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ABSTRACT
A twin surface dielectric barrier discharge was used with a two‐component coating to oxidize 300 ppm n‐butane to CO2 and

H2O in synthetic air at room temperature and at 160°C. The integration of BaTiO3 as a base material allowed the successful use

of otherwise discharge ignition‐inhibiting materials such as MnO2‐CuO applied as a full coating. Pure BaTiO3 led to highly

porous coatings that do not hinder the discharge ignition and show a negligible influence on n‐butane conversion while

reducing byproduct formation. The two‐component coatings strongly increased the CO2 selectivity, reaching a maximum of

91.6% at an energy density of 450 J L−1 and 160°C for the 1:2 ratio of BaTiO3:catalyst.

1 | Introduction

Protection of the environment and human health from detri-
mental compounds is one of the major goals of the 21st century.
Hence, environmental catalysis is a topic of growing importance
[1, 2]. A large fraction of noxious compounds belongs to the group
of volatile organic compounds (VOCs), which are released in
various industrial processes and in households, and can lead to an
increased risk for several diseases, including hypertension, res-
piratory diseases, and cancer [3–9]. Conventional thermal VOC
abatement techniques operate at high temperatures, which lead
to high degrees of conversion and a more pronounced selectivity
to CO2, but are highly energy intensive [10]. Using catalysts to
lower the energy demand simultaneously introduces the risk of
catalyst poisoning. A pre‐treatment of the gas stream can avoid
poisoning of the applied catalysts, otherwise supplementary
regeneration techniques may be used, or frequent replacement of

the catalyst may be necessary. Furthermore, the efficiency of
thermal VOC abatement is limited for low or spatially or tem-
porally fluctuating VOC loads [11]. Especially in times of high
energy costs, efficient plasma‐driven processes are further gaining
attraction. Here, non‐thermal atmospheric pressure plasmas
(NTP) excel due to their high process flexibility and energy effi-
ciency, allowing them to also remove traces of VOCs from fluc-
tuating gas mixtures without any ramp‐up time [12]. When
operated in air, mean electron energies in the range of several eV
generate reactive oxygen and nitrogen species, such as O2(a

1Δg),
O(3P), OH, O3, excited nitrogen species, N(2D), N(2P), N2(A Σ3 u

+),
and nitrogen oxides NxOy that can interact with the VOC or
intermediate reaction products leading to decomposition [13, 14].
Plasma generation at atmospheric pressure can be achieved by a
variety of different types and configurations, mainly by corona
discharges or dielectric barrier discharges (DBD), the latter either
in a volumetric (VDBD) or surface configuration (SDBD). DBDs

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.

© 2025 The Author(s). Plasma Processes and Polymers published by Wiley‐VCH GmbH.

1 of 13Plasma Processes and Polymers, 2025; 22:e70062
https://doi.org/10.1002/ppap.70062

https://doi.org/10.1002/ppap.70062
https://orcid.org/0000-0003-1879-8690
https://orcid.org/0000-0002-2216-9515
https://orcid.org/0000-0003-2384-1243
https://orcid.org/0000-0001-5343-6922
mailto:martin.muhler@ruhr-uni-bochum.de
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/ppap.70062
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fppap.70062&domain=pdf&date_stamp=2025-07-09


generally consist of two electrodes that are separated by at least
one dielectric to prevent the formation of a thermal arc. The
discharge source can be combined with a catalytic material,
which can be achieved in a one‐stage approach corresponding to
in‐plasma catalysis (IPC) and a two‐stage approach called post‐
plasma catalysis (PPC). The IPC configuration is to be considered
more beneficial due to potentially strong interactions between
plasma and catalyst, but also leads to a more complex system.
While IPC‐VDBD setups, often consisting of a packed catalyst bed
exposed to plasma, may generally ensure evenly distributed dis-
charges along the catalyst bed, allowing good contact of plasma
and catalyst [15], packed‐bed plasma reactors are limited by a
poor diagnostic access to plasma parameters and by high flow
resistances [16, 17]. In contrast, the main strengths of an SDBD
are its low flow resistance and good optical accessibility. Another
advantage of the SDBD electrode configuration is its simple scale‐
up, as demonstrated by Böddecker et al. [18, 19]. Despite its small
discharge volume, ionic winds induced by the SDBD generate
vortices, which drastically enhance the mixing with the neutral
gas domain, thus allowing for reaching degrees of conversion of
up to 100% [11, 17, 19, 20]. To combine the SDBD with catalytic
materials, they are applied in the form of a coating covering the
large sides of the electrode configuration. The resulting system is
used for the VOC removal, exemplarily demonstrated for the
oxidation of n‐butane (C4H10) in synthetic air. n‐Butane is a sat-
urated alkane, which is relatively persistent and difficult to oxi-
dize due to the lack of functional groups. It has been used as a
benchmark VOC in a multitude of research works [18, 19, 21, 22].
Due to the application for environmental purposes, the total
oxidation of n‐butane to CO2 according to the reaction
C4H10 + 6.5 O2→ 4 CO2+ 5 H2O is required. The formation of
CO, although a more valuable compound for the chemical
industry, has to be suppressed in this application due to its tox-
icity. A suitable oxidation catalyst commonly used in thermal
catalysis is α‐MnO2, that has already been implemented in pre-
vious work, in which it was not possible to use full coatings,
because α‐MnO2 showed a strong ignition‐inhibiting effect [21,
23]. Therefore, a distance of typically 1mm between the coating
and the metallic grid had to be left uncoated. The two resulting
configurations, “full coating” and “gap coating” can be directly
linked to IPC and PPC, as shown in Figure 1. A major motivation
of this work was to surpass the negative effects of catalyst coatings
on SDBDs, facilitating novel coating materials and geometries
that have not been used before. Unlike previous studies requiring
gap coatings [21, 23] to avoid discharge inhibition, this work
introduces a full‐surface catalyst coating enabled by BaTiO3

(BTO), allowing uniform discharge ignition and improved
plasma–catalyst integration. The resulting two‐component coat-
ing uses BTO particles as a basis that acts as a structuring agent
for the coating and dilutes the Moleculite catalyst particles con-
sisting of MnO2 and CuO (2:1 ratio). First, BTO coatings with two
different theoretical loadings were used to assess the impact of
this first component on the overall process parameters n‐butane
conversion, CO and CO2 selectivities, carbon balance, and peak‐
to‐peak voltages required to reach specified values of dissipated
power. Second, the two‐component coatings were applied to
study the additional influence of the catalyst on these parameters.

