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B M &
FBADOHH -

AR, PYEZTERAR, PYEZTHBEFZBLUROTR A
1 MRIRAKFILYORES &

[0601]

[0002]

[0003]

[0004]

5T ikt

AERE, BEERY. PYEZTERFAE PTUYEZTPORAEE LT
NROTAAA PRIBKRICMOREREICET 2.

KAEEE, 2023455268, BHRICHBEIShARKE2023-08
6677THICETERAEEZTIRL. TORBLEIIIKERT S,

B Rl

TYEITIR. BRARLEEKRORBE LTEEREEMTH D, HIAE.
RERNRT VEZTENAETHBN—N— - Ry aikiE, Fes 0,400
BHEWDA | 06K, 0 %E8ARTEREY (doubly promo
ted iron) MELEV. COMERIIZERLKREODRESFEEEER
BREXETEERBIE, PUVETAHETLHEATHS, JORMIBER
ATH, BERHEBROILOHETRTIRNCAVWONTWS,

—H. N=NR— Ry 1IEORISEELY BEVEETT VEZT (AR
MY BHEDMRFINT WS, BRRUKBERMIEZIETTIVEDT
EERTDIENTE2MENMRT I, EVSEN TOMEFMXKTE L
THREXhTWD, 2055, MEEERSELTLT=YA (Ru) &8
BIHAICHEBIET7VES7TERRGHEBE S LTHWSHEN, BERO
JVWHEE LTHEINTWS B2 IEETmT) .

FEATHRAT SCHR

ReETCER

B Ekl B2 006—-231229844
FREOHE
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[0005]

[0006]

[0007]

REIERL LD &T25RE

FEULTIERESRBELAVWE NN~ Ry YKL BTV EDT
BRI, EREIhTVWEY, BREEREA2MREELT A0, BEEHE. o
ANETOREEARZIVEEELH S,

REFXEA 1 KRS I N3 L RiEREBRER. BE. TEREOREER
HEEP, BRBLAYEREZAVTVLS, LMLADNS, IhoDEKEER
ik, BRCAVIICEECTODEEEELTWI EREA L,

TRHEN—N— KRy Y IEORMFEHFICE BIZE LYER B
EO&EGTTCETRARGEEEE T LA, —BENAMETEEET
L7 VEZTEREMEIKOLNTWS,

AR LEOBBEEARINHEBTHY . R BEEOXRHETTE
+oRRINEEEET 2HEERY. TYEZTENBER TYEIT O
FEBEUAQTRAA FEBAKREMOBEREZERET I EE2BNE
T3,

AAERATH-ODFHR

AIECREE R T 5720, KAEBEUTOFRERELTWS,
<V >ARFAORKK 1 ORI,

T2 (1) RATRENBROT A4 FEUBKEEMEEET 2,

BaREO,H, - - (1)

(& (1) I2BWT, REW, Y, Sc, Gd, Tb, Dy, Ho, Er,
Tm, YbBLIUVLuMLRZEIOBEINIELTELREERL, mik0,
5L ET. OUTOHEIKEZFh2HTERT. )
<2>AFEPHOBFK 21, B OMBERTICBVT,

BECRED, Y, Sc, Th, Dy, Ho, Er. YoBLUVLuUDLR
BHMNOBENDIHLIRILETH > TH L,
<3>ARBAOEK 3 F. BHF 1 OMEERMICEVT,

BIEEREN, YEMFIEScTHoTLW,
<A>KFRDEKAS F. BF 1 OMEERMICBVT,
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TR TEREBEEER T VEZITHRRISETH > Th L\,
<S5S>AFEOE#HSIZ, BE1~400Thh 1 DOfMEBREMICBNT

BIEdROT7 A DA FBAKRLEMAR U, Co, Fe, CrELUMnDH
LRBENLREIIND 1EULOEREBEAHEELTVWTE LY,
<E6>KREROBRODOT v ETENGER, BRI ~500WTFhh1D
OREERMOBEETICSVT, BREKREERBIEZTIRESL,
<TO>RRBAOBKRTOT VvEZTHBAER, BRI ~600Thsir1D
OMEERYOEETICBVW I T VY ESFPEKRPLVRRILHBIE LT
BE220,
<B8>EHEBADOEKRSDAO T AN MEBAKREMORESEIE. T (
1) =%

BaREO,H, - - (1)

(& (1) cdWwT. REWE. Y. Sc. Gd. Tb, Dy. Ho. Er,
Tm, YbBLUPLuDLRAENSBIEINIF LI TEEXL, miZ0,
5LET. OUTOSEICEZENZHFERT, )
TRINZAOT AN PUBKREMERETDHETH>T.
BaOe&,

BaH,&.

Ta (2)

RE,O,- - - (2)

(% (2) £HVWT, REI. Y, Sc, Gd, Th, Dy, Ho, Er,
Tm, YoBLUL uMLLRENLRITNAEFLERTRERT, )
TRINDEEHE.
ERBEEARBRAKITICBWT, XA/ FIANEEBRBVT, #tE LT
BELLULEERRICERDONFHIBRINDE T, EES LTI ERY
BEITEZR0.

<O>KREBAOEROIZ, BRSOROTIHA MNIBKRILMORESE
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[00068]

CBWT,

BIEZREM. Y. Sc, Tb, Dy. Ho. Er. YboELULuUNLA
PEANLRENIFLETRETH>TH LW,
<TO>AFKPOERK 0. EBHREOROTRAN/ FMBKRILMORE
FEICBWT,

BIECRED, YELEScTH-oTH LW,
<TI>RFKBOBK 11k, BR8OROT A0 MNUBKREYORE
FFILBWT,

RIERED., YTH>TELL,
<V 2>KREPOBHZ 213, BRBOROT2h1 MEBARLDORE

FHRICBWT,
BIEA D/ TIANKIIBVT, BER—-VINVFAEEEHF-ILINE
FERLTE LW,

<1 3>AFPAOERK 31, BHFSOROTRhA FEBKRLYOEE
FREICBWT, RISEES LURIEMRS. S00CUTTITHhTH LW
<VASKEPOBIK 43, BEBOROTRHh4 MNUBKRILHOEE
FHEICBWT, BRI S L THEL L AARRISERD DN FOLRE
BAS, Om2/ glUTTH>THELLW,
<TH5>KAFEHEDERT 5. BESOROTANA FRBKRILYORE
FIRICKUELND %,

<1 6>AFHBAOERK 61k, BK150R0T 204 MUBKREYICH
WTHIEERED., YTH->TH LW,

FEPFDOWR

AHERADO LEEBRICLINE, KB BEOZBETTH ARG
BY 2R, TUEZTRBTA TYEITAREEBLROT
ANA MRBKRCPORETFERET LI ENTE D,

B4 D & Tk B B
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[0009] [B11AFBO—REHBICAZMEERMOMEREZO7O0~F ¥+~ L TH
%
[F21RMEE 1 OO T2H1 MREBKR/EY (BaY O, H, IHRLER)
BLUVERFI2ORDTANA MIEBAKREY (BaYO,H, HENLER)
KDOWTDXRDNSY~VTHD,
[EQ3I=MHHI3S OROT A D4 MEBRKRELY (ROTAh4 EERKELY
(BaScO,H, #ENER) ORBYA ZILIERDOXRDASY—-UB&
URIBYA 2ILARDXRDNAY -V R LTICERBHIOROTAAS M
MkFEE® (BaScO,H, BEWRER) OXRDNRF—VTHB,
[M4IRMEFI2 DO TRAhA FEBKREY (Ba YO, H, RIERIER)
B L URER 2 ORIEHER (B0, RuBHEAROT2HA MEBKRLY
(BaYO,H, BEWLERE) ) KODWTDTDSOHERRTH 5,
[R5IRMEHI3 OO T AN ~RBBKREM (BaScO,H, GBifnRg
) BLUCEER 3 OMEERY (815, RulERRO72H4 MUBEKEL
¥ (BaScO.H, FBREGLER) ) LOWTOTDSOMERRTH S,
[E6]=MHER 1 OO T 274 MNUBRKR Y (Ba YO, H, BENIER)
AEBREICHSVTAKERHESTTT 2BEMBINE LT > BICESN
ROTANA FEBRKECMICOVWTOXRDAERRETH 2,
[E7]0. 9MPa, 300COH,BLUN,OREIATICERE LALBOE
HER 2 Ot (Bl5, RuBRAROT7Ih1 NEBKREY (Ba Y
O, H, BHEMRE) ) . EiEhl4 OEMERY (15, ColEOT A
A MNEUBRKSRILY (Ba Y O, H, BENIERE) ) BIUEEH S OMEEN
W (1B, FeflRADTZNA MUBKRLY (Ba YO, H, GHENER
) ) KDPWTOT Y EZTAREEORBEILTH S,
[B8]13 20COH, B8LUN,DRETATICERE LBROEMH 2 DALELE
M4 (BB, RuBR~O7h4 PEERKRIEY (BaY O, H, GiEILE
%)) . EE64OmEMERY (B, Colf~_O7 A4 FNEBRKREL
M (BaYO,H, SE0IEK) ) SLURMKESS OMEHESRY (16, Fe
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BRAOT2H, MUBKRLY (BaY O, H, BELER) ) L20WTO
FUVEZTAREEOENKELETHSD,

