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Fig. 1. Schematic diagram of the plasma-based Mars CO, conversion system.
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Fig. 3. The electrical signals of different filling states:
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Fig. 4. Emission spectrum of CO, DBD packed with Al,Oj.
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Table 1.

age electric field at different discharge powers.

SRR/ (kV-cm ™)

Effect of packing materials on the aver-

BRI $i0, ALO,
10 1.32 1.40 1.55
12.5 1.46 1.48 1.72
15 1.53 1.61 1.79
17.5 1.68 1.74 1.95
20 1.82 1.88 2.11
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Fig. 6. The reduced electric field as a function of discharge

power using different packing materials.

IR ARG FE R RN DBD L3 K HL T fig
IR R, AR BIF 5T 0 3% R 2% 2 O R SR R AR T
BOLSIG+(2024 4% 7 H JRA) 315 T H ¥ filf 18 2
o7 R R HION L T R A PR ) AR Y
Tl AR T LXCat H Y IST-Lisbon %4
P2, B AL % R i — SRR PR T (AR
R Hnge A1 s b, i3 A fb 4 i 5
i) 22 ot 45 B TR R S 40, AL - L T RE i
HL T | B TS MR Tt K 23 18] A e
L3 AR T RS T T RE R B2 AL
kAL R R, E 7 R, AT A A AE
CO, A P AL ) P34 T-RE R 201k 3750 1)
BRI ARG R CREAEARTE T AR
HSEEG U X 2k B, ARy e i s
RO T 67.12 Td, XF R A F- 2 i F g
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Fig. 7. Calculated mean electron energy as a function of the

reduced electric field (the coloured area illustrates the range
of the reduced electric field in this study).
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Fig. 8. Calculated mean electron energy as a function of dis-

charge power.
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Fig. 9. The rate coefficients of different CO, reaction chan-
nels as a function of the mean electron energy (the col-
oured area illustrates the range of the mean electron en-

ergy in this study).
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Fig. 10. The effect of discharge power under different filling
states: (a) CO, conversion; (b) O, production rate; (c) en-

ergy consumption.
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Table Al. Types and parameters of carbon dio-
xide reactive species in numerical simulations.
LR e A ) P
ﬁ;‘é %}E;E\x%ﬁ HEE/CV
CO, (010) 0.083
CO, (020) 0.167
CO, (100) 0.167
CO,(030)+(110) 0.252
CO,(001) 0.291
RS 00, (040)+ (1200 +(011) 0339
CO, (200) 0.339
CO,(050)+(210)+(130)
L (021)+(101) 0422
CO, (300) 0.5
CO,(060)+(220)+(140) 0.505
CO, (0n0)+ (n00) 2.5
Eﬁ%it 002 (el) 7.0
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®BF CO,* 13.8
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Fig. Al. Effect of discharge power on the relative intensities of excited species using different packing materials: (a) Plasma only;

(b) SiOy; (¢) AlyOs.
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Discharge characteristics of Martian CO, in a packed-bed
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Abstract

The utilization of in-situ resource on Mars is currently one of the key research focuses in deep space
exploration. Non-thermal plasma technology provides a promising approach for in-situ conversion of high-
concentration CO, in the Martian atmosphere, with advantages such as strong environmental adaptability and
high system efficiency. In this study, a coaxial packed-bed dielectric barrier discharge reactor is employed to
investigate the discharge characteristics of simulated Martian atmospheric CO,, with particular emphasis on the
effects of Si0, and Al,O5 packing materials on CO, conversion performance and energy consumption. Through
in-situ spectral diagnostics, the variation patterns of characteristic spectral lines of excited-state COy and O,
under different operating conditions are investigated in this work. It is found that increasing the discharge
power promotes the generation of excited-state reactive species, which facilitates the activation and conversion
of carbon dioxide. Furthermore, increasing the discharge power effectively enhances the electric field strength in
CO, discharge. Compared with plasma only and the use of SiO, packing material, the system exhibits a more
significant electric field enhancement effect when packed with Al,O5 beads. Based on numerical simulations, the
electron impact reaction rate constant and electron energy distribution function of CO, discharge are obtained.
The results reveal that packing the discharge gap with Al,O3; material significantly changes the physical
characteristics of CO, discharge, enhances both the electric field strength and the mean electron energy, thereby
generating more high-energy electrons and asymmetric vibrational excited states of CQO,. This ultimately
promotes the CO, decomposition reaction for oxygen production. Finally, the study examines the effectiveness
of CO, decomposition for oxygen production under various typical operating conditions. It is demonstrated that
increasing the discharge power and packing with Al,O3; both contribute to improving the CO, conversion rate
and oxygen production rate, while reducing the energy consumption of the reaction. The introduction of Al,O4
packing enhances the electric field strength, thereby improving CO, conversion and O, production, achieving a
CO, conversion rate of 12.18% and a minimum energy consumption of 0.36 kWh/g. This study provides
theoretical and experimental support for the future applications of non-thermal plasma technology in the in-situ
resource utilization of Martian atmosphere, offering insights into sustainable resource utilization in deep space
exploration.

Keywords: Martian atmosphere, CO, conversion, discharge characteristics, dielectric barrier discharge
PACS: 52.77j, 96.30.Gc, 82.33.X] DOI: 10.7498/aps.74.20251061

CSTR: 32037.14.aps.74.20251061
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