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Y74 MCHEHBIN-ERIE, RIKEETHICE 2BFZBRIEWOBIETLIE (HC-
SCR) X LTELL BWERLEREERY, SO —7 s, €454 ML
N TENASEN T+ VB LTHEETAIEICEALTWS, T2, ChoSBIF+ VB
LEF T4 NOMFBE L DR U XL, £BY T4 v ORRLEERORHICEb L DAL
5, WAWA R I IEROREY) 2FRTIIL IR, BTAIL, ¥154
ME [BF AT Bl L LT, 2BE2 A F T Ve LTREICHESELEEE %
T 5, ARETIE, BREOEEZESDERLMET, ¥4 54 MBI N-&BROMEICE b2
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1. EUBIC

BROMBALFZICRE LN ABEELREOV LD
LT, U=V rIAN -2 LOHETARE
CEDLARLT O AIZHE L - OREB X UE
FLEHITHZENTESLD, ZOBREBMETIIE
12, BEOEETZE O A TREZ ORLEVEW
GEIRE] PREL S, WHrCEIRICE2BE2H
B RIS 730 % BRI IE AL S ¥ H RS O
HREBLPPEEL oTL b, T, BE O
TuLALIZRL Y SEHIHO TR L 2572
DI, MEEO [ZEl] WROLhE, ZTHn
SERDIS, ERMEORRICIITIAEL{ORE
PRENTRE LD LRV,

BF 54 MIZFOAL G ZBaEEIC LY, KA %
SRAERE S N4 RAERSICHVOR S L) 12
Rolze B DBENDHLLEDT, EBVAFA >
ELTHELMBERLTRERL TV R,
BEMSBEEOSNTU P VEY B T4 MK
RAEEREMNEGTHLE2RGE LTHES W
HEETE (19604ER), FHERIFEEZRT

T 169-8555 HEHFBR AAR3-4-1
BERE AR TR bR

ZSM-SHEFEA Y v 4, T (1970448) < VT
HhHo LPOBEEORE, BILT)IALEFTA
FMEREEDVF VI o TERSERT Lo
THEDSD Y, HFF VEIERETA P THES
EDHHREIZIZ AN TV RV, LD LESE, B+ I54
MRS - SR ORI IR ICEE
PEEDL L)k o70iF, 0ERMEDEKEL T
A MZEBENOEHNWRVEY DL T 2 ) — N
DEHERRLY, 2L CREHICENOFHRE B o/
LA T4 ML BRIKERTH 2 AV 7-8E8
it (NO,) DZERERT, “wbW2HC-SCR
(Selective Catalytic Reduction by Hydrocarbons)
ThrH+49), ZOWMIBIE “BOMERIE & &hT
WHBEREERCOWEIIETLODTH L, Fic
BEORIRE, > T Y EOMRBRERD S ORE T
AE TN BHNO, DIEKEBREMETH Y, THDOEK
HURFEFICE O RBREN L ENTETWS,
H1idzhE o sn-miEs, BESRmME, ¥
F 74 M (515 L, EERAEFSRER
LTH5), BRIt REEEL TLERT
FINRECHY 725 DTH B, BHTHELTA
MERRERMIE TIX, JEEICE BRI AR
HIREEIS TR VEM L T R R MR Ic o R
HoTWb, flLh, $AEF T4 hOBENLREINT
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K1 HC-SCRIZIEMLAMEDIEWBER. €471 MR
BOKERELEGSEEY /0y b

FRTEICR B, BICEF T A PRI IR
TREBMHOREN T 2%, ERMLIHE KRR
Lo TVABS), :

¥+ 5 4 MuEAEbH L 2 E TOHC-SCRAFE
Bl EIXENIBHNH L -OFMEEEL, &
T3, HC-SCR% ¥ —% v e LTTIR % HF
THIREL LT, ¥154 FOMILEEICHR Y AT
N-EBH F+ VRBOEN - (i LER
#l) BLUZED (&) (LT T, ThITOMZR
Bl% B4 DBIEREPLIER L2, 2hbHD
BRI, BBREL L CICEERE YA T A
OBUEREEIC B HEMAREHIBE L TRRICED
bDEHFREL TV D,

2. A1 bEDHIILEALTITLDAF

TH & h 7T & RIRARLIE (R

HC-SCR BN X L7z Cu-ZSM-5 il T,
IFL R uL vt 74y, HH0iE
TNV EYERERINT T 4 HNEREETA L L
T %, Cu-ZSM-5 g DEHYT A MZBL T
BWEPHERPTHLY, 51 MEBEROA+
VRBH A MR EN-ER A FF Y REDHEY
ERT V) OPLERML ZoTWwD,