[E910. OMPa@H,BLUN,ORASHETICERELLBORES 2 Ot
B (BB, RuldBRO72h4 MUEBARLY (Ba YO, H, i
NIBER) ) . EEH4ORMEMERY (85, ColEBRROT7Ah1 MUERK
¥ (BaVYO,H, BHUER) ) HLUEHH S ORIBEHRY (BI5,
Fei@ROTAhA MUBARLY (BaY O, H, EHNER) ) Kow
TOTVEZTERREEDORERFERHTH S,

[510]0. 9MPa, 300COH. 8LUN,OBEEHTICER LLED
EREGI OREMEY (BB, RuBRAOTAH, MEBKFELY (Ba
YO, H, BHENERD ) &L UEREHN2 OfIEHERY (BB, RuER~AD
T2AhA NEBKEFEEY (BaYO,H, BERER) ) ILODWTDFPYED
TEREEORRELTHS,

[RVIERG 2 OmEERY (B, RuBRRAO7TIHA FMEEKELY
(BaYO,H, BEABR) ) SLUERDN3OMBEERY (A5, Rull
BAOT 204 MUBKELY (BaScO,H, BEEUIER) ) LOVWTO
TUYEZTERBEEORRELTH D,

[E212]0. 9MPa, 300COH,5LUN,OREIATICERELLED
SREGI2 (0B, RulBRAROTZA A4 MUBKREY (Ba YO, H, §ifs
WmErg) ) . B4 (5. ColBR~nTJ2h4 NEEKELLY (Ba
YO, H, BiENEE) ) . ZEFIS (Bls, FelERRAOT7Zh FEERK
R (BaYO,H, SBELBHK) ) &LUHEH1 ~8 OMEERYICD
WTOFVEZTERRETH B,

[E13]10. TMPaT7 E=T2RBELLBROERA 2 OMEMKY ()
5. RulBBRADTAAH4 MEERKRLEY (BaY O, H, BELER) ) &
L UL 9 DIEERMIC OWTOT VY EZPERILRODBEMRELTH S

o

[BNA]EEH 7 OROTANA bEHARLY (BaTbO,H, BaDyO
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[0010]

[0011]

,H, BaHoO,H, BaErOQ,H, BaYbO,H, Bal uO,H, &
MIBE) IKCOWTOXRDIRY—VTHB,
[B15]EMH 7 OROTA DA FNEUEEKRELY (BaTbO,H, BaDyO
oH. BaHoO,H, BaErO,H, BaYbO,H BalLuO,H. 5
MIBHE) ICOWTOTDSDEERRTHD,

(521615266 8 DI (B15. RuBEROTZHA FEEKELY
(BaTbO,H, BaDyO,H, BaMoO,H, BaErO.,H, Bay
bO,H, BaLuO,H, BELER) ) K2WTOTDSORERRTH
%,

[E17]0. 9MP a, 300COH. BLUN, OBEERTILBEL B
EHEHI2 OMEHSRY (15, RulBBROT2Ah4 NUBARLY (Ba
YO, H, GEGER) ) BLURER S OERRY (B15, Rulk~O
TANA MEUBEAKELY (BaScO,H, IHRLEEK) ) BLTERHISOD
BMEEAY (B0, RuBRROTX A MEEKFREY (BaTbO,H,
BaDyO,H, BaHoOQO,H, BaErO,H, BaYbO,H, BalLu
O H., BRAWERE) ) KOWIDTVEZTAREEDORBELTH D,
[6418]10. 9MP a, 300COHOH,BLUN, OBEAERTICEELEED
MG 2 OMBEMERY (5. RulBRRO72h4 EBKZELLY (Ba
Y O, H. BS0IEE) ) &L UERES omBMRY (5. RuiB~An
TAHhA NEIBRKZLY (BaScO,H, BENER) ) BLUEREH8D
BEAERY) (0B, RudBR~NOJ AN MEBEKEEY (BaTbO,H,
BaDyO,H, BaHoO,H, BaErO,H, BaYbO,H, BalLu
O, H. BENER) ) KOWTDTVEZTAREETH 5,
FEPEEMT 5 HDHRE

T, AEHO—RBHEBICR2BBERY. FYEZPEREER TV
EITBAESLUNOTANA FEBKREMORET E%HRT 5,
(AREEARR)

REFOEME IR MEERDIE, ROTR01 NEBAKRLYES
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[0612]

[0013]
[0014]

[0015]

BYEB, JIT. ROTADA FEBAREMER, ROT2A01 MEREE
MABO ,OBHEF =402~ %—F, KR7=AV/H-IKEBRLAYEELZL
Yo AEBEMEICAIMBERDIE. 7Y EZTEARRISEOBBHERY &
FRPUVEZTHBROGBOBEEKNTHE I EMFE LV,
IROTAH4 EBRKERILY )
AEBHEICHRIROTZIAA MNUBRKREWIE T2 (1) XTREN
BROT72ANA PRBBKFIEYMTHD, Fidsd (1) ITBWT, REIK, Y
. Sc, Gd. Tb, Dy, Ho, Er, Tm, YbobBLULuNSABE
HNOEBIIhEE TR TRERL. mid0. 50LET. OMTOSHHEICEEN
DHFERT, KEMMEICGIMBEENMATE (1) XTRINEA0
T2h4 FEBKRENEEETHI & T, HBNEZICHEBBOREIC
BOWTKREAAWRIE D &AL RS, ThICL > T BEHERY
DRSS —BR LIt &N TES,

BaREO,H, - - (1)
ARFAOEBMEICH L MBERMIL. M2 BaYO,H,, (0. 5=
m1=<1, 0), BaScO,H,, (0. 55m2=1,. 0), BaGdO,
Hoe (0. 5=m3=1. 0). BaTbO,H,, (0. 5Em4=1. 0)
, BaDyO,H,s (0. 5=mb5=1, 0), BaHoO,H,s (0, 5=
m6=1, 0), BaErO,H,; (0, 5=m7=1,. 0). BaYbO,
H,s (0. BSm8=1, 0), BaLuO,H,q (0. 55m9=1, 0)
AEF LI D,
FEEMEICHRIMEERYICEVT, £8 (1) RPOREN, Y, S
c. Tb, Dy, Ho, Er, YbBIUL uMLAZENDEITNZDA
CTEOHELIRRRTHDIZEPFELL, YELERScTHH I N LY
HELW, YELERScTHDIET, &Y —BHEMEERLTE LN
TX5, REAYZTLIZS c THLAEBHRICIRDRMBAELD & L TR,
HlzE, BaYO,H,; (0. 5=m1=1. 0). BaScO,H,, (0.
55m2=1. 0) ABIFdbhz, ARBEBEICRIMEEEME L TR,
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[0616]

[0017]

[0018]

[0819)]

[0020]

BaYO,HELUBaScO,HAFELWL, BaYO,HiE. BaScO,
HEt 5 RREBHAR, RENICTVEZTERICHBLABEDRESLS
BW. OO, AEBHEBICRZMEERYE L TR, Ba YO HAES
WIFE L,

35, AEBERICEZRQTANA MEBKELHYOFY S04 E~-
vavid, HEEESBICBVTREERINITREERELIIHEAED
BTRAWTT A LW, B2, X#gadr (XRD) R—vDl)— bt~
hEZ#r>, Thermal Desorption Spectromet
ry (TDS) flid, Fourier Transform Infrar
ed Spctroscopy (FT—IR) HE BERBNEELEHE
ThifLw,

FREHEBICHIROT AN MEBRKREMEALFROBEREHENT D
s UARROTZANA MEBI. BEREAEL LT DROT A0S MEE
OFTRLFBICEFIREBEINABETHY . A/ FIAHNELREDRRE
ABRET DERGRICBVWTEELINP TV, ROT A1 FEEBKEL
MATHRTHD Z EOBREEF, XBOITE (XRD) 2RAVTAIEL, &
ONEXRDNRAY—VEY =MW MEFTEI LKL > TITITENTE
Do

FEBHEBICRINOTANA M BEBAKRCYMOMRIRNFRTHE &
BUFE LV, KEBEFEICRIZROT AN, MEBAREMORNFRIE, 1
nmBlbE, 10umBTTHDII EBEL, FELLE, ROTRAA PR
BAREHORMFERL I nmbll, T umBlFTHY, SUYFFELIE T
nmBlE, 100 nmlTRTHY., BICHFELIE Tamllk 50nm
LTFTH5.

