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Thesis Summary (approx.2000 Japanese Characters )

Bk T8B ) UEBEMBIC LA A Z VB ERAVAT VT B ROEEBICET A5 CEL,. & Y
VERIEMRIE A AN A X 2 (CHa) 7BV AT AT B R (HCHO) ~DOEBERREOBRZEICE L TR 2D TH
D, FIXTENN, 2A4EICLVBRINTND,

% 1 BT, CHaO LENFA L EWR T 0 2OME, fixOeRY) VEBREOGEK IS, E2EIC oW T
AT AL BT, AMROEFRE BIIZONW TR, CHi IR T AD LS Th D R HICEE I/ L
TWAHED, AECAKROREBEERE LTHEE INTWD, fiEcEE e &EofF e TH 5 HCHO OBATA
AL, CHaDKZERLE LV EONDEHA A (kFE L —BILRE) ZAWZA Y ) — VG E T DML E#RH
L@ s BESRMZLEET LB T 0t ATH D, BT —(LOBEENS, CHid D HCHO ~DE#
Bk RtE T D EN AR OBRNIR L RO BN TND A, CHaD b 288\ C-H F5A DML & B A4~
OBIRPEHIEINMEIARE L THREE 2> T 5, B VEEEIL CHy O EERMICHE D72 it & LTt S h
TWAR, &Y VBEOREEEED CHs OE R ORISR RIZ 380, RE OB bERIC - B IR
BEte) VR = FOZRENZOWTIIRMBA L BN L, KRGS TIE, &R Y VEREAE ETosy TIREESRE
(02) ZERILAIE L7z CHaZr D HCHO ~DEIRAIERLICE S A Y T, fix D&Jd ) VD CHaBRLIZKk$ 5 fil
BRI & BSOS & RET L7z,

H2mTIL, VyadmBEIIT AT X UBE WY L - BRI L DA OV UEREET ORIl & Bl
BRI A ARk U, CHaBB L 24T o7z, Vv IR E V5 Z & THERD FePO, D 30 REM 22 m gl 2oV
VEEBRT kLTl (FePOs-MA) % &k L7z, FelP VI ERIC K& 08 % RIE L, FelP /L LD BN
WEEVY CHa BRLERITEEIN L7228, HCHO EIRRITK T L7z, FePOs-MA (I, Flix DU L ERER ARG D Tl b
W HCHO IR Z 7R LT, SUSHEHEORTI 6. CHaliR blE FePOs /)L 7 1k % 145 U 7= = £ il i CHe 4
DT ENTRBEINT, £l u—T 0T EHWZ IRTIENS, FePOs & CL-ER{LARM & OF5 WA AEH S ZRIK
b OMENC T 535 Z LRIz,

FIFETIL, xR ARMEEHNT CHiligfb 21T o7, Y=F L7 U 33—/ (DEG) & KDIRA TR
HTEM L7 BiPOs 7/ HiT- (BiPOs-DEG) I%, flix O E A~ A ZRMBEDH Th b VY HCHO IUEZR LT, &
{RAEIE TlE. BiPOs-DEG (% FePOs & EL~SEIREYIC HCHO AT 5 Z EHL N E R o T, USHERE DM
5. BiPOs b TARL L 7= F TGRSR A CHs & S L C HCHO &AL D1 Tl T35 Z L SRR S iz,

B AETIE, CHaBRLITH§ DAk~ ol U ERIEAE DB A Rt L, U VA Ik b CHa x5 D HCHO &
FRICHE L CTWAZ EZRWE LT, FaxD) CEMoF T, CulP /LR 11 THh Y SFICREERRZ 6 H L7
Cuz2P207-NOs A3 b iy HCHO % 7R L7z, [RIALIRSEERSE 2 & Todtii 7o SUSHERE ORRFDN D L (i) CuaP207 DF
RS T EEEFEDY CHs & SO LC HCHO #4575 2 & (i) Cu2P207 EOER{LEILRER © D/V A AfE Cu A b
LMY ViR =y RRENEN C-H A OIEMELE CO2 ~DOBRKBILOMHNCEE & 2 R4 &
PRENTZ, EBIT, FISEMET T a-CuP207 @ B-CuzP207 ~DFHEREIZ L ¥ BERE AT R L X —ME T
FTEHZERR LN Lo, TOX D RENT-FEFRBEIHREN CuP07 D& WL REICFH 595 L H#HEE LTz,