2 | Experimental Section

2.1 | Setup

The discharge source used in this work was a twin SDBD
electrode configuration (Alumina Systems GmbH, Germany)
already described and used in previous works [11, 14, 18, 19, 21,
22, 25]. The electrode configuration consists of an α‐Al2O3 plate
spanning 190mm× 88mm× 0.635mm, which serves as a
dielectric barrier to separate two chemically nickelled molyb-
denum and manganese silicate (ratio 80/20) metal grids that
were symmetrically screen‐printed on its two large sides. The
grid structure comprised 5 × 15 100mm2 large squares with a
grid line width of 0.45mm. A photograph of the electrode
configuration is shown in Figure 2a.

The voltage supply (G2000, Redline Technologies, Germany)
generated square unipolar pulses (0–300 V) that were applied to
the electrode with a pulse repetition frequency of 4 kHz. High
voltages were obtained by transforming the output voltages
from the generator. The inductance of the secondary side of the
transformer together with the capacitance of the electrode
configuration formed a series resonance circuit with an eigen-
frequency of about 86 kHz. Energy dissipation to the system led
to damping of the resulting sine waves. A current probe
(bandwidth up to 300MHz; Model 6585; Pearson Electronics)
and a high‐voltage probe (P6015A; Tektronix) were used, which
were connected to a digital oscilloscope (DPO5204B; Tektronix)
to record these quantities over time. More detailed information
regarding the electrical setup can be found in previous work by
Schücke et al. [22, 26], Nguyen‐Smith et al. [25], and Böddecker
et al. [18, 19]. According to Equation 1, current and voltage
were used to calculate the dissipated power in real time, which

Feed gas Effluent gas

Effluent 
gas

Feed 
gas

Plasma Catalyst

Plasma + Catalyst

IPC

PPC

SDBD

FIGURE 1 | Schematic illustration of post‐plasma catalysis (PPC) and in‐plasma catalysis (IPC) and the application of these spatial arrangements

to the used SDBD configuration. Figure adapted from [16, 21, 24].
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was the main set parameter for the VOC oxidation measure-
ment campaign. Pdiss was varied in the range of 15–75W, as
further described in section 2.2.

⋅ ⋅P f U t I t t= ( ) ( )d .

T

diss rep 0

p

(1)

Here, frep is the repetition frequency, Tp denotes the duration of
the pulse,U t( ) and I t( ) are the measured time‐resolved voltage
and electrical current, respectively. The displacement current
C

U t

t

d ( )

d
with capacitance C can be safely disregarded for inte-

gration over a full cycle and was therefore not included in
Equation 1. The main part of the setup was the externally
heatable reactor, which had also been used in former work [21].
The reactor was made of aluminum with the outer dimensions
of 540mm× 170mm× 51mm. The electrode configuration was
placed in the 105mm× 19mm large rectangular plane and held
by polyether ether ketone mountings right in the center of the
reactor. A photograph of the reactor is shown in Figure 2b. The
shown quartz glass window enabled optical accessibility,
whereas a solid aluminum lid was used for the actual VOC
oxidation measurements. The reactor was placed on a custom‐
tailored heating plate driven by seven heating cartridges and
thermally insulated. To account for Joule heating, two car-
tridges were placed underneath the reactor inlet and five
directly under the center, resulting in an asymmetric arrange-
ment. The bulk gas temperature inside the reactor was mon-
itored by two thermocouples that were placed at a distance of
85 mm from the electrode configuration in the inlet and outlet
direction. Besides the main heating, the feed gas was preheated
in a copper block that surrounded the tubing, which was also
heated by cartridges but 40°C higher than the set temperature
of 160°C. Preheating was required due to the relatively high
volumetric flow rate of 10 sL min−1 (standard liter per minute,
slm) and insulation losses. The feed gas consisted of N2

(99.999%), O2 (99.998%), and n‐butane (99.5%) supplied by Air
Liquide. Mass flow controllers (MFC, Bronkhorst High‐Tech
B.V., Germany) were used to adjust the composition to syn-
thetic air comprising 79.5% N2, 20.5% O2, admixed with
300 ppm of n‐butane. Reactants and products were monitored
by an online multichannel analyzer (MCA, X‐stream XEGP,
Emerson Process Management, Germany) equipped with non‐
dispersive infrared sensors for CO and CO2 (0–10 000 ppm
each), and n‐butane (0–500 ppm), and a paramagnetic O2 sensor
(0%−25%).

2.2 | Conversion Measurements

Conversion measurements were generally performed at room
temperature and at 160°C. At 160°C, the catalyst is known to be
active in CO oxidation to CO2, but cannot oxidize n‐butane
[21, 23, 27]. In both cases, Joule heating was not further con-
sidered as it had only a minor contribution. The measurement
sequence comprised the collection of effluent n‐butane, CO, and
CO2 mole fractions and applied peak‐to‐peak voltages for a
dissipated power range of 15–65 and 15–75W at room tem-
perature and at 160°C in 10W increments. The measurement
without discharge ignition was denoted 0W and served as an
individual reference for each sequence corresponding to initial
values and was performed before and after each sequence. Each
set point was held for 1000 s to ensure steady‐state conditions at
the respective dissipated power and the last 250 s were time‐
averaged to determine mole fractions and peak‐to‐peak voltage.
Due to intrinsic differences between individual electrode con-
figurations, a full set of measurements was first performed for
any electrode configuration to provide reference data and then
repeated after the coating step. To account for statistical devi-
ations, three measurements were performed for each of the
BTO series and then averaged. For the second part involving the
two‐component coatings, only single measurements were per-
formed. Finally, before first use and after coating, an activation
measurement was performed in which the electrode configu-
ration was exposed to synthetic air and the discharge was
ignited at a dissipated power of 45W. This was required because
of an aging effect of the electrode configuration when exposed
to operating conditions, leading to partial erosion of the metallic
grid [25]. The second and shorter activation served the purpose
of removing potential residuals from the coating. After the
respective activation measurement, any observed deviations
were purely statistical. Conversion (Xn−butane) is determined
according to Equation 2, while Equation 3 refers to selectivity
(SCOx) to either CO or CO2, expressed as COx. The carbon bal-
ance (CB) determined according to Equation 4 is another
important parameter to determine whether all carbon‐
containing compounds were detected.

