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V20s5/TiO2 Group




NP7 —FE=TRIEORAM X yF 25 V¥ —Ta

PRF DT o FL—T THIW% VA0 TIOFR I - U TR & i ofgiE, MiEX
e OBEEIZ OV TRIY T2, FTLUTOEERERT—v & LI,
(1) EREROEEL L UBEREEODR (TERE 5 )

(2) BETIONFFERAOE (LR 6 F5)
(3) ERIFEOPHOFHR (ERE 8 E 1)

ZO9H, () LIV THER 7TEEORBRICTELOETo/, 1 TH,
R UBERIGICE T2 EAR LA VEEREITESERB, SEBFROEHRIC
HLTHETH 7. RIEHEDH D VEWBEEE AT S H P72 AFHEEICHE
FaLBEAkv LA VERE<ERLESAZZEEFREL], EROFY T 7 ¥
V= s VOREEHHLETEBRLERL

SEIORETHER 7TEE RS LASRER L. FiliTok

1. BAMEHCL VNP UBEEIGOBRBICE LOENRENLRRE L
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Table 1{IVTn-X3 U — X0l gk — Efrbtaqoﬂﬁwaﬁrﬁhxzvﬂ
TRVIRWT,KE, YaUBEFROEM S, NEILSEEND

Table 1. Preparation Conditions of V204/TiQ, Catalysts.

Starting Solution Treatments
Catalyst Support Method Solution NH,VO; Evaporation Crying Calcination
Concentration  /mol dm™

VT3-T TIO-3 T water 0.0361 water bath 383K, 18h 773K, 3h

VT4-T  TIO-4 5h in air in air

VT3-K  TIO-3 K nitric acid 0.0392 water bath 398K, 12h 773K, 3h
YT&K T4 pH=40 _ ________12h inair _____ inair_

VT3-M  TIO-3 M oxalic acid 0.735 water bath 383K, 12h 723K. 12h
_VT4M TO-4 Omoldm® _ _________ 3h_ _____ inair inair __

VT3-S  TIO-3 S oxalic acid 0.063¢ evaporator 343K, 2h 773K, 3h
_VTas__TO4_ ______ 043moldm®  "2h invacuo __ inoxygen

VT3-N  TIO-3 N oxalic acid 0.0551 water bath 373K, 24h 773K, 3h

- - 0.32 mol gm™ 3h in air in oxygen

1-1. 2 U EMERG [1,2)
ﬂg1m«/ﬁ/@kﬁmkkﬁéﬂm«V%/ﬁ@ﬁ¢%ﬁm+ RLT7ay
~L72[2), D TIO-4(EIZ anatase) TH B VT4-X 2 U — X233 T, BRBUL




M=8>T - KOFEFERof —7F, BN TIO-3(rutile) TH A VT3-X ¥ U — XK
Uit M. SO NWIRRLESR UEIRES T LIeoiz®f LT, T.K THEKY LA
CEENECER L.

5 5
rt: TIO- -

f’: sok support : TI0-4 2, support : T1O-3
o
= 3
9 30_ [
2 >
Z 20 2
3 2
A 10- A

0

Conversion / % Conversion/ %

Fig. 1 Selectivity to maleic anhydride (MA) with the conversion of benzene oxidation over
V203/TiO; catalysts prepared by method {( V)T, (O)K, (DM, (A)S and (OIN.

1-2. UV-vis 222 kL [3.4]

B A BAFEE(LE, in-situ T UV-vis A2 FAFBIELE A, £TORMIES
BT 300nm FEICERAR LN, EOMEIOTROBEL KER o, 0
WL F Z =7 LD 4B ATV LARBICBRB SN S, Fig 217 400nm S L 0fER %
ERLCHB U, TIO-3 £8EL L4, VT3-M, S, N Tl 400nm L D EEREO
FRNE (FIRYERENE) ICE— 2 MR ONBHR, —F VI3-K T T I 0RIIIREE S h
Aotz TIO H1BEL LEHARETOMEBIIBLTIOREAEESN, &
NHOBWE, ROV VEBUERSICBIT BRI, Bk~ LA U BRERK
L 72\ g b T 400nm Bl - ORI BER S e hos 1=,

1 T 1
400 450 500 &§50 600 400 450 500 550 s00

wavelength / nm .wavelength / nm

Fig. 2 Diffuse reflectance UV-vis spectra of VT3-X and VT4-X catalysts.



