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Abstract
Plasma-assisted conversion of ethane (C2H6) can produce value-added chemical building 
blocks using green electricity. Here we employ a simple packed-bed coaxial dielectric 
barrier discharge (DBD) reactor to convert C2H6 at mild operating conditions unattainable 
by conventional thermocatalysis. Ethylene (C2H4), acetylene (C2H2), and methane (CH4) 
are the main products along with small fractions of C3 and C4 hydrocarbons. Interestingly, 
the C2H4 selectivity is primarily correlated to C2H6 conversion, dominated by electron 
dissociation and recombination reactions irrespective of the dielectric properties of the 
packed bed material (SiO2, Al2O3, ZrO2, TiO2, and BaTiO3), packing material size, sup-
plied power, and C2H6 concentration. While a distortion of the electric field and discharge 
propagation results in varying dissipated power as materials change, the C2H4 energy 
yield remains constant. The particle size appears to affect conversion mainly due to pres-
sure alterations. Pd/SiO2 catalyst can change the selectivity, favoring saturated species by 
expending hydrogen.

Keywords  Ethane dehydrogenation · Non-thermal plasma · Dielectric barrier discharge · 
Ethylene
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Introduction

The intensive shale gas exploitation has drastically reshaped the energy and chemicals 
market. Whilst methane (CH4) is its most abundant component, ethane (C2H6) amounts to 
about 10% and can be transformed into value-added products, such as ethylene (C2H4) and 
acetylene (C2H2) [1]. The established naphtha cracking for C2H4 (and propylene, C3H6) 
production has lately been challenged by C2H6 (and propane, C3H8) dehydrogenation due to 
abundance and low cost of shale gas [2]. The state-of-the-art C2H6 dehydrogenation relies 
on thermocatalytic conversion requiring high temperatures (i.e., 550 to 700 °C to attain con-
version up to 40%) and a considerable energy input, having low energy efficiency in the heat 
exchanger and producing copious emissions of CO2 [3–5]. The difficult activation of the 
C-H bond, the catalyst deactivation and cost, e.g., Pt-based, or toxicity, e.g., CrOx-based, 
and the equilibrium limitations are additional challenges of this process. In this context, a 
highly reactive non-thermal plasma could convert C2H6 at low temperatures with lower 
energy. Moreover, the operation of a plasma reactor by electrical (including intermittent) 
energy allows for deployment in remote areas typical of extraction sites [6, 7].

Several plasma reactors have been showcased for non-oxidative coupling [8] and dry 
reforming [9] of CH4. Dielectric barrier discharges (DBD) are ideal for studying plasma-
catalyst interactions, [10, 11] whereas spark discharges promote higher gas temperature 
and attain higher energy efficiency [12]. Contrariwise, limited literature has been devoted 
to C2H6, [13–15] focusing mainly on oxidative dehydrogenation (ODH) with CO2 as a 
soft oxidant [16–18]. The main products of ODH include C2H4, C2H2, and CH4, whereas 
C-C coupling reactions into higher hydrocarbon chains have also been observed. Syngas is 
also produced via this route. In a recent work on ODH, several oxygenated species were 
produced with selectivity below 4% [18]. All the ODH works report C2H4 yield of about 
2-3.5% [17, 18] with the highest value of 14% attained with a Pd catalyst [16]. The only 
examples of non-oxidative C2H6 dehydrogenation (EDH) include a plasma jet that favors 
CH4 production over C2H4 [15] and a low-pressure plasma reactor promoting C2H2 and CH4 
over C2H4 [13].

Here, we explore plasma-assisted non-oxidative conversion of C2H6 into olefins and light 
hydrocarbons at atmospheric pressure. A packed-bed coaxial DBD reactor is employed to 
test packing materials of different dielectric properties and particle size while controlling 
the dissipated power and residence time. Finally, a silica supported Pd catalyst is compared 
to bare silica to underscore the catalytic effect on product selectivity and the dielectric effect 
on C2H6 conversion.