X
y y

y
=

−
n

n n

n
−butane

−butane, 0 −butane

−butane, 0
(2)

Here, yn−butane, 0 and yn−butane are the mole fractions of n‐butane
in the feed and in the effluent, respectively. In Equation 3,

FIGURE 2 | Photographs of the twin SDBD electrode configuration (a) and the used reactor (b) showing an SDBD in operation. The gas flow

direction is from left to right. The reactor is placed on a heating plate and thermally insulated. The top window made of quartz glass was used for

optical access to the ignition behavior and was replaced by an aluminum lid for the actual VOC oxidation.
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the stoichiometric factors νn−butane and νCOx for n‐butane and
CO/CO2 were used, respectively. CB counts and relates the
number of carbon atoms that enter and leave the reactor
considering n‐butane, CO, and CO2. Values around 100% are
ideal, but due to experimental limitations and statistical fluctua-
tions, the tolerable regime is 90%–100%.

⋅S
y y

y y

ν

ν
=

−

−n n

n
CO

CO CO , 0

−butane, 0 −butane

−butane

CO
x

x x

x

(3)

⋅
y y

y y
=

−

−

1

4n n

CO CO , 0

−butane, 0 −butane

x x

⋅

⋅
CB

y y y y y

y
=

− + − + 4

4

n

n

CO CO, 0 CO CO , 0 −butane

−butane, 0

2 2 (4)

2.3 | Coatings

Coatings were applied on both sides of the electrode configu-
ration using commercially available BaTiO3 (cubic nano pow-
der, 50 nm, 99.9%, Sigma‐Aldrich) and Moleculite (Molecular
Products Group), which is a 2:1 combination of MnO2 and CuO
and referred to as the catalyst. Before use, the catalyst was
ground, pressed, and sieved to obtain a fraction with a particle
size of < 250 μm. Although consisting of two components,
Moleculite is considered a single component here with the main
focus on MnO2. Coatings comprising both BTO and catalyst
were obtained by mixing the two materials using equimolar
amounts (1:1) and the doubled molar amount (1:2) of Molecu-
lite. Further information about the coating materials is provided
in the appendix. The general coating procedure was similar to
the one described previously in our former work, for which the
same custom‐tailored spray coater was used [21]. One major
difference was the preparation of full coatings in a direct
approach without the use of a mask to prevent the metal grid
from being coated. An iso‐propanol suspension containing
1.2 mgmL−1 of the material to be applied as a coating was
pumped to a nozzle, atomized by compressed air and thus
sprayed onto the surface of the electrode configuration. The
target was placed on a heating plate and heated to 225°C to
vaporize the solvent rapidly on contact. The nozzle was then
moved by motors in two dimensions in 2mm increments fol-
lowing a predefined program with an overspray on the sides to
ensure a homogeneous coating. Afterwards, the coating

homogeneity was controlled with a laser scanning microscope
(LSM; VK9710; Keyence), which can be operated either in an
optical or laser mode.

3 | Results

3.1 | Coating Structure and Ignition Behavior

The basis for achieving a catalyst‐containing coating was to use
a material that shows no discharge ignition‐inhibiting propert-
ies at all. As test measurements with BTO showed promising
results, a full coating with BTO was prepared instead of the
previously applied mask‐based coating with gaps between the
coating and the metallic grid. Two different theoretical BTO
loadings on the electrode configurations of 0.3 and 3mg cm−2

were used, with the latter being the usual value for coating
related to the used electrode design. Before assessing the actual
performance in the oxidation reaction of the model VOC
n‐butane, more fundamental tests were performed. The pres-
ence and uniformity of the BTO coating were visualized by
optical microscopy shown in Figure 3. All three images com-
prising an uncoated and two coated electrode configurations
represent a single electrode grid line after exposure to a dis-
charge in synthetic air with a magnification factor of 20. The
discharge exposure left visible marks in the form of dis-
coloration and partial erosion of the electrode grid. This erosion
has been investigated and discussed by Ngyuen‐Smith et al.
[25]. The middle trench structure was already present on
unused electrode configurations, originating from the produc-
tion process. Although the three‐dimensional structure of the
grid and its reflective nature prevent a simultaneous high‐
resolution image of the whole grid line, the latter effect can be
exploited to assess the coating success: in addition to the small
spherical off‐white deposits, the image representing the lower
BTO loading appears matte and blurred compared with the
uncoated grid. This effect can be explained by BTO nanoparticle
deposition on the grid line. With increasing loading, the de-
posited BTO is more clearly visible, forming a highly porous,
net‐like structure that was found to spread uniformly across the
entire electrode grid. Irregularly, additional BTO spheres fill the
voids of the main structure.

To demonstrate the successful uniform ignition for both coat-
ings, Figure 4 shows exemplary photographs of the SDBD at a
peak‐to‐peak voltage of 8.5 kV ignited in synthetic air. The

FIGURE 3 | Optical microscopy images of a single grid line at ×20 magnification. From left to right: uncoated (a) and BTO‐coated electrode

configurations with loadings of 0.3 mg cm−2 (b) and 3mg cm−2 (c).
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emission, mainly determined by the de‐excitation of N2 species,
is used as an indicator for the propagation of the streamers.
Once again, the filamentary nature of the discharge is clearly
visible [25] and changes, if at all, only marginally with
increasing BTO loading. The slightly differing color observed in
Figure 4 between the two half‐sided SDBDs can be traced back
to different camera settings. Still, a minor reduction of the light
intensity for the higher BTO loading may be coupled to the
higher required voltage as observed in Figure 5, see the dis-
cussion below. Areas with less intense or even no light emission
were not found, indicating a homogeneous BTO coating. Fur-
thermore, the discharge region was unaffected by an increase in
the BTO loading as well. Hence, BTO meets the expectations as
a non‐discharge‐inhibiting material, rendering it a promising
basis for two‐component coatings.

Despite its absence of ignition‐inhibiting properties, the pres-
ence of BTO still affects the discharge behavior. One aspect is
the applied voltage required to reach the same power levels as
before. Figure 5 shows the applied peak‐to‐peak voltage needed
to reach the set values of power in comparison to the respective
electrode configuration in its uncoated state. These dissipated
powers (Equation 1) were 15−65W in steps of 10W at room
temperature, while in the heated state at 160°C, the upper limit
was increased to 75W. The upper limit was determined ac-
cording to the occurrence and probability of arcing to minimize
the risk of partly damaging the setup. For a better comparison,
the corresponding energy density (ED) was calculated accord-
ing to Equation 5 and included in Figure 5 as well. Since the
main focus was on the changes induced by the application of
the BTO coating, ΔUpp represents the voltage measured for a
coated electrode referenced to its own uncoated state.