400nm O & — 7 DIFBIZOWTIT ERER—MARRRNAE 2 SR TR, FE,
5 BEfi(square pyramidal)d 2 RITICIEAS o 72 /3F O 7 LEE LIS £ B HO[5], 5T
VIR ZBEET D LI EVREMINSF Y =T RE LD peroxide-like
species[6], DV 1k 6 BIIL0> /ST U ABLHRT]ICRE SR THB BN SR
WIS LA MED 4 BT U0 AL IR A B RE T U0 A, FIZIT2
RFEICED 2 ERORE ATV 7 A8, NEELTVI EFEEA, ZALOR
EFEAEFRIEIZREE LT3 L&D,

1-3. TPR(FEB L) A R kL (8]

Fig. 3 42 TPR A2 PAZBOEBR TR LI, BRLE—2OX5H ENRD T
OfIEY S00K fHETH o7z, VI3-X BB THBeT 2 L, 550-650K fHiFiIC R o
DB E— 7 DELHE MIN<S<K<T DIEICHTDTHBIEM-~2 7 P LTV, VT3-
N, S MDEFEX IK CETMISIERT L, LaLass, VI3T, VI-Kiokn
TiE 700K fHETHHEROELE— 2 BBH B, 773K WELEBETHLIETT
BT LARIofz, VI4-X ¥ U —X¢) TPR R4 M A RE L7284, VI-X U —
AERRY, BUE— 7 OBKME pH &5 600K FHEICHEN:, 7. BEiEfAIT
FE VT4-K D HA% 750K FHEIZH 2 DBRE — 7 %R Uiz, VI3-T, K i3 Bk
BIGICH O TR Lo VEBEO~SBRE(EAR X 2VMETHY . ThoiER F
CTHEOBLETEOE  PEERRIC ST 2 BREDEVICRA TS & R X

B sup;;()n 1 TIO-3 -

support ; TIO-4

dw/dT
dw/dT

P [P RN RPN TR —_— )1
300 400 500 600 700 800 300 400 500 600 700 800

Temperature / K Temperature / K

Fig. 3 TPR spectra of VT3-X and VT4-X catalysts.
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2. VTn-Km YV —-2A0F ¥ 77 F )V ¥—irar [9.10]
~RBEED pH DFHE

AAEFO pH I RE N F VT EBELRETIEELARTFTHA L THREND, &
ZHRIERED pH 2 BL SR LREHCOWTHR ¥ T 7 ¥ Y E— g » L BERIGCEZ TV,
pH OZHREBET L/, Table2 ISR L p D —HE &R L7(11]

Table 2 List of VTn-Km catalysts.

support ™. pH of solution pH=2.0 pH=4.0 pH=6.0
TIO-3 VT3-K2 VT3-K4 (= VT3-K) VT3-K6
TIO-4 VT4-K2 VT4-K4 (= VT4-K) VT4-Ké

2-1. RU¥ LR S)

Fig. 4 {23~ B U/ BB{ERSIZ BT A K~ L4 VEBMAREIR R 2 ILIEEBS LU
SRR L TR L. TIO4EE T pHIZ L D MA BIRMEOFFIT K2 > K6 > K4
Lipole, K4 2HIsE LTERC & pH B EVEFEBRESEVERZ R L, TIO-3
EEDHE. pH=2 TEMNI MA DEFRRONEM, FOMOHEE CO, CO,DH
MER LI, 37205, 85 TIO, OFEEMIC L FHfiED pH 23BNV FA MA B
RBEEBL RLEAMNEN, E2, FEROME & B rutile $BA(TIO-3) {2k~
\MMmﬁWﬂmﬂukﬁéﬁﬁﬁmﬁw‘}#%ﬁéhtrth4®m%Mﬂ
ZEE, PREFOZDOMOERICLALDTHS.

t
[}

o]

Selectivity to MA /%

0 20 40 60 80 100
Conversion / %

Fig. 4 Selectivity to MA as a function of conversion of benzene over
@VT3-K2, AVT3-K4, BVT3-K6. OVT4-K2, AVT4-K4 and [JVT4-K6.

