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EH=1) X ¥ VIZXBNO,BTTIEM: (Ogura, er
al., Appl. Catal., B23, 247 (1999)3D)
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X8 EEEIAET, I/H-ZSM-5 DNO, B & (FIr/In/H-ZSM-
5 DNO OBBEM L NO/NO, DEJE (Ogura and
Kikuchi, Chem. Lett., 1017 (1996)3%)

Ir # {N L 72 In/H-ZSM-5 45 2 ¥ ~iZ & 5 HC-SCR
23t U CEiEEZ R L7133,

It/In/H-ZSM-5 TiZ, IBAINO, Z4&%ih L TH#fT
FTHEDIZHPHDLT, NODHFINO, & Y Kk
BRTH o7, H8ITRTNO, K - HAERICLY,
In/H-ZSM-5 i2BWTIRNO, A4 5 4 MlifLA %
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B9 Co-ZSM-5 L THHC-SCR 1233 % RALKFHEDO% R,
(Witzel, et al., J. Catal., 149, 229 (1994)*) W CH,,
[0: C;Hg, 4A:i-C4H;p, A: n-pentane, €: neopentane,
O: 3,3-dimethylpentane, @: 2,2,4-trimethylpentane,
<{: neononane (3,3-diethylpentane)

WL IO+ EICEAE, NO, & LTl AL, —
FIt/M/H-ZSM-5 2B\ TiX, NODHFHNO, L Y
LN R L, ML TBR{ESANO & L
ThnO+ EIZEE L, MFNANTIEIINO & %o TH;
HsaZ bdbhol, ZOHEKRE, KEENO,D
Y154 FOMILNTOULBELBEEL VWL E
ZRLTBY, 54 FOMIEEOARIICE
FAOEODREERETHIDE 20723339, §
bbb, BB DO TEHOERT A M EE
T4 FORE SN -EBRACERLAFEESLC
L2 X A intrapore catalysis (& ¥, BN 7-fEIERH
AL 2B Z AR ENT,

Y454 b OBER RN FORE - HLECE

ERIZFTZEICEYELF T A MEFLATRE S 5HC-
SCR LD, BIREICHEEHI2T0DH L)
Thbo MTREDED ZSM-5%37, EJLFF 4 +38)
2R, KIEINOUROE BRI 25, K
FEORBHAE LT T4 MTIZILEOLE;H»
LNATEPHESNTVS, I, BORL LB
IEAFEEZRBTHICHWTELT I 4 M OFTFNRE
Bt L 7Bl EnE 39, BEWSTTHL AL/
F ¥ iXCo-ZSM-5 DRIFLN~EA T E Bz F
I 4 MERETHRERIICE WVHEE S, HoRR
RAUKFERRITH & B U CE L BIRMESELR
2TW5 (M9). THLEMRRILKEFTFIIEL S
A MIFANTSHETRETH Y, ThH0ORTR
TS B BIRES—BT 2L A 0060, BRI
ZRILTIIEL T 4 MEFLAICALET 5 Co2t T
EITT AT EDWRENTVS, $72, CoN—FDE
ERENES L UHRERLSHENRS, LB
EVFIFFOUBICHELZRIZLTVWLAI DD
HHASIN T4, HETHBHN—FIIZSM-5
(5.3%5.6 A), EVFF AL b (6.5%x7.0 A) LIt
LTKRELKMFUE 64X7.6A) BT 5720, Co-
ZSM-5, CoENTF 4 M CIRBMEEEIC L D3
F2 2 23,90 b ASEFLAANO RS O3 L
ET 5 L TRIBNREEROETIE LV, Co
N=F BV TR Z DIHREEEIVN e 1208 VER
LKA MR T B L HTHREE 2 B,

5. €451 MBEEEBHF A DREHBELT

FIBT35—X

$ET S A ML, RVEYPLOEE T/
—VERICERERT I ETHEEEATVS, K
it I COHC-SCR Tid, Hy0, SO,FFIC & BiF
HETHFE o2 ALNT, H1000EFHICHz5
AR 2 AR O BAL 2 AR T b BV LRI
BEha9, ZThiZEF54 F LICOARFELES
Fe2tf&, [Fe(OH)1*HARKILDIEMY A FTh b7
DEENTWE, ZOLF B ENTGRATF
FEISARICEE T 5 Z L AENREEICITNERT
R E &N, over-exchanged Fe/ZSM-5 L& DlFbh
TWwh, [Fe(OMI+ %% (BT BIIE, Y av®
SEEVpH I ¥ PO -V FEMEB IR EEA L
BT o8B HVCROBILEH CLENH L L
FRICHRE SN TS, 533505 2w,
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E10 EVFHA Ma), 7=V IF4 Mb), ZSM-5(c, )N Co2+ A F VAW A + (Kaucky, et al., J. Catal., 194, 318 (2000)5%)

B L72ZSM-5 SRR AREIC I ROz b D
THoH-01l, BRRERETTEREDOTE
He&hiz4d, CoggEr 74 MITBELTE,
Sachtler D 7V — FHFEN IR L HetT, BRERE
BRI TH A +, [HO-Fe-O-Fe-OH]2+H%E %4 5 1 b
HIZEELTWAZ LERIBLAM, ZI T
sublimation (F-#) X 28 DEAFEFIREL,

BFIA MRS THEEIRTHA F2EFTES
ZEDHAENTWS, 72, sublimationETIE
FB+L LTHHELI AT EDPESRICL VAL E R
LTV B 4647

Y474 b0y ORFURERICRER =4 4 VR
B A POHFEL, TAAERICEEBERIZT L
LHLPIZE&NDDH 5, WichterlovaDF )v—7
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11 PA/H-ZSM-5 i) X ¥ 2 X AHC-SCRIZBIT &
FEHER BRI B Co DTIBIE (Ogura, ef al.,
Appl. Catal., B27, L213 (2000)59) O: Co(3 wt%)/
Pd(0.4 wi%)/H-ZSM-5; @: Pd(0.4 wt%)/H-ZSM-5;
[ Co(3 wt%)/H-ZSM-5