CORIBROEIZ, NO ZEENIIHMELLS
ELBAIIRRIC R BET 28EN, LLAKDE
PRET LI L THE, L LETHOBRERE L
R BT CHITT 57280, NO BITRIGIIHT 5
HC OB\ [N ] PUERTRE %5,

AR IRV BEARTR TH D, £0ORET
UTo2ickKpl&hs,
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M2 Ga/H-ZSM-5flifi E T2 ¥ i X 5 HC-SCR,
O: NO-CH,-0, KNz 817 5 NOSELE, @: NO-CH,-
0, Bz B} 5 CH,EEL®E, A: NO-CH, IEIZ BT
ZNOEA X, W CH,-0, U8B} % CH, LR

B L RMUKROEML (BRREHEEDER)
B2 | —BMEEROEMAL BILIZX ANO, D
HERX)

ZSM-51CH ) 7 A% 4 F RHERF L /- Ga/H-
ZSM-5TIE A ¥ VR BTLA & LTHWAZ LATTED),
LEEBE2 TRICVEITT 5. Thbh, BEOHE
FIET TIINO ILETH &L Kingd, BBEL XS~
E DBBERISAHES b 2 WVIREFRB THBELNO &
DEFITLY 27 U PRIDT B D6, NODER
ik WAER LZNO, BSFIGDA =Y -5 Lz b
(H2), BRI TH B AT ¥ OBRBERICHEIT L
WEWH RS, FEEICEERIC ST
%o —J5Cu-ZSM-5 O & 9 IZRALKFE OBRERRILE
AT T SMEE L CGRET Y, RIbK
ZOBREBREEIMECMETIBE20 LS I
NO, 12 & O RALKEIEENENE L) ThHh b, £
DHA ¥ VY Lk A F AR L7 In/H-ZSM-5
b Ga/H-ZSM-5 & [RRRICETENE: - BsRpEmE e 7
HZEEHLPIZLEY, In/H-ZSM-5 DA,
Ga/H-ZSM-5 & e TIEMIREERZ 100 C H iR
WTEL, ARG, €474 MBRE LTS
ERL7ZNOET Y YA, AP TAETAT VI
INVBTLENEFELERTEIDOTH S, 454
MZHEFENAEBIZ—RIINO,-HC FIBIciEH:
Thb,

BEAA A e FIAL, R4 Yo
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3 WA, HAWIZERICBIT A A 4 UARc L 3R
L7zIn¥A 54 FDRAY VIT L BNO, BICIERS X
OBt OH 254 DZSLIRBE KA (Kikuchi, et
al., J. Catal., 161, 465 (1996))

Mt LB 2 AT 5o B3 ICIAKEHFRTL v
Y hEAF R ERRE L 72 In/H-ZSM-5, BbA v
T A% ST N YEIZSM-5 L ERR A L7 In,04/H-
ZSM-5, # L TH-ZSM-5 DNO, BTLiEREZTRT Y0
In/H-ZSM-5 3B WG L BV EREt e R L7z, —
# Iny05/H-ZSM-5 I RTLEIRE ORI E & b I2HE S
AL L, In/H-ZSM-5 1ZULHs 1M ERT &9
1A, ZOEEREIIEE § IvH-ZSM-5 & [F]
EOEWEERL-OT, BRNZEET A MO
APERLTWEbDLELZ NS, E7-H-ZSM-
SRR F Y IEHEI R Do 720 FROMRINIZ X
VEEMEOH R ICEBR T A &, In/H-ZSM-5 TidBet:
OH #4347 £, In,04/H-ZSM-5 T3 HTALEIR AR
& & B ICOH FEEEABD T 5 Z Ldbhb,

IInO"' H*

I.nO"'
Q,Q ,Q,Q Q,Q Py
Al Si Al Si Al Si
AN AN AN ANANA
000000000000

H4 BEHATORBCLEM VT LERE, In0+OF
B (Kikuchi, et al., J. Catal., 161, 465 (1996)%)

5 €454 Moo F 3T REIN-BNAEHL T Y 7 A
B, GaO+DHFHNFHECET CRER
(Miyamoto, et al., Catal. Today, 22, 87 (1994)!D)