EA&HIC, ROTABAM SEBAKREMICBT D HhF 7 OMRLE, HIA
. BF70-7J%14007F54Y (EPMA) ZHAVWTHETS I &N
TE %,

ARBHEILRIROTAHA NEBKRYOLLRER (BETIHRA
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B) IX, 5. Om2/ g THhBI&NPTFELY, AEBREILZEZROTAA
A4 MUEBEKRIEMOLEREREIE 1., Om2, ' gRlETH>TELWL, AEHEF
BICBEBZROT A0 NUBAREYOLLRERIZ2, Om2, /glETHD
ZEBFF LW,
[0021] [EFRERE
AIERERMICEWT, ROT2 04 FMEBKREYPEE (ERERB LW
TRHEANHD) RERBTHI LTIV, BRGER. MERNEET
%, HEGER, 7VEZTARRBELR TV EZTOBRRGERET 2
OTHNE. FHICREINGLY, BESBL LT, Ru. Co. Fe. N
i. Mo, Rh. Re. CrRUMnRENETOND, XRBTEICHRD
ROTZANA MBEBKEEYWHFR U, Co, Fe, CrBLUMnHIELD
BALBENZ 1BLULOERRE (UT, ERNBEBEELMNT 28605
%) HERLTWAZEMFELY, ARBBRICKEZIOT 01 MU
KREMAR uEERLTVWRZ ALY FE LV, ARBEHEICRI RO
TAhA FEBKELYNAR U, Co, Fe, CrELUMnASRZEN
HEENZ 1BULOBBEBEEBLTVWAI LT, ROT A 01 MR
KEOREICH T 2KROBHES L CHTHBAKER BN L UIRES
 BRMREAN—BE LT 20 THE LW,

[0022] HEHEBORXTRIGEMTHVTE, 2EULEEAEHDETHAVTE L
W ERINSOTROESY. FAE, CozMosN, FesMo N, N
i ;Mo N, Mo NEZHKBERBE LTHVLWTELL,

[0023] AREMEICHEDIROTINA NUBKEEMICKT 2ESEREROHE
HRIE, BEERMOLERBIHLT, Twt%lE1O0wt%UTTHS
ZEMFELYL, LYUFE LI, BREBEBEOERFEIZ. BERRMOD
2EBICHLT, Twt%llh 8wtWUTTHE, ILHIKHFFL I
SwtBlE S5wt%UTFTHS,

[0024] (ARELRERCOBLESE)

. ARREHEICFRIMBERYORETRICOWT, RBETZ, B
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[0025]

[0026]

[0627]

[0028]

[0029]

P
{33

3. REPFO—ERFEICHIMEERDOBERZOIO~F v~ MNTH
2, VISR & HIC, MEERME. BETHE. RQ72h04 MEEEK
REYEERTZEITRES 1 &, 1RSI THEELARDTRAAC b
ARKRCMICEREEZBRISE2IRS 2L, 238,

(81 T

9. H1TRS1THIROT A MBKREHOBER ROV
TEHBET 2, Tl (1) TRIMZROT2hT PRBAKREYORES
5k, BaO&k, BaH,&, Tidf (2) TRINWBEWE., 2REESN
ABEKITILSVT. *H/FIHNEEBVT. Mt UTHELELE
ARRBERAORNTFHIEEINDIET,. EESLUPBHRERYRTIEE
B0, BRI AHBES LUHEL LASRRISBERYONFHAOTZ
hA NBKREMTH S,

MERH

BI1IESITR. BRHELT, BaO&, BaH, &, FER (2) T
Ihadbame. 2BVWE, TR (1) KBWT, RER, Y. Sc. G
d, Tb, Dy, Ho, Er_. Tm. YOBLUOLuNLRZIENSEIEN
2FTEREERL. mik0., 5UET. OUTOHERLSEhAEFEER
T, FLFRR (2) KEWT, REIK Y. Sc. Gd, Th, Dy, H
o. Er. Tm, YoBLUVLUuLLGRIENLRINIFIEARERT
o B (2) IKBWT, REWE, YELIEScTHDIEMNFELL,

BaREO,H, - (1)

RE,O, -« (2)

LR (2) TRIhB4EEME LT, FXE, Y0, Sc,0, G
d,05. Tb,;0; Dy,0; Ho,0,, Er,050 Tm,0,, Yb,0,
Lu, O EN RSN, LR (2) TRINBEEBELTE VY,
0,811 Sc,,0,0FF LY, EiX (2) TRINZEEMELTE Y
2 O ANXLIHFE LU\,

BaO&, BaH,&, TRk (2) TN bEMEOMESERETO

E
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[0030]

[0031]

[00832]

[0033]

{HAHLEE (LT, AR ENLLEHT E58PH2) (BaO:BaH,:
LEBER (2) TRENWBEEY) & Bz 1. 0:0. 90~1. 10
;0. 90~1. 10TH%5, LYHFILIE. BaO&, BaH, &, L&
N (2) TRINZEEMEOHLRAAELRLE, 1. 0:1. 0:1, 0T
Hb

BE, NEERRBERNONFE, AH /) FIANEERVWTHERSE
2100 LEEDERKGHERMHL. LRBOMAHEINLTENLTELNL
FOTH->THLVL, FHOLEDOHAHEIETFRERES L TEGNEL
DTH>TH L,

(BB & U

FROBRHEREEAZAFTEETICEWT, XD/ FIHLERERWVT,
WIS & CHE L LB ERDORFHIEERINDET, EBS L
UBBRERYIRT, XHh/TFIHNEE. BRRNIXLF—ICE>TRHED
MEEDLEELAEERITHEEVD, BHNIXLF-%5522 (f
2, R—ILRATAERIES) J&T BHETHFEEINS, I5LR
—VABERT B EEBRINCZEERIBRRINDG, COEB SR NERY
BEINDIET, BAMRBLASOHMES LTHEELL. ARRISER
MORFHARRI NS,

AN TIANERLBENT, BER—LINFELEGER—IL I = ER
THRIENFELY, BER—NINEFLEEER-ILINEBVNDZIET
 BHOEE SRR EENRL LTI ENTEDS, R—ILINICHWSR
—IBLVBEHBOMEEL L TE, BICBEEIHAWHS HIAE Zr0,0 W
CREMNEFLNE, R—ILINICEVWAR—ILOERIIFEAIE, 1 0mm
~20mmTHd,

R—=IL I OEEEFG. BlESLUTHEL UAERRBEXMONF
ABLETHIENTINIERICEEINT, Az, 600rpm~900
rem<Chd,

WIS LB LU ARARBERMORNFATRINZET, BESD
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[0834]

[0035]

[0036]

[0037]

[0638]

LT (LT AA/TIANRIGERTREEDHB) ERHEERE
WKRRYIBT CEMFELV, XA/ TFIANRBERNEEREITIZE
Ty JUMEBLLSHES LTHEL LESRRBERDONFERET 2
ZENTED, AR, BRELSRE L ARIGHOMR A48 & THRIRK

LTH LW,

EES LN 1 @Y OLEIRE (Xh /7 2 HhNVRIEORIGEE
) BAIFICBREXRAWS, FIZE. Tmin~10minThd, ZOAH
JTTHNRBIZBEVT, RROEES LUHRMEYRLITDNS,

EESL BRI, 300TUTTILRBZZEAFELWL, 300TLL
TTAN/ FIANRIGEFTICET. KROBRBEZ MR TEENTES

AN TIANRGBEOASHIE. BRETITI EAFELV, AHMFZ
F. BICRESNAWD, FlAE XA/ TIANRBRTRERTZ S
TARMLTH LW,

MM & CHEL L ARRISERYMOR FHRER I Nic i & D MMELL
TORETHRTHIENTES, £9. HBOXREIHR (XRD) ME%E
T9. B5NLXRDAY=VICHVT, BERBEROEFEIERI ALV
B BELUAARRBERDIBR I N EHIT S, F, XA/ 7
INNEBEERTXRDNANY = CEENGWEEEERICHEL LA
RIEERMBER I Wz & T 2,

RIC, BEELAERRGERDEERINAZERICHL, EEREFR
WiE (SEM) BR%E13), SEMERICE>T, HFENT OumllTO
ROT2AHA MNIBKREYOR FEEETINE, Bt LUBELL
AR ERMORB TR S NS HINT 2, ROTAH1 MNUERKFE
RARCMORFOHERG. SEMINEBTIEDX (ZRIF—HRER
KXBOWEE) 2RVTHFITENTES,

Mam, LEORMES L UHELOERIE, LRI, ML L
CERRRERMIAITERI N &R L%, DVWTHME L& R
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IERW E BRI NAERHIE L. i s S TWEE LS RRISERY
DR FHIERINEZ & ERELTELN,

[0039] H1IRKHVWT, HHELELUHELLEERRIVERYORF %X 5
KB L TH LW, BRATIEEY, BEREERETIIENTES

o BHEREIR, 450CUL600TCEKBIHFE LY., LYBFFLWEER
ERE500CLUESE0CUTTHS, REEIE RICREIALLN
B (1 h) UETH2, BERER A 72BEMTTHoTH L

o BRIIBRERZHEKS TELRKRFESTTE > & L0, FELR
 KHEOREBAEINDBWTHAO &b, BRFES HIRAE, 103

PaBBEUTOEZRE) TTHII &ALV, Ab. EEFHSIE. HIZKE
AR FRY TERWTHERTIE LW,

FTRBRIIC, BRRBERDONFENH,C | /Me OH CRERAIZ
. 0. Tmol /L) THELT, BRBLLBaH . BLUBa0EREL
TH LW,

[0040] (PVEZTEBAR)

RIS, FTYEZTERFHECOVTHRET 2, AEEREICKEL TV EZ
TERFEE, ARERRICHMERRIOBEETICSVWT, KE (Hy)
EEBR (N,) EARBIEDZIREEG. KE (Hy) &8F (No) £&R
HIEBIETTVEZTEERIENTES,

[0041] AREHECRIBEESVOFEETICEVT, BREKRCARBSE
ZIERBICRESIhAL, AR, BEATELATRIC. KRLERE
ERATHT, BREKREERIEIETH LW,

[0042] EASEOEEFEHIBICEEINAL, FAE, KR (H,) 2R (N
) EEFRICBRRICKELTELIVL, FORMEOLLDEEISHKTEHICR
LTHEV, BRNICAATZKE (H,) E8BF (N,) COTNMLES
1 THDIEDFELL,

[0043] T7rEZT7ERBOBHROINE. BIKBREIhAVWH, HIZE 0.
IMPa~0. SMPaT®h3d, ENFBVWRERBAELOTHFELL,

=
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[0044]

[00645]

[0046]

[0047]

[0048]

[0049]

[0650]