Experimental

Figure 1 shows a schematic of the experimental set-up, a close-up of the DBD reactor, and 
a picture with ignited plasma. The coaxial DBD plasma reactor comprises a quartz tube 
(9.6 mm outer diameter, 6.8 mm inner diameter) around which a copper foil (13 mm long) 
is wrapped serving as the high voltage electrode. A stainless-steel rod (diameter 3 mm) is 
placed in the center of the tube and is connected to the circuit ground. The packing bed 
occupies the tube between the electrodes, while a layer of glass wool (4 μm, Technical Glass 
Products) is placed before the bed. The feed gas comprises C2H6 (purity > 99.995%, Mathe-
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son) and Helium (He, 99.999%, Keen Gas) with flow rates (3–12 sccm for C2H6 and 57–228 
sccm for He) regulated via mass flow controllers (GF40 series, Brooks). C2H6 dilution in 
He is necessary to facilitate plasma ignition and sustainment. In an industrial setting, He 
could be replaced by Argon to improve plant’s economics. The gas outlet is routed to a gas 
chromatograph (GC) (Agilent Plot/Q). A sinusoidal high voltage (6–10 kV peak-to-peak) is 
supplied to the system (PVM500) through the high voltage electrode. A high voltage probe 
(Tektronix P6015A) and a current monitor (Pearson 2100) are used for monitoring the volt-
age – current signals via an oscilloscope (Tektronix MDO34). The dissipated power P (W) 
is calculated from the voltage u (V) and current i (A) waveforms via Eq. (1):

	
P =

1
T

∫
u (t) × i (t) dt � (1)

The yield (Y) and product-based selectivity (S) of each product (i) are calculated using 
Eqs. (2) and (3), respectively:

	
Yi (%) =

νi · Ci

2 · C2H6
in × 100 (%)� (2)

	
Si (%) =

νi · Ci∑
νi · Ci

× 100 (%) � (3)

where νi  is the number of carbon atoms, Ci  is its outlet gas concentration, and C2H6
in  is 

the C2H6 inlet concentration.

Fig. 1  (a) Schematic of the DBD packed-bed plasma reactor set-up with auxiliary units: He/C2H6 gas 
feed, sinusoidal power generator, OES spectrometer, gas chromatograph, electrical waveforms acquisi-
tion through oscilloscope, and voltage and current probe. (b) Real image of plasma inside the DBD reac-
tor without packing. (c) Section of the packed reactor with dielectric packing in the plasma region laying 
on a layer of quartz wool.
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The packing materials (i.e., SiO2, Al2O3, ZrO2, TiO2, and BaTiO3) were purchased in 
nanopowder form (US Research Nanomaterials, Inc.), calcined (400 °C for 4 h), pelletized, 
and sieved (particle size distribution 145–560 μm). The materials filled up the interelectrode 
zone (details in ESI). The Pd/SiO2 catalyst was prepared by incipient wetness impregnation. 
A solution of Na2PdCl4 (Sigma Aldrich, > 99.99%) and distilled water was used for impreg-
nation on SiO2. The catalyst was dried overnight at 110  °C before calcination. Catalyst 
reduction was performed directly in the packed bed through a H2 plasma (10 vol% H2 in 
He) for 1 h at 10 kV.

Results

Figure 2 shows the effluent concentrations of all detected products for a packed bed com-
prising 150 mg of SiO2 (particle size 250–425 μm) at an applied voltage of 12 kV, a total 
flow rate of 60 sccm, with 5% C2H6 in He. The products are mostly CH4, C2H4, and C2H2, 
and longer isomeric saturated and unsaturated hydrocarbons up to C4 (Fig. 2; the C3 and C4 
account for all the saturated and unsaturated species, i.e., 4 species for C3 and 9 species for 
C4). The concentrations are nearly constant at short times and drop at longer time on stream 