._4__



2-2. XPS X% b [9.10]

Fig. 412 XPS A~ pAER L.
il BE—IOFETRANAX—%
Table 3i2E &8/, Eb—2 DFEE
TRAFIBILEBEARERIIR
BRIV LASLARAS, V2p32 &
B 7 OHEERICENEVA RS
-,

s sm v s S8
Binding Encrgy(cV)
Fig. 5 XPS spectra of VT3-Km and VT4-Km.
Table 3  XPS parameters in VTn-Km catalysts.

sample Binding Ehergy eV Half line wifth / eV
V2p3/2 V2p 1/2  Ti2p3/2  Ti2pl/2 Ols V2p3/2  Ti2p3/2
VT3-K2 5186  523.1 460.2 466.1 531.6 2.00 1.58
VT3-Ké 518.8 - 523.1 460.4 466.1 531.6 1.89 1.50
VT4-K2  518.7 . 523.1 4602  466.0 531.5 1.76 1.45
VT4-K6 5189  223.3 460.4 466.1 531.7 1.90 1.56
Cls=285.0eV.

2-3. ESR A2 } L [9,10]

VT3-K2, K6 35 L T® VT4-K2, K6 D ESR 2~ ML EiBHB L UMMBABEZHREIC
BIE L7z, Ma(l)v—ZI2%T 5BES Table 4 12, ¥ S 2l —3 3 VEMGRHE
ESR/NT A—4 % Table SITR LT, BEDENCLD L7 FIcENRERE LR
12, pH IS LB BVIZE A YRD BN h o7, Ei=, 573 K THEAE L 7%
by ThERDANRY FAEKELSEDL LR T,

Table 4 Intensity of ESR signals in VTn-Km catalysts.

sample Intinsity {[V(IV)}/[Mn(ID]}
at room temp. after evac, at 573K, lh

VT3-K2 59 1.58

VT3-Ké 5.3 1.50

VT4-K2 3.0 1.45

VT4-K6 22 1.56

Table 5 ESR parameters in VTn-Km catalysts.

sample XX gyy gz Axx Ayy Azz
VT3-K6 1.982 1.972 1.955 5.4 58 16.4
VT4-K6 1.980 1.970 1.946 5.2 5.8 16.4




2-4. A F S —BRMETERE  [9.10]
Table 6 122 % 7 —ABHEEIEOERZ £ L O, O PR LIERE 100% TERD T
REBSCOThotn HBEBLUpHICLAEEOZETIIYA RSN

Table 6 Oxidation of methanol over VT3-Km and VT4-Km catalysts.

Catalyst Temp. Conv. Selectivity / %
/K /% HCOOH  HCOOCH; Co COn
VT3-K2 523 100 0 0 92.5 7.1
573 100 0 0 85.9 14.1
VT3-Ké 523 - 100 24 0 91.0 ) 6.6
573 100 0 0 84.1 15.9
VT4-K6 523 100 28 0 95.6 1.6
573 100 0 0 95.9 4.0

N2:02:CH;0H = 0.698:0.174:0.128. flow rate=35 m}/min. catalyst = 40mg.

2-5. TPR A2 )V [8]

Fig. 6 {Z VT3-Km, VT4-Km 3V == X TPR A% ML F L=, TIO-3 3Kz
TH(Fig. 3BT Y — 2 DHEKRER pHIZ L 0 K2<K4<K6 P HEFERM-V7 F LT,
7o, 700K U EOEBERTHLHYEDER Y — 7 BESNhE, —F, TIO4 HET
i pH KL TR — 7 BRIEA 600K fHRICHN, BIEHETIE VT4-Kd 0O
760K FTIIZBIT E— 2 2R LS, pH & OREIiTiZ- %9 LA,

dw/dK
dw/dK

P I RV R NNV PR VR SV DU SR
300 400 500 600 700 B00 300 400 500 600 700 300

Temperature / K « Temperature / K

Fig. 6 TPR spectra of VT3-Km (left) and VT4-Km (right) catalysts.
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BRUCRIROEENEY « 74 T F B L 20 S REOREL & NOx Bkt
(HEYr) wEFE, BFER) =ik,
(BMERR) ABER, MR LERE