BRI, RS ERIE LTz, BEENEOY vBa=y N2 bo0R Y VEBBEIL, GBREBI) IV b E Ol
HEA R LTz, &BMEIZ 3d BBAEZ V- FePOs & CuP07 il B4 IKiE 5D HCHO 2Bk L. KFie#E
A CHs ERST 22 ENRHL N E o7, —J5, &BMEIC 15 [EE V72 BiPOs TSRS TIZBWTY
BV HCHO BefRMEZ 7R L, il BT Oo AIEMEAL S ABEMEIC K Y CHa 2D HCHO % /ERk3 5 Z & RS 1L
Too ZOXI 2GR L FERMEEDOBE VNIV AU LWMERT OIS E 721 02 OIEPELHEMEDIE DY, CH,
B HCHO ~D B LIC 3T A iR I B2 5.2 5 Z L 2L E LT,

%« FRSCEEBIL, FI3L 2000 7 & 95832 300 354 1 H¢ ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
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Thesis Summary (approx.300 English Words )

This thesis, entitled as “Study on Selective Oxidation of Methane to Formaldehyde Catalyzed by Metal Phosphates”,
describes the direct oxidation of methane (CH4) to formaldehyde (HCHO) using metal phosphate catalysts. It is written in
Japanese and consists of four chapters.

In chapter 1, industrial uses of CH4 and its conversion process, synthesis and application of various metal phosphates,
problems of direct methane oxidation, and the purpose of this thesis are described.

In chapter II, iron-based catalysts were synthesized by a sol-gel method using malic acid or aspartic acid. The surface area
of FePO4-MA synthesized using malic acid was much larger than that of FePO4-CM synthesized by a conventional method.
Mechanistic studies suggested that the oxidation of CH4 proceeds on the FePOa surface with the structure preservation of
bulk FePO4 and that the weak interaction of FePOs with C1-oxygenates likely suppresses over-oxidation.

In chapter III, the direct oxidation of CH4 was studied over various bismuth-based catalysts. The catalytic activity of
BiPO4 nanoparticles (BiPOs-DEG) synthesized in a mixed solvent of diethylene glycol (DEG) and water was the highest
HCHO vyield and selectivity among the catalysts tested at high temperature. Based on mechanistic studies, surface active
oxygen species generated on BiPO4 possibly react with CHa to give HCHO as the primary product.

In chapter IV, among various metal phosphates, Cu2P207-NOs prepared with Cu(NOs)2-3H20 as the copper source
exhibited the highest HCHO yield. Mechanistic studies indicated that (i) surface lattice oxygen species of Cu2P207 possibly
react with CHa to give HCHO and (ii) the surface Cu?* sites and weakly-basic phosphate units on CuzP207 play important
roles in the C—H activation and the suppression of over-oxidation, respectively.

In this thesis, metal phosphates with weakly-basic phosphate units exhibited higher catalytic performance than the
corresponding metal oxides. In the case of FePO4 and Cu2P207 catalysts which gave HCHO at low temperature, lattice
oxygen atoms react with CHa. On the other hand, BiPO4 shows high HCHO selectivity at high temperatures and possibly
forms HCHO with CH4 by the O2 activation mechanism. Such a difference in the reactivity of oxygen atoms and/or O2
activation mechanism likely affects the catalyst performance for direct CH4 oxidation into HCHO.
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