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Abstract. Microplasmas generated by electric discharges on dielectric surfaces and inside
confined cavities and pores of dielectric materials attract an attention due to their numerous
environmental and other applications. The paper presents the data for ozone generation by
microplasmas generated inside porous ceramics foams. The objective has been to evaluate the
plasma chemical potential of these microplasmas for generation or removal and selected gaseous
and other products.

1. INTRODUCTION
Atmospheric pressure non-equilibrium microplasmas are very attractive for applications in areas such
as surface modifications, environmental and biomedical processing. The advantage of the
microplasmas is that they produce high densities of chemically active species at relatively low energy
consumption without any vacuum equipment requirements. The atmospheric microplasmas can be
generated by various types of electric discharges, including hollow cathode and capillary plasma
electrode discharges, discharges in porous ceramics and capillaries (honeycombs) or dielectric barrier
and coplanar discharges [1].
The capillary microplasmas (microdischarges) generated inside ceramic foams are short-living sparks.
They originate from a surface barrier discharge, which develops on the ceramics at low amplitudes of
the applied voltage. If the amplitude exceeds a certain value, the charges of the surface discharge enter
the ceramics and capillary microdischarges form inside it. The transition of the microdischarges into
an arc is suppressed by the small energy stored in the capacity of the electrodes and the connecting
cables. The production of the charged particles in microplasmas is limited by the ambipolar diffusion
toward the walls of the pores and volume recombination. The capillary microplasmas are relatively
cold plasmas with high level of non-equilibrium. Their gas temperature was found close to room
temperature, increasing with the oxygen contents in the gas mixture. Due to the high thermal shock
resistance of the ceramic foams and effective heat dissipation, overall increase of the temperature in
time is relatively small.
The paper presents the generation of capillary microplasmas inside confined cavities of ceramic
foams. It briefly describes the physical properties of the microplasmas and focuses on their chemical
effects. The plasma chemical effects of the microplasmas were evaluated via the generation of ozone
in various mixtures of nitrogen and oxygen. The dependence of ozone generation as a function of
discharge power, gas mixture composition and total gas flow rate are presented.

2. EXPERIMENTAL SETUP
Figure 1 shows the experimental setup. The cylindrical discharge reactor consisted of porous ceramic
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disk placed between two metal mesh electrodes. The disk was composed of mainly alumina and silica
mixture and had diameter and thickness of 31 and 7 mm, respectively. In the previous studies [2, 3]
the optimal discharge spatial distribution was observed for the ceramics of 30~80 μm pore size,
therefore 50 and 80 μm ceramics were selected for the presented tests. AC high voltage power supply
was used for the generation of the discharge. The power was measured by digital multimeter Metex
3860M. The voltage at the reactor was measured by a high voltage probe Tektronix P6015A and the
discharge current was measured using a current probe Pearson Electronics 2877 (1V/A) linked to the
digitizing oscilloscope Tektronix TDS1012 (100 MHz, 1 GS/s). Ozone concentration measurement and
gas mixtures analysis was performed by ozone analyzer BMT Messtechnik 964 and FTIR absorption
spectrometer Perkin Elmer Spectrum BX II. Mixtures of nitrogen and oxygen (5, 10, 20, 50 and 100%)
with the total gas flow 0.4~2.0 L/min were tested. The pressure drop across the discharge reactor
measured by the digital manometer PCE P-30 was found negligible and ranged from 0.1 to 0.8 kPa for
gas flow rates of 0.4 and 2.0 L/min, respectively.
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FIGURE 1: Schematic view of experimental setup.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1. Discharge Properties
Previous works [2-5] commented on the physical properties of microdischarges generated inside the
ceramics foams by ac and dc driven discharges. The most detailed description of the discharge
properties (based on the electrical measurements and visual observation) with respect to the effect of
the pore size, discharge power, and gas mixture can be found in [3]. The results showed that the
microplasmas inside the ceramic foam may form only for the specific discharge power and pore size
of the ceramics. At a small voltage a surface barrier discharge on the surface of the ceramics may only
be observed. With the increase of the applied voltage, however, the surface discharge transits into
capillary microdischarges inside the ceramics, which onset voltage increased with the decreasing pore
size. Upon the transition to microdischarges the amplitude of the current pulses increases extremely, as
well as, the corresponding discharge current and power. The increase of the discharge current is bigger
for the bigger pore size, due to an increase of the radius of the discharge channel and volume of the
generated microplasma. The optical observations by photography and emission spectroscopy showed
the microdischarges are randomly distributed both in time and space and the consecutive
microdischarges do not occur in the same point. Each microdischarge is accompanied by a light
emission. In pure nitrogen the light emission was homogenously distributed over the whole surface of
the ceramics, however with the increase of oxygen and carbon dioxide in the mixture the discharge
homogeneity deteriorated.
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3.2. Ozone Generation
The plasma chemical effects of the microplasmas generated inside the ceramic foams were evaluated
by tests of ozone generation in various mixtures of nitrogen and oxygen. The effect of the discharge
power, the gas mixture composition and the gas flow rate are reported.
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In pure oxygen, the concentration of generated ozone increased with the discharge power. For the
given power the concentration of ozone increased with decreasing gas flow rate (Fig.2). For example
at the power of 2.5~3 W, the ozone concentrations of 1034 and 293 ppm were generated with gas flow
rates of 0.4 and 2.0 L/min, respectively. However, considering the ozone concentration as a function
of energy density (J/L) instead of discharge power, we found the concentration independent of the gas
flow rate (Fig.3). The ozone yield (g/kWh) decreased with both the discharge power and energy
density. The maximal yield of 45~55 g/kWh was observed for energy density of 20-30 J/L, while the
minimal yield of 15~18 g/kWh was found for 440~450 J/L, regardless of the gas flow rate.
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FIGURE 2: Ozone concentration in oxygen as a
function of discharge power at various flow rates
[pore size 80 μm, 100% O2].
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FIGURE 3: Ozone generation in oxygen as a
function of energy density for various flow rates
[pore size 80 μm, 100% O2].
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with the increase of the oxygen concentration the at various flow rates [50 μm pore size, P = 5~6 W].
microdischarges concentrated particularly at the
sharp edges of outer circumference of mesh electrodes. This non-homogeneity of the microdischarge
distribution, but also an increase of the discharge current and consequently the gas temperature caused
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ozone concentration decreased with the oxygen. The increasing energy density and gas heating caused
decomposition of the ozone molecules and supported formation of undesired by-products.
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In the mixtures of nitrogen and oxygen, the effect of gas flow rate on the ozone generation was also
found important. The gas flow rate determined the maximal concentration of ozone generated, which
increased with the gas flow rate. Figure 5 shows the results for 20% of oxygen in the initial mixture.
As the figure shows, for gas flow rate of 0.4 L/min the maximal ozone concentration of 43 ppm was
found at 0.3 W, while for 1.2 L/min the maximum of 78 ppm was found at 4.4 W. The corresponding
ozone yields were 6.2 and 2.6 g/kWh, respectively. The figure shows that the power corresponding to
the maximum concentration increased with the gas flow rate. While the ozone concentration increased,
reached maximum and subsequently decreased with increasing discharge power for all gas flow rates,
the ozone yield monotonously decreases with increasing power. The maximal yield was observed at
low powers. For the gas flow rate of 1.2 L/min ozone yield was found 13.3, 2.6 and 0.8 g/kWh for
discharge power of 0.2, 4.4 and 9.3 W, respectively. Figure 6 shows the generation of ozone as a
function of discharge power for various input concentrations of oxygen. It shows the optimal
generation for 10% oxygen mixtures regardless of the discharge power and a decrease of the ozone at
high powers especially in the mixtures with higher concentration of initial oxygen.
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FIGURE 5: Ozone concentration mixtures as a
function of discharge power at various flow rates
[50 μm pore size, 20% O2].
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FIGURE 6: Ozone concentration mixtures as a
function of discharge power at various flow rates
[50 μm pore size, Q = 1.2 L/min].