DZEhs, HATRT &) REMHEA 2 RRKIG
PFEATL, ERLIZA YV 2 hFF V8, InO+)8
AEEOBRELTEEY A FTHELI LIMRTE
5. Ga/H-ZSM-5 T b AR R B A 4 M E R
L, €424 MZAFyRBINLT) T LT,
GaO+ DA AR L7275, EMICIZINO+HIZESL
3% o7z, Li, ArmoriZ& > ThH, Ga/H-ZSM-5
TIEA) T L1EGa 05 & LTEIFELA F 55
SN7-GaBIIBO THETHH L INTNWB 10,
Miyamoto 512X A2 ¥a—¥%3¥Ial—¥ s
v T3, Ga/H-ZSM-5 DRI 2B EIRMIX GaO+
DEMAEANY Lewis M) TERT A Z L%
FINTWa (K5) 10, HEES S, ZOENAKIH
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T L ) NO, R RILKFERE A FRMICENT A &
PTELLHEELLD, LEL, K5F Lewisil
M) BN A FTHDHGa0+H 1 MK
ETHENO, RRIVKEEOBRAE X HET 5720,
FUBRICHET 2KIEMRKIC 2 HET 2WE E %
b, —HInfH-ZSM-51, ¥4+ 54 ML+ 55H
ENzA T L, ThbHINOTNDOKOHA
NATGa0+ X YN E VD AREMEETHZ &
Fhholz, kDX )iz, ¥F514 Mty
K| ENT-EBEIC L o TEREBER, B4+
BEHE, BBKEFrRLSZ LA%hh 5,

BEAA A UL BTV T L, A VDT 2DEF
T4 MDIEFIE L T OBMEFNI BRI S 14-17),
FNPHCD T NVAY, TR EER A, <
YHY, B, arvh, SEvo-BREROEL
Wi E2RAVI2¥T T4 "OFMEA F Y RBROK
2478, Karge D2V — 7182 Kucherov 5192 L 1
RHRIAThh T 5,

EREEARA & U RMIE, URNaBR DL ST
4 FTIIET LRV, TAEELIL, BAEORE
570 FVEIEFS 4 b EZHAVTIN0; & OREMHA
FURBERFLZLIS, BROLRPTE (BN
FFA F>ZSM-5>Y) RESREORFIEFEL L %
BT ERELPIILA, ThoDERIE, 4T
41 N OBBEFERY 4 P THLEBEN T+ D
FOBREEHSTVAZ L ETRBTEHDTH S,

3. €A T4 bEDISSTTILDAF B ENT

&RIRAALIR(E R

NG T L% AT IEHIERE L 7 PA/H-ZSM-5 fil
WETORAY VIZEBHC-SCRIZ, BETTELD
WElSR ENZbDO—2>TH b, Fhid, Pd/H-
ZSM-5 T AKEEFIC £ 5 FUCHERORED
IE L HBREERIR (400 C) »HEEIRET S
72D THHHM, NG T LBRFEEF T A FOEE,
YA 54 VBESFEBICESLTE N2, BES
@O NOBMbA L LTHtgET 52320

HoHnIX

@ EWRINT Dy ADOREE MR 5 252D
EEBINTVS, HICEREORENELT, ¥4
4 P BB E N85 U AARIG
WERTH Y, BEEINT DY AOBESICES
THHZLHIR, TPR, EXAFS 2 FIC L D EIEX

6B

oF

M6 EvFarayIal—YaryiCihyRESRT
ZSM-SHD A+ 35t 4 b, 5B . JR#5 B4
b, SF . FESBEBY A N, 6B . JHihe BEY 1 b,
6F . FHE6BHEY A b (Rice, et al., J. Catal., 194,
278 (2000)29)