Fig. 3  Proposed reaction 
network of identified species 
(blue solid line boxes) through 
main electron impact dissocia-
tion and radical recombination 
reactions (green dashed line 
boxes). Branching ratios for each 
dissociation route in purple taken 
from Ref. [19]

 

Fig. 2  Product fractions vs. time 
on stream for a SiO2 packed-bed 
plasma reactor. Flow rate: 60 
sccm (5% C2H6 in He). Peak-
to-peak voltage: 12 kV. Particle 
size: 250–425 μm
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(i.e., above 90  min) due to a decrease in the conversion likely caused by solid deposit, 
affecting the plasma. The yellow solid deposit observed mainly on the reactor wall and inner 
electrode surface and to a lower extent on the particles surface could be ascribed to polym-
erization of C2 species. A dedicated study presented this phenomenon in plasma-driven 
polymerization of C2H6 [13]. Hereafter all data reported correspond to 15  min time on 
stream where the operation is stable and carbon deposit is limited (carbon balance reported 
in Table S1).

Electron-impact dissociation reactions that form radical species are central in hydro-
carbon plasma chemistry [20]. The plasma-induced alkyl and H radicals interact with each 
other via secondary reactions (neutral-neutral), resulting in a wide range of hydrocarbons 
with varying carbon number and saturation level. Figure 3 presents the network of electron-
impact dissociation reactions leading to the main products reported in Fig. 2. C2H6 dissocia-
tion mainly results in C2H4, C2H5, C2H2, and CH4 according to the branching ratio of each 
dissociation reaction, defined as the contribution of a reaction pathway to the overall cross 
section of the dissociation processes [19]. C2H4 formation is favored over C2H2 owing to 
the lower threshold energy of the electron-impact dissociative excitation of C2H6 (i.e., 4 and 
6.2 eV for C2H4 and C2H2, respectively) [19]. Nevertheless, C2H2 is also formed via dissoci-
ation of C2H4 and C2H3 that in turn forms from C2H4 and C2H5. C2H2 is subject to electron-
impact dissociation like any other species. Ethyl radical (C2H5) undergoes electron-impact 
dissociation to produce chiefly C2H4 and to a less extent C2H2 and CH.

Packing materials of varying dielectric properties are expected to modify the system 
capacitance and the electric field distribution. A high dielectric constant packing likely pro-
motes partial discharging between solid beads, hindering homogeneous plasma propaga-
tion across a packed bed [21–23]. Modeling has shown a transition in plasma discharge on 
the beads’ surface at increasing dielectric constant from a surface ionization discharge to 
localized filamentary microdischarge [23–25]. The coaxial DBD reactor runs with several 
materials of dielectric constant spanning from 5 to 1000 and without any packing (an empty 
reactor). The particle size distribution (250–425 μm) and the applied voltage of 10 kV were 
kept fixed.

The C2H6 conversion and product yields (Fig. 4) for materials of low and medium dielec-
tric constant, such as SiO2 (ε∼5), Al2O3 (ε∼10), and ZrO2 (ε∼25), feature higher C2H6 con-
version than the empty reactor and high dielectric constant packings, as TiO2 (ε∼100) and 
BaTiO3 (ε∼1000). The main products remain as above. The dissipated power for the same 
applied voltage changes with material. A dielectric medium is seemingly beneficial to con-
version and product yield up to a threshold, above which, the plasma diffusion throughout 
the bed is hindered and is localized as microdischarges that do not favor C2H6 dissociation. 
Further support was obtained by visual inspection; in contrast to other materials, BaTiO3 
features a dimmer plasma inside the bed leading to low emission intensity. However, all 
materials show filamentary discharge in their electrical waveforms (Figure S2). A com-
parison at equal dissipated power results in similar waveforms for all materials (Figure S2), 
but BaTiO3 requires a higher applied voltage to attain the same power, suggesting hindered 
discharge propagation.

