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Stability of the packing material
The packing materials employed in this work were tested in the plasma reactor for varying exposure time to assess their stability. The amount of the dielectric beads employed is tuned to fill the plasma zone (SiO2: 150 mg, Al2O3: 300 mg, ZrO2: 550 mg, TiO2: 400 mg and BaTiO3: 600 mg). Figure S1 confirms that all materials are stable within the studied time range of 2 h, as the product distribution is almost unaltered. Thus, all experiments were performed with a 15 min process time and reproduced in triplicates. The time-stability experiments were performed with a 12 kV applied voltage. The time gap between measurements was dictated by the GC analysis run time (approximately 30 min).
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Figure S1. Products concentration vs. plasma process times for different packing materials: (a) SiO2, (b) Al2O3, (c) ZrO2 and (d) TiO2.
Electrical waveforms
The electrical waveforms acquired for different dielectric materials at constant dissipated power (i.e., 4.5 W) are reported in Figure S2.
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Figure S2. Electrical waveforms of different packing materials at 4.5 W dissipated power. Flow rate: 60 sccm (5% C2H6 in He).
The electrical signals recorded during the experiments with different particle size of the SiO2 beads are displayed in Figure S3. Although there is not a substantial difference in the waveforms of the filamentary discharges in different experiments, the set with the smallest particles features slightly lower discharge current. 
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Figure S3. Electrical waveforms of the SiO2 packed bed with different beads size distribution.

Optical emission spectroscopy
Optical emission spectra acquired pointing at the packing bed with plasma ignited at 10 kV are reported in Figure S4. The BaTiO3 spectrum is not included as no clear peaks are distinguishable from the baseline. The quality of all the spectra is hindered by the carbon deposition on the reactor wall; therefore, comparison of the different peak intensity is only qualitative.
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Figure S4. Optical emission spectra of different packing materials: empty reactor, SiO2, Al2O3, ZrO2 and TiO2.
The effect of varying ethane feed fraction on the palsma physics is observed through OES analysis using the SiO2 packed bed. 
[image: Chart, histogram

Description automatically generated]
Figure S5. Optical emission spectra of the He/C2H6 plasma at different feed fractions. SiO2 packing: 250-425 µm. Applied voltage: 10 kV. Total flow rate: 60 sccm.
OES spectra were also acquired for the experiments run with different SiO2 particle sizes. Figure S6 confirms that varying the bed packing affects the plasma discharge as a lower intensity is observed at denser packing  (smaller particle size) which results in increased reactor pressure. Increasing pressure is expected to hinder the plasma according to the Paschen law. Furthermore, more intense peaks corresponding to the C2 Swan band and Hα line are displayed by the smallest particle size (thus highest pressure) indicating extensive C2H6 cracking into dehydrogenated species confirmed by the product analysis where C2H2 is the most abundant product (Figure 5a).
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Figure S6. Optical emission spectra of the SiO2 packed bed a different bead sizes. Applied voltage: 10 kV. Ethane fraction in the feed: 5%. Total flow rate: 60 sccm.
The optical emission spectra of the catalyst bed containing Pd/SiO2 beads at varying metal loading are displayed in Figure S7. It is noticeable how higher catalyst content hampers the plasma sustainment as lower intensity peaks are generally observed.
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Figure S7. Optical emission spectra of the packed bed containing Pd/SiO2 at different catalyst loading. Particle size: 250-425 µm. Applied voltage: 10 kV. Ethane fraction: 5%. Total flow rate: 60 sccm.
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