NTW5, BIZIR TORETIZPA2+ L BEE & DA
HEEAFERIICHEOR, BRETVI=TAR
THA Mo TEHEN SN VY LH,
ZH(PAOHZ (ZIZE¥F 514 M F WY A b)) ¢
EMERTEBell D F NV — FI2 L Y||EINT=27,
ToROBIZYIal—Ya VIV ERET VI
=Y LADOFECH L CERBICERLTNED®), &
LIZiE, E4X5 4 VOBRERA T VYL P24
BEL L, 20¥ A F\OLBODA L &L R
RO TV B2, BIZIEINT T L% EIST flat
Kol FEELRPTVIEIZE-2TWS (K6),
FoEMEERL Y IaL—Ta VOBREERL,
¥4 54 PDSI0YALO HIZ X o TIvT V7 ATED
BRELSNIZEIEILL, HRLL TS VYL
BY4 54 P OREICREL OBEELEL TS
Z & H%Ohtsuka, TabatalZl X YRENTWS3,
EHELIE, A FVBENLNS VY LEREE
WICERT <L, PIU/H-ZSM-5% Na B F%F TNy
74K AWt BT L ERAMAD, NaCl titration ¥
EEMNT T2, Thbb, NGV TLEESFF VT
HIUX, Na+TAF U RWENHI 555w
vE TN THAH, F7IENaCl titration B2 & Y EE
L 72Pd2+ & NO,-CH, SUZxt§ BiEME /35 U
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X7 Pd/H-ZSM-5_EOPd2+& (EIFRE#IE Pd2+/total Pd
EH=1) X ¥ VIZXBNO,BTTIEM: (Ogura, er
al., Appl. Catal., B23, 247 (1999)3D)

LAERE L OBERILEBLI-DDOTH S, BIX
EZ LIz, 85T LI SI0,/ALO; H#40 DZSM-

S5IZHLT, 414 3HMBICLTI0 %R LPA2HE

LCHEISN W LD ho 7z, FRUEHEEEL

LY ERBBEAA T ENT, BRILST VT A

(PdO) L LTHEEBEINL LI THB, —F, /87
T APTRCPERHEE LTHFELTYSEE, T4

DHIBEEDN wi% LT T, PE2+EOEAL LD

AR AR L TWA T L, PAOMIFFET S &

EALENEZE LIETIA2I /bR b, INbBE,
Na+TA F VRRWURER NG VT LM, Thbb

Pd2+ 9 F F VSR OBRAZEET A M CH

D, A¥BREEICIEMER PO OIHFFITHIRMEEL

ET bR BASELERE A2 L2
FEITRL TV,

4. B4 51 rOMFBEE RIS L LTHIAT S
=2

In/H-ZSM-5 L TH A ¥ |2 X 5 HC-SCR T,
Y454 MNBREETNOI b s h, £HLANO,
ERATUREET A M T W ENIzIn0+ £ T
BE$ 5. &8 LHIKERICE D RICHEA S =X
LAERELIZEZA, ¥4 51 MEREIIAERICE
DT ENLD, InO+ L TONO, & CH, DI
T B ADHEERH /NS WT Edhrorz1d, £
T, MEoRSRILTEBE LT, [BEE0ES
1b] ICBI LTS L7z KESFETICBWTNO
BILRIDERET2ESBERML-L 25, BT

93
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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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8-member ring

straight channel”
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BReal=

fe

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
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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
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Catalysts Yield2/%  Selectivity®/% TON¢e
Cs5HosPW 1,040 97 92.8 42 (100)¢
HY 79 88.9 2
H-mordenite 6 100 0.3
Si05-Al04 6 100 1
S0,271Zr0, 9 100 3
H-ZSM-5 17 100 2
Amberlyst 15 100 81.0 1
Nafion-H 97 922 8
Nafion-SiO, 97 93.4 61
PTSe 89 55.3 1
HyPW 104f 95 723 6

Reaction conditions: catalyst weight 0.2 g, acrylonitrile 60 mmol,
1-adamantanol 1.3 mmol, 373 K for 6 h. 2 Yield (%)=100 X(N-
adamantylacrylamide)/(1-adamantanol added initially). ® Selectivity
% =100 X (N -adamantylacrylamide)/(N -adamantylacrylamide +
acrylamide). ¢ Turnover number: the number of N-adamantyl-
acrylamide formed divided by the number of acid sites in the catalyst.
4 On the basis of the surface acid sites. ¢ p-Toluenesulfonic acid
(monohydrate). f Hexahydrate.
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Catalysts Yield2/ % Selectivity®/ % Conversiont/ % TON¢
BAA AA t -BuOH AN

Cs,,5Ho sPW 1,049 322 94.1 5.9 96.0 13.3 65.0 (153)¢
HY 14.3 96.2 3.8 89.3 12.5 1.6
H-ZSM-5 13.7 90.5 9.5 86.9 6.3 13.3
H-mordenite 0.6 71.7 323 404 6.3 0.1
Si0,-A1,0; 6.1 95.3 4.7 72.4 12.3 52
SO42-1Zr0, 1.6 100 0 14.3 6.3 2.4
Amberlyst 15 76.0 91.8 8.2 97.4 31.3 49
Nafion-SiO, 44.6 97.6 2.4 96.6 18.7 11.2
Nafion-H 80.0 80.0 20 98.8 26.7 30.0
H3PW ;04 73.9 96.0 4.0 99.6 25.0 222
Cu0.8¢ 61.3 96.7 33 98.9 37.6 38.3
H,S0,8 96.8 87.5 12.5 100 375 1.4

Reaction conditions: catalyst weight 1.0 g, acrylonitrile 150 mmol, fert -butanol 30 mmol, 373 K for 8 h. 2 Yield (%)=100 X(N-tert-
butylacrylamide)/(tert-butyl alcohol added initially). ® Selectivity % =100 X(N-tert -butylacrylamide) or (acrylamide)/(N-tert -butylacrylamide +
acrylamide). N-tert-butylacrylamide and acrylamide are abbreviated as BAA and AA, respectively. ¢ The conversion (%) is defined as
100 X(mol of acrylonitrile or tert-butanol disappeared)/(mol of acrylonitrile or ters-butyl alcohol present initially). Acrylonitrile is
abbreviated as AN. ¢ Turnover number; the number of N -tert -butylacrylamide formed divided by the number of acid sites in the catalyst.

¢ On the basis of protons on the surface. fCuggH; PW;,04. 80.18 g catalyst was used.
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Catalyts 2 Yield®/% Selectivity®/mol % TON¢
PAA AA PE

Solids

Cs, sHy sPW 1,040 10.0 747 51 201 20 (48)¢
Cep7Hp oPW 204 9.5 443 65 492 8.6

Nd; 7Hg oPW 1,049 8.9 48.1 17.6 343 8.1

St ;Hy sPW 1,040 9.5 423 146 43.1 8.6

Gdg 7Hp oPW 1,04 7.1 500 125 375 6.5

Sco7HosPW 12049 8.5 48.1 8.7 432 1.5

Yo, 7Ho oPW 15040 8.3 455 9.0 455 73

Ligquids

Cro7HooPW 1,040 8.6 422 12 506 7.6

Feg 7Ho oPW 13049 10.9 517 138 345 9.6

CuggH; PW 1,049 17.5 625 125 250 10.9

MnggH,; PW1,04 7.9 620 99 281 4.9

CoggH; JPW 1,040 14.8 542 121 337 93

Nig gH, 4PW 1,040 11.0 481 15 444 6.9

PdygH; sPW 1,04 12.8 442 103 455 8.0

HyPW 1,04 15.5 474 105 421 47

H,SiW,,04 14.3 563 85 352 3.1

H,GeW 1,04 11.1 526 123 35.1 24

HgCoW 5,04 6.9 40.0 20.0 40.0 1.0

HgP,W140¢, 12.8 500 222 278 27

H,80,¢ 4.8 275 333 392 04

Reaction conditions: catalyst weight 1.0 g, acrylonitrile 150 mmol,
isopropyl alcohol 30 mmol, and 423 K for 24 h. 2Yield (%)= 100 X
(N -isopropylacrylamide)/(isopropyl alcohol added initially).
b Selectivity (%)= 100 X(N -isopropylacrylamide) or (acrylamide) or
(diisopropy! ether)/(N -isopropylacrylamide + acrylamide + diisopropyl
ether). N -isopropylacrylamide, acrylamide and diisopropyl ether
are abbreviated as PAA, AA and PE, respectively. ¢ Turnover
number; the number of N -isopropylacrylamide formed divided by
the number of acid sites in the catalyst. ¢0.18 g of the catalyst

was used.

Rz%,
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Time /h

E2 H-ZSM-5 %#flE L+ 21 v ¥ — FUSOREEEL
ALEE (O 33 %, (O): 263 %, (&): 1.00 %

Amount of isopropylacryamide / mmol

e o o =
A o ®» o

Acid amounts / mmol-g-1

o
N

/ mmol-g-1-h-1

Rate of accumulation of N atoms

B 2 3 4 s 0
100xAI/(A+Si) / %

Initial rate of reaction / mmol-g-1-h-1

K3 H-ZSM-5CB\T58E, RICHEE, BLUZ2FR
TFEREED Al BN

H-ZSM-512& 35 Al EF 57 ) O RSEsEE
R BH7- Y ORSFREEISTE L & 2 il s
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R4 BAOBRBMRICE AT 7N b7/ ) — DY v & — ik