The product selectivity is invariant of the packing material and strongly correlated to 
the conversion of C2H6 (Fig. 4a), except for non-packed bed and BaTiO3. C2H4 is the main 
product under our conditions. The selectivity of the other species does not vary substantially 
with material. However, BaTiO3 promotes low C2H6 conversion which results in enhanced 
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C2H4 selectivity and limited production of recombination products. Conversely, the empty 
reactor configuration favors generation of C3 and C4 species even at intermediate conver-
sion levels (i.e., ~ 10%). This suggests that microdischarges and surface ionization on the 
dielectric beads surface promote dehydrogenation over cracking as opposed to gas-phase 
discharges. While the different dielectric materials have marginal effect on product selectiv-
ity, the rising conversion trend attained at decreasing dielectric constant results in the prod-
uct yield trend of Fig. 4b. SiO2 enables the highest C2H4 yield by allowing more energetic 
discharges through the bed. Therefore, the C2H4 energy yield (defined as moles of C2H4 
per unit of energy dissipated in the plasma) remains constant throughout the experiments 
as discharge energy is the main driver of C2H4 production. For comparison, our packed 
bed C2H6 dehydrogenation attains 0.09 molC2H4 kWh− 1, whereas non-oxidative methane 
coupling in nanosecond pulsed discharge plasma can reach up to 2.2 molC2H4 kWh− 1 [26]. 
Other promising technologies based on methane coupling, such as pulsed compression and 
microwave reactors, have shown energy yield of 0.88 molC2H4 kWh− 1 and 0.0012 molC2H4 
kWh− 1, respectively [27, 28]. Fig.  4c shows that different dielectric materials affect the 
plasma discharge and consequently the dissipated power. As a result, C2H6 conversion fol-

Fig. 4  (a) Product selectivity vs. C2H6 conversion for various packings. (b) Product yields and C2H4 
energy yield vs. C2H6 conversion. The X-Y axis error bars refer to the variation of conversion and selec-
tivity/yield across 3 repetitions. (c) Product yields, C2H6 conversion, and dissipated power with different 
dielectric materials in the plasma zone. Shaded curves represent error range. C2H6 feed concentration: 
5%. Total flow rate: 60 sccm. Applied voltage: 10 kV (peak-to-peak). A higher C2H6 conversion relates to 
higher carbon loss due to more carbon deposit (Table S1)

 

1 3

2070



Plasma Chemistry and Plasma Processing (2023) 43:2065–2078

lows the power trend and in turn drives product yield. By increasing the permittivity of the 
packing bed, discharge power and conversion drop.

As SiO2 achieves the highest C2H4 yield, we further studied the effect of process param-
eters. The particle size of SiO2 beads was varied between 145 and 560 μm. The particle 
size does not play a major role either in the conversion or the product distribution (Fig. 5a) 
except for a higher conversion attained using smaller particles (i.e., 145–250 μm). The influ-
ence of dielectric particles in a plasma environment is not fully discerned; however, model-
ing studies suggest that the electric field intensifies at the contact point between packing 
particles, leaving the bed less exposed to an intense electric field [22]. Thus, the smallest 
beads (i.e., 145–250 μm in Fig. 5a) possess more contact that could enhance localized C2H6 
dissociation via increased electric field and electron temperature [29]. Increasing conver-
sion at decreasing particle size has also been observed for CO2 conversion in a DBD plasma 
reactor [30]. Moreover, the plasma in the packed bed is unstable as a flickering light is seen. 
This could be due to the pressure increase (from 1.05 to 1.5 atm), resulting from a denser 
packing that affects the plasma properties. To the contrary, lower residence time is attained 
with a denser packing, but this phenomenon cannot explain the observed conversion trend.