ED
P

V
=

˙
diss (5)

With the volumetric gas flow rate V̇ = 10 slm, Equation 5 can be
simplified to ⋅ED P= diss 6 s L−1.

Two main observations can be extracted from Figure 5: first, the
presence of a BTO coating increases the necessary voltage to

reach the same dissipated power compared with the uncoated
state. For lower dissipated power values, this effect is more pro-
nounced and fades out when reaching higher dissipated power
levels. Second, the higher BTO loading leads to a significantly
increased required voltage to reach the same power at lower
values of dissipated power relative to the uncoated state of the
electrode configuration. This increase is roughly double in rela-
tion to the lower loading case. Taking into account that the the-
oretical loading ratio of the two coatings is 10, a doubling of the
value is, however, a much lower change than expected. Generally,
higher values of dissipated power are expected to be correlated
with larger quantities of reactive species potentially contributing
to chemical reactions. For these more relevant values, the pres-
ence of the coating led to a decrease of the necessary voltage. Due
to intrinsic differences between electrode configurations, mani-
festing as a lowered peak‐to‐peak voltage required to reach the
target dissipated powers for the second electrode configuration in
comparison to the uncoated first one, the absolute Upp for both
BTO loadings are still similar. Those intrinsic differences cannot
be completely avoided but only reduced by the initial activation
step, again highlighting the necessity of determining parameters
for both the uncoated and coated state of a single electrode
configuration.

3.2 | Plasma‐Assisted Oxidation of n‐Butane

Both BTO‐coated electrode configurations were subsequently
used for the plasma‐assisted oxidation of n‐butane to determine
the BTO influence on conversion and the selectivities to the
main products CO and CO2. Since the overall aim is to remove
VOCs for environmental purposes, high conversion and a high
selectivity of CO2 are desired. Conversion, selectivity, and CB
were determined for both the uncoated and the coated state of
the two electrode configurations. Figure 6 shows the achieved
n‐butane conversion as a function of the energy density,
whereas CO/CO2 selectivities along with the unidentified frac-
tion are summarized in Figure 7a next to the related CB shown
in Figure 7b. All results shown in Figures 6 and 7 represent
mean values of three measurements. Error bars were obtained
by calculating the standard deviation.

FIGURE 4 | Photographs of the BTO‐coated electrode configurations with loadings of 0.3 mg cm−2 (a) and 3mg cm−2 (b) ignited at a peak‐to‐
peak voltage of 8.5 kV in synthetic air.
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Figure 6 shows the direct unreferenced degrees of conversion in
the upper part, whereas the lower part represents the subtraction
between the coated and uncoated electrode to further highlight
potential changes induced by the coating. Figure 6 clearly dem-
onstrates that the most dominant changes are induced by heat
and dissipated power. Heating to 160°C results in a nearly con-
stant vertically shifted curve by approximately 10%. The expected
conversion increase with dissipated power proceeds in a

sigmoidal trend at room temperature and in a more logarithmic
way at 160°C. However, a final value is not reached in any case
and would require higher energy densities. The maximum
achieved degrees of conversion at room temperature are 29.9%
and 31.0% for the uncoated and coated state of the lower loading
of 0.3mg cm−2, respectively, which increase to 44.3% and 45.9% at
160°C for the highest dissipated power. For the higher BTO
loading of 3mg cm−2, 30.5% and 31.7% are reached at room

FIGURE 5 | Applied peak‐to‐peak voltages required to reach specific values of dissipated power in the range of 15−75W for both electrode

configurations at room temperature and at 160°C for the uncoated and coated state. To highlight coating‐induced changes, ΔUpp, is shown in the

lower section.

FIGURE 6 | Conversion for both electrode configurations coated with BTO at room temperature (solid lines) and at 160°C (dashed lines) as a

function of the energy density. The upper part of the diagram compares the coated (red) and the uncoated (black) states of the respective electrode

configuration, while the lower part shows the conversion difference.

6 of 13 Plasma Processes and Polymers, 2025
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temperature for the two states and 44.1% and 42.8% at 160°C.
Contrasting these two important parameters, both the presence of
the BTO coating and its loading show a rather negligible influence
on conversion. The lower loading of 0.3mg cm−2 generally leads
to slight increases in conversion, whereas the higher loading of
3mg cm−2 leads to an increase at room temperature and a
decrease when heated. Overall, the coating‐induced conversion
changes make up less than 2% in any case and are therefore
considered negligible. Selectivities to CO and CO2 and all
unidentified products are summarized in Figure 7a. The two
thinner columns in the sequence represent the values obtained
with the uncoated states of the subsequently coated electrode
configurations with the lower and the higher BTO loading.
Selectivities for the coated states are summarized by the thicker
columns. The left part of Figure 7a shows selectivities at room
temperature, whereas the right side shows the measurements at
160°C. The CB is shown in Figure 7b. Coated states are shown in
red, whereas black refers to the uncoated states. Errors are indi-
cated by a shaded area. Differing from other plots in this work,
solid and dashed lines here distinguish between the two loadings
to fit the depiction of the selectivity diagram, where the two
temperature regimes are split. CO and CO2 are the two expected
main products. Nonetheless, Figure 7a shows that a rather large
fraction of products is not covered by these two main compounds.
The share of unidentified products, determined by subtracting the
sum of CO and CO2 selectivity from 100% ranges from 9.0% to
41.3%. Due to the lower conversion degrees, especially for lower
dissipated power, these values present only a rough estimation
and suffer from error propagation. Still, the results clearly indicate
that there must be additional products, and Figure 7b supports
this finding, since the CB is below 100%. Especially for lower
degrees of conversion, unreacted n‐butane contributes signifi-
cantly to the CB, so the large fraction of unassigned products is
negligible in terms of the CB. Both the coated states (shown in
red) of the two electrode configurations at room temperature and
elevated temperature and the uncoated states (shown in black) at
elevated temperature settle at around 95% of theCB, and only the
uncoated states for the two electrodes at room temperature ex-
hibit lower CB shares. Most likely, the fraction of unassigned
compounds comprises intermediates in the CO/CO2 formation,