1 i

BRMEOMBLREE, 2D REHPMILVE. MILEMITEAT 3 BB 0ms
WIRFY 2. RBEMSOMBEMNREE. T2DLOREPRIES £ bIBEOBET
BETHIENE . ¥4 T4 FDOL I, 2 0mIEMESE 5 RIS R4 BRI 1T
HiE, BEERETILLHD, UL, BEOHIEH2MEIERMS DL Eg I
WWREREEA, TOMEERSTEZ DL ENEN,

EFRCTIRRLLFETT LI TESFEE I AL FAEZ RN L. 20BN 2HES
FOMRILTHLELBIZ, FABFa_0I0 LD NOx BRIBERGIC ED L S BB+ 5
AUV THRES L,

2 TAXFHEEEE oL b o
WEFRLTAIZ T AL V7 uRF S FEMEEa AL R EBREC LT, B110RT
LI 3TMBEORR D FIE TGS AN L,

’_nluminium tri-isopropoxide (Alm

< dissolution into boiled water

~< addition of a small amount of HNO3
| formation of fibrilar boehmite sol i

gellation = ~smixing with ag.soln. of Co(NO3)3
drying, ca!cinationB'\
! alumina powder | ~<gellation gellation
impregnation with - by stirring by NH4OH
aq.aoln. of CofNO3)3 ~=drying " |~ drying
drying, calcination == ~<calcination =<calcination
y
Impregnated Soligel Acid Soljgel Base
Catalyst Catalyst Catalyst

Bl SHEEOTNIFEBE =L O R EIE

MPma%&ut7wi+%ﬁwﬁﬁ&u;D%wbﬁﬁw\Eﬁﬁﬁ@ii?fﬁk
Ltﬁw\B;U7y%:7m®%TK£U&wkbtﬁqf%ao&T?i,:n%%
%h%n\F%E&%mLFV»-&»(&)%&Lrfw-&w(ﬁ%)mmJ&@5
LT B,

-3 T FHEREbo O MRS 0BRSS
LED 3FEREDAMBIC OV T, BT CARLEHR L 2% LItiRek1 210R/L




T2, WML IZ VT L PR SR
BRiT2~10wt%e& iz,

TTRSP, 773 K T4 e L, Byb=sia FDiE

&1 BMEOLEREHS L UHMILEH

Prepn. method Co0 loading Caln. temp. Surf. area Pore volume

%) - (T) (mag-1) (cm3g )

Impregnation 2 500 190 0.21
5 500 180 0.19
7 500 170 0.18
10 500 160 017

Sol-gel{acid) 2 500 180 0.21
5 500 180 0.19
7 500 180 0.21
i0 500 150 . 0.23

Sol-gel(base) 2 500 200 0.42
5 50C 230 0.2%
7 500 220 0.30
10 500 220 0.29

OFEREY., FSEEME & TV 20 (B B 13X < Bl s md s,
F/zv T (tﬁé) M) RO OMIEL D ERERLAMILERH LRI VETH -7,
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BEsAEE) L - S0 (B BREE) IRFEEIZESEITR Y,

B R BAaaTWhWAE I ENEALNE T,
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‘ . 4 FONrilEd NOx DRTRERE
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(1) SEEAEO NOx R4

BS5-1 B2 EHAREORE AL MEF LESEEMED, NOx BREREL
FoulrDiEERERLE, B5-1 1502 wt %OMEIIETOREESELFTHE, oh
LEFEOREVMETIHIZLEA CEENE2M 7, . B5-2 50 NOx BREHH
DRRCBE TR T o OBMEEMENE <, 623 K TINEZEA Y 100 %DiEHE T o
Barhnoi, )