The gas-bulk temperature is expected to rise at high pressure, but this effect is more 
relevant in warm plasmas where the H abstraction could dominate the electron-impact dis-
sociation [12]. Nevertheless, the electrical waveforms for different experiments (Figure S3) 
show the typical filamentary nature of the plasma at all conditions. A slightly lower current 

Fig. 5  Products yields and C2H6 conversion at varying (a) SiO2 particle size, (b) dissipated power and 
(c) initial C2H6 concentration. (d) Production rate and C2H6 conversion (squares) vs. gas hourly space 
velocity
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observed for the finest particles could possibly be rationalized by the lower reduced electric 
field at increasing pressure. Therefore, the difference in conversion is more likely caused by 
the different plasma-surface interactions that result from a denser packing with increasing 
pressure.

The C2H6 conversion and the product yields for different power levels are displayed in 
Fig. 5b. The C2H6 conversion depends linearly on the dissipated power (which in turn is 
directly proportional to the applied voltage), due to increasing electron density and tem-
perature which promote the electron impact dissociation reactions. The C2H4 selectivity 
decreases upon increasing power, likely due to higher C2H4 electron impact dissociation 
reactions and radical recombination reactions into larger hydrocarbons (Fig. 3), whereas the 
selectivity to C2H2 and CH4 remains almost constant.

Increasing the C2H6 inlet molar fraction at a fixed total gas flow rate (60 sccm) hampers 
both the He breakdown and the plasma sustainment (Fig. 5c) resulting in lower conversion 
and higher C2H4 selectivity, whereas the ratio CH4/C2H2 and the selectivity of C3 and C4 
species are seemingly unaffected.

Since the C2H4 selectivity drops with increasing C2H6 conversion due to extensive elec-
tron impact dissociation (Fig. 3), a strategy to enhance the C2H4 productivity would be to 
lower the contact time by increasing the gas flow rate. Figure 5d displays the production rate 
(calculated as the product concentration times the total gas flow rate) of the main products 
and C2H6 conversion vs. gas space velocity (calculated as total gas flow rate over reactor 
volume). The higher flow rates are characterized by low C2H6 conversions due to the short 
space times but higher C2H4 production rates. The production rates of CH4 and C2H2 also 
increase with the total gas flow rate but to a lower degree as they are the products of C2H4 
dissociation. Contrariwise, the production rates of C3 and C4 are almost constant.

Despite changing several operating parameters (i.e., packing dielectric constant and par-
ticle size, applied power and initial feed concentration), the main products (i.e., CH4, C2H4 
and C2H2) are correlated to the conversion. Owing to the reaction network proposed in 
Fig. 3, C2H4 and C2H2 are mostly generated via electron impact dissociation reactions of 
C2H6 (Eq. 4), according to Eq. 5 and Eq. 6, respectively. No radical species are included 
in the mass balance as their concentration is not experimentally measured and should be 
negligible in the product stream compared to the major stable species due to the high reac-
tivity (low lifetime). Their high reactivity results from high rate coefficients that must be 
accounted for in a more detailed model. The electron density ne  (cm− 3) is unknown but 
it is constant in all equations. Therefore, electron density is embedded in the reaction rate 
constants for electron impact dissociation of C2H6, C2H4, and C2H2 that are indicated as 
k1,k2,  and k3 (s− 1), respectively. Molar flow rates, F  of all C2 species are expressed in mol 
s− 1, whereas species concentrations, C are calculated in mol cm− 3 and reactor volume, V 
in cm− 3.

	 FC2H6 − F 0
C2H6

= − k1 · C2H6 · dV� (4)

	 FC2H4 − F 0
C2H4

= 0.46 · k1 · C2H6 · dV − k2 · C2H4 · dV� (5)

	 FC2H2 − F 0
C2H2

= 0.11 · k1 · C2H6 · dV + 0.4 · k2 · C2H4 · dV − k3 · C2H2 · dV� (6)
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Albeit simplified, this reaction network is consistent with our experimental data. Figure 6a 
presents all experimental C2H4 and C2H2 production data for the abovementioned paramet-
ric studies at varying C2H6 consumption. Both species vary linearly following Eq. 5 and 
Eq. 6 and the higher slope for the C2H4 production than C2H2 reflects the higher branching 
ratio of C2H6 dissociation (0.46 vs. 0.11) [19]. These factors are employed to account for 
the different contributions of the dissociation reaction pathways represented in Fig. 3. None-
theless, dissociation of C2H4 is favored at higher C2H6 conversion, resulting in increased 
production of C2H2 (Fig. 6a-b).