Catalysts Yield/% TON Conversion/% Selectivity/mol %

AN IPA PAA AA PE
Solid acids
H-ZSM-5 (Al =2.63 %) 62.2 60.2 235 86.2 93.3 31 3.6
H-ZSM-52 89.3 86.4 223 90.3 93.8 35 2.7
HY 74 0.8 9.7 37.0 52.6 7.9 395
H-mordenite 1.5 0.3 29.4 41.3 68.8 12.5 18.7
H-B 8.5 1.4 6.7 34.6 41.5 5.7 52.8
$i0,-A1,0; 2.8 2.0 12.5 28.6 727 0.0 273
S0,2-/Zr0, 1.7 11.5 6.7 40.0 54.8 4.7 40.5
Cs; 5Ho sPW 1,049 10.0 47.6 21.5 50.0 74.7 5.1 20.1
Amberlyst 15 10.0 0.6 24.6 83.3 68.7 10.7 20.6
Nafion-SiO, 3.0 8.0 333 60.0 59.4 12.5 28.1
Nafion-H 6.0 2.1 20.5 51.5 46.9 16.7 36.4
Aciplex-Si0, . 6.5 4.2 17.6 438.3 34.4 12.4 53.2
Liguid acids
H3PW 504 15.5 4.7 15.1 63.8 47.4 10.5 42.1
H,SOzp 438 0.4 29.4 65.5 27.5 39.2 333

ekt L, RILFEL, 22g ©0.18¢g.
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Ritter-type Reactions Catalyzed by H-ZSM-5 Zeolites

Toshio Okuhara
Graduate School of Environmental Earth Science, Hokkaido University

"Ritter-type reactions" which were first reported by Ritter and Minieri at 1948 with sulfuric
acid are reactions to form N -alkylamide from nitrile group and alcohols. While the reaction
between acrylonitrile and isopropyl alcohol is an important one among them, catalytic synthesis
of N -isopropylacrylamide was not reported yet. Recently, the authors found that H-ZSM-5
was far superior in catalytic activity to the other solid acids and liquid acids for the reaction
of acrylonitrile with isopropyl alcohol to form N -isopropylacrylamide.

Keywords: Ritter-type reaction, H-ZSM-5 zeolite, N -isopropylacrylamide
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5 mm

1 Analcime NaAlSi,O4 * H,O. Toneisen, Duingen, bei Hannover.

Analcime NaAlSi,Og4 © H,O. Duingen, Hannover.

Brewsterite Sry(Al4Si;,03,) + 10H,0. Strontian, Scotland.

Chabazite Ca,(Al4SigO,4) * 12H,0. Nidda, Vogelsgebirge, Oberhessen.
Epistilbite Cas(AlgSijg04g) * 16H,0. Teigarhorn, Iceland.

Faujasite Nay,Ca;,Mgg(AlgySij3,0354) * 235H,0. Annerod, Giessen, Hessen.

AN B W N
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5mm

5 mm

7  Ferrierite (Na, K)Mg,Ca 5(AlgSizp072) * 20H,0. Kamloops Lake, British Columbia, Canada.
8  Gismondine Cay(AlgSigOs;) - 16H,0. Bernitzgrun bei Adorf, Voigtland, Sachsen.

9  Gmelinite Nag(AlgSi;c04g) * 22H,0. Herdorf, Krs.Siegen, Westfalen.

10 Gmelinite Nag(AlgSi;¢O04g) * 22H,0. Herdorf, Krs.Siegen, Westfalen.

11 Harmotone Ba,(Cajs, Na)(AlsAl;;0O3;) *+ 12H,0. St. Andreasberg Harz.

12 Heulandite (Na, K)(Ca4AlgSiy;O7y) * 24H,0. Iceland.
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13 Heulandite (Na, K)(CasAlySi,;O7,) + 24H,0. Kilpatrick Hills, Scotland.

14 Heulandite (Na, K)(CasAlgSiy;O7,) * 24H,0. Alpe Giumetta, Monzoni, Fassathal.
15 Levyne NaCa,5(AlgSi|;036) * 18H,O. Aussig an der Elbe, Bohmen.

16 Natrolite Na;g(Al;SipOg) © 16H,0. Herdorf Krs.Siegen, Westfalen.

17 Natrolite Na;g(Al;SipsOg) © 16H,0. Dep. Seine-Marine, Frankreich.

18 Phillipsite K,(Cags, Na)4(AlgSijgO03y) * 16H,0. Nidda, Hessen.
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19 Phillipsite K,(Cags, Na)4(AlgSijoO3;) + 16H,0. Rossberg bei Rossdorf Bezirk, Darmstadt, Hessen.
20 Scolecite Cag(Al;Si,40g0) * 24H,0. Berufjord, Iceland.