The analysis of the gas mixtures by FTIR absorption spectroscopy showed that the besides ozone
various other by-products were generated depending on the input concentration of oxygen, gas flow
rate and discharge power. In pure oxygen, no compounds other than ozone itself were found. In the
mixtures with nitrogen, however, various amounts of NO2, N2O5, N2O and HNO3 were detected. The
presence of the latter one can be explained by residual moisture in the system. The formation of NOx
resulted from the reactions of nitrogen and oxygen supported by the microdischarges. They are spark
discharges and therefore the formation of NOx is hard to suppress.
The analysis of the FTIR spectra of the mixtures with 20% of oxygen and 1.2 L/min showed that
concentrations of ozone and NO2 and N2O5 increased with the discharge power. However, while the
ozone concentration reached a certain maximum and then decreased (as shown in Fig. 5), the
concentration of NO2 remained increasing further. In this case, the concentration of NO2 increased
from 7 to 54 ppm for the discharge power of 1.1 and 9.2 W, respectively. The corresponding ozone
concentrations were 48 and 52 ppm, respectively. Figure 7 shows FTIR spectra of the mixture after the
discharge action obtained for various discharge powers. Similar effect was observed for other gas flow
rates; the only difference was that the maximal concentration of NO2 generated decreased with the gas
flow rate (at the given power).
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Considering the effect of the initial oxygen and comparing the ozone and NOx generation in various
mixtures, we found less ozone and more NOx generated as the initial concentration of oxygen
increased from 10 to 50% O2 (see Fig. 8). The result is the consequence of the discharge homogeneity
and distribution inside the ceramics, explained above.
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FIGURE 7: FTIR spectra of gas mixture after
discharge action for various powers [50 μm pore
size, Q = 1.2 L/min, 20% O2].
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FIGURE 8: FTIR spectra of gas mixture after
discharge action for input oxygen concentrations
[50 μm pore size, Q = 1.2 L/min, P = 7~9 W].

4. CONCLUSIONS
The objective of the paper was to demonstrate the plasma chemical effects of the microplasmas
generated by the discharges inside porous ceramic foams. We found the microplasmas effective for
ozone generation. Maximal ozone generation and minimal formation of other by-products was found
at low discharge power, high gas flow rates and paradoxically small concentrations of initial oxygen.
The paradox is explained by the effect of oxygen on the discharge distribution and homogeneity.
Microplasmas generated inside the ceramics are spark discharges and produce certain amount of NOx.
The production of NOx is critical especially at high energy densities. These conditions are not optimal
for ozone generation, however, they can rather be effective for VOC treatment. In addition, loading
the foams with a catalyst, the treatment efficiency can be further improved and formation of undesired
NOx suppressed.
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