60 T 100 H—®
F O 2wit%e CoQ/ALOs
— [ A : 5wt CoQ/A2O) = 90
R 5o 0 Twi% CoO/ALO) 5
o [ \#*: 10wt% CoQ/ALD) ::’ 80
% 40 - © "
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g I 5 0
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{(2) /-7 (B MO NOx BREFE

Y N (B BTHERL 773 K THA L Agic o T L EHE D R E T o 7. NOx
OBILBR 7o~ OEERIISVTHES -1 B LU 2R L, T oMEDCHELER
b=k b OBRFRD 2 wi %DEED NOx BHERDIF LA, SR EoRERICES L
LB E L CEM L, E70. 2 wt %HEFOL DT 673 ~ 723 K T NOx {#{LBAE
LK 2D, F40 %O LRBB/ O, —F, ot OE{ERIZOVWTARD &, NOx
BB L E o722 wt UEFORMETII T o DEMEEEA KRS . I NOx R
EEUHORGVMECRT oS OBEBENRE R L ERE L,

NO conversion to N: (%)

60 r 100 +
r (O 2wt CoQ/ALOy b
r |4 5wi% CoQrALO: = %F
S so L0 Twi% ColVALD) 5 ¢
S 7 | \8110w1% Co0/AL:0; = 80 F
~ L O E
< 40 - o 3
9 L ) E
c [ = 60 F
S 5 b
@ 0 : G 50 -
:;i_ : L 40
'®) [ 2 a0 E O 2wit% CoQ/AlCh
Z oL 0 A : Swi% CoO/ALOS
k ) 3 Q: Twi% CoOrARO:
10 ¢ + 1 10wt% ColVAl:O;
0 dutor L Nar 5 S YW R 0 ........ | LI NI IPIE P W BT A
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Temperature (°C) Temperature {°C)
E6-1 V-7l (B8 M ®6-2 Y-S0 (BR) AE
L5 NOx OREHE k37 ot Bkt
60 100
[ (O :2wi% CaQ/ALD:
t | A Swi% CoO/A IO = 90
so | |O: 7wt% CoOfALO; &
A\ 10w% CoQ/ALQ) = 80
E O
[ 0
40 | O
S s
i =
30 L 5
L i
) g 40
[ =
20 S 3
-z O 2wi% CoQ/AlO:
ok T 20 A : Swt% CoO/AROS
L d) 10 O: Twi% CoO/ARD,
*: 10wt% CoQ/AROD:
0 - 0 ........ | PP SR SRR SN NN ST
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Temperature (°C) Temperature {°C)
B7-1 YA F0 (EE g B®7-2 Y- HN (EE) s
Iz & D NOx BrEsit LD 7 o~ R




(3) Va7 (EIE) Ao NOx BREgsi

o T (HEE) MBI oWnT LEBOERFIT oA, BT-1B8IUVRIIRT L
IS N A (B RIS L S EARERSE LN, Thby, Bl bkD
EBEAE2 wt %OBIEKRO NOx #{b@EFR L. IR 0BT NOx #{E3i
BT D, B, RIGBREN 673 ~ 723 K OB ERBREKELZ Y, #0435 %D NOx 3
BRBEERE, —F., ToNrOBERBEIC oW TH, NOx BRESHEORE RARE
EXor OBHEERIRS 25 s WS BESB R,

PlEEEWHE, TAIFEFEEa A FMEECIERFEICL S, BEa L
DEFEN 2 wt %O, RIFEE 673 ~ 723 K CRAO NOx BREHELTRT 2 L SHR
TEh, INHUEOBEERTII oA ORMERIEDAIBE SN, NOx OBFTEIEIC
PERTaSVOENRRET 57 NOx B {EBEMMEERT 5,

(4) BEOHBAURE & NOx BREFHE ,
NOx BREHEOEm o7 2 wt BEFORIEIL >\ T, ZOHEEAOIRIE L NOx RERE
OEREERI L, B8 -1 BXU 2 ITRERBAETHENLUZHIED NOx BEERE L

Fa~BREE RS LI,

60 100
~—— =]
2 50 &
~ 6 80
=
o 40 %70
S E 60
w30 © 50
g 5w
o -
8 8 30
o =
z = 20

10 -

SINT)
0 PR PR | N TS R | P A 0 AN s dnaaa b ooty oy Ly o a o by ooty
200 250 300 350 400 450 500 550 600 200 250300 350 400 450 500 550 600
" Temperature (°C) Temperature (°C)
E8-1 FFfAaKD NOx B =HitE H§.2 S0~ kR
(Beft= 230 MBREE 2 wit %) {(Befbassi MBEER 2 wt %)

£10H 2 IR LGB TREEREL /L - P (5) MOk EERCBILEN.
FHALEEEEIC L CBITHD, B, - FA (EE) TN - b OERF
RbEDREZLOIZ-TVD, b L, AEAR SOt KRS h 5 & TR,
SRERBLL VA - F v (B D NOx RERMILEERSICR A, —F. Auger 44
PHEET UL PRFOAMMEERNT L. YA FA (@) MEE (EE) MEcr
BABRETH Y . SEEMETRAREZE,, LissT, b LEL=/ 0 NEF 0
DEMDSRERICKRE RBEEFoTWBETRE, YA - Fo (B Migr (X)) huw



MET & 5 72 NOx Lt & R Th 5.,

7. M8OBREFRHLEYA - (B) ML (HE) M T NOx BRERED
PR BEEELIHERL L) Tha, 0D ENE, TAIFESEL=/ L M
CIREETRCELAR. TOALER EOMEE LY | Blt= /50 MET O KA R
BERORALEELETF R -TVa, ERRTE 2, Bba b MIFOSRIENE
DEIIC LT NOx BRESMEICERT IO, KO TETIRER L,

5 BIREARC L A AEREDTL & NOx [REFE
XRD JIEIC & B L 773 K CSHERMLER Lo Cix, Bk=/ VL FoB&IRERWT
L Cox0iThaTe, LAl BE= A4 MT 0TI K UL ETH CoO BEEHRTHD &
PRTWAOT, 2) AFETHREN LS 1073 K T 5HMER LEHE = UL b OfRE
ik, TR L2 NOx BREFE~DOEEIISWNTRI LT,

(1) BRIEMIC LD NOxREREDm L

B9 773 K3 LTF 1073 K THERL L7 AREE D NOx BREFFIEL R Lic, W OMIET
LEEa SV PDERRER 2 wt BOLOEBERLE, YA S (B (BE) ARK
D NOx BEBHELEFMAL LS, SREMETREFLVCEROM LSRR SNL,
DT, BiEasoUv bR T wt BER L SREREBII W T L RIBERIZL D NOx BRER
HOBELIZ >V TR L, TORREF@ 10RLE, B10 LY, 773 K DR TIHIEE
A NOx BREEEOZP- 8L 1073 K COBERICEIVEFLWEERRERTS L%
BEFE Lo, 7o, NOx BREBEMSMET S &AM, e ~rohEEIXE CERE
FTAHIELBERE L, COL S, BIRES LEME TR o OBMEEER N E N,
AR NOx OBFREGHER SN, eI EETHELTWVWE, BREMTIIED
S HRBEEAMNEL, TR OB{EEMHLTWADTHS I b, 2EIZ, Bl =%
b P OBEELITOWTRM L,

60 60
O: Solgel Base O: Sol/gel Base
50} A Soligel Acid 50 LA Sol/gel Acid
©: Inpregnated O: Inpregnated
40 | 40 1
30

)
[
T
]
(o)

NO conversion to N2+(%)
S S
o

f=1

0 T 1 1 LY 1 1 0 I 1 1 1 1 L i
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Temperature (°C) ‘ Temperature (°C)
B9-1 773 K {EERARIED NOx BEusiE E9-2 1073 K BERRARILE D NOx e g




NO conversion to N2 (%)

(=23
[=1

O : 2wi% CoOrAl20: (506°C
— @ : 2w1% CoO/A1Q: (8G0°C 160
[ | O: 7wt CoO/rALO: (500°C)
¢\ M : Twit% CoC/A10; (800°C) