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Table 1-1. Physical and chemical properties of NOXx.
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Fig. 1-1. Molecular orbital of NO.
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Fig. 1-2. Thermodynamics of the NO decomposition in the presence of
oxygen.
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Fig. 1-6. pH in acid rain.
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Fig. 1-7. Various process proposed for removing NO from exhaust
stream.
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Table 1-2. Various catalysts for NO decomposition.

Authors

Green and Hinshelwood
Bachman and Taylor

Zawadski and Perlinsky

Sakaida et al.
Shelef et al.
Amimazm el al

Amimazmi and Boudan
Panhcaratnum et al.

Sakala et al.

Wise and Frech

Frazer and
Daniels

Taylor

Yuan et al.

Sourirajan and
Blumenthal

Yur'eva et al.

Wikstrom and
Nobe
Shelef et al.

Winter
Lawson

Amimazmi et al.

Winter

Pancharatnum
et al.

Mon and Otake

Boreskov and
Yur'eva

Rebenstorf et al.

Meubus

Alkhazov et al.

Gur and
Huggins
Edwards

Shin et al.
Uchijima
Yang and Li

Otsuka
Cheng et al.

Tabata
Shimada et al.

Tc'r"aoka et al.
Hamada et al.

Catalyst Conditions and Comments

Pt-wire 882-1450 °C, 100%NO, 200- SOOTorr,
inhubited by On

P1-(Rh)-wire 1210 °C., 1009%NO, 200-500 Torr,
inhibited by O2

P1-Rh-wire 860-1060 °C, 100%NO, 100Torr

Pt-Ni/A1,03 flow, 427-538 °C, 0.4%NO/N3, 1-15 atm

PUAIZO3 flow, 386-532 °C, 4-100%NO/He, 1atm

PUAI2O3 flow, 600-1000°C, 1-10% NO + 1-7% O
/He latm, effect of O

PYA1,O3 Pi-foil flow, 800-1000 °C, 2-109%NO/He, latm

Pi-wire 900-1200 °C, 100%NO, 400-2260Torr

P1-M/support pulse, effect of support yim AN

SiOy

Al,03, Ca0, Cry03, Ga03,
Fe703, TiO7, ZnO
Fe oxide, Cu-Cr oxide

Al 7 O3, ZrOy
CuO/Si0y

TiO,, V205, Crp0O3,
Fe203.C0304, N1O, MnO3,

Zn0O, CuO

CuO/A1703, CeOy/Al 03

S10,7-Al,03,

Cu,Co-(M)/support,Co304

40 metal oxides

CeOy/Al,03, Ag/Agr0/A103
Co304, NiO, Fe 03,
Sc-ZrO,, Ca-ZrO,, Al,O3

40 metal oxides

Sc-stabilized ZrO,

AlyO3

C0304, ZnCo704, NiO,

NiO-MgO

Cr(II), Fe(1I), Co(Il),
Ni(I1)/Si0 (loading<2%)

BaO, SrO, Ca0

NiO

Sc-stabilized ZrO;

Mn304

SrFeQj.x (Perovskite-type)
Perovskite-type oxides
Na,Fe,04. NayFey04/A1,03

Various metals and metal oxides
NiTPP(Ni tetraphenyl-
porphyrine)/support

Ba; YCu3Oy.x(Perovskite-type)
Y-Ba-Cu oxide, Y-Ba-Cu/MgO

(Perovskite-type)

La-Sr-Co(Mn.Fe.Cu) oxide

Ag-Co oxide

flow

NO, decomposition

flow

NO, decomposition

flow, (1-10%NO + 0-6%0;)/He
effect of oxygen

circulation system, .> 400 °C
effect of oxygen
electrochemical decomp.

920-1220K

flow, 100%NO, 10ml/h, 300-700°C
activity order: Fe>Co>Ni
conv.:75% (Fe/SiO2, 750 °C)
flow, 0.5-2.5%NO/He,650-850 °C
activity order: BaO>SrO>CaO
decomp.80% (on BaO)
(0.69%NO/He, cont.time 1s)

not inhibited by. O \

NO, decomposition, 200-450 °C,
rate: maxim. at 450 °C
electrochemical decomp.

flow, 0.2-1.2ppm NO/N2,
200-250 °C

flow

pulse

flow, 600-700 °C,
comparison with Fe;03
stoichiometric decomp.

2 x 10°Pa, 250 °C

flow, S1ppmNO + 8.1%02/N2
flow,3%NO/He 20cm3/min,
catalyst 0.5-2.5g, >600 °C,
decomp. 73% '
(Y-Ba-Cu-O/MgO 2.5g, 800°C)
flow, 1 %NO/He, >500 °C
flow, 2%NO/He




Table 1-3. NO decomposition on metal-supported alumina catalysts.

o " zﬂlgﬁ[’.ﬁ EHtx 2 v ¥ [iit‘\ﬁn’& S¥EE (500 °C) f'
C) — (Kcal/ mol) (B C (107" mol/ of » min)
Suppoet A (83 %405, 5% 548 716 25.9 0.8 (750 ) 2.67
Si0Oz )
29 % Cu as CuO on SiO 661—938 33:2 1.20501) 2.98
Co oxide on A (8.1% Co) 402-1709 22:5 1.2 (654 ) 16. 2
Co oxide on Linde Sieve 399 — 498 23.2 37.1
13 X (4.6 % Co)
Cr doped Co oxide on A 419 752 7.0 37.6
GO 7% Co)
Co oxide on A (10% Co) 434— 585 14.2 0.75C572) 45. 4
Li doped Co oxide on A 443— 761 19. 4 47.2
(9.0% Co)
Coppor Chromite on A
(2.46 % Cu, 3.75 %Cr) 4241737 14. 4 1.09 (533) 48.7
L1 doped Co oxide on A
(7.64 % Co) 440— 740 18. 1 55.0
Ptoon A3 22% Pt) 386—532 20. 1 0.95 (504 ~532) 74.8
SeRRSp RIS o 1 496 — 699 10.6 0.88 (579) 116
(5.75:% Cu, 4.99% Cr)
UOP Commercial Catalyst 393—761 13.2 0.3~0. 45(532 ~645) 147
Unsupported Cos Oy 279—368 28.3 954. 20

*» 1. latm. NO iKW 5§ (UOP

#HREL)

MEIN TSPt X DKL,

MEXINTWL A,
% 7z, Shimadas °

AL k& B L T
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commercial catalyst T 0.5& U7zi2did, $X& NOOXKU%E1&ELT

BHELTHREIFMS* T ITL-TDH

" EEBHEZIE TS 5YBaCus0, I bFE R D

SO IIMg0R K ET B EISITERED
12 YBa,Cu:; 0, ONOB D F+ — X7 v 713
EEZXPSHBIBR LI DB oI LTS, X bl

Yasuda® 2°2 42 & - Tla,, «Sro. sCul, bNODBRECICEB®R TH 5 &
NE|EI N
DXt sAomErsi g CicHEshTEZ LD, O
PtEB LR TZAANA PEBAYIERLIRBATIEELIR O
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Al 0, 3 EETONOEEPRAMBE L LTREZINLTLS D, BKERT
BBREBMIFICLI->-TZTOMBFHEINHINSGE FLXHEBRLULAY




Table 1-4. Catalytic activity for NO decomposition over perovskite-type
oxide catalysts.

o0 Vel Lalikt (nf/ &) gianin gl +? AR ALt (107 ml/od s nun)
LaCoO; (600 °C) 12.9 P+La+Co 6.6
(85 °C) 2.5 P 12.5
( 1200 °C) 0.2 P
Y s B CR0, (600 °C) 9.0 La+ Co+ P 6.2
(700 °C) 8.6 la+ Co+P 5.3
(800 °C) 5.3 P 15,6
(850 °C) 4.3 P 15.8
(90 °C) 2.8 P 6.2
( 1200°C) 0.2 P
Lag. el Cols (600 °C) 29. 6 LatCo+LCe P 157
(850 °C) 3.3 P+la+Ce +Co 8.3
Ld'ns M. Co0;s (600 °C) 7.8 P+La+ Ag+Co 4.2
(850 °C) 1.4 P+lLa+ Ag+Co 17,5
Lag.s Ko.2 CoO, 1.8 10. 8
Lag.g Zng.; CoO, 78 20.8
Lag g Sre.; MnO, 5.2 P 33
Lag.g Srp.2 CrO, 152 0
Lag.g Sry., FeO, 6.6 4.2
LaNiO, (900 °C) 2.3 P 7.5
LaCug.s Mn.s O, 3.1 10. 8
LaCuy.s Cog.5 O, 1.5 115
LaCog, Tig Ui 4.8 7.5
Ba, CoMoO, 0.6 P+ Unident. 39,2
Ba, CoWQ, 0.7 P+ Unident. 24.2

= 1. ( ) RIZBERRE .
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Fig. 1-11. Temperature dependence of catalytic activity of Cu-MFI for
NO decomposition.

PNO=4.0%, W/F=4.0 g-s-cm-3, exchange level=73%.
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Table 1-5. Catalytic activities of metal ion-exchanged MFI zeolites for
NO decomposition.

reaction conversion / Z
sample
temperature / K NO N> 07
Cul*-2SM5-50-73 673 57.0 21.9 0
723 94.7 50. 4 16.3
773 96.4 73.0 38.72
823 98.0 78.6 57.3
873 97.7 78.7 52.0
923 97.2 74.7 48.4
973 97.1 67.4 26.7
Co3+-7SM5-50-80 673 0 0 0
723 0 0 0
773 0 0 0
823 1.4 1.5 0
873 5.0 2.9 0
923 7.9 4.4 0
973 3.8 2.6 0
Fe3+_75M5-50-80 825 0 0 0
In2+-7SM5-50-80 823 0 0 0
Mg2+-ZSM5-50-80 823 0 0 0
Cal+-7SM5-50-80 823 0 0 0
100 +
2 ZSM-5
S 151
o
(d
ke
w 50+
4]
>
e
(@]
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O 1
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Exchange level of Cu2+ I ®le

Fig. 1-12. Influence of the exchange level of copper (II) ions on the
catalytic activity of the zeolite.
Temp., 823 or 873 K; contact time, 4.0 g-s-cm-1; M, mordenite.




1 - 4 -4 RBRETE

et SR BT TUvEZTER VS ERE TE

EERAEISC DG RENOBREICRT VEZTICLSNERSE
7ot R (SCREE) WEALETL TS Y. TORKEIAFOD
MENKEBELTHT VEZTRNXERBRHICRET A ENHEHT
2. RATEINDZTVETEREREMETTLAETH S
N OBEENREOCDBEENERTHY, KAREFRAT -, K
GgiE a— AP REFOPERBICERAMLEINATL 5.

NO + NHs + 1/40, — N, + 3/2H.0 8 A

BERAEBE» O BMHEINANBEIMNRETEI T OLRAIT LT
KEXLEAT LN, BEOEMIEERAS—2RETHLE, O
HZHBONOXEE I BEEHppnTH Y, T, BFEFREBEINTH
3. TVE-TEBEARERABIOMMEXETTH T v E=T ENOL
DEIFRBICEGL, CUABEXET TCORSCEEDOADRE L
WO D B.

YU EZTICL B BRBEIORIGITEV05, Mo0s, Cu.0, Mn0.78 &
N ESEE RS, BMOSRBRBEAODIFTHEN NI VD, ERIHN
2Btk BET A80,, 0, O0RKBICIVHEBEICEZEALTERET 5.
AEEEAAORMEEREAKICOEI B, Al0:& D HTiOVHAHKITE
ATWE., —RiICEHR, BRYE®E WAKHOB S5, V:05/Ti0.
(Mo, ¥2&8L 2 &bH3) MEAEHTHD, SOx, A PEA&E
DBV ATAZPT, U LOEEEHEERALTVS. LML, 20
fh I 3 EEALBE DN S Lo, NHs—=NO®S0,.—S0;0RIRICAHFET S &
WIS ME A S -TILVA. 45T, SO0:&NHs, H 00 R IGTEKRT 5B
il RERROoOBERZRIYT. MEOSO.BEALEZIHE T 57D
ICREAADOEMPEHNTH YD, HFiXtel.0oRMIZKWED ML
SO BALBDORAITHEND 5.

RiCkE#ImMmmBIct->-TENLD, V,0:/Ti0 M TRKI-13D & 9
HEBNXEZOATVLAEY ., VgV -0 2 Vi'=0&v5 BEfL & ox




N\ 7
/N\
H H
|
0 OH 0 0
I | NH |
—0—V—0—V—0—or ————  0=V—0-V
NO
0
,’I\\
1y N H H
Hzo 2 2 Y l ’/
NI
How
OH OH ?I (I>
1 x
—0-V—0—V—0— =—p—— —0—V—-0—-V-0—

H,O0+N,

Fig. 1-13. Reaction mechanism of selective reduction.
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Fig. 1-14. Composition of exhaust gases from gasoline engines.
(a) Without and (b) with three-way catalyst.
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Fig. 1-15. Conversions of CO, hydrocarbon, and NOx as a function of A
over Pt, Pd, and Rh catalysts.
Temp., 400 °C; GHSV, 122000 h-1.
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Fig. 1-16. Pore structure of zeolite.
(a) A, (b) faujasite, (c) mordenite, and (d) ZSM-5 type zeolites.
o, Sior Al; O, oxygen; @, exchangeable site.
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Fig. 1-17. Shape selectivity of zeolite.
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Fig. 1-18. Adsorption properties of O and N7 on various zeolites.
Pressure, 0.2 atm.
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Fig. 1-19. Temperature dependence of intensities of IR bands.
Catalyst, NH4Y. O, Bronsted acid ; @, Lewis acid.
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Fig. 2-1 Exchange level of Cu-ZSM-5 (a) and its
catalytic activity (b) as a function of pH of aqueous
copper ( II ) nitrate solution.

The pH was varied by the addition of ammonia.
The conditions for ion-exchange were the same as
Table 2-3 except pH. The catalytic activities were
measured at PNQ=2.05%, catalyst weight=0.5 g, flow

rate=60 cm3-min-1, and temp.=823 K. The strike-
through symbols indicate different lots of catalysts.
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Fig. 2-2 Change of pH as a function of the amount of
NH,OH added to the solution of Cu(NO;), + zeolite.
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Fig. 2-3 Exchange level of (a) copper ion (®) and
sodium ion (A) and (b) its catalytic activity as a
function of pH of aqueous copper (II) nitrate
solution.

The pH was varied by the addition of NaOH.
The conditions for ion-exchange except of pH and the
catalytic activities were the same as Fig. 2-1.
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Fig. 2-4  29Si(a) and 27Al(b) MASNMR spectra of
the MFI zeolite.

_57_




chTWwd. hoobE—7EBENMSUTFTOKXZRNTSI0:/A1.0,
AEHBE LY.

4

4
n
(SYADNMR = 2 Isima I 24 Isiman (2 -2)

x£90- 41z M2-darx KA EL, ThThOoOEBERBALLLES LT

(2:.)F X DB L7Si0. /Al 0:lk %2 F & . T DOE25.5)EBRF

Wiz X AL FEFRMEI.DEIFEAE-HLL.
EESHEEEICHETIEEFAHETHEALINaBOISH-0ES T

4 b oAk E,
Na'T‘GAl?.GSi88.40192'16H20 (2 83

CEFTIEMNTES. A4 PABL0gilBENDF MY T LA
FrvBRELEROAEDIT, 1223 10 nolitBENS. —H, &

NYU S AL F U, BEBRDODEA S A P10 g2 UFBEHICHE» LT,

BB LT bPY D LEBEZRETFREABEEREICI--TEELILEZ 5,
FrPY T LAEIZL1.40 x 107 0l TH ok, LI ->T, EWHERTH
Wtz F P YUY ABOISN-53, H.00 3B TRBNAL T MY T LA
OB BELEL, DITICF IV LBETHEI EXDI - K.
SOF Y T LBISN-5EA ST A PERHOTHESED 5 VI3 BEK S
KERIZCE DA o R\ AET-72. H2-51B8BFPDOF Y O LAF
CRELEASAIPFORAA VRBREOAF UORBBERKESE 25
L. 44 bR, 1, 5, 24, 48 COBHBEFDF VY T L
A1V BBEEEATAIPPOHBAA VRERI—ETH-. T0DOI
ERIEMHOAF VKRR THEB - A4 PEHOEA L I Tl
ICELTWVWAIERZTRLTWVS., EMETRUBDODERDOA A VX
BEME, HFIHSTWERY, FEHEIXTLICEL TS24 E L
v
F2-5i1CNa-ZSHM-5Z2 MBS /K ABICE D A4 4 ;LU iFD R
BOBBKIPOHEA A VIRE, A4 PP OHAA VREDODEXKI %
AT, XBPWEOHAA LV EEOELSRKDILEL S A4 PP OHEA
T URELCAMN KOS S A P EUFKBRTE» LU TRMEL 286 A

_;fi,:w_}“‘g;:n‘,:;-.:f_"r.', AT T MR e & ER T P o~ P ot e il Y 0 o L Wb ARG S gy et S 10




‘SISA[eue [eo1wayd Y1 Aq paureiqO (q

“wnnoads 7
ANNSVIA IS¢z AU} WOIJ PIUTULIAIAP YI0MIWEL] INI[0IZ [N Sy} JO Onel drwole C[V/IS (e |
€€ 0'S¢ 0°€L 6'0C £°¢ : -
(avors (qvipis  voils  Qvols  (vyis
(qPUR(C1y/19) eANN(TY/1S) eare yeod pozileulloN

N09Z [N JO Onel £0TIV/COLS pue onel vare yead YINNSVIN ISgz +-T 9L




Concentration / mmol-dm™

0 i 1 1 1
0 20 40

Time /h

Fig. 2-5 Time course of ion-exchange using
aqueous copper ( II ) acetate solution. The ion-
exchange was carried out at room temperature.

@®, the amounts of sodium ion released from Na-MFI.
O, decrement in concentration of copper ion in
copper acetate solution.
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Table 2-5. Concentration of copper ion in mother solution and in zeolite.

Concentration of copper ion / mmol-dm-3

Sprea) Sequb) Zequc) ZHrd ZeQU‘ZHF
(=Spre'se§u1)
0.28 0.00 0.28 0.32 -0.04
0.71 0.01 0.70 0.72 -0.02
0.93 0.00 0.93 0.95 -0.02
PRy 0.03 1.24 127 -0.03
1./3 0.05 1.67 1.67 0.00
2.64 0.58 2.06 2.14 -0.08
149 o 2.23 L. 53 -0.10
13.65 11.24 2.41 2.39 0.02
18.08 15.63 2.45 2.40 0.05
22.44 19.89 23D 2.43 0.42
26.56 24.32 2.24 2.46 0.22

a) Concentration of copper ion in the copper acetate solution before ion
exchange. b) Concentration of copper ion in the copper acetate solution
after 1on exchange. ¢) Concentration of copper ion exchanged into
zeolite, estimeted by Spre-Sequ. d) Concentration of copper ion estimated
after the zeolite was solved in HF solution.
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Fig.2-6  Correlation between concentrations in the
zeolite and in the solution for Cu-Na ion exchange of

MFTI zeolite.
O, copper acetate; O0, copper nitrate.
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Fig.3-1  Time course of NO decomposition over Cu-MFI-
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Fig.3-2  Temperature dependence of conversion of NO

(O) and into N2 (A), O2 (3), and N20 (@) over Cu-MFI-143
at 4.0 g s cm-3 and PN0=1.0%.
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Fig. 3-3  Correlation between exchange levels of copper
ions and the conversions of NO (O) and into N2 (A) and O3
(3). Temperature=723 K. W/F=4.0 g s cm-3. PN0=1.0%.
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on partial pressure of NO and contact time. (3J) 723 K and
4.0 g s cm-3. Catalyst; Cu-MFI-112. (O) 753 K and

1.0 g s cm-3, (@) 753 and 0.2, (A) 753 and 0.025. Catalyst;
Cu-MFI-122.
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Fig. 3-5 Effect of SO2 on the catalytic activities of Cu-MFI-
149 at 773 K. (O) PN0=5200 ppm, P§02=220 ppm,
W/F=0.1gscm3. (®)PN0=5700 ppm, Ps02=100 ppm,
W/F=0.1 g s cm-3.
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Fig. 3-6  Catalytic activities of Cu-MFI-122 and -89.

® and O corresponded to the activities of Cu-MFI-122 at
P03 of 8 vol% and 0 vol %, respectively. A and A
corresponded to the activities of Cu-MFI-89 at PO of 3

vol% and 0 vol %, respectively.
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Table 3-2 Catalyst Information

Catalyst Zeolite Structure Al/(Si+Al) Cu/Al
Cu-MFI-104 ZSM-5 0.076 0.52
Cu-MFI-95 ZSM-5 0.076 0.48
Cu-MFI-76 ZSM-5 0.076 0.38
Cu-MOR1-87 Mordenite 0.096 0.44
Cu-MOR2-72 Mordenite 0.160 0.36
Cu-FER-64 Ferrierite 0.138 0.32
Cu-LTL-39 L 0.250 0.20
Na-MFI-100 ZSM-5 0.076 -
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Fig.3-7 Temperature dependence of conversion of N2

over various copper ion-exchanged zeolites at 1.0 g s cm-3

and PNO=2.05%. O; Cu-MFI-104, O; Cu-FER-76, A; Cu-
MOR1-87, @; Cu-LTL-39.
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Fig. 3-8  TPD profile of NO adsorbed on Cu-MFI-
104 at room temperature. @, NO; O, O2; 3, N2;
and A, N20.
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Fig. 4-3 Effect of the evacuation temperature on
the ESR spectra of Cu-MFI-78.

Evacuation temperature; A, room temperature;
B, 33 G IS KD, IS K.
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Fig. 4-4 Evacuation temperature dependence of the

intensity of ESR signal.
O, Cu-MFI-92; A, Cu-MFI-69; OO, Cu-MFI-8.
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Fig. 4-5 Phosphorescence spectra of Cu-MFI-138.

Evacuation temperature; a, 573; b, 623; c, 673;
d, 723; e, 823; f, 973 K. Ex=280 nm.




7 b, RUExOHEEBEEM~AD Y7 PIZISH-5FITERKRLCCu" &£
54 P FEEZOEMEERM»ID/NEZVLVIEEZRTLTWVLSEEE
2Bl d

B4-6icd'°MBOoO RN F— ¥ 2 EAWWITA-T ' . Texter
SIVRFEAF URBYBEA S 4 FT(3d°451)* D~ (3d7°) S i &

S Cu* D27 b E L (B4-6E08) . X7, Barrie
513 Cu*-Na*-p8" - FNIFHDCu41 T OBEHEART PIVIC
Cu*® /) w— (440 nn) OficCu*-Cu* 4 4 <= — (540 nm) IZHRE X
ha3E— 0 BEINZIEHELL. HoRBFaMAv—DOHEI}EB 0
(4s)—=> o *3DIT LB DT H Y, 4sthBED oD RV F — ¥4 £3
M ED o "D R NVF AR EVVODTEEREMICE -7 0NBR N
EEZTWVWE (K4-6H). T HhoDDHREELTEZDEMARDOAE R &L
*Z2Z24Ebt, Exv:480 nmo -2 (E—-2 1) BCu* O BEM A F
D3d°4s—3d' O BB IC X A EEE, Ev=540 nmO E -2 (E -
J0) BCurD 2 ~3MOELEINCDODRETHEEHEL . Kb,
ABELEREIERSWICEL->THEHEZIN TV 3.

R4-TicE€— 2 1 (Ey=480 nn) 3 ¥ E¥— 2 0 (Ex=540 nm) O %
FORABERGERATYT. E— 2 IOBRERFKERE L b0 4
Wi, T13-8373 ECRBIF—F &R sl T hiible B -7 102 .
823 KPFS THRAE 7 » 7ok, 823 KL EOHR TH D L i #k 2 3
R7ZMDoHABETIKETHENTEIEE—7 1LV E—-71
EHiIBAICHEMULALI LR BEOOEMEE B ITCU MY 3
SEETRLTVWE., THbb, ZOFHZREIICu-NFIFoCu?*izE B HE
[UBIZIDCUICEXTINE I EAE2RTHIDODTHD, k£DESRD #
RE—HT 5B,