such as formaldehyde or different alcohols, aldehydes, ketones, or
acids, as determined by Schücke [26]. Due to the reactive nature
of an SDBD, a large variety of compounds could be considered,
but a final assignment is complicated by overlapping mass‐to‐
charge (M/z) signals when applying mass spectrometry. Espe-
cially at 160°C, the share of unassigned products diminishes with
increasing dissipated power, most likely due to the coupled
increase in n‐butane conversion reducing deviations but also due
to more harsh reaction conditions. At room temperature, the
change occurs mainly in favor of CO2, and of CO at 160°C.
Departing from its lowest value at 90 J L−1, the selectivity to CO
increases in the same way as conversion and independent of the
loading, whose presence leads to an increase of up to 3.8%.
Selectivity to CO2 exhibits a temperature‐dependent trend inver-
sion. At room temperature, the BTO coating leads to a significant
CO2 selectivity enhancement, which is more pronounced at lower
energy densities (with 8.8% and 11.1% at 90 J L−1 compared with
5.8% and 9.0% at 390 J L−1 for the lower and the higher loading,
respectively). Repeating the measurements with the coating
present on the electrode configuration leads to an initially higher
CO2 selectivity. In contrast to the uncoated electrode configura-
tion at room temperature, heating leads to a decreasing CO2

selectivity for both loadings, which even falls below the uncoated
values. The lower loading leads to an initial increase of 2.2% at
90 J L−1 but diminishes to a decrease of 3.1% at 390 J L−1, whereas
the higher loading starts with a plus of 5.8% at 90 J L−1, which
reduces to a minus of 2.5% at 390 J L−1. A lower CO2 selectivity
can either originate from its possibly reduced formation or from
an initialized or more pronounced CO2 splitting to CO. Overall,
changes induced by the BTO coatings mainly matter at room
temperature and are less pronounced at 160°C.

3.3 | Application of the Two‐Component
Coatings

After the successful discharge ignition of fully BTO‐coated
electrode configurations and the subsequent assessment of Upp,
X , S, and CB, the next step was to cover electrode configura-
tions with two‐component coatings and to repeat the

FIGURE 7 | Selectivities to CO, CO2, and unidentified products (a) and carbon balance (b) determined according to Equations 3 and 4 for both

electrode configurations coated with BTO at room temperature and 160°C. For selectivity data, the first two columns represent the uncoated states of

the subsequently coated electrode configurations with the lower and higher loading of 0.3 and 3mg cm−2, respectively, which are then shown as

columns three and four in the sequence. The values are summarized in Supporting Information S1: Table B2.
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assessment. Two electrode configurations, both with a total
theoretical loading of 3 mg cm−2 and BTO:catalyst ratios
of 1:1 and 1:2, respectively, were prepared. An exemplary
photograph depicting the 1:1 ratio coated electrode configura-
tion is presented in Figure 8a. The white uncoated area origi-
nates from the clearance of the path from the used contact
points to the edge of the electrode configuration before any
measurement to prevent coating abrasion and accumulation
under the contact counterpart, which could potentially lead to
irregular contact and the formation of an arc. The full‐size
image is directly followed by microscopy images of a single grid
line of the same electrode to verify the full coating. Noticeably, a
coating structure resembling those observed in Figure 3c can be
seen upon close look, suggesting that BTO acts here in a
structure‐directing way. In contrast, the color of the highly
porous structure has turned dark, although some white
irregularly embedded spheres of different sizes are still present
in the voids of the structure. Additionally, very few dark and
light spots indicate local accumulation of one of the two
components. Nevertheless, the overall coating is rather

homogeneous. The laser microscopy image (see Figure 8c) is
intended to help discern the highly porous structure, yet it
should be noted that the method is sensitive to differences in
height. Thus, it is not possible to simultaneously focus on all
levels and present the entire structure.

Other than the pure BTO coated electrode configurations, the
two‐component coatings delay a fully homogeneous ignition
due to the included catalyst and its discharge‐inhibiting prop-
erties. This becomes clear when comparing the illumination of
the BTO:catalyst 1:1 coated electrode configuration at a peak‐to‐
peak voltage of 8.5 kV (see Figure 9) to those observed for the
pure BTO coated ones shown in Figure 4 at the same voltage.
Although the regions near the contact points are nearly fully
illuminated, several vacancies in the ignition pattern, appearing
as darker spots, along the grid indicate a reduced number of
streamers apparent as a more pronounced streamer separation.
Whether this separation is caused by a reduced temporal
or spatial occurrence cannot be determined here due to
the time‐averaged nature of the photograph. In addition, the

FIGURE 8 | Photograph of an electrode configuration coated with a 1:1 ratio of BTO:catalyst and a theoretical loading of 3 mg cm−2 (a).

Microscopy images show a single grid line at a ×20 magnification in the optical mode (b) and laser mode (c).
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illumination fades off toward the electrode configuration's
center. Applying higher peak‐to‐peak voltages resolves this
issue as the electrode is more uniformly ignited. To directly
compare the illumination and discharge behavior, the two
described voltages used for the ignition of the same electrode
configuration with the 1:1 BTO:catalyst coating are shown in a
combined way in Figure 9. Although already a slight peak‐to‐
peak voltage increase of less than 0.5 kV would have been
sufficient to ensure a more uniform illumination, the voltage of
10.5 kV corresponds to the highest used in the ignition assess-
ment and is therefore the brightest in the sequence, making it a
better‐suited choice for comparison. In addition to the Mole-
culite catalyst, pure MnO2 has been successfully tested as well
regarding its ignition (not shown). Since the full ignition of the
electrode configuration covered with BTO and catalyst was
found to be feasible, the plasma‐assisted oxidation of n‐butane
was investigated analogously to the BTO‐coated electrode
configurations.

Similar to Figure 5, the additional peak‐to‐peak voltage appli-
cation requirement due to the coating, ΔUpp, diminishes with
increasing power dissipation for the two‐component coatings,
as shown in Figure 10. One difference between the pure BTO
coating and the two‐component coatings is the more pro-
nounced effect of temperature, which before led to only slight
changes. Here, the room temperature measurements result in
ΔUpp fluctuating around zero, whereas heating to 160°C leads
to a more coherently decreasing trend. Notably, and despite the
discharge ignition‐inhibiting nature of the dielectric catalyst,
the additional voltage requirement for both two‐component
coatings is comparable to the one determined for the higher
purely BTO‐coated electrode configuration. Overall, the maxi-
mum applied peak‐to‐peak voltages for the two coatings are
11.1 and 11.2 kV at room temperature, and 10.1 and 10.2 kV at
160°C for the coating ratios of 1:1 and 1:2, respectively. The
catalytic parameters were determined and are shown in
Figures 11–13. Comparison of different BTO:catalyst ratios ex-
hibits only small changes with respect to n‐butane conversion.
In both cases, the presence of the coating led to a progressively
lower conversion with rising energy density at room tempera-
ture, but to the opposite trend when heated to 160°C. Since this

temperature dependence has not been observed in such a pro-
nounced way before, as presented in Figure 6, explanations are
likely to originate from the presence of the catalyst.