21 Scolecite Cag(Al;SinOgp) * 24H,0. Alte Maronade, Fassatal, S. Tirol, Italy.

22 Scolecite Cag(Al;5Si,40g0) * 24H,0. Teigarhorn, Iceland.

23  Stilbite NaCay(AlgSiy;O7,) * 30H,0. West Paterson, New Jersey, USA.

24  Stilbite NaCay(AlgSi;O7,) * 30H,0. Victria Habour, Nova Scotia, Canada.
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25 Stilbite NaCay(AlgSip;O77) * 30H,0. Kilpatrick Hills, Scotland.

26 Stilbite NaCay(AlgSiy;O7,) * 30H,0. Prospect Park, New Jersy, USA.

27 Thomsonite NasCag(Aly;SiygOgg) * 24H,0. Puflerjoch, Tirol, Osterreich.

28 Thomsonite NasCag(AlySizgOg) * 24H,0. Schichenberg, Tetschen, Bohmen.

The Zeolite Minerals in the Riester-Minami Mineral Collection
Exhibited in the University Museum, the University of Tokyo

Shigenori Ogihara and Yoshitaka Hamada
Department of Earth & Planetary Science, The University of Tokyo

The Riester-Minami mineral collection exhibited in the University Museum, the University of Tokyo is the
most substantial overseas mineral collection in Japan. Many specimens are collected from a globally prominent
locality, as well as from the type locality, which includes the zeolite minerals of 18 species and 98 pieces. The
data base of the mineral pictures of the collection has been constructing by the geoscience division, the
University Museum. As a part of this work, the image data of the zeolite minerals of 17 species and 28 pieces,
in the Riester-Minami mineral collection are created, and now it opens to the public.

Keywords: image data base, Riester-Minami mineral collection, zeolite minerals
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Zeolite '02

6th International Conference on the
Occurrence, Properties, and Utilization
of Natural Zeolites
June 3-7, 2002
Aristotle Univ. of Thessaloniki, Greece

‘We have the pleasure of announcing the organization
of the 6th International Conference on the Occurrence,
Properties and Utilization of Natural Zeolites (Zeolite
'02), which will be held at the facilities of the Aristotle
University of Thessaloniki, Greece, during the period
3rd to 7th of June 2002. This conference, like its
predecessors (Tucson 1976, Budapest 1985, Havana
1991, Boise 1993, Ischia 1997), will be organized
under the auspices of the International Committee
on Natural Zeolites (ICNZ) and will treat all aspects
and developments in this field. The conference will
include a two-day pre-conference workshop on
experimental characterization of natural zeolites, a
mid-conference excursion, and a post-conference field-
trip to the major zeolite deposits in northern Greece.

Contact address:
Dr. Panagiotis MISAELIDES, Assoc. Professor
Department of Chemistry, Aristotle University,
P. O. Box 1547, GR-54006 Thessaloniki, Greece
TEL: +30 31 99 77 89, FAX: +30 31 99 77 53,
e-mail: misailid@chem.auth.gr
http://www.chem.auth.gr/activities/ze02002




41) Vol.18, No.3 (2001) 129

NANOPOROUS MATERIALS-III

June 12-15, 2002
Oitawa, Ontario, Canada

Scope of Meeting

* periodic mesoporous materials such as M41S,
FSM16 and related materials

* colloidal crystal templated organic and inorganic
materials

* clays

% carbon molecular sieves

% porous polymers

% sol gel and imprinted materials

% self assembled organic and other zeolite-like
materials

Plenary Lectures
©@G. A. Ozin (Univ. of Toronto, Canada)

"New Nanocomposites: Periodic Mesoporous
Organosilicas”

OT. J. Pinnavaia (MSU, East Lansing, MI, USA)

"Stability and Acid Catalytic Activity of
Aluminosilicate Mesostructutes”

©0. Terasaki (Tohoku Univ., Sendai, Japan)

"Porous Materials from Looking through
Electron Microscope"

OG. Wulff (Univ. of Duesseldorf, Germany)

"Recent Advances in Imprinted Polymers"

©0. Yaghi (Univ. of Michigan, Ann Arbor,

MI, USA)

"Highly Porous and Functionalized Metal-
Organic Frameworks (MOFs) and Polyhedra
(MOPs)"

Key Dates
Since many colleagues were not able to meet

the June 15 deadline, we made the following changes

of key dates for submission of abstracts and camera
ready manuscripts.