TS K[ BOBKELBEOHAL UXBEKEHLZR4L-8IZR L .
E -7 11@3Cu-MFI-35TY o, XBEBOHMEEDBITH A ITHM
L7z, —F%, P — 2 DiCu-MFI-35, 48TRIFEAELEZH S NI
L2ALAMSs, ZoE—7RXBLEBYSULETZHICHEMNLEL. HX
3, RBEBESOAPTRE -2 1 LIOBRBERIZI : 1 Th - 7225,
130k Tid 1 :0 =51 :3ThHo-t. #-T, #A4F X H|EN

BEVHBARE -7 IXETHEN, XBENELHLEE, E— 1 .
NEME 52 ENE SN EN S . .




4s " “ 4s

\ )
\ )
[y )
\ )
) ]
' (0] :
\ ’
\ ’
L4 l A )
’ .
) '
) '
’ \
o 1
1 !, RS
3d S '3
0 _f°~ _:)._ 3d
VA e
' ¢
% '
' ]
\ 1]
% '
5 ]
' )
% ]
% ]
J

Monomer Dimer

Fig. 4-6 Schematic molecular orbital diagram.
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Fig. 4-7 Relative intensities of phosphorescence peaks
at (@)480 and (0)540 nm as a function of evacuation

temperature.
Catalyst, Cu-MFI-138. Ex=230 nm.
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Fig. 4-8 Relative intensities of phosphorescence peaks
at (@)480 and (0)540 nm after evacuation at 773 K as

a function of exchange level of copper ion.
Ex=280 nm.
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Fig. 4-9 Phosphorescence spectra of (A)Cu-Y-76 and
(B)Cu/S10; after evacuation at 773 K.
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exchange level of copper 10n.
O, after pretreatment 1; @, after pretreatment 2.
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Scheme 4-1. Reduction of copper ion into MFI zeolite.
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Fig. 4-11 Distribution of copper ions in Cu-MFI as a
function of exchange level after pretreatment 2.
Amounts of Cu2+ (O, @) and Cu+(A, A) were estimated
by ESR and CO adsorption measurements. The dashed
line indicates the amount of total copper 10ns in Cu-MFI.
O, A; ion exchange was repeated using aqueous
copper(Il) acetate solution.

@, A; ion exchange by addition of ammonia into
aqueous copper(Il) nitrate solution.
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Fig. 4-12 Phosphorescence spectra of Cu-MFI-116.
A, after pretreatment 1; B, after pretreatment 2; C, after

B following hydrogen (100 Torr) treatment at 773 K for
30 min. Ex=280 nm.
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Fig. 4-13 Time course of the amount of Cu2+ detected
by ESR in NO (100 Torr) on Cu-MFI-120.

O, just after pretreatment 1; @, just after pretreatment 3;
A, after pretreatment 1 following preadsorption of CO
(100 Torr); A, after pretreatment 3 following
preadsorption of CO (100 Torr).
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Fig. 4-14 Correlation between the amount of Cu+ and
the conversion into N2. The amount of Cu+ was
estimated by CO-adsorption measurement.

®, PN0=0.5%, W/F=0.5 g-s-cm-3, temp.= 773 K.

O, Pno=1.0%, W/F=4.0 g-s-cm-3, temp.= 723 K.
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Fig. 5-2. Infrared spectra of Cu-MFI-81.

(a) Background spectrum. (b) Exposure to 14NO (18.2
Torr). (c) Exposure to 15NO (18.5 Torr). (d) Exposure
to 14NO (9.0 Torr)+15NO (9.0 Torr).
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Peak area of 1734 cm™ band / A.U.
)

0 . I . ! .
0 1 - 3

Peak area of 1827 cm ' band / A.U.

Fig.5-3.  Correlation between peak areas of 1827 and
1734 cm-1 bands.

Cu-MFI-122: O ,PNQ=141.1 Torr; ® , 81.2 Torr; 3,
39.9 Torr; B , 40.1 Torr; and A, 39.4 Torr.

Cu-MFI-93: A ,77.2 Torr; and @ , 40.0 Torr.
Cu-MFI-48: 8, 39.9 Torr.
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