Figure 6c reports the reaction rate constants calculated from Eqs. 4–6 based on the exper-
imental dataset of Fig. 4. Both k1 and k2 decrease with increasing dielectric constant due 
to the lower electron density [29] (embedded in the rate constant) attained at lower power 
(Fig. 4c). The C2H4 dissociation rate constant is one order of magnitude higher than that of 
C2H6, thus C2H4 is quickly dissociated into C2H2 as confirmed by Fig. 6b. The ratio between 
the two rate constants eliminates the dependence on the electron density. A rather constant 
ratio is observed, except for high dielectric media (e.g., BaTiO3) that feature lower dissi-
pated power, hence a lower gas temperature (i.e., 50 °C vs. 75 °C for all other materials). k3 
shows a decreasing trend at increasing dielectric constant as well; however, negative values 
are obtained indicating that C2H2 dissociation is negligible and radical recombination to 
form C2H2 (Fig. 3) should not be excluded.

Since the product distribution is driven by the C2H6 conversion rather than the materi-
als or process parameters, a catalytic material was tested to assess if a catalyst could alter 
the gas-phase chemistry at the solid surface. Palladium (Pd) is an effective hydrogenation 
catalyst and a few examples have been reported for plasma-generated C2H2 hydrogenation 
to C2H4 [12, 16]. Therefore, Pd deposited on SiO2 was tested at varying metal loading (i.e., 
0.5, 2, 5 wt%). The metal surface is expected to enhance the electric field and charge redis-
tribution near the metal surface [31, 32] and the radical surface quenching compared to an 
inert surface [33].

Figure 7a confirms that Pd particles on SiO2 seemingly distort the applied electric field 
similarly to high dielectric constant materials (Fig. 4) as the C2H6 conversion decreases at 
increasing catalyst content. The charge redistribution is reflected on the electrical wave-
forms acquired for the metal loading experiments (Figure S2) where more pronounced cur-
rent spikes are observed upon increasing catalyst loading. Furthermore, the confinement of 
plasma discharges on the beads contact points could explain the dimmer plasma observed 
for the high catalyst loading condition.

Fig. 6  (a) C2H4 (blue spheres) and C2H2 (green spheres) production at varying C2H6 consumption extent. 
(b) Ratio between produced C2H4 and C2H2 vs. C2H6 conversion. (c) Reaction rate constants for C2H6 and 
C2H4 dissociation and their ratio according to Eqs. 4 and 5
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Besides the electric field effect, Pd/SiO2 modifies the product selectivity (Fig. 7b). The 
H radicals formed through electron impact dissociation reactions (Fig. 3) are expected to 
recombine with hydrocarbon radicals on the catalyst surface to generate saturated species. 
More specifically, C2H2 production is almost completely hindered, and instead more CH4 is 
attained. Similarly, C2H6 formation via complete hydrogenation of C2H2 alongside recom-
bination of alkyl and hydrogen radicals could be promoted by Pd, contributing to the lower 
conversion. The C2H4 selectivity is also negatively impacted in favor of CH4 and saturated 
C3-C4 species. Production of propyne (C3H4) is completely prevented whereas the selectiv-
ity of butene (C4H8) on the 5 wt% Pd/SiO2 halves compared to bare SiO2. The observed 
selectivity shift, where C2H2 production is suppressed even with the lowest catalyst load-
ing, proves the catalytic activity of the Pd particles, thus breaking the correlation between 
C2H4/C2H2 generation and C2H6 consumption observed for all other experimental sets 
(Fig. 6). Nonetheless, C2H4 selectivity must be optimized by tuning the degree of hydro-
genation. Low catalyst loading could favor partial C2H2 hydrogenation, while low applied 
power could prevent further dissociation of C2H4. The high activity of the Pd catalyst at low 
temperature could also enable a post-plasma catalytic step where C2H2 formed in the plasma 
discharge converts into C2H4 downstream the plasma zone.