FYEZTARBORGEER. 300CULTHBIENTFELL, K
BEREEFEWIET VEZTOENEEEM LT 5A, 6 00 CLLETH.
MENIRET25ENAH5, TOLD, 7TVEZTEREDORER, 60
OCRBTHB I EMFF LYV, SJYFXLRDEBER, 550CUTTH
%, RNEERRGRANOEETHY, MEORRBELR—-THI LHQ
LTH L,

(PUEZTHEEE)

WIS, REBHBICRZ TV EZTHBFEIOVTHBET 5, AEHEH
RICRDT Y EZTHRAEER. FERMEICRIBEERMOEETICS
WT, PYEZTE2KESLVBRIISBEIEI2TRZ 2T,

FEMPEICHRIBEERDOFETICBVT, PYEZTEKES LT
BRICOMIT 2 FEEIBICREINQRN, FIZE MEEZRELESSEIC

PUEZTERAIET, BREKRELHBISETHLW,

FUEZTHREBOBEROENE. BIZREIhBRWA, fIZE O.
TMPa~0, SMPaT®hb, ENNBVRERIGNMEDOTEZ LW,

TFUEZTHRBORNEER, 300CULETHEZERFEFELWL, X
BRENMBWEETVEZTONBERER LTSS, 6 0 0CTLETH,
MESPRT2EThDHZ, OO, TVEZTERBOEEE. 60
OCKRBETHEENMFELY, JYFELKIGEER. 55 0CUTTH
3, RIGEEIRRGERADERETHY., MEOREEEELA—THD AL
LTH kW,

Blb, XEEMEICHRIMBEERY. TYEZTARBE FYEZTH
BREBLTROT N4 FEBKEEPOEEREICOVWTHBLE, &
EMPRICHIMERRTIE. R BEORETTHHOARGEEEE
T3, Ffe. ARBHEICRIBEERMERVEI LT, R KEOK
BTHETPUVEZTOERBLUYTVEZTORBET I ENTES,

B8, ARPORMWERISFIRERERICRES NS DO TIEHAL, K
FHPEOBE %~ 2 LAVERICBWTEAOEEENAD I ENERETHS

i

p2uLy
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[0051]

[0052]

. EOM, RERHOBEICEE LAVEERT, FIREEBRICSITIERE
ZABRNOERERICESRADCLEETRTHY., Fh, BIRLEE
Bl EEERASOETE &L,
=Nl

(BaH,)

BaH,i, Ba (dendritic pieces, 99. 99 %
, Aldrich) Ak#E$ 600CTI 2BEMATIZ&EICLYES
L7z,

(ERHI1) ROTRAA MEBAKEEY (BaYO H, BELER &
CRuBEAOTZH NUBAKREY (Ba YO, H, FELER) OE
AN INNVEOBELTARTA r THELINETO—TRY 2 ART
EfUl. XA/ TFIANEETIERBICRBER-IIL (Pulver
isette 7 Premium Line, Fritsch) #fH
Lo MBRBRBICRBEN,20mLOWCHOHEDSESZ (Fritsch
) AEAL. MRARERACMETERI OmmOR—IL 1 0EEHBVTH
BEFo5k, BaO (99, 99 %, Aldrich). BaH,s8&0
Y.0; (> 99. 9 %, SHELY) #HAKELE (10101
) THEMWZ gIKLBLICTEL. MREFRICR-LE—RIIAhTY
YAV HRT Yy b TEBETAHTEROMNEFBOTR—ILINIIRELEL
o COBR $IRFOBBEBEFTICIIERLZADEALYI-BREREL
TEEOF %Ko, MRBHORRERR. AV FIx—Tarvigun
RETREZRAFTREIT2-HIC800 r pmICEELE, 298E
g (&) LEg3ofEEkELS (B&) 23 0ERYIRETAIEE1EO X
H/oIHNEORBE (LR, RISYA IILEHTIBEDPHB) &L
oo TEIORBTA INBBIBHEOBERICEYMOAFKMNES ZIEINLTA
JOBOHSMEIEE BV T TR L. BHOXEEHR (XRD) /A
=B WTERBROEFBRIERShAVEED. HLIEXRDA
H—VICEEA R R gE, BEELEERRBERYIERIN



WO 2024/247448 17 PCT/JP2024/011019

BT L TRIGERT Lk, 20 TRWESRLBORENERINZETLE
BORMY A TINERYB L, ILWKAA/TIANEBRTEROGRK
INERME EETETTEMSE (SEM) BEBIKL>T, HIFEN 1 Oumid
TORATAAA MBKREDOMFTHEIEERR LA AT, £
Bl1oRO7Ah4 MUBKREMBaYO , HE Lk, A8, BIRRORGY
AD0NTIE, EROLDIBRBEBEEITI LKLY, XD/ TIANRIE
OB OEG L ABELEREIMEIL, ThicLY 300 CUTORELRHY
T2,

[0053] A r THWAINATO—TRy ZFARTERG 1 OROTAHA MEERK
RIEMERuU, (CO) 1, (99 %, Aldrich) &%, RudiE
ER2wt %ICRDEDICHE (R OROTRANA MEEKELY
ghfy42. 2 mg) L. <EBIHLA/DHOABLHUREER
WTEDRERE LR, BEHR. —mEAULARASABIEBEZREL
THEI—wmICAMZ DI, FYO—7Ry 2 AHICIWMY H L THALEZHGEL
Tzo DR, EEHEEL LN L OGERITRLESFICEY L. 10
Or pmTEEGEBHRITANLERBMICER LK. EENIZIE. 40TCTO
. O4BREREL. 40CHS 70 CETELEEEE60T, hTEE
TEBRE UL, RIS, 70CH5120CETEHRREE25C,/ hT
SSEL. TEERNER LA, RIS, 120CHS5250CETHYERRES
2C/hTHEL, 250CT2HHEKEL. BERETHA LA C0LD

LT RuZHEELARES 1 OEERY BB, Ru (2wt %)
BRO72AN4 FEEKEEY (BaYO,H, BiE0ER) ) 284,

[0064] (ERERFIZ2) ROT XA PEBEKELY (BaVY O, H, BHELER) &

URuUEBAOTZH 1 MUBRKRLEY (BaY O, H, HEWER) O&E
ERHORATRAHA FEBRKZECPEEZRT OmmD Y1 RUTHEL
T20~30MP a®EAENMFT—HTL RAETVAL Yy MRICRE LK
. TOE. ARASABILRBELEARE AN THLAERELAVE DI
TO—TRy 2 AHABRYHL, BERHBEToLOBICESIFICEELT
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ME L, BEBOEE QS 4LIET00C/ hTHELTE00TCT
1 2RERELAOBERETHAL. BELEET %, ZOLIKLT
EEFICOROTAAA MEBKEEY (Ba YO H, BIENER) 25
7o

[0055] A rTRAIWAIO-TRY VRANTERGZ2OROT 2D MK
ZEWERU; (CO) 12 (99 %, Aldrich) &% RuDEH
BHA2wtBILADEDICHE (REFAZ2OROTR NS MEERKELD
ghfzy42. 2 mg) L. I<HBIELEX/OHOABEAREER
WTEREERALE, BER. —mZFALEERASAEICEANETREL
THI—WRICEMEZDT., 7O0—TRy 2ZAMKEY B L THLEZEHHEL
Joo TOH, BEEHWLALENZEGREFITRAEIFICEY AL, 10
OrpmTEERBRILANSEBMICEEREL 2. B&FNIZIE. 40TTO
. O4REREL. 40CHLT70CETEIHREREEE6QOC,/ hTHER
TBRERF L, RI, 7T0CHAB120CETHEEEREE25C/ hT
FEL. 1TEBBERELE, I 120CH5250CETTIHEREES
2T/ hTHREL, 260CT2KEEEL. ZRITHIN L, Z0LD
KLT, RuZ2wt %ERLEERG 2 OMEENRY (B15. RulBRA
A7Z27h4 FEBAKRES (BaYO,H, BIEBELER) ) 26k, EAIC.
BONR uERROT A h1 FEBAKRECHMONTRIE, COLEREE
(CO:Ru=1:1) ICLBEERRICLNE 8. 6nmThHok,

[0056] (E®EHI3) *OT A4 MAEKFRELY (BaSc O, H, KigLEs) &
LUICROTZAH A FEEEKRLEY (BaScO,H, HENER) BLUR
WEEROT A0 M MEERKFER{LEY (BaScO,H, HELUER) ORE

AHITIANFEOBRERTRTArCRASNEIO-TRY 2 ART
RELice XA/ TIANEETIRBILBBEER-NINL (Pulver
isette 7 Premium Line, Fritsch) %R
Lo BRBRICERSEN20mLOWCEHOMEDES (Fritsch
) ZEAL, MREBLALUMVETERTI OmmOEF—IL1 O@EZBVTH
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[0057]

[0058]

