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BURD CH, DAL T R E L CORAEZ RN, ZOMBSEHMEIC L. ZOMESEZMRT7200FELE LT, K
FSCCIE CHy O EBRSUS AR L. T E TO CHy EERBSOG OBFFER 438, AR 3CCR Uiz In Al o Fi#iiv: 2
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Fli 2 D Si0, FRFE B AREE 2 IV T CH, BKFE 2 BSOS (DCM BUG) & Rt L2 AE R, In/Sio, filliilic X > T CH, 24 L 7 ¢ v
R BERNEEEHRATRETH 5 2 L& Al L. RISHI% Oftio XRD MlE, SEM-EDS JIE, 3 KON, WAEMEOFER, Sio,
LBIZHE S pm A — 4 — O In @BIRIRIZ L > T CHMEHE b S D 2 L DRIB S L7z, DCM KOG, In/Sio, fil i3 i <l
RFHTH G FRHCHEITT 228, Hrith Lo RBIE~ 7 0Lz BT 5720 hiRIEEBRH~DT 7 £ AR SN, EFHIZ DCM
SIS HEITT 5 Z LR S,

HIE (A VT AREERMBEIC L2 A5 UBARSESEOMBER & KIS AF—A)

B2 E TR LA vV 0 A SOV TR 2 T o728 24, KIS A 27 23R ECRlfiR L, &migike L
T DCM R EMIE L TWD 2 L ARE S ivle. RIGEERRIIRETOFE R, DCM KGO —RKAERWIZ=Z o TH Y, ZoOMmo
BRALKFRIFT T & 2 SR CEWNCAER T D 2 L 0VRIB ST, In & B R OMBEVEM X CH 205 CHs & Hy ~DIEHRTH 5.
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In {EAEBIC L D CHIGMEL & C-C FEATERMERE 2 52T 5720, RISGEERRGF21T-o7 & 25, InilikeEEm
2 CHy D C-H B & iEMALT % Z L3 bdvo 7z, £72 CH, & CHg AR DB AT ANBE 5 L TV 5 ATHEMED R S -, B
AR ORER, InIRIRSBREICIUT CHy D3 EMEAL S TS CH; fll & WG KBRFEDNERL U, WA KBNS In IRIK SR~
fif9 2 2 & TRIGHDHES I, W CH R LOKIRIC L D CH ERPEITT 2 2 LR Sz, ZofRE b L ITKG
BEREET NV EMEE L, AN W oMEEs X ORI N O ZOET ANREY TH D 2 L NRB Ik,

H5E REJEBEEZAAE ULKISH BB R O]

FOSH 3 BE & 2 ROSOMREICER LR T, @B~ORABEBG AR Uiz RAE BT SOG5 oy BN 2 B % L7z, Fe
R0 Ni AN ERS I R FBIEIE & U CHERE T 5 = & 2 EAE L7-. Fe [BIOEEI I 2 AT 5 2 &L CIREBBSISHAE L < (21
INDHZ ExM LT, REFEFBRSIEOVERFREZ B ST 5729, SEM-EDS JHI7EH X OBUS B E RS 217 o 7256 1,
RFBIEHNL a-Fe HORE T RILE CHEIT 35 2 L AVRIE Sz,
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% 5 BECTRRFE LI SUSE I BERAMLIZ DWW, flx OREELRS~DIS A &2 77, DCM KIS ~DISA & fiFf L7cfES, C-C
A E R o T IRILAKFE 2B TTHE 2R R FAR B Z BT 2 LIXTE Do 2. RFCFUE LT LRod WA T THIRMER
T C-C HEA HARFFFTRE 2 R FBAKFBAMBEOBRR N NI L B X SD. —JF CH DKRFASESIE~DIEAEREF Liz& 25
B3 55 BRI 3 B RE L 7=, T~ D RALAKFE DO KBS MESOSIIISAFTRE TH v, ECF —VEDH Ab7 o 2 ZHEH <
X 2 ATHEMEDS R S AL7z. AR R IR R I35 43 B Ab 8 2 T TERAL KR DAL B A 1T o 191D COBITH Y, &
b7k SE D BIEER A FTRELC 9~ 2 HTAR AL SIS R O FTREME & #20k L 7.
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Chapter 1 - Introduction
The significance of this doctoral thesis was explained. Utility of methane and development of direct conversion of methane
to chemicals were mentioned.

Chapter 2 — Dehydrogenative Conversion of methane to higher hydrocarbons by indium catalysts

Silica-supported metal catalysts were investigated for dehydrogenative conversion of methane (DCM) to chemicals. As a
result, an In/SiO, catalyst was found to be effective for the DCM reaction. From the results of characterization, deposited
coke during the DCM reaction has macropores, which results in high durability for the DCM reaction.

Chapter 3 — Reaction scheme of dehydrogenative conversion of methane by liquid-metal indium catalysts

XRD and Operando XAFS measurements of the In/SiO, catalyst showed that liquid-metal indium catalyzes the DCM
reaction. Additionally, kinetic experiments clarified that liquid-metal indium catalyzes the conversion of methane to ethane
and the other hydrocarbons are successively and thermally produced. The In/SiO, catalyst is inert for hydrocarbons except
for methane.

Chapter 4 — Catalytic mechanism of methane activation and C-C formation on liquid-metal indium

Kinetic experiments indicate that liquid-metal indium cleaves one C-H bond of methane. Additionally, From the result of
kinetic experiments and theoretical calculations, catalytic mechanism was proposed that liquid-metal indium converts
methane to adsorbed methyl and hydrogen species. Recombination of methyl and hydrogen species to methane can occur.
However, dissolution of hydrogen species in the liquid-metal indium accelerates coupling of methyl species to ethane. This
mechanism was supported by isotope experiments and hydrogen permeation tests using a liquid-metal indium membrane.

Chapter 5 — Development of carbon-permeable membrane catalysts

A Fe membrane with catalysts was demonstrated as carbon-permeable membrane catalysts. Function and mechanism of the
membrane catalysts were clarified as below. Carbon formed by methane decomposition is dissolved and diffused into the Fe
membrane by interstitial diffusion. Transmitted carbon is hydrogenated to methane by a hydrogenation catalyst on the
opposite side.

Chapter 6 — Application of carbon-permeable membrane catalysts

Application of the carbon-permeable membrane catalysts to the DCM reaction and hydrogenolysis of hydrocarbons was
investigated. Though the DCM reaction did not proceed with the system, hydrogenolysis of ethane to methane proceeded.
This indicates that the system has the potential to designed conversion of hydrocarbons.

Chapter 7 — Conclusion
The doctoral thesis of chapter 1 to 6 was summarized.
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