Without the two‐component coating, the highest achieved
degrees of conversion are 29.4% and 45.1% at room temperature
and at 160°C, respectively, for the first electrode configuration,
and 30.1% and 45.3% at room temperature and at 160°C,
respectively, for the second electrode configuration. These val-
ues change to 23.6% and 49.6%, and to 24.1% and 49.5% at room
temperature and at 160°C, respectively, for the two coated states
in the same order and at the same energy densities. Besides
conversion, selectivities were even more strongly influenced by
the two‐component coatings. For both BTO:catalyst ratios, the
amount of formed CO is only slightly reduced at room tem-
perature with respect to the uncoated electrode configuration.
However, heating to 160°C leads to a significant decrease in CO
formation that further proceeds with increasing energy density.
CO selectivity for a coated state decreases at 160°C from the
lowest to the highest energy density from 20.0% to 9.4% for the
1:1 ratio and from 15.4% to 3.5% for the 1:2 ratio. CO2, in
contrast, shows a substantial increase information already at
room temperature over the energy density range from 48.6% to
61.2% and 41.5% to 59.5% for the two ratios of 1:1 and 1:2,
respectively, corresponding to enhancements with respect to
the uncoated state of 10.2%−17.1%, and 6.0%−15.2%, respec-
tively. These selectivity enhancements are further intensified at
elevated temperature and then range from 21.4% to 45.1%, and
from 28.5% to 51.0%, respectively, leading to a maximal CO2

selectivity of 86.5% for the 1:1 ratio and of 91.6% for the 1:2
ratio. Although in opposite directions, both CO and CO2

selectivities exhibit a flattening curve shape with respect to the
uncoated state. Therefore, lower CO and higher CO2 values can
only be reached by increasing the catalyst content but not by
further increasing the energy density.

As before, the CB was determined according to Equation 4 to
assess the completeness of the species identification. Figure 13
shows a clear enhancement of the CB found for the two‐
component coatings compared with the pure BTO coatings, as
values above 97% are reached for the total energy density range,

FIGURE 9 | Photographs of an ignited electrode configuration coated with a BTO:catalyst ratio of 1:1 and a theoretical loading of 3 mg cm−2. The

discharge was ignited in synthetic air at a peak‐to‐peak voltage of 8.5 kV (below the diagonal) and 10.5 kV (above the diagonal), respectively.
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while only the uncoated states exhibit lower values. Thus, the
addition of the catalyst into the BTO coating substantially
lowered the amount of products originating from incomplete
oxidation or different reaction pathways. Generally, closer dis-
tances between the discharge region and coating are coupled to
stronger interactions between these two areas. This IPC

configuration, which has been achieved in this work by two‐
component full coatings is, however, still a form of PPC con-
figuration: the coating structures observed in this work resem-
ble a highly porous network with small voids to allow for
discharge ignition. This means that the two more or less inde-
pendent processes plasma treatment and catalysis still coexist,

FIGURE 10 | Applied peak‐to‐peak voltages required to reach set values of dissipated power for both electrode configurations featuring two‐
component coatings with BTO:catalyst ratios of 1:1 and 1:2 and a theoretical loading of 3 mg cm−2. An emphasis on the coating‐induced changes is

shown in the lower part, displaying ΔUpp, the difference of the obtained values for the coated and uncoated state of each respective electrode

configuration.

FIGURE 11 | Conversion achieved with the electrode configurations coated with BTO:catalyst ratios of 1:1 and 1:2 at room temperature (solid

lines) and 160°C (dashed lines). The upper part of the diagram compares the coated (red) and the uncoated (black) state of the respective electrode

configuration, while the lower part shows the difference.
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but in very close proximity, resulting in highly efficient catalytic
CO oxidation to CO2 at 160°C. VOCs are rather activated and
oxidized by and in the discharge and then further oxidized by
the coating, drastically boosting the CO2 selectivity without
significantly changing conversion.

4 | Discussion

As shown in Figure 11, the integration of the catalyst led to an
increase in conversion at 160°C. To better compare the changes,
Table 1 lists the degrees of conversion for a fixed energy density
of 390 J L−1 at room temperature and 160°C for the BTO and the
two BTO:catalyst coatings. It is evident that temperature has
the most dominant effect, while the application of a pure BTO
coating leads to very slight changes. The integration of the
catalyst into the coating leads to a decrease in conversion at

room temperature, but to an increase at 160°C, further ampli-
fying the temperature influence. Possible explanations involve
either an unlikely interaction of the catalyst with n‐butane,
which is not able to catalyze n‐butane oxidation at 160°C, or,
more likely, with O2. An increasing supply of atomic oxygen or
other highly reactive oxygen species by splitting of ozone is
rather plausible. Ozone is known to be formed in considerable
amounts during plasma treatments in N2/O2 gas mixtures
[13, 28]. Simultaneously, MnO2 has been proven to be capable
of splitting ozone catalytically [29–31], which is also not stable
at elevated temperatures [32]. This relation and its conse-
quences need to be addressed for verification in further work
comprising generation and consumption measurements of both
ozone and atomic oxygen during the plasma‐assisted oxidation
of alkanes. While the initial diagnostics by Schücke et al. using
optical absorption spectroscopy (OAS) indicated a subordinate
direct role of O3 in the oxidation process of n‐butane [14], these

FIGURE 12 | CO and CO2 selectivities for the electrode configurations coated with BTO:catalyst ratios of 1:1 (a) and 1:2 (b) at room temperature

(solid lines) and 160°C (dashed lines). The upper part of the diagram compares the coated (red) and the uncoated (black) states of the respective

electrode configuration, while the lower part shows the difference.