BAETo/k, BaO (99, 99 %, Aldrich), BaH,B&U

Sc;0, (> 99. 9 %, BEHELY) 2MAXTELL (1
1) THEMI2 gIlRZLDICFE L. BBRAR/CR—ILE—HITANRT
YYAVHRT Y N CBRATAH TEHONN RO TR-IVIIICREL
oo COR., 3ORAOBHRREBTICREEZGLELY I -BHEER
LCEBOT AR o/, BREBBOLEEENE, Av9Ix—raviti
WIRRETRGERATTREIELSLHIC800 rpmiCRE LA, 1HD
RIEHA 7V EIEBRFOETMIRY HWEAREZSI TR LT/ YEOR,
BEHBEEBWTFHERHLE, XN/ 5FIHAVORKYA JIL%E 3 O
YRUEFERICOWTOX RIS =ICBWT, EMTHEBaScO;
HICHXT 2 BT RS QBT e L TR hE, LALANS, Sc,0
SICHET Z2EHTIRN DT MBI N &nb, BERBEBRYEBLE,
ENTRGBEZITREFLARHOXRDAAY —ViE, BNMORSEESTT
BOEBICOVWTOXRD NV eEBLTRELACRE/HERIIA
Mok, LEANA>T, INUERBHAETLAVEDEHML, XA/ 78
AWEERT L, TOLICT, FlEUBIIOERFISOROTZIAA K
WERKFE/Y (BaScO,H, BiENER) %871k,

A OHEEAIBIIORERN S OROT A h4 MEBAKRIEHEER T Om
MDY A ACKELT20~30MP aDENENFT—8T L XEFUA
Ly MRICEE U, Z20%. BRAFRECEBLEZENEZ ARTHILOX
SEELAVEIILI/O-THRYy I RA~RYEHL, ERHRHET>LOB

ICBERIPICEREBL Tm& L, BEBOEETO/S4IKIE100C/hT
FELTS500CTT 2BBREELEOBERETHS LE, ZOLDICL
T, BHEWEROZBAS OROT I A MUEBKE{LLH (BaSc O, H,
R EE) &8,

ArTHEINAT70—-TRy 7 ARTHREWEZ T EEH S OO
TANA FEBKELEYER U, (CO) 4, (99 %, Aldrich)
&%, RuDBFEA2w t %iICRD LD ICHE (ERFISOAOT A
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[0059]

[0060]

NUERKTIEM T gBY 42, 2 mg) L, L<ERIEAXDHED
HAEEABEEHVWTENREERE L, BEB, —HEHLAARASR
BIENERELTEY—RICAKREDH, FO0—-7Ry 7 A4ICRY KL
THLEEHMU L, 2Ok, ERHB L AN cOGREITRLESE
Ky hL, 100 r pmTEEREI TS SBRENICER L, BHN
ICid, 40TCTO0, O4i5RIsL. 40CHB70CETCTFHREBERES
OC/hTEBL I1BERELL, RIC, 70CTHL120CETEHEE
EE25C/hTREL, 1THERRLE R, 120TH5250CH
TEHFREELS 2T hTHREL, 250 CT2HHARKEL. ERETH
AU, 2O&LIICLT. RusBERLLERS 3 OMEMRRY (BB, R
u (2wt %) HEROTAH4 MUBOKRLY (BaSc0,H, KiENE
®)) 28, AL, BONERUERROTRANA MBKREM O
FRIZ, COMLBMEZE (CO:Ru=1:1) [CLBHERRICLNZE. 6
. 3nmTHor,

(EHf4) ColERAROTANA MUBKERILY (Ba YO, H, HiENIE
%) OBE ArTHELEINLIO-TRY I ARTERS 2 OBBENES
TofeRO7ANA MEUERKSR(EY (BaY O, H, BEMIBH%) ~Co, (
CO) s >95 %, TCI) &%, CoDEREN2ZwWtRILHBLD
8 (BaYO,H 1ghf¥Co, (CO) ;:59, 8 mg) L, &
CEHBRIEEA/VEHOIBEAMKEZBVWTI1 0DRERALE, BERk
CHSARBERLER 7L EFEDOTHAESIIVWELOIANETELT
NS4 VLATEBRERL, JO0-TRy IZAKJICBYHLTHSH LML
WKBETHA—UINALKERRBFICRR (ERE L, BRE. KRERLA
o (Co:3 mL/min), EeMrn250CETHEHRREERE2 2
OC/hTHREL, 250CT1. OREARELAEE BRI THILE,
ZOEIICLT, BhEfl4 OMEERY (BB, Co (2wt %) HEAD
TANA FEEAKELY (BaYO,H, BRNEE) ) 2875k,
(EHEHIS) FelBR_OTh4 FEUBIKRIEM (BaY O, H, BHELE
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[0061]

[0062]

#) OEE ArTEAEINAETO-TRY I ARTERER 2 QERE
To/_O7 AN FRBEKHRELY (BaY O, H, BHENIER) &Fe, (
CO) , (99 9%, Thermo Fisher Scientific) ¢ %, Fe®iBFEN 2w
tRICEBEDICHEE (BaYO,H 1gdHkYFe, (CO):68., 1

mg) L., F<EBIEAA/DEOHBELABKELZHAVWTI OELE
Bllk, BER ASARREBEKARY—MVEEOTRAEZEITVELOK
ABERE LTS 7 VATEREEH L, JO0-TRy 72KICRY EL
THOHENCDOKRTA-IINEKRREFICRBECER L, ERE
. KEERLEBAD (Fe: 5 mL/min)., 200CETRHEERE
B8LC/ minTHEREL. 200CT1HEAEHLE, TOH%, 200T
HAH400CHETHEHREEE200TCT, hTHEEL, 400CT2HHARK
BULEE BRITHANLE, TOLDICLT. ERGS OMEHEKY (B
. Fe (1wt%) BREAOTZAA4 MUEKELEY (BaYO,H, i
ni%) ) 28k,

(EhEHI 1)

CeO, 5600 CTEEMBNIEYT I L TRACRELTVWEKALE .
BRE L, BRAKLELECeO0,&8Ba (NH.) ,&&Ar/O—-7HRy IR
T A/ VOHBEAMEEAVWTRE L, COR, CelBalDitid
HEILEAT 0 TILRB L VISR . BONHMEENH JRPT, 60
OCTORIREMNBNIBEIT>/, TOLIICLT, BaCe O,y N H,#¥E
/L,

MWERRXBaCeO, . N,H,0. 50¢g&., Rus (CO) ,, (Aldri
ch#&l 99%) 0. 056g (BaCe O, N H, IZXL, BEFEIHh2
EERUELTSEERICIEY) L2V UAHSRERICEAL, BEZERIC
T70CTIREMRL, TOHRSIEZHEE120CTIRENRTI LKL
£Y., BRRBaCe O, N, H OREICRuU,; (CO) &REIEL,
Bonf-EmYsE. BERIC250CT2BEMAL. Ru; (CO) ,528%
BTBzElcdY, BaCeOy (N HICRuAEELAEEESE 1 ORI
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[0063]

[0064]

[0065]

[0066]

By (Ru (5wt%) BaCeO,., N, H,) 257,

(ttapl2)

#MFRABaCeOs.,N,H,95mg&, Co, (CO) g 14. 5mg (
BaCeO, N HIIHL, BRINZ2LECoL LTHEERICHEY) &
ERREASARBEBICAN, ROTHERGEILBREHAT1EmL /min
ERBEAZRAEmML, /min (B60mL,/min) KEMETHE, 400
TET2BMEAERL, SBERET2ZLIC&Y, BaCe O N, H IZC
o ZEE L& 2 DR (Co (5wt%) BaCeOy_ N, H,
) &S,

(LLEefI3)

BWHRKBaCeO3_ N, H,95mgk, Fe, (CO) 4 16, 3mg (
BaCeO,.,N,HIIHL, EFINIEEF et LTSEERICHY) &
ERRAS ARBEICAN, ROTHFZRBEILERTZA15mLmin
EKEHZAE5mL,  min (B160mL,/ min) &&FREXE, 400
CET2RAEAREEL. SHEARETRIXICLY, BaCe O, N H,ILF
e ZEE L /285 3 DALEMRY (Fe (Bwt%) BaCeO,_ N, H,
) BST,

(LbEefl4)

RER/NY A5, 239 (0. 02mo |) RUMEEY Y L6KNYWS
. 68g (0. 02mo 1) RUVTVUEEI3S8. 4g (0. 2mol) &K
ICBRXE, BohABRPICYTFLYT)a-L42, 49 (0. 4m
ol) EMAdI&Ic&Y, REWESRL, BONEREYE —REBHL
ik, 120CT4REMBALIIMEIEL, TO%, TIUELLEESYE
450CTHBEMBTdC&ICEY. ®RIEI A, RIELEBEMESO
OCTORREMATICLILLY. MKROBaCe 0,587,

HBEI ERBROFTEERVWD I EILELY,. 2BRuPBaCe O L
TSEBBERDLDICEREIELTEICLY, B4 OMEBERY (R
u (bwt%) BaCeOy) 28/,
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[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

(bb8%f1 8 )
tEf10oBaCeO;, N, HICKATCs&RMLEMgO (Cs /M
g Q&RET2) FAVEIAILEEG 1 EROFREAVEII LKLY
. LB ORI (Ru (Bwt%) —Cs/MgO (Cs,"Rum
#=b=1) ) 28/,

(LLEf516 )
H&FH10BaCeO N H, IKKZTCe O, ZRWALISE, HEH
1EEBOFEREBVR I &CE Y. HEF 6 MRy (Ru (Swt
%) /Ce0,) #8f,

(LB 7)

ERRARSE2015,712947 1 SICRBCRAROTET, LBHI7OD
friE (Ru (Bwt%) /Ca,N) 287k,

(Eh&Rf 8)
ERREE2012,/0077 65 8FICREINERRERROAFET
. PEENBIS DR (Ru (2wt%) /C12A7:e—) 58,
(Fhaf9)

