaller and the current decreases4figesents the spontaneous
decrease of the discharge current and the simultaneowesaseiof the voltage across the
gap in time. During one minute, the discharge current of 1 & KV) spontaneously
decreased to only 160A (5.3 kV). Empty circles in Fig. 3 represent the I1-V charaistic
that bears the information about the spontaneous decré#ise current and its saturated
values.
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Fig. 3. The |-V characteristic for ceramics AFig. 4. Spontaneous decrease of current in
in sandwich geometry. time for ceramics A in sandwich geometry.

The changes in the electrical characteristic of the cera#iwere accompanied with
the changes in the visual discharge character. Fig. 5 shwsvphotographs of the dis-
charge. The pictures were taken at the balanced current®fi20and increasing dis-
charge voltage. The pictures (a—c) were taken with 8 secsimgiter speed. The last two
pictures (c—d) represent the identical discharge, takém 8vand 1 second shutter speed,
respectively, to evaluate th&ects of shutter speed. The small pores of ceramics A caused
the discharge streamers developed and propagated alosgrfaee of the dielectric layer.
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The streamers inside the porous dielectric were not obdetumereasing the discharge
currentpower resulted only in the extension of the area covered bgaceistreamers.

Fig. 5. Visual character of the discharge using ceramics A — curr@0tuf, increasing discharge
voltage, shutter speed: 8 s (a—c) and 1 s (d).

For the ceramics B, the discharge character at low dischargents was similar to
ceramics A. The enhanced perforation and bigger pore sizheoteramics B caused,
however, that from a certain point the discharge charatierand its mode changed. In
addition to the surface streamers, space streamers ifgdgorous material developed
simultaneously. The blue color changed into intense wimtet lemission, as many ran-
domly distributed microdischarges formed. The series ot@yraphs in Fig. 6 represents
the discharge development from surface streamers intodigoharges inside the porous
ceramics. The discharge light emission is not homogenousuade thought looking at
Fig. 6¢, but the channels migrate and are rather randomigtalited in time and space.

Fig. 6. Visual character of the discharge using ceramics B — curré@f.£, increasing discharge
voltage, shutter speed: 8 s (a—c) and 1 s (d).

Regarding the discharge electrical properties, the omgbeharking voltages increased
compared with the ceramics A. The |-V characteristic waslaino the ceramics A, i.e.
relatively stable at low currents, with tendency to benhwitcreasing discharge voltage
(empty circles in Fig. 7). Increasing the applied voltagetfer, the discharge mode in a
certain moment changed as many microdischarges developittithe porous ceramic
(Fig. 6b). The voltage drop during the discharge pulses vgrsficant, some 8890 %
of the applied voltage. The |-V characteristic became esénd the discharge current
stabilized in time (full triangles in Fig. 7).

Figs. 8 and 9 summarize the experimental results obtained) egramic materials
A, B, 2B (B of double thickness), C, 2C and D. Fig. 8 represeéhés|-V characteris-
tics of the discharges prior to microdischarge formatiome dnset and working voltages
increased with the pore size and thickness of the ceramisnéntioned before, no mi-
crodischarge generation was observed for ceramics A, dtieetoery small pores. Us-
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Fig. 7. The |-V characteristic for ceramics BFig. 8. The |-V characteristics of the dis-
charges other than microdischarge in sandwich

in sandwich geometry.
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Fig. 9. The |-V characteristics of the microdis-Fig. 10.
charge in sandwich geometry.

Frequency of the microdischarge
pulses dependent on the discharge current in
sandwich geometry.

ing the ceramics D and E, the microdischarges were not foreithér. Due to the big
pore size their surface could not bfeetively charged, and therefore a rapid and almost
immediate spark breakdown followed almost right after treeftarge onset. It turns out
that the microdischarges can be generated only for a ceptaim size and above a cer-
tain discharge voltage. Fig. 9 summarizes the 1-V charisties of the microdischarges
using ceramics B, 2B, C and 2C. The bigger the pores, the loaléage is needed for
microdischarges to be formed. The frequency of the pulsesd/detween 410 kHz,
depending on the discharge current, however appears tadbpandent on the pore size
(Fig. 10).

The obtained results are in a good agreement with the estinfiadm the Paschen’s
law, which determines the breakdown voltage of a uniforneteile field between planar
electrodes as a function of the pressure and the gap lengtitnfspheric pressure, the
Paschen’s minimum is below several micrometers in air, wigcabout the size of pores
of the ceramics where microdischarges generation was ouedir

The microdischarge generation was also investigated mneodischarge reactor with a
grounded electrode covered or coated by a dielectric |ayeee diterent configurations —
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Fig. 11. The |-V characteristic in corona ge-Fig. 12. The current pulse waveforms in

ometry. corona geometry — current: 40@\).

no dielectric, ceramics D and coating F — were tested and havacteristics, current pulse
waveforms and discharge photographs were recorded. Figand 12 show |-V charac-
teristics and current pulse characteristics of the diggharespectively, with and without
dielectric layer. With the layer, the onset voltage was load the discharge current in-
creased at the given applied voltage. A decrease of the tamilof the current pulses was
observed too. To confirm the active role of either porousro@s D or coating F, a per-
forated Teflon sheet with 1 mm thickness was placed on thel mletstrode. No change
in either I-V characteristic or current pulse characterisas found in such case. There-
fore, we assume the dielectric layers D and F play an actikeinothe process and the
decrease of the working voltage and amplitude of the puksesresult of the interplay
between corona discharge in space and microdischargee ithe pores. During the cur-
rent pulse, the voltage across the reactor dropped for a0 % only (at 40QuA).
The voltage drops in corona and sandwich geometries caenbblwvever, compared since
in the corona case, it is the product of twdfdient discharges, i.e. streamer discharge in
space and the microdischarges inside the ceramics.

Fig. 13. Visual character of the discharge in corona geometry — miatex)ano dielectric, b) ceramic
D, ¢) coating F, current: 400A, shutter speed: 8 s.

The photographs of the discharge are presented in Fig. 13nWhdielectric or Teflon

sheet covered the electrode surface the only light emigsiore out of the space between
the electrodes. However, when either ceramics D or coatiagéts were present, several
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smaller or bigger shining areas (marked by the arrows in thed) were observed on the
surface. We assume that these are probably where many nsichhadyes are formed.

4 Conlusions

The generation of microdischarges inside the dielectrrop® materials by dc power
was investigated. It was shown that the pore size is the nrdatat parameter for the
microdischarges to occur. In the sandwich geometry, misob@rges cannot be observed
if ceramics pores are smaller thanuin or bigger than several hundredsoh. Stable
microdischarges wadtectively generated with ceramics of the average pore site t90
um (ceramics B and C) and above the certain applied voltage.spark breakdown is
suppressed due to cooling of microdischarge channels biyrégiative ceramic pores.
The frequency of the microdischarges is in the kHz order amdlatively independent on
the pore size. In the corona geometry the microdischargegemerated along with the
streamer discharge between the electrodes.

We believe the microdischarges generated inside the ponaterials can be very ef-
fectively used for the gas treatment. In addition to the gmésd results, we investigated
the efect of water vapor on the microdischarge generation andiated the fiiciency of
ozone generation. These results are reported elsewhdre [10
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