FIGURE 13 | Carbon balance for the two electrode configurations with BTO:catalyst ratios of 1:1 (left) and 1:2 (right) at room temperature (solid

lines) and 160°C (dashed lines). The respective uncoated state is shown in black, whereas a red curve represents the coated state.
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measurements did not include effects of catalytic materials.
Integration of MnO2, which is assumed to shift the role of O3 to
an atomic oxygen supply, therefore requires further measure-
ments, including advanced techniques, such as two‐photon
absorption laser‐induced fluorescence (TALIF) for a profound
understanding of the reaction mechanism. The most intense
influence was observed for the selectivities, as an increase of up
to 51.0% compared with the uncoated state was observed for the
1:2 ratio of the BTO:catalyst coating at 450 J L−1 and 160°C. This
CO2 selectivity increase is generally coupled to a lower CO
share, because formed CO is subsequently converted catalyti-
cally into CO2 by MnO2. An overall sequence of n‐butane
splitting in the discharge region and consecutive oxidation of
the partially oxidized intermediate species to CO2 as the final
product is still considered most reasonable just as proposed in
our previous work [21]. The main difference is the optimized
contact between plasma and catalyst due to the two‐component
full coating also covering the grid lines. Although formally
changing the configuration from PPC to IPC in this work, there
is still no indication of any significant synergetic effects between
discharge and catalyst despite the optimized proximity using
the full two‐component coating. Although formally in the IPC
configuration, the consecutive reaction and interaction schemes
of PPC are more likely to apply in our case for the plasma‐
catalytic oxidation of n‐butane using a MnO2‐based catalyst.

5 | Conclusion

In this work, the plasma‐driven oxidation of n‐butane as a
model VOC was investigated using a twin SDBD as a plasma
source. Unlike electrode configurations fully coated with cata-
lysts, which failed to ignite due to the discharge ignition‐
inhibiting properties of the applied coating, a uniform ignition
along the electrode grid was achieved here by adding BTO,
which was found to have a very low impact on the overall
ignition and chemical processes. Higher amounts of catalyst
exhibit higher potential for better process efficiency than fur-
ther increasing dissipated power. The main benefit of using the
catalyst was a significantly shifted selectivity in favor of CO2

while lowering the amount of formed CO and other by‐products
originating from incomplete oxidation or different pathways. In
this way, a maximum selectivity to CO2 of 91.6% was reached at
160°C for the 1:2 BTO:catalyst coating while simultaneously
reducing CO selectivity down to 3.5%. Compared with an
uncoated electrode configuration, this equals a change of
+51.0% for CO2 and −46.8% for CO. Still, although using a

formal IPC configuration with a maximized interaction between
discharge and catalyst, the results do not point to a synergistic
plasma–catalyst interaction for the used MnO2‐based catalyst.
To gain a deeper understanding of the observed effects, such as
plasma–catalyst interactions and reaction pathways, future
studies will require an extended diagnostic toolbox, including
in situ spectroscopic and surface‐sensitive techniques. Since the
two‐component coating approach was successfully established,
the range for testing other materials, also those usually detri-
mental to the discharge ignition, with the SDBD electrode
configuration was widened. Continuation of this work with new
materials both for the basis and the catalyst part, and their
relative ratios may reveal a stronger interplay and potentially
synergistic effects in the future.

Acknowledgments

The authors thank the Chair for Experimental Physics II of the Ruhr
University Bochum for granting access to their laser scanning micro-
scope. The investigation presented in this paper received financial
support from the German Research Foundation (DFG) through projects
A5 and A7 within the Collaborative Research Center SFB 1316 (project
number 327886311), “Transient atmospheric pressure plasmas ‐ from
plasmas to liquids to solids.” Open Access funding enabled and
organized by Projekt DEAL.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available at https://
rdpcidat.rub.de/node/1210.

References

1. G. Centi, P. Ciambelli, S. Perathoner, and P. Russo, “Environmental
Catalysis: Trends and Outlook,” Catalysis Today 75, no. 1 (2002): 3–15.

2. Y. Chen, X. Liu, P. Wang, et al., “Challenges and Perspectives of
Environmental Catalysis for NOx Reduction,” JACS Au 4, no. 8 (2024):
2767–2791.

3. J. Ren, X. Sun, Z. Zhang, et al., “Exposure to Volatile Organic
Compounds and Growth Indicators in Adolescents: Unveiling
the Association and Potential Intervention Strategies,” Journal of
Hazardous Materials 477 (2024): 135422.

4. X. Xiong, W. Zhou, X. Hou, et al., “Time Series of Atmospheric
Δ14CO2 Recorded in Tree Rings From Northwest China (1957–2015),”
Chemosphere 272 (2021): 129650.

TABLE 1 | Summarized degrees of conversion and CO2 selectivities for the electrode configurations at 390 J L
−1. Only coatings with a theoretical

loading of 3 mg cm−2 are included. Values listed for the uncoated state correspond to the mean value of the respective uncoated states of the

electrodes later coated with BTO and BTO with catalyst.

BTO:catalyst

Uncoated BTO 1:1 1:2

Conversion (X ) RT 30.0% 31.7% 23.6% 24.1%

160°C 41.8% 39.7% 46.2% 45.6%

CO2 selectivity (SCO2) RT 42.3% 49.9% 60.7% 58.0%

160°C 41.2% 40.0% 85.3% 90.4%

12 of 13 Plasma Processes and Polymers, 2025

 16128869, 2025, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ppap.70062, W

iley O
nline L

ibrary on [25/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://rdpcidat.rub.de/node/1210
https://rdpcidat.rub.de/node/1210


5. C. N. Maesano, D. Caillaud, H. Youssouf, et al., “Indoor Exposure to
Particulate Matter and Volatile Organic Compounds in Dwellings and
Workplaces and Respiratory Health in French Farmers,”
Multidisciplinary Respiratory Medicine 14, no. 33 (2019), https://doi.org/
10.1186/s40248-019-0194-3.

6. K. E. McGraw, S. L. Konkle, D. W. Riggs, et al., “Exposure to Volatile
Organic Compounds Is Associated With Hypertension in Black Adults:
The Jackson Heart Study,” Environmental Research 223 (2023): 115384.

7. H. J. Heusinkveld, T. Wahle, A. Campbell, et al., “Neurodegenerative
and Neurological Disorders by Small Inhaled Particles,” Neurotoxicology
56 (2016): 94–106.

8. F. P. Perera, H.‐Wen Chang, D. Tang, et al., “Early‐Life Exposure to
Polycyclic Aromatic Hydrocarbons and ADHD Behavior Problems,”
PLoS One 9 no. 11 (2014): 1–9.

9. D. A. Sarigiannis, S. P. Karakitsios, A. Gotti, I. L. Liakos, and
A. Katsoyiannis, “Exposure to Major Volatile Organic Compounds and
Carbonyls in European Indoor Environments and Associated Health
Risk,” Environment International 37, no. 4 (2011): 743–765.

10. A. S. Warahena and Y. K. Chuah, “Energy Recovery Efficiency and
Cost Analysis of VOC Thermal Oxidation Pollution Control Technol-
ogy,” Environmental Science & Technology 43, no. 15 (2009): 6101–6105,
PMID: 19731725.