Ru,/BasY,0uldATFOREETEL,

KB DA (>99%, mHELRE) EBEA Y MITL99, 9%,
EMELR)EEREHFT, A/ VOHBEASBEERVTRES L, COF
KEBNY D LEBIEA Yy M) D LAEDERAAKEILESS 1 210483 LDIC
BER, BonMkEARSHT. 1300 CTERBMALELAT> k.,
ZOEIICLT. Ba, Y, O MKABL, TO®K, HEH1DBaCe O,
NOHUICRZATEONEBa, Y, 0,2 BWHAMNL, LHEFI EEROH
EERAWD &L Y, BB OMBEHERY (Ru (2wt %) /Ba,sY
2 04) &6,

(X¥EHr=E (XRD) )

XIGEHF%E (MiniFlex600, Rigaku) ##HEL. X
SRICIECu—Kafg (A=0. 15418 nm) 2FAL. RIEHEHIZ
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[0873]

[0674]

10~80° | MEMBIZO. 02° | AF vy AE~KREF1~2" /mi
nTRIEAT o/, BB, ERBAXTHRTHMLTLED D, A r THE
I/ O—7 Ry VAR TRERLERABBOBRRE KLY — I L TH
SEEET>T. RBIZTOPAS (Bruker AXS) #BHUVWTXR
DIRE—vDY— N bEHZET L TEREEOREET 2 %,
(FRBEMAR2H (TDS) )

NEHEEENME (PrismaPlus QMG220, Pfeif
fer Vacuum) ZALCEEERSEUNERE (TDS1400T7
V, ESCO) a#fFHL. BEEEIZ10-4~10"7P a. BRIZHRNE.
FEEEEIL60C, / min, REEBEIK1200C, SEMBER1200
VTHIERT o7, 8. BHRAr TRAIhAI/O—TRY VAHT
~3mgRE%ES | O, RS —ICHETERO IS VA7 7Ryt % H
WTEBICIREL . KECHNTHDIEERRBL. HD. KEREBHEE
BAETEHIC. BONLTDSARI ML DOIBKERICHET 2812
DISTAVMFBLTEFORBMEEPHBEENONET 2 KEDEEY
TORNIBEFEL -, IS, KECMEIFEIDOKIZE > TKEELS
NTLE2TVWREENE4HBIENDH. KILBRXTLEEL180D73
FAVMIHEBLTREIFETI C sy, KBBLOEREERELE, A
. TDS ARV MLOFEHFICIETDS Data Viewer (ES
CO) EAW,

(BERERE)

HEEENELEE (BELSORP mini, MicrotracB
EL) #@HL. BRENO~0. 408HETHERT 4, 4B, P
ArTESni/O—7TRy V2ARTEFRRAORBEICO. 1 giZERE
LTIOHARRE LBRVLEOIKEBICER LA, BRRENELZEEL. T
2R (3) TRY¥NMBdBrunauer—Emmett—Tel ler (B
ET) AEAVWTBETHREBERSDE, TIT. ValdFHEILEITS
MEE. VmiZERTERERZ. p OIXRNESE. pXEHE, ClEE1
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[0075]

[0076]

[0077]

BRES 2EBLBORBICEITZ2RERDEILBT IS X ~FTH B,

BHEMICIE, BETRAMNK CRYIDENEND. 05~0. 35OHEHET
. BETROCHBRFERRETHEINZ50~300BEILAS LI
Brunauer—Emmett—Tel ler (BET) RIcESVET
Ay hefTv, EENOLRERCEL L. EREFI1ORODTIH 4 M
BAKRILYMOBE THHETERIE2, 60m2 gThof, Eff20~_0T
AhA PEBKRICMOBE THERERE 2. 1 Tm2/ g THo7 e, KiEhl
3RATAHA MNUBKREHADOBE THRERIZS. 38m?2/ gTHo

7
(%411
p 1 (C-Dp
= = £ (3)
Va@o—1p) Vil V€ Do
(T B R L BR)

ARTHIEMFIOROT 2 MEBAREMICH LAKRFERITT
MBAEEIT D &ICE Y., HEENOWBREE AN, BEMIZIE, TV
SFYURVEILERAI OROT NS FEBKRENPEANTIL Z—
RUVSILTREONRy ELICEEL, XKSRELAVWEDIC/O-T Ry )
AHRARY B LU TKRFICRY ST THALOR Y EILAZKERERLEZOBIC
BeONM#EE (500C, 550C, 600C, 7007T, X800
CT) THELL, 72RBERKLALOBERI TSR, Y B LAEERO
XRDRIEET o7,

(PUEZTER)

PUrEZTEARERBERARAEEKELTRAEDORELD T : 3ITRB LD
KEFRZTRIE mL/minkd45ml, /minEORXRBETIEIH,
MIEOFRIEEXO0. 1 g TH— Lk, Fi. RISEREIZ0O~8 0”E, BE
3200~400C, FAIKO. 1~0. OIMP aHETHRRETV, i
BAEBRLAHAREEmMOERBICBRIE TPV EZTETVEZ VA
AFZVELTRI vy TLEBOE—ERBIEKY YTV TLTAF Y
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[0678]

[0679]

Av NS5 74~ (Prominence, Shimadzu) THEL
TP7VEZTOEY  EE%ok, 0% YTV IIRBIINT ST
VEZVLMAVOEREE Oy MUAEBEA ST UEZTAREEEE
LT,
(P EZTHER)
FUEZTPHRERIEITVEZTE2E5mL/ mi nORETIESH,
MIEDOFTEEIZ0. 1 gTH— LA, T, RGBEIRO~8 0HE, BE
3220~520TC, ENIE0. TMPaTHREITL, MEABALEH
2EHZHIOTRTS5T4 (GC—14A, Shimadzu) TUET
BlEEY. PYEZTOEHELEEZRDE, A8 TYEZTO&ERIEEE
. D8 IOBRIORBLRAANH B, 2F I (DERIORBLAANH,
8) — (DEZRORBERINAEBENHE) | THIALOESRTH S,
B2ICERH 1 ORODTA04 MUBRKELY (BaY O, H, HHEALES]
) BLUEREF 2 OOTZAA NREBKELY (BaY O, H, FEREUEE
) DXRDNAY—-VETRYE, H20EME26 (© ) THY., IO
Elu (EREM))THS, H2IIFRTLICERII1SLP2HIZ, Ba
YO HICHXRT2EZZ ONBEHREDTNRY O IKHRT HEITHRS
BERII N, BRISNEY,05IKHRT BEIFHRICOWTIE, Y0584
OEBOEEARAINAL oL EMORENTHIEHEIND, T
BF20ROT2H4 MEBKEREMICOVWT, UY=L MERZET >
s CORE, BaYO,HA, §TIKERBENHIUAROROTAHA MY
BKRIEMTHZ2BaSc O, HEAFOEREEOE L TWS ERE LA,
BaScO,HOBE#HERL L TScARYICBEMZAZ ETERLEE
ERAWT, BFERREDNRI A2 BE LERBR. EHfl2o~07
AN MBKEEMOXRD IR —U R, NS XA—-85BE LI EE
DOETEINANS -V ERVW—HERT I EMERINE, BONLER
Do, FIECOERMNT OROTA0A FEBKRIEMS L CRIEOEE 2
DROATAHA PEBAKELYHBaYO,H (IHR) THD T EHHRES
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[0080]

[0081]

iz,

M3 ICEBEBSOROTAHA NEBBKREY (ROTZXH4 MEEBKFR
4 (BaScO,H, GREAERN ORIBYAIL3EHEOXRD/AY—Y
BLIUVRBYA VN AEDXRORY =V BLTICERFIS OO TR A A
hNEUEEKZELY (BaScO,H, RigWER) OXRDAY—-E&RT., E
3oEiz2e (O ) THY., HEIIEITEE (e u (TR M))THZ, E
BIARTEDIS, BaScOHICHRT2EEZ ohBEHRE, ik
Sc, 0 IlHETIEIMREABRIN, RISHA VI 3EEERBEY A
JIAEEETS ¢, 0, IKHRTHEHRBICELNRONAVI &DE, &
AMINES c, O ILAXRTAEIRIE. BESEEEIND, FIREOEREM
3ORATANA FEBKZELHMOXRDISI—VICDWTY — bR R
M&ET>HETD, BICHEINTWEBaScO, HOBRREEN LHES
Ny -V ERV—HER L, BONERERNS, RIROEEN 3 ON
O7 281 FRBAKEEMHABaSc O, H (IFHS) THBZT EHFHETH
oo

B4 ICEEF20ROT2A04 MNUBEKELY (BaY O, H, BiEUERE
) BLUCERER 2 OMEERY (Bib, RuBERO7Ah4 FBRKEL
W (BaYO,H, SEWER) ) OBELOWIDOTDSORERRETY
. BEILEE (C) ThY. HEid 4+ ER (LA) THh?, FIEOER
Flzo_o7 204 PRBEAREMTIE, 50~250CHLY350TCH
REICHRVKREREARE S hiz, —7. H,OICART2EEH 18075
AV NMIFEALHERINEN >k, EEEMERINZHE (BRBF) T
ZDTSTAY NOBEHENSH,EH, 05 EBTAE, H,I3BBEER
AT—=IDETHY. H,OlEH, D 2%RBETH> /-2 &hs, BaYO,H
ARBRIEEZTTORVWHRLAKEREMTHL I ENFRINE, . 2
O O0CUTOEETERRHBESERINLI LMD, T YA NP UES
&M (A00TLUT) KHWITHENQKEXREBLITHESELSD Y.
PUrEZTERRGBOBEOEGEICEL TWD I &M REBI M,
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[0082]

