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KGR TR 7 5 X<tz X 2 IR COL Bs D SLREITge ] LREL, CO, OF MM ~DisHzmi) 7275 X
< it 7 0 B B G EIA 2 RN E L2 b D TH Y, &5EMNLRD,

H1E TFE) T, AWRSCTTxgRE Lz Co BRI 2 Ukt L ONEWNERGESE (B A —T—) Otk
PIZDOWTIRL, CO,DFM~DIEIE T vt ZIZOWCEHAT S, 2O T, 77 A~vE2 AW nt 2k
FOEATRET XA —FIHOBEZEICOW TR S 2T, @2 CO MO IR % HIg L 7= H UG O A
WIFEARICTH D Z L EZHRHL TS,

COL DH MBI ~DERLE, AN LA 7 o ARG S TWAER, @SIRMNGENEL T LD, &
— R VYA 7 NOBURTIHE LW TH D, ZOMDFEL LT, BRILFENRT Fu—F, Wb T
TR —FPRET SN TWER, 7T Xv Lt xlAbbyicr T A<y, 77 A~DBE L TH 1% THOM
ETAIETrEATHY, EHIT A X =22 2 & CHRISEHRET S Z ERFETH D, BAERET
INF—ZEBENHTEL LM THY, h—R UV A 7 MCEBRTE 2BREFRMN ot 2Ths, L
L, BIGVEME ORI T 0 & A LR E IR ES, FERY THREDNED LN TS, AIFE
TlE, 77 A~ EZ WY LR MRS 2 o+ % in situ HNEEZEA L, 7T A~EADORIGIZ L - TE
BMIN2D2BREFEERET D2 L, TOFRICESERISBREEMILL, 77 A~ RSB O EZ B E L
<5,

% 2 B [ In situRaman 53653412 K B COo/CHy DR MEGAFNT] TIL, Cu/Zn0 & W T, €0, & CHy b H I %
RS DT in situ Raman 347288 L, BOSH RO R I L ORISHERE OREI 217 > 7,

CHAZE EN B KFEE AV T CO, & CH0H IZHEHE T B % BT VIR & LT T R~ Ml A & AR L 7z,
CO, 75 CHsOH (ZHEffd 2B DOARFRY M & LT Cu/Zn0 Z AV iz, £72, 77 X< X Y i Sz gAY
(Hy, H0) OFELED TRICABEE AT, 77 A~ EEA S 7L 12 CH,C00 RNREMEE LTEKRTHZ &
Nbohot=, £72, CHCO0 IZHE L7z H0 Z/EH S8 25 & Clls0H O HFERTH D CHCHO DAERMEtE SN D Z &
LM LTz, KRIE L LT, HRBIIAR CHy 2% Cu ~ CHy & LTS L TH SIRBIGIE CO, & B IGT R
(E-R ¥H%) A RIE T& 7z, CHsC00 725 CHCHO ~DEITLHUSIFTNAE HIZ L2 D TH Y, WAETER LORKINIT X
DAERLTWDZ ERbhote (L-HEEE) ., CO,DKREIZBNT, 77 X~A O GHE (E-R ) % FE
T5LEHIT, HEWMETH D In0 ITBWTEARRWAERNAER I, 77 A~ MRS R0 e 8% KIE
LTWbZEEHLMNTLTE,

% 3F [/n situTIR Z3H5HTIC K D CO DIKFBACRISHNT) TiX, 77 A~WURFRD in situ REMRILS L5 0T
ZiE M U CROCEIBRN 21T - 72,

B2 ETH LN END, Cu/Zn0 L TO CO, DEEHLIZISUVNT, Zn0 OERFIEDITE S 2N Cu DRESE DY b5
BIZD72 D72 DBEETHY, FITAIMEH L TV LG TREBOAERITHEELHZ TWDZ ERHLMNE RS
7o H3ETIE, CO & HORISIZHE B LA EWA ST D720, Zn0 BEZ T2V, S 612 CHoFb
DT COo/Hy % XFBUTIRIT AT o T2

