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AL TIIAZ InD A K ) — VRl LT IR LR B AR ZFIREE T8 mERAEA T4 Mbso
B EIToT, ZORSTaEAOEBICEE L, A% 7 — VEEEAR MM RS OFEME & RALKFE AR
MTO Sis) OVEPES A —> DN TSz L, & 51T MTO SHEMEIC MBI ) — R o P — VBRI 45 7 &
DA K ) — VEFERE AR ATRE R R ORGSR D B D, CHARIB AT 4 Rk, MIM BUSE L OMTO SR D
THUCHEWEEZE T ERHREINTEY | AKNMCHE LIZEBA T A Fenx b, F7o, M0 KOG M
TRED A K ) — )ViFERE A X I K VIR T D720, BREAlE LT N0 28 L7z,

%2 BT, Cu&F CHA BB AT 4 MEBEORET 21T 572, Cu EF RO, A ¥ VigfbRB L O

COp BIRRANA | L= — T, Cu ARV TIE 02 B LT 03 7o & DI KFZE DAL R S h
Too ETo. NaA AV RHBUC LS TT VU ATy NIBREHE LIch o TV EAl e LCHERA LSS, Cu i f
I Z B DT BRI L KT ARSI Sz b, B4 T4 bR T LU AT v FBRESRILKF AR
BT AR TH D EHER I, S5, SE O % GC-MS CHENT L7ofE 3R, RIL/KFEZE AR L7-fik
BCORFEFRAMZITI LD T IEZHEREEDPRIBINTZZ L0, M0 SUSHE & FEELT 2 SOSFRE
TIRILKRBDNER SN TND Z EDRBR I NIz, £, CHAE AT A R OBN AL A0S HREFEHI T
LHZEEBEZ, Bed Al HAiEFFO Cu &F CHA 2 L TR RAZK LI 2 A, INL L7z Al FE
(Q*(1AL) HEXE) DEIA M E WA A & VHRSICB W TAHRTH 5 2 & AR S iz, NO W5 FT-1R HIE
IZ& D Cu HTF A ORBEA RN LI5S, ISZ L7 AL FICEBA SN Cu I F A i3—h, dHEL7- Al fEiC
BAINE Cu hFA T MERDMEANH LN E 2otz 2, NOIEME(LAIR TARY MRS S &
— B D CuTTENAIL S CREICE L L TR Y . 2N A X VRIS AIEIEEML THh 5 Z EARIEBE R
7=

%3 W T, RISICRBIT D RALKRFEAREDOM LA BRI E Lz, Fe I F A E4H CHABIEA T A Mo
HEIT o1, Fe WF AL DBEAIT LY A Z LRI 1%L L2 R L, RAGKBERREITOSUCE L, &5
12, Al A DETe D CHA Z W2 SOSFE RO I X 0 | QY (1AD) & O FIE 23 i WS @ R 2 7R3 2 &
DR ENT=, W-vis AT ML OFERNS | Fe I F A L OIREEIL Al AT KE IKEFELTEY, Q' (1A
1523 CHA OB #&IN Fe FEOTE RIS HRNZM < Z E R SN2, F72, ICPIZ X DR HHT KON Al MAS NMR fi#
Hidnt Fe A AU BT VI 2B X I T2 ENPHA LN ERSTZ, #Si CP/MAS NMR Z#HHWTEA T4 b
KU A NEFERLIZE A, Al DA OEVDHBKRIEY A NORICEELZRIFLTNWDL I ERNRENT, BED
FEEND QUUADREREIT Q' CANREE LV b Fe I FFUICLARMIEENEZ V0T WEEZ NS, LR
ST, Q"(1AD) #EIEDOEIA @A T Al 12 X 2BEOIK TN S, RILKFAERICER otz b
BRI,

B AETIT, DN E VT, B4 T4 MRBLIEA SN D T4 R A X RSO RIE
WEERH Lz, 7o b AR CHA 2l s L THOWEEAICH, A % v Olinids L ORI KE AR A TR
NI=0 . ZOEALRITEIRE A CHA il & Frii U CTIRVMEZ 7R L7z, N20 W5 FT-IR € 72 & TNT in—situ UV-
vis A7 MVIEDORER, BRI F A AN No0 O3 iR %8 U IR EZ AR L T8, ZhnAZ v
HRHA SO DTEMEENAL E L THREL TV D Z EAVRIB &N, S 612, A X VEFE FI-IRJEDFER LD, Fe b
FA L OB LD AF WAETENE LT D Z A S0 E 20 | Fe & CHA il DN 7= FUSHED Z O 5
OB SICERT D Z ENEEENTZ, —FH T, @B F A U BITENMBEREZEE L T HEATH->Th,
A B DRAEIGEER L O E NI EE MFE R oT-, £, A =5 FT-IR JIEZ AW C&E D
F AN KIGICEZ D BERE LI A &RD T4 OFER XN G LOF b 5T,
FEED AT MR E N7, LEORREIY . @RI TFAUMEIIA Y / —VERIRICITIE & A CRESY
FAE &P MIM St & MTO UGS B — DRl ToEIT M L TWA Z LR &Nz, MA T, @b F4
FRIE N.O 2005 2 & TEEMICIEMMEREZ AR L, A X OEMHELICOBRFE L TWDEZ ERELNE

ot




%5 ETIIRIRORIEZAToTo, AL TIIA X & A B ) — VIR H TIRR ALK SR~ & 4T & D il oD
WAL TR ADREEIT T2, TORR. BREMDOREIERK 6% % EmW Lz, £, fifife LTS
L% CHATIE AT A b D AL P D BRRPBAN SN BB T4 DRI E L RITT 2 L 2P 6 Lz,
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This study focuses on developing metal-containing CHA-type zeolite catalysts to enable the conversion
of methane into lower hydrocarbons via methanol. For effective catalyst design, both methane to
methanol reaction (MTM reaction) and hydrocarbon formation (MTO reaction) active sites must contain
within a single catalyst. In addition, the catalyst must produce enough methanol to form the carbon
pool required for the MTO reaction. CHA-type zeolite is suitable for this reaction because of showing
high activity in both the MTM and MTO reactions. N,0 was applied as an oxidant to ensure that enough
methanol for the MTO reaction is achieved through methane conversion.

In Chapter 2, Cu-containing CHA catalysts were developed, and it was found that increasing Cu loading
improved methane conversion and CO. selectivity, while lower Cu loading promoted the formation of
lower hydrocarbons such as C: and Cs. It was demonstrated by the reaction of Na ion—containing CHA
that Bronsted acid sites are important for hydrocarbon formation. Furthermore, GC-MS analysis of
the catalysts that produced hydrocarbons detected some organic species such as aromatics, suggesting
that hydrocarbons are produced by a mechanism like that of MTO reactions. The catalyst with the high
percentage of isolated Al species was more likely to form the active sites, Cu® cation, and thus
demonstrated good performance

In Chapter 3, Fe-containing CHA catalysts were considered, achieving methane conversions in excess
over 15% and hydrocarbon yields of about 5%. It was suggested that Fe cations are more likely to
supplement the defect sites generated by dealuminization in catalysts with a high percentage of
isolated Al species. As a result, the decrease in acid amount is suppressed, which is advantageous

for hydrocarbon formation.

In Chapter 4, spectroscopic studies clarified that metal cations, especially Fe, promote the
activation of methane through reactive oxygen species produced by N:0 decomposition, while their
effect on methanol conversion (MTO) is negligible. This study concluded that CHA zeolites with
optimized Al distribution and suitable metal cations promote efficient methane conversion through

stable reactive oxygen species.
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