[0083]

BUZEDEMES] 2 OMEREHRYIC DWW TG, EBEE (50~200C) @
KRR~ 7 3 ERANC, BIREE (35 0CLR) KRR~ 71
EREICY 7 MLTWA AR INE, 4 00 CUTOEBHERICEV
T, WHRE LAKERFIARUREELMET S L TRROBRENEES
NA3KEHBLRITIZE, RURBRKERENEV /MO TV
o TO®H, ERBEHOE—9 7 bME, KERBOFMENB aY O  HRE
MOEERET IS, AOThA FEBKRLYREDOKES BRI
NERUEIHERAEN A —R-—FT P~ EBELEEEEIND, JIT,
WA A —N—&id, SBEBEEREDLAIHET, EHARLIIREIN
FRFRAAVEREN, Bl L > THEEEERAILEHL. BERTSC
ETHTFELULTRBICEHETZREODIEEWVD, —AT, REBEBOE—
97 MNERLIARADIOCRANOKREENBERICAR>TWEZE%ERLT
HY. RuDBRIC L 2REEEEDKRILHDIREIC AW/ NI 7 RKEILH
LREINTWR EHEINS, 2L T, 24&LT1 5 0CUBORES
BEFICBW T —RKERBEERT LD ICARY MBRIELLEED
., 150CHULDREMESTHEEEARTEEEILBaYO  HARRLLY
WIRYRE LRICH > TRENE LT 2R TR I N,

E5IC, EFISONOTANA MUBKFEIY (BaScO,H, BEL
%) SLUERA 3 OMBHERY B, RulBEBAO7RH4 MEREK
ZitY (BaScO,H, Bis0ER) ) OMEILO>VWTDOTDSORERR
2T, #EE, JBE (C) THY, MBI FVER (kA) THD, 7
EOERASOROTZH 4 FRUBEKEREMIZIOWTIE, 100~2007T
BLV35 0CLRICEWKREBRELSEREINSE, —F, H,OILHEXT5E
EL18D73 T AV MIEEALHES WA o, EEBEISHERINDS
BE (Fah) TI0I37AV rORMENOH,EH,0L2E8T S L
. H:OlRH, D1 %RBTH>HZED5, BaSc O, HAKBILERIFT
WAWERLKRIEMTHD I ENREINL, F, 20 0CLUTOER
THRKERBEOSBRIhLZIEDL, AL M TPUEZTEHE (400TC
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[0084]

[0085]

[0086]

BT) KBWTHAEMAKERBERI TAEMIAH Y, TYEZTARK
MEAOHEOEEICEL TWA I EMERI .

SRHE S OMBAERYIC DWW TR, RHEHI 2 0BA S ERIC. KIB%EE (
5E0~200C) OXKERML—/IERAIC, BERMEE (35 0CTLUE)
ORRGREC— 7 FERAICY 7 ML TWR I EMREBINL, 2FELT
1 5 OCLEDREREDERIC SV THE—LKRREBMAERT LIRS b
WERP R Lo, 150 CUEORBERETHEENARTEEHIC
BaScO,HASMBLAWEY BE LR ICH > TEENB LT 2 TN
BIhi,

(TE L 5R)

B6IC, EREF1OROTINA MEBKELY (BaYO, H, HELE
) ZBEEREILSVWTKRFEIRT7 2HEMBRLEZT>RICEDS
NEROT AN PRBKEEMOXRDUEET o BERE <Y, 6D
#EZ26 () THY, M6 OHENIETAR (a. v (FREM)) #EKT
%, 600CLIETBaY,0, BaO, BaH,BLUY 0.0%FHLTW
5 EDHERIN, BaYO  HAGBLTWAZ &R INE, 4. B
aYO,HEREZZ SN 2EITIILRE EFICH > THEBA DI T
WBZENLEREIBLLTVWAZEHFERAIN. KRREFBEINT
BFDPEF>TWB I EEHEINE,

B7i20. 9MPa, 300COH, 8LUN,DREERRT (H,

1) KRB LABRORES 2 ofEERY (B15, RUBBRADT 204
NEESKRLY (BaYO,H, BEQER) ) . B4 Oitasy (31
B, ColBBROT A4 MEEEKZALY (BaY O, H, HENER) ) &
L UENBHI 5 OMBEENY (BB, FelBRROTAAA MEKSEILY (
BaYO,H, BENE%) ) KOWTOPYEZT (NH;) AREE (m
mo | g="h-1) ORIELERT, H7OBEIIRGEFRE (h) THY,
ez, P7YEZTAREE (mmo i g-th-) THd, FIELOERRG
DOMEHERYIOBE,. PUyEZT7AREER20BBMETLERL, ThilE
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[00687]

[0088]

HELEBHERLE, ~H, BIROERES 4 OMERRYE L URR0RE
HEGI D OMEHERMOEBE, PYVEZTAREE X2 OBBEFE TITET L.
FRUERE LABHER L, £k, FIORRE 2 OMEESMIRE
PUVEZTEREEOENELS, RIL. PYEZTFTEREEOENSEN oL
RLIEAE RIS, RIS ORMBH 4 ORISR TH o/, IO RS Oft
BARMO T v E_TEREEFPREE, o7,

B8IC320COH, HLUN,DREETART (H,: N,=3: 1) KRE
LBROERS 2 OfIEIERY (15, RuBHROTAH4 MEEBKFEL
M (BaYO,H, BREQER) ) . 264 OMEMENY (15, Colak
ROTANA FRBRKELY (BaY O, H, EENIER) ) L UERKERS
OfFHERY (A5, FelEBBROT7ANA MUBRKELEY (BaY O, H,
BAEAIER) ) IKDWTOFYEZT (NH) ERRE (mmo | g~ Th-
) DENMEEEERYT, MeDEid. £ (MPa) THY. Hishiz, 7
VEZTEREE (mmol g 'h™) Thb, HBILRTEY. BIEEOE
Feffl 2 ORRIEHER Y. BUECOEREG 4 ORERRYIE & R OERER 5 D
MEMRTICOVWTIE, BEAPLERTS 8T, PYEZTEREEN LR
UTeo I, BSOS 4 ORUEIER S L VRIS O EMER) 6 DARERR
MICDWTH. 0. TMP a0, OMPalcEN.LIF22ET, 7V
EZTEREEMNIEILLE L,

BlOIC0. OMPadH,BLUN,OEETAT (H,: Np,=3:1) [
BELBROEREH 2 OfigERY (5. RulBEROT2Hh4 MRIERK
R (BaVYO,H, GBEWEK) ) . EEH4 OMERRY (15, Co
BIAROTZHA MBKELY (Ba YO, H, BELIBE) ) BLUERE
{55 OEEEERm (BB, FeBHEROTANA MBKELY (BaYO,
H, BIRMIER) ) IOWTOFPVEZT (NH;) AFEE (mmo | g-!
h-1) OREEEEZRT. B9OBaRE (C) THY., MEIET7 VT
ZT7EKEE (mmo | g-1h=") THDB, FIEEDERE 2 ORI,
RIEC DR 4 OMEHERMS & ORIRORHES 5 ORMBARMIC OV T
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TUEZTENBERBELRICH#>TLERE L,

[0083] 101, O, 9MPa, 300COH,BLUPN,OREZAT (H,: N
=3 : 1) LBELAROERES 1 OfEHARY (15, RuBHAOTR
ha NEUBEKELY (BaY O, H, RENEE) ) L UEMEH 2 ORKEE
By (BB, RuBRAROTAH4 MUBKEREY (BaY O, H, HiE0E
#)) KOWTOTPVEZTERNEEORRELERY, B 1 0 DI
B (h) THY, MELT7 v E=7EEEE (mmo | g='h-') THD,
RIECOERS 1 OAEERMS L OHIRORREG 2 ORMBEHEEYIC OV TIE
. BREOBERICLSTEKROBHERT I EAHRAINE, T FREOXE
el 2 DMEMRMICOWTOT VY EZTAREER. BIZOREMN 1 Oft
BHRDICODVWTOFPVEZTERRELY bR 2 .

[0090] BT 1ICERER 2 OfEMERY (A5, RuBBAOTA N/ MUBEKER
b4 (Ba YO, H, MENER) ) B&URER3 OREMRNRY (5. R
uiBRIRO7 XA FEBBKELY (BaScO,H, BEAER) ) oW
TOTVEZTERZEORKELETYT, H1 1 OBMERISHRE (h)
ThY, Hex, 7VETENEE (mmo | g='h-") THhb, BIEED
EHEI 3 OMBRARDICSVT, PYEZVAREE R EEREERERIC
AMEINEGLSHEERBLCHEVDILERL. 2 ORERBURERS LT
W Uz, —AT. BIEOERS 2 ORBEMERDICOVWTIE, 2 OBEIME
BTBETOT/EZTEREZOEEIIRES S OMBEMRMEAKTH
oA, 2 0BEREMRR., TVEZTEHEER—ETH >, LI
ST SUYRBHATZVEZT7AERT 2ICIE. FIEEOERES 2 OfRIFHEMK
MBEPTHD DM T,

[0091] [®12IC0. 9SMPa, 300COH,BLUN,OEEKRT (H, 1 N,
=3 : 1) KEELLBEORES 2 DRy (Bl5. RufBR~RO72
hA FEBRKEEY (BaY O, H, RELEE) ) . b4 OREHRSRY
(BB, CofEROT AN MEBRKERILY (BaY O, H, HBEWER)
) . EHEGIS OMEMRY (BB F e B0 T2 H4 MUBKSRIEY (B
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[0092]