X, anXv I FURHBEFS A b (ZSM-5, EV
FTFAL, 72V TF74 ) RAWTINN MO
ETHTHA M, FELRTVWH A PORFIREE:,
UV 2 BME LEBEICER L TV 5, CoxtizEt
A rhDa, B, yITMEL (H10), ZSM-5D%4
BRPHILA vy —k 2 v a v OROBET -
Yarvkbo®, LHLCoHOREY A MIE
FI4 MZEY, HHrnwETa b VEIRF YT L
BRHPTOREELDL, EVFFAD, 72915
4 rCirads, ZSM-5TIB b oLbELY
4 FTHYPOFE-DOBVIT A & ko TV 54950,
FRET L 2N FF VOEBICL Y CoDRE
1EF 4 P AT AT LD RWEEIRTNESL),
A& /2L BHC-SCRIZBWTIE, /5Ty 4
BEYL T4 M PREARCHEEIMENZ & 52
ol LB L, NF VY LEEREF A FOBRAD
SEEIIABEEUPEN L THY, BEHERARIC
Z L3595, PA2H A F-F  HVKESMH T TALER
728, BEMEDOPI(OH), 25 EF T4 t OIEHEICHE
7L, PAO & LTEHET 553, PA/ENTFA FD
BA, HREBE LTHS FRY Y MPIEET S
PAZHEASRIGHIC A £ ¥ F ¥ R IVITBAT LIGHEASE
ERAICHEINL TWw L 2 25, EEY 74 DFWIST
Vo ATEMEOFEIC X DFHBE IR TN S50, Kk
HRONTG T ABOZEMEICE L TIX, NORBE
L7-PdOTEBRECHALLTHETNHH B2, —F
Pd/Y €4 T 4 M, % PA-NOEEKAPA2+ DFF
HETAV—F54 Vr—VATEBRENLLVEAE

£1 FhPhDiitration EIC & 5 P2+ DER (flidPd2+/
total PdEVH)

NaCl titration NH,NO; titration

03 WA WA
RinEr BBk BURET  RERE

Pd(0.4 wt%)/HZSM-5 0.98 0.24 0.88 0.68
Pd/Co(1 wt%)/HZSM-5 0.85 0.52 0.85 0.76
Pd/Co(2 wt%)/HZSM-5 0.11 0.54 0.91 0.52
Pd/Co(3 wt%)/HZSM-5 0.04 0.01 0.99 1

SD/-OEMEREL WD, ZDLHI2, FEME
Y HPAHEHEIIREOREBL M ZIT5 L9 T
»Y, PAELFTF A FIPAZSM-5 X 1) b EFIRA
HOHETENTVWEZ L D ZOEEFRLEL T
HHDEEZ LB,

EEDIE, PAEF A MCCoeHFERL L
W&y, PaEMRE I L CREIEE el 2 S
THIENTETHLIEEZRVE LA (J11) 59,
Pd/H-ZSM-5 TIZRiR O b Pd2+HSNa+i & V&5
24 F &b, —F Co/PA/H-ZSM-5 TiE, /%
5 Y LRENNa+HIZ & o TRA F VRBEARTEE 2
%o LBLNH M 4 ¥ TSR SRS 720, Pd2+
LLTHESATWAZ Lhbhor: (1)),
Pd/H-ZSM-5 TIZ RIS IC P+ DB ISR T 5—
FT, Co+I{FETAHI LIZL Y PAHENFE L
Lol CROLDEREBRTHDIC, ZSM-5~D
Ui F4 > D100 % A F ¥ ZHRGIHHT 2807
ZHBAEDORFFIOHBLUTOL ) ICho TR L
ZFA L

NH,+>H;0+>Na+
Thbb, NatTAF U RBAETHo 7oL T4
b EDEHPA2HEDS, CoHAFERETHIEIZLY
YA T4 PNOBMEIBERL, 14 TR
WNH,+ TRITNIEA A VR ENL L 2B, 20D
Z &, Co2+hFF > OFEICL Y PA2+FEH U 4
A4+ EBRCHEERLEY ) T 105805720
2, ¥4 74 MllFLR chBHEEkEhbsZ L %
RLTWE, ZDESI, ¥45A b eALIAF
F VEOBREERA DT, Co2+/¥F S5 A4 il
XNBZ kY, PA2+Hh FF VREOREEN DV
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Catalytic Properties of Metal Ions Stabilized on Zeolite
- From the Viewpoint of the Catalytic Performance Toward HC-SCR -

Masaru Ogura and Eiichi Kikuchi
Department of Applied Chemistry, Waseda University

Metals supported on zeolite showed extensively high catalytic activities and selectivities
for selective reduction of nitric oxide with hydrocarbons (HC-SCR). This unique performance
in catalysis is based on siting of the metal as a coordinately unsaturated cation. The interaction
between zeolite frameworks and the extraframework metal cation leads not only to the occurrence
of such an amazing catalytic performance, but also other various properties such as stabilization
of the catalytic activity. One of the important roles played by zeolite is to stabilize metal
cations; zeolite behaves like "ligand" or "solvent" for the cations in this sense. In this
review, the catalytic performances of metal cations on zeolite toward HC-SCR .will be
summarized along with our recent findings in this field.

Keywords: metal ion in zeolite, catalytic performance of cations, HC-SCR, ligand effect of

zeolite, solvent effect of zeolite