1. If you plan to submit a full manuscript (by
September 14, 2001), the deadline for your one
page abstract is extended to August 3, 2001.

2. Additional abstracts to be considered for Oral
or Poster presentations (with no corresponding
manuscripts) may be submitted before January

18, 2002.

3. The deadline for last minute abstracts describing
recent findings is March 22, 2002. These abstracts
will be considered mostly for Poster presentations.
Evaluation of manuscripts, November 23, 2001:

Referee's reports, December 21, 2001: Revised

manuscripts (camera ready format). All accepted

manuscripts will be published by Elsevier as a

volume in the series "Studies in Surface Science

and Catalysis".
All abstracts including the Recent Research

Reports will appear in the Book of Abstracts.
The Proceedings as well as the Book of Abstracts

will be available at the meeting.

Contact
Prof. Abdel Sayari
Department of Chemical Engineering, Laval Univ.
Ste-Foy, Qc, Canada G1K 7P4
TEL: +1 (418) 656 3563, FAX: +1 (418) 656 5993
email: nano3@gch.ulaval.ca

http://www.science.uottawa.ca/nano-3/

IMMS 2002

3rd International Symposium on
Mesostructured Materials
July 8th to 11, 2002
KAL hotel in Jeju, Korea

Plenary Lecturers
OProf. Galen Stucky (Univ. California at Santa
Barbara)
OProf. Edwin L. Thomas (Massachusset Institute
of Technology)
OProf. Ferdi Schuth (Max Planck Institute)
©ODr. Shinji Inagaki (Toyota Lab.)
OProf. Pierre A. Jacobs (K. U. Leuven)
Key Dates
December 31, 2001 Second circular
February 28, 2002 Deadline for 2-page extended
abstracts
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April 13, 2002 Notice of paper acceptance
May 12, 2002 Deadline for recent research
reports

May 25, 2002 Acceptance of recent research
reports
July 8, 2002 Symposium begins in Jeju Island
Manuscripts are due on the first
day of the symposium
Contact

Prof. Ryong Ryoo, Chairman, IMMS 2002
National Creative Research Initiative Center for
Functional Nanomaterials

Department of Chemistry, KAIST

Taejon, 305-701, Korea

TEL: +82-42-869-2830, FAX: +82-42-869-2810
e-mail: rryoo@mail.kaist.ac.kr
http://www.chm.ulaval.ca/ismms2000/

2nd FEZA Conference

Impact of zeolites and other porous
materials on the new technologies at
the beginning of the new millennium
September 1-5, 2002
Taormina, Giardini Naxos, ltaly

Topical Sessions

% Zeolite Synthesis and Characterization

% Structure determination

* Modelling, Computational Chemistry and
Theoretical studies

* Catalysis

* Adsorption, diffusion, separation and permeation

* Jon Exchange and modification

* Natural zeolites: mineralogy and applications

* Use of zeolites in Fischer-Tropsch and related
technologies

* Mesoporous molecular sieves: Synthesis,
characterization and applications
* Advanced materials and Applications
* Molecular Sieves Films and Coatings
Plenary Lectures
OFrom Micro to Mesoporous Molecular Sieves:
Adapting Composition and Structure For Catalysis:
A. Corma, UPV, Valencia (Spain)
OConfinement At Nanometer Scale: Why and
How?: F. Di Renzo, CNRS, Montpellier (France)
OPrototypes of a New Class of Porous Materials:
Design, Synthesis and Characterization of MOFs
and MOPs: O. Yaghi, Univ. of Michigan, Ann
Arbor (USA)
©OZeolites characterization with spectroscopic
methods: A. Zecchina, Univ. of Turin, Turin
(Italy)
Key Dates
2001
September 1 Submission of two-page abstract

November 1 Notification of acceptance

(by e-mail)
November  Hotel information and registration
forms sent to participants
2002
January 1 Submission of camera-ready
manuscripts
April 1 Deadline for receipt of revised
manuscript
June 1 Final circular and programme
July 1 Submission of two-page abstract
: for Recent Research Report
Secretariat

Dept. of Chemical Engineering and Materials
Univ. of Calabria

87030 Rende (CS) - Italy

TEL: +39 0984 492030 , FAX: + 390984 492058
e-mail: feza2002@unical.it
http://home.unical.it/feza2002
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