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# (Dielectric Barrier Discharge; DBD) 38 XUV 74 7 4 77— 7 it (Gliding Arc Discharge; GAD) % /=~
T X iz X 5 COr ARFALSE DIRME & S A T = X L OfHERRIE L, 24 FNHKD,

W1E TFH T, AFEE R L BNE2iER T 5, HERIER(EXIR & L CO CO KBGO E TR & il
ZHA L, 7T X~ LEOEASEFIAT S A Y v b EMIFERAZ RS, COKFLRIGIE, FAERRET
FNX—% AT CO: 2 F A7 b Z BN AT 2 HE R BT TH D, UL, (EROBMIEEEIC TR
RRROGHEITICIEEIR « SESMEAME L 25 L, R E OB b LV, £, AR 3L X —04 it
SORZEMEC LY . K RSHOT CTREEL 72> T D, 2D OFREICK L, AWFZEEIEEA 7 T X~ £l
H$1Z DBD & GAD DJGH T 7 X~ LfEEDBASONMIIER Lz, P77 A~ idminE 2R it4 52 & T,
CO, DIREhENE 2 et L, S OTFEMHE LT 2 X — D FIZh EM, DBD LI TAFSEIC BV T T X~ i &
SUSR ORI AW SN TE 722, il OBRICHOW TR EZE FOCBE STy, —h, CO 0+
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B2 [FEEAEANY THEIZLD NI A4t 27 )V —=27] TIXDBD % = CO /KFLEINZBIT D
Ni Befititn 27 )V —=0 7% AL Lz, ZD7=HIZ, NiCu/ALOs. NiZn/ALOs, NiGa/ALOs, Ni3Ga/ALO;.
Niln/ALOs & 812, FedEJE SRV T, 200 °CH> 5 500 °CIZ AR S, DBD A I35\ T OB GEFEAT %
1To 7z, FEBRFEED S . NiZn 7S 350 °CIZ35\V T DBD B T T CO, S b RN BB EE & Lol L TR 35% L& L,
R 5 EotkREm EERT 2 NG olz, EMERREOZERIZBAL T, insitu 7 — U =28 HRANEE (FTIR) %
FAVWC, DBD 858 & BAREE N2 1T 2 Al R 1 0 W& AR O3\ & PRl L 72, In-situ FTIR 34712 & ¥ | NiZn
il 1 T oo ERME PR & — R IRFE D) DBD Bis F CEHEICEHESI N D Z L 2R L, CO, DIEMAL
DERINHEIT L TV B Z & &2axd, F72, NiZn LIAMZ, Ga PIAREEAS Niln <° NiCu L 0 b TER =i %2 R~
L7=Z D, Ga DN T T A< B T COMBIGIEICIEORE S 5. 2 2 FREMESRIB X iz,

WIE T IAT 4T T7—VREIZL DT T X~ il RIS OMRED R ] TiX, GAD ZHW =77 X~
BUATLEREE L, COrD A X AT ESZ Y TS, FTIR B2 R/ L GAD Jses & EAE K %
PRYEL. A m Aa—T L0 Ak Sz GAD ORI L R L 72, GAD 73 100 Hz O CEIEL . #4150
NANR—T REET— R, o —ET— K, MO 3BT OND 2 LRNghotz, A= X LR DR
HHERRT 2721, AN T TV 72 NVALOs il 25 L, IR % 250 °CIZEE LT A ¥ MG =T 72,
In-situ FTIR (2 & ¥ S OTEMHREC P E A B2 L, GAD & 77 X<l EAEA N CO A # Akic 5 2 D
A e LTz, SUSE ] 80 kPa T GAD DEAIZ L Y COLERHZRMN 2% 5 42%IZ10 E L7722, GADHKRD
SHMPOGTAER LIZRIZAERY (CO, 0, bLEEEICHH SN, £2 T, @/ESLM (80kPa) Tix CO#x#iskiim
WHEDD, [ DORBIZ LY A X UBREAME T 2EABA RO, — 5, RESME (10kPa) Tk, &AH
SOSSHI S A, FHRTEIIC A Z ARGEE N A B35 2 E NS0 o7z, BUSH ADW 0 B2 21 L, iR
DWW ETEDITA T2, BERE CIIfEREICFBEO BN HR SN, AX U TICE /T — FXBED
DFRCHRT HCO EKRFEORTTERT DI EEZLND, — . GAD BN CO LA EET 2 FE R 3 2D
R EZHI M L2 (1) CO, DEFESRIZE D CO ARk, (2) iR T COIEMH LD, Q)T 7T —h
T BWBE DR PER by E7-. GAD 12 & ¥ fil i35 1 C oW ST O BBE e S, B A R OFAEREH9)N
TThidZ ELHLMNNI o7,