[0093]

[0094]

aYO,H, HEENER) ) BLULERE 1 ~8OMBHEEMICOVWTOTY
EITEREEART, LB 1~81t. BEOREMEMMTHD, TZ0
EHEH) 2 DRIEHBRIC O VWTO TV ESTEREEOMEE. BUR %R
BUELRAI2~8ILDWTOF VEZTAREEOEL YT SN ok, &
7o, BUEDOERA 2 OREMERMICH T 2R u DIERRIE, LEEI1 Ot
HERMICE T 2EBROESUTCH-LILEDIDLLT, TVEZTEK
BEE, BRETH -, BELY, REROMBHERMIE, PVEZTE
BRESICE L TWA Z ENEEREI N,

B13i. 0. TMPaTTPYEZT7%2BELEROEMG 2 ORMIEMHRARK
(BB, RulBROTRA N4 MREKRLY (Ba YO H, BERENER
) ) BEULER O OBMEEBRYICOVWTOT Y EZTERILROEEREN
AT, RIECOERRM 2 OREHENRYM S L ULLESI 9 DfEERMIC DN T
ERIC, BRES LR TR ET. FUEZT7EHEEF LR UL, £k, I
DEERF 2 OMBRERDICOVWTIR., LYBVEEEEZRLE, RMELY,
ABRROMBEMESIIE. 7VEZTHOBRIBCELTWS Z &R INE
(EHEFI6) ~OTAHA MEUEKFELY (BaTbO,H, BaDyO,H
, BaHoO,H, BaErO,H, BaYbO,H, BaLuO,H, k&n
HEET) OEhE

Y, 0,08DYIC, ThETh, Thb,0, Dy,0; Ho,0: Er,0,
CYb,04 RULU,0; (WTHE, 99, 9%, BHMELY) 2BV E
BLAIZ, EEH SEERFET, FRThOROT A0 FEEKEEY
(BaTbO,H, BaDyO,H, BaHoO,H, BaErO,H, BayY
bO,H., RU'Bal uO,H. BEHNIER) #57,

(ZMH7) ROTAHA MEEKZEEY (BaTbO,H, BaDyO,H
. BaHoO,H. BaErO,H, BaYbO,H, BalLuO,H, B
k) ORE

BRI OO T XA NEESKRIEY (BaY O, H, BiniEs) ofR
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[0095]

[0096]

HyIC, EEFIEDENThOROTANM MEEEKERLEY (BaTbO,H
. BaDyO,H, BaHoO,H, BaErO,H, BaYbO,H, Bal
u O, H, BIENERD ZBVWEME, REEI2 CRKRAAET, ERREf7
DEINTROROT AN, MBRKREH (BaTbO,H, BaDyO,H
. BaHoO,H, BaErO,H, BaYbO,H, BaLuO.,H, &L
BR) &85,

EREF20ROT B4 MEEKELY (BaY O, H, BELER) &F
BMICXRD, TDSORAIE%To /., EOERER 4, 1 5ITRT,
(RfEHI8) RulEHROTINA MEMKF/LY (BaTbO,H, BaD
yO.,H BaHoO,H, BaErO,H BaYbO,H, BaLuGQO,H.,
RERDALIETRR) ORIE

ERFI2OROTAAA MBRKREY (BaY O, H, RIEFLER) OK
YIS, EEGT THERQT AN PREBKELEY (BaTbO,H, Ba
DyO,H BaHoO,H, BaErO,H BaYbO,H BaLuO,H
C BEHELIBRR) ARVRME, ERMI2 SBERLAET. Rutk2wt%
R LUCERS 8 OTh TnOMEENY (BI5, RulBkRO7AA4 b
WES KR (BaTbO,H, BaDyO,H. BaHoO,H, BaErOQ
o,H, BaYbO,H, BalLuO,H, @&iEnigsk) %25k,

SERER 2 ORMEMERY (B15, RuBBRROTRAH 4 MEBKRELY (B
aYO,H, HEENER) ) CERICTDS, FYED7ANEEORREL
. BEEEOANELET >k, TORBREH16, 17, 18, RTIIRT,
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[#&1]
- RuMDiBIF = RURIFF TURITEHRE
(wtsh) (nm) mmol g7 b1
Ru/BaTbO:H 1.5 17.9 3.60
Ru/BaDyQgH 1.7 16.8 4 48
Ru/BaHoO:H 1.8 14.8 3.83
Ru/BaErQgH 1.7 12.8 429
Ru/BaYbOgH 2.0 14.1 5.23
Ru/BaluQsH 1.9 11.4 4.39
Ru/BaYOoH 1.8 8.6 4.35
Ru/BaScOsH 1.6 6.3 1.87

[0097] RKIICHWT, TRuDBEHRE] FEXXE (XRF) oAV TRE
Lo XRFRER. BRESHBERAXBITEESS TI1GER (Br
ukerfa®) EZREVWT UTKRTRETITO

[0098] XRFODRESRE :

EREE: Bruke rEIERAMERNEXBHWEE S8 TI1GE
R

- XIEE:Rh—L af§

BTSSR LI F (200)

- FER B

DAY RX—FTR7 (XIRORFEHHE)  EEEmmOH

- MENSTE: Ba, RE, Ru

CEEHE: 77 UIAINNSX—=8 (FP) & (BB, BRTEOE
BEBEOMENS, ERMICHRAXBRENFHETES L AFAL T,
EROBRAXFBEIC—BTHLDICHENEEET 2 HE)

[0099] XRFREMNMORuU/BaZiidRu  REDLHIPERBILTESWZ LS
, BAOBNEEHYDBaFLERENSHEE (BaREO, HEAKRT
PEROBRICEENZBRTROEBEICKET Z) H#orniE, RulBREw
t% (100xXRu [g] / (Ru [g] +#fk [g]) ) &RkBT &N
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TED, R TlE, EAXBEELSBL TN I AL L 2BERLOHEN
NEVWREERuEOBEQESIN LR uUBRREERL TV,
01001 (f) Ru/Y=0. 0541, HF1 gh/YDYSEE=0. 343
g DIFE
A1 glcNd2RuUDEE=0., 0541%x0, 343=0, 0186
RuiBH®E=100x0, 0186, (0, 0186+1) =1, 8wt%

(01017 F1icsWT, RUMIFR] BCOLERBEMECLYEEE -1 (C
O:Ru=1:1), COLERBEDREN, BELCAT-AKE (¥4
JONSY Y - RVHE) 2BVT, UFICRTEETI .

[0102] -ERRE: 74707y 0 - NVEMEMNEE BELCAT-A

RERE : 60T

cFe ) 7HX :He (30mL . min)
-RBEHZ : COHe (9. 51%)
- ARFEE 0. 03 1mlL
HPE:0. 15-0. 298BE
-BIALE : 4 00TC. KRFEKTT2EEANERT 2, £0%. #X%kHe
WKEIYEZT400CT300METS, (Rusy (CO) ARIBREICHAV
TRUEBERLACEIKLY, RIBFHCHCR URAIKCODREL TV
RETHBIEDD, FOEFTIHCORBEXRAETERV, JOLDH,
KERBTTMRTZILICLY, WECOZRET S, F/e RuadiK
FREHNM, KFRFBOHFTRR UICERE LAKRFB>TLED Lo,
He #RBIHTREBEKRERET 2. ChOoDFRUEEERT DI LICE
Y, REBSEELBOWERLR uRENE LIS, M., EROAETIE
COMBENERBEELTELN, HROREEERUEREOANELD
HENMOR uDRNBEPIHESRKDLNSE (VI7bUxzF7:Chem Ma
ster RTHESFEIND) |

[0103] (H%)
F£1OREND, 2TOMBRERMICEVTEROR uiBERIX1. 5~
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[0104]

[0105]

2. OWtRDEBHBTH /-, £/, RUDHFRIERENS cDEXILE
HENIL, REDAAVEBRDPRELARBTERRUDRFRERECAS
EmhiESRIh,. REATObDEEIEERE Aok, RUDIBFRER
uDHIREOBILHIT2HEBERRIREONAL ok, BEORTEMMESD
HE-RuBOEEER (LREE REMY. RuDRBIRILF—0E
) DBVWHARRTIOLD ZEEIELSNTWLERESH B,

B14IKERATORAOTRA A4 NEEBKELY (BaTbO,H, BaD
yO,H, BaHoO,H, BaErO,H, BaYbO,H, BaLuO,H,
B LIR%) OXRD/Y—VERYT, B140EHMIE20 () THY.
fitaAohaE (a. u. (EER6) ) TH2. H1AITRTLIC, &l
SCDEMmH 7 DEROTANA FEBAREYAENEN, BaTbO,H (
Uh&) . BaDyO,H (i75&%) . BaHoO,H (IA&) . BaEr
O,H (IK&) . BaYbO,H (A& . BaLuO,H ((IA&) TH
5B N,

o, 2TOERIKBWTURERAT AN MEEICHET ZOHTRD
BONTVWARIEHFRERIN. REODEFESHTbALL uICEAN>TK
FLRDICHST. BEIEREDCEFE -V ABARBRAICY 7 b L. BTER
R TEIEHNERINE, i, V9 /4 FIIRICE 2144 ¥#&
DBPHIRBRINEBERTH S,

Bl15ICEREGTOROaTANA NUBRKRIEW (BaTbO,H, BaD
yO,H, BaHoO,H, BaErO,H, BaYbO,H, BalLuO,H,
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