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Fig. S1 XRD patterns of the fresh and spent 14 wt% Ni -1 wt% Ru/CeO, NR catalysts.
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Fig. S2 Raman spectra of the fresh and spent 14 wt% Ni -1 wt% Ru/CeO, NR catalysts.

(a) 14 wt% Ni-1 wt% Ru/CeO, NR-Fresh b 14 wt% Ni-1 wt% Ru/CeO, NR-used
Ce 3d,, ( ) Olis

E 5

8 8

= =

= =

5 5

= £ C 1sand
- - Ru 3d

C1sand
Ru 3d
T T T T T T T T T T T T T T
1000 800 600 400 200 1000 800 600 400 200

Binding Energy (eV) Binding Energy (eV)

Fig. S3 XPS survey of the fresh and spent 14 wt% Ni -1 wt% Ru/CeO, NR catalysts.



Fig. S4 TEM images of the spent 14 wt% Ni -1 wt% Ru/CeO; NR catalyst.
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Fig. S5 DRM reaction performance under plasma only (without catalyst) condition: (a) CH,4
and CO; conversion, (b) Carbon balance, (¢) CO and H, mole concentration, (d) yield and
selectivity, from 150 °C to 450 °C. (Catalyst weight: ~200 mg, Power: 17.66 to 22.73 W, Flow
rate: CO,: 250 sccm and CH4: 100 sccm, and Frequency: 20 kHz).
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Fig. S6 DRM reaction performance under plasma + bare CeO, NR condition: (a) CH, and
CO; conversion, (b) Carbon balance, (¢c) CO and H, mole concentration, (d) yield and
selectivity, from 150 °C to 450 °C. (Catalyst weight: ~200 mg, Power: 17.66 to 22.73 W, Flow
rate: CO,: 250 sccm and CHy: 100 scem, and Frequency: 20 kHz).
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Fig. S7 Applied voltage and current signals in the plasma catalytic system.



Fig. S8 Temperature measurement at plasma catalytic reaction zone with thermopile
infrared array sensor and infrared thermometer.

87.81°C  158.388 °C
137.48 ° }4_43 °C
285.27.5 oz o 784.22 °C
. o 14 Wt% Ni-1 wt% Ru/CeO, NR
228 °C 3052°C 2
~ |18aca T ¥ 739 °C
3 N
: o~ 137 °C " 15 Wt% Ni/CeO, NR
S [106°C.~2" ™ 277 °C 738°C_ -
T 313°C 1wt% Ru/CeO, NR
=
w °
3 o 54 °C -
O |e8°C i
RuO,
138 °C 478 °C 754 °C

I 1 1 T 1 1 1 1
100 200 300 400 500 600 700 800 900
Temperature (°C)

Fig. S9 H,-TPR profiles of the CeO, NR, RuO,, NiO, 1 wt% RuO,/CeO, NR, 15 wt%
NiO/CeO; NR and bimetallic 14 wt% Ni-1 wt% Ru/CeO; NR catalysts.
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Fig. S10 CO,-TPD profiles of the CeO, NR, Ru0O,, NiO, 1 wt% Ru0,/CeO, NR, 15 wt%
NiO/CeO; NR and bimetallic 14 wt% Ni-1 wt% Ru/CeO, NR catalysts.
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Fig. S11 CO-TPD profiles of the CeO, NR, RuO,, NiO, 1 wt% RuO,/CeO, NR, 15 wt%
NiO/CeO; NR and bimetallic 14 wt% Ni-1 wt% Ru/CeO; NR catalysts.
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Fig. S12 XPS profile of Ce 3d for the spent 14 wt% Ni-1 wt% Ru/CeO; NR catalyst.
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Fig. S13 (a-b) Thermal and (b-c) plasma assisted catalytic CHy; and CO; conversion at

400 450

various temperatures with 15 wt% Ni/CeO; NR, 1 wt% Ru/CeQO, NR and 14 wt% Ni-1 wt%
Ru/CeO; NR (Catalyst weight: ~200 mg, Flow rate: CO;: 250 sccm and CHy4: 100 scem, and

Frequency: 20 kHz).
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Fig. S14 Stability of 15 wt% Ni/CeO, NR, 1 wt% Ru/CeO, NR and 14 wt% Ni -1 wt%

Ru/CeQO; NR catalyst at 350 °C for plasma catalytic DRM (solid line: CO and dashed line:

H,).

Table S1. Plasma properties and experimental parameters for the plasma catalytic systems.

Plasma properties & Experimental parameters
Plasma power 17.66 W —22.73 W
Plasma type Sinusoidal
Frequency 20 KHz
Gas flow rate 350 scem
CH,: CO, 100:250
Furnace temperature range 150 °C —450 °C




Table S2. Comparison of plasma-assisted DRM activity over different catalysts.

Catalyst Plasma | Temperature CH, CO, Conversion | References
type (°C) Conversion (%) (%)
Commercial DBD 500 59 42 [1]
Ni/Al,O;
15 wt% Ni/CeO, | DBD 500 66 40 [2]
NR
1 wt% Ru /CeO, | DBD 450 51 37 [3]
NR
14 wt% Ni- 1 DBD 450 92 70 This work
wt% Ru/CeO,
NR
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