Fa4E (5 Tk, ITETHONHEELRIET 5, DBD 2 W Ni G&fillED 2 7 J —= 7128\ T,
NiZn filifi7s DBD BgEE T CHEZ ZeMEREm L2 7R L7z, Z ik, DBD 23R 1E T 0 CO, H3E D X W ETE DY
RERE LD TH D, ZORRIT, CO» DA X ALRIGZI51T 5 DBD (2 X A IRENEIE O A 20 %2 SE5E L T
b, EBIT, CO,OFEFFHEICITLVEL TV D E ENDIHFD T T X~ ThH 2 GAD O A SIS 5 ]
HREME GRS LTz, FTIR BUGSENTAR L72 GAD W5 Z & Tt~ & 2 — Z[mlE L D>, BRETTO
CO AL Z 2% D 42%~ & KIEIZA X2 2 LICkP Lz, ZOBEE M I, CO DEHESRIE T TR,
T2 GAD DX BIEWERBOEBN /R A X AbE I L Z LICERLTWD,
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This thesis, titled "Fundamental Research on CO: Hydrogenation Using Combined
Plasma-Catalytic Reactions," aims to elucidate the promotion and reaction mechanisms of CO;
hydrogenation using plasma-catalysis with Dielectric Barrier Discharge (DBD) and Gliding Arc
Discharge (GAD). The thesis consists of four chapters.

Chapter 1, "Introduction," details the background and objectives of this research. It explains the
significance and challenges of CO; hydrogenation as a measure against global warming and discusses
the advantages of using combined plasma-catalytic reactions. CO; hydrogenation is a crucial
technology for converting CO: into valuable chemicals and fuels using renewable energy, with
methanation being particularly notable in Power-to-Gas technology. However, conventional thermal
catalysis methods face challenges such as high temperature and pressure requirements, and difficulties
in balancing conversion rates. This research focuses on non-equilibrium plasma technology,
particularly DBD and GAD, to address these issues. The study has two main objectives: first, to screen
Ni-alloy catalysts using DBD to identify optimal compositions for CO; hydrogenation; second, to
explore the applicability of GAD in plasma-catalytic reactions and elucidate its mechanisms in
promoting CO2 methanation.

Chapter 2, "Screening of Ni Alloy Catalysts by Dielectric Barrier Discharge," focuses on screening
Ni-alloy catalysts for CO2 hydrogenation using DBD. Various catalysts including NiCu/Al,03, NiZn/
ALOs, NiGa/ Al>Os, NisGa/ Al>Os, and Niln/ Al;O3 were evaluated in a packed bed reactor from
200 °C to 500 °C. Results showed that the NiZn catalyst exhibited a fivefold performance
improvement at 350 °C under DBD conditions, with CO; conversion increasing by about 35%
compared to thermal conditions. In-situ FTIR analysis confirmed that DBD significantly promoted the
formation of formate intermediates and carbon monoxide on the NiZn catalyst surface, indicating
effective CO; activation.

Chapter 3, "Promotional Effect of Plasma-Catalytic Reactions by Gliding Arc Discharge," describes
the development of a plasma-catalytic system using GAD for CO, methanation. A miniaturized GAD
reactor with an FTIR cell was developed, and discharge characteristics were analyzed using an
oscilloscope. The study found that GAD operates in a 100 Hz cycle with three stages: spark discharge,
glow discharge, and extinction. Using Ni/ Al,O; catalyst at 250 °C, COx conversion increased from
2% to 42% with GAD introduction at 80 kPa. The study also revealed that GAD promotes CO>
conversion through three main pathways: direct CO2 decomposition, enhanced CO> activation on the
catalyst surface, and increased reactivity of bidentate formate species.

Chapter 4, "Conclusion," summarizes the results. The DBD screening identified NiZn as a highly
effective catalyst under plasma conditions. The GAD experiments demonstrated significant
improvement in CO: conversion while avoiding catalyst damage. These findings provide important
insights for enhancing the efficiency and reaction control of CO> hydrogenation using
plasma-catalysis, contributing to the development of CO: reduction technologies and sustainable
society realization.
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