11. B. Offerhaus, J. W. Lackmann, F. Kogelheide, et al., “Spatially
Resolved Measurements of the Physical Plasma Parameters and the
Chemical Modifications in a Twin Surface Dielectric Barrier Discharge
for Gas Flow Purification,” Plasma Processes and Polymers 14, no. 10
(2017): 1600255.

12. A. Bogaerts and E. C. Neyts, “Plasma Technology: An Emerging
Technology for Energy Storage,” ACS Energy Letters 3, no. 4 (2018):
1013–1027.

13. U. Kogelschatz, “Dielectric‐Barrier Discharges: Their History,
Discharge Physics, and Industrial Applications,” Plasma Chemistry and
Plasma Processing 23, no. 1 (2003): 1–46.

14. L. Schücke, A. Bodnar, N. Friedrichs, et al., “Optical Absorption
Spectroscopy of Reactive Oxygen and Nitrogen Species in a Surface
Dielectric Barrier Discharge,” Journal of Physics D: Applied Physics 55,
no. 21 (2022): 215205.

15. S. Veerapandian, C. Leys, N. De Geyter, and R. Morent, “Abatement
of VOCs Using Packed Bed Non‐Thermal Plasma Reactors: A Review,”
Catalysts 7, no. 4 (2017): 113.

16. K. Ollegott, P. Wirth, C. Oberste‐Beulmann, P. Awakowicz, and
M. Muhler, “Fundamental Properties and Applications of Dielectric
Barrier Discharges in Plasma‐Catalytic Processes at Atmospheric Pres-
sure,” Chemie Ingenieur Technik 92, no. 10 (2020): 1542–1558.

17. A. Böddecker, M. Passmann, S. Wilczek, et al., “Interactions
Between Flow Fields Induced by Surface Dielectric Barrier Discharge
Arrays,” Plasma Chemistry and Plasma Processing 43 (2023): 1509–1530.

18. A. Böddecker, A. Bodnar, L. Schücke, et al., “A Scalable Twin
Surface Dielectric Barrier Discharge System for Pollution Remediation
at High Gas Flow Rates,” Reaction Chemistry & Engineering 7 (2022):
2348–2358.

19. A. Böddecker, M. Passmann, A. N. T. Segura, et al., “The Role of
Flow Field Dynamics in Enhancing Volatile Organic Compound Con-
version in a Surface Dielectric Barrier Discharge System,” Journal of
Physics D: Applied Physics 58, no. 2 (2024): 025208.

20. S. Mohsenimehr, S. Wilczek, T. Mussenbrock, and A. Keudell,
“Plasma and Flow Simulation of the Ion Wind in a Surface Barrier
Discharge Used for Gas Conversion Benchmarked by Schlieren Imag-
ing,” Plasma Chemistry and Plasma Processing 45 (2025): 85–112.

21. N. Peters, L. Schücke, K. Ollegott, C. Oberste‐Beulmann,
P. Awakowicz, and M. Muhler, “Catalyst‐Enhanced Plasma Oxidation
of n‐Butane Over α‐MnO2 in a Temperature‐Controlled Twin Surface

Dielectric Barrier Discharge Reactor,” Plasma Processes and Polymers
18, no. 4 (2021): 2000127.

22. L. Schücke, J. L. Gembus, N. Peters, et al., “Conversion of Volatile
Organic Compounds in a Twin Surface Dielectric Barrier Discharge,”
Plasma Sources Science and Technology 29, no. 11 (2020): 114003.

23. N. Peters, “MnO2‐assisted Dielectric Barrier Discharge‐driven
Plasma Oxidation for the Abatement of n‐Butane” (PhD thesis, Ruhr
University Bochum, 2021).

24. J. C. Whitehead, “Plasma Catalysis: A Solution for Environmental
Problems,” Pure and Applied Chemistry 82, no. 6 (2010): 1329–1336.

25. R. T. Nguyen‐Smith, A. Böddecker, L. Schücke, et al., “μs and ns
Twin Surface Dielectric Barrier Discharges Operated in Air: From
Electrode Erosion to Plasma Characteristics,” Plasma Sources Science
and Technology 31, no. 3 (2022): 035008.

26. L. Schücke, “Analysis of Reaction Kinetics in a Surface Dielectric
Barrier Discharge for the Conversion of Volatile Organic Compounds”
(PhD thesis, Ruhr University Bochum, 2022).

27. K. Ollegott, N. Peters, H. Antoni, and M. Muhler, “Catalytic Carbon
Monoxide Oxidation over Potassium‐Doped Manganese Dioxide Na-
noparticles Synthesized by Spray Drying,” Emission Control Science and
Technology 5 (2019): 378–391.

28. S. J. Kim, S. Kim, B. K. Son, K. H. Lee, B. J. Park, and G. Cho,
“Ozone‐Generation Panel With an Atmospheric Dielectric Barrier Dis-
charge,” Journal of the Korean Physical Society 77, no. 7 (2020): 572–581.

29. B. Dhandapani and S. T. Oyama, “Gas Phase Ozone Decomposition
Catalysts,” Applied Catalysis, B: Environmental 11, no. 2 (1997):
129–166.

30. Y. Yu, S. Liu, J. Ji, and H. Huang, “Amorphous MnO2 surviving
Calcination: An Efficient Catalyst for Ozone Decomposition,” Catalysis
Science & Technology 9 (2019): 5090–5099.

31. S. Futamura, H. Einaga, H. Kabashima, and L. Y. Hwan, “Syner-
gistic Effect of Silent Discharge Plasma and Catalysts on Benzene
Decomposition,” Catalysis Today 89, no. 1 (2004): 89–95.

32. A. F. Holleman, N. Wiberg, and E. Wiberg, Lehrbuch Der Anorga-
nischen Chemie (Walter de Gruyter & Co, 2007).

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

13 of 13

 16128869, 2025, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ppap.70062, W

iley O
nline L

ibrary on [25/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1186/s40248-019-0194-3
https://doi.org/10.1186/s40248-019-0194-3

	Overcoming Discharge Inhibition in n-Butane Oxidation: Two-Component BaTiO3 and Mn-Cu Mixed Oxide Coatings
	1 Introduction
	2 Experimental Section
	2.1 Setup
	2.2 Conversion Measurements
	2.3 Coatings

	3 Results
	3.1 Coating Structure and Ignition Behavior
	3.2 Plasma-Assisted Oxidation of n-Butane
	3.3 Application of the Two-Component Coatings

	4 Discussion
	5 Conclusion
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information