TIRRIZ Lo TR ENTZ I LY, In0 HEICZ 7V U IRy RSER SN, HZ2WET A5 A1 F &5
ZTCWBI EEHALMNI L, £, 77 A~ S E EITRY, Co¥, HCO0, HCO, H.CO AR IND Z
L ZBH BT LIz, HCO0, HCO, HyCO X7 T A< &Af lk S W70 Ar FHEATHEMUZZ E0vn, WaAEHER 1
OREIEHIREL TS Z EAREBEINTZ, TORIEZLY, &RHEREOHRAEYETHD In0 ETOM~
DOJENHLNE R, 7T X< il B TR R 2 Nk U 7= iR G 23 o CEETH D Z EBbhro T,

%A IDFT 1T & 2 RS TIE, 22 =, 53 B TIT o WA OIRE /60T Tl by ilE =3
NX—, FOSTFNAX—% DFT FHHEICE D L0, UGB OWT RGBT 21T 272, H2®E, F3E
DEERD S FIE LI AT Z CORETTIZRIT 2 IRFEDBRACENIIN U-IR Y 95 D42 &8 L CDFT 3 E 21T
ST, T2 TR OZEITE D TR,




CO D ET X NF—1TH 56 k]/mol &/NE L, BB LT Wb ERESIZHF G L2 E3bny, EB L[
KEDFER & 732 > 72, HCO0, CHC00 7> AERK X415 HyCO X2 CHsCHO DW= % /L F— 347 100 kJ/mol & H#EE S 7z,
R 2E LT W EE CIER VWL 00, ERTRIE TEX 0L, 77 XA~BHPO in situ FHITH 72728
ThbH, SHIT, 00, & Zn0 1T Lz H DEHELGIC L B HC00 AL TlE, C & H OfEE D%, HIERANLZ 7T
TJERIICAEE R LT ARIEETY 9 B2 ERNboTn, ZHUE, B3 TR LI EREIENE Coy & Zn0 AE H DK
SR A TR L T D, F 72, JRFBEL CL(CH,0,) DS 1RV X — T OFE SR, HCO % FR R & 35 HCO0 255 HaCO
SORIGRERBENRE TE, ZHEBAKSTIIEONRWKIETHD Z E0NRENTZ, 2 b0 DRT f#iToE I
X0, EBRCBELIEHE L ORERHOKISREICE L CHEREMEZ AR TE 1,

FBHE S <X, 77 A~BETD in situ 5HFHNC LV ol T X<t O GG = £ & iz,
AW LY, 7T XA~fiic il 2R o AL AR S TE 2MANELN, £
FERRET RV X —F I KIRIZED LT CO, OF ~DEM T ut 221 575 A<t e iett % 7= L7,

H% - FCEEIE, T3 2000 52 & 9830300 §E 4 1T ORIT 50y, b L<IFIE3C 800 5E4 L #fHRH L TS 72E 0y,
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This paper is “Basic research on non—thermal CO, conversion by non—equilibrium plasma catalyst”, and the
purpose is to elucidate the reaction mechanism in the plasma catalyst process for conversion of CO, into
valuable resources.

Chapter 1, “Introduction,” shows the global situation for CO, reduction and the response situation of
domestic manufacturing industries (material manufacturers), and explains the process of converting CO,
into valuable resources. I described the significance of non—thermal processes using plasma and the use
of renewable energy, and explained that the research purpose is to elucidate the surface reaction aiming
at the realization of highly efficient CO, conversion.

In Chapter 2, “Surface reaction Analysis of CO, / CHy by 7n situRaman spectroscopy”, in situRaman analysis
is applied to the reaction of producing valuable resources from CO, and CH, in the plasma catalyst process,
and the attribution and reaction of reaction intermediates are applied.

In Chapter 3, “Analysis of CO, hydrogenation reaction by 7n situ TIR spectroscopy”, the reaction mechanism
was elucidated by applying in situ infrared absorption spectroscopy during plasma irradiation in the plasma
catalyst process.

In Chapter 4, "Reaction path analysis by DFT,” the adsorption energy and reaction energy that cannot be
obtained by the vibration spectroscopic analysis of the adsorbed species performed in Chapters 2 and 3
are summarized by DFT calculation, and the reaction mechanism is examined in more detail.

In Chapter 5, “Conclusion”, the reaction mechanism of the plasma catalyst found by in situ spectroscopic
measurement during plasma irradiation is summarized.

From this research, I have obtained the knowledge that We can propose the design of the catalyst used
for the plasma catalyst and the guideline of the process conditions. I also showed the possibility of
plasma catalysts in the process of converting CO, into valuable resources by making the best use of renewable
energy.
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