A quantification of the hydrogenation effect of the catalyst is possible by comparing all 
the saturated product species (CH4 and C3H8) with the unsaturated ones (C2H4, C2H2, C3H6, 
C3H4). The C4 species were not accounted for as their full identification was not possible 

Fig. 7  Effect of Pd catalyst 
loading on: (a) C2H6 conversion, 
product yield, and dissipated 
power (b) product selectivity and 
(c) ratio between unsaturated 
species (i.e., C2H4, C2H2, C3H6, 
C3H4) and saturated species (i.e., 
CH4 and C3H8), and H2 outlet 
concentration. Shaded areas 
refer to error range. Particle size: 
250–425 μm, flow rate: 60 sccm 
(5% C2H6 in He), applied volt-
age: 10 kV (peak-to-peak)
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due to their large number. The effective utilization of the produced H2 by the catalyst to 
drive hydrogenation, clearly observed in Fig. 7c through the decreasing trend of the ratio 
between unsaturated and saturated species, mirrors the outlet H2 concentration for the dif-
ferent catalyst loadings.

Furthermore, by promoting hydrogenation, C2H2 oligomerization and ultimately carbon 
deposit are hindered, as observed for Pd-catalyzed CH4 coupling [11]. Thus, a higher carbon 
balance is attained at higher catalyst loading (Table S1).

The plasma-assisted activation of C2H6 overcomes thermodynamic limitations as the 
equilibrium conversion of EDH at the operating temperature (i.e., max 70 °C) is 2*10− 5% 
vs. the observed one of 20%. The thermocatalytic EDH operates above 600 °C giving C2H4 
selectivity > 90% at C2H6 conversion below 50% [5, 34, 35]. The energy demand of these 
processes compared to the industrial state of the art steam cracking is not currently avail-
able. The latter requires 17–21 GJ tC2H4

−1 including process energy for separation [36]. 
The energy demand of the non-optimized plasma reactor is much higher than the indus-
trial benchmark (about 50 times). The ODH plasma processes consume ~ 2.5 and 10X more 
energy than our reactor, with the exception of the Pd catalyzed ODH that requires about 45% 
less specific energy input [16–18]. Nonetheless, the fully electric process could compete 
with thermal cracking in terms of carbon footprint. Life Cycle Assessment (LCA) of C2H4 
production through plasma-driven CH4 coupling shows that a plasma process powered by 
renewable wind energy generates CO2 emissions lower than shale gas thermal cracking and 
comparable to naphtha steam cracking [37].

Conclusions

We explored the non-oxidative upgrading of C2H6 in a coaxial packed-bed DBD plasma 
reactor to produce light hydrocarbons by varying operational parameters, such as pack-
ing material and particle size, dissipated power, C2H6 inlet concentration, and flow rate. 
The main product is C2H4 followed by C2H2 and then CH4 and C3/C4 hydrocarbons. The 
chemistry is clearly dominated by electron impact dissociation and radical recombination 
reactions. Packing materials of varying dielectric properties (i.e., SiO2, Al2O3, ZrO2, TiO2, 
and BaTiO3) alter the electric field distribution and the dissipated power, hence directly gov-
erning C2H6 conversion which drops almost four-fold with increasing dielectric constant. 
Nonetheless, the C2H4 energy yield remains constant across materials. The most abundant 
product selectivity (C2H4, C2H2 and CH4) correlates linearly with the C2H6 conversion. 
The introduction of a Pd catalyst on the SiO2 support distorts the electric field and alters 
the product selectivity. Hydrogenation produces more saturated species by consuming H2. 
The H2 concentration is almost 3 times lower over 5 wt% Pd/SiO2 catalyst than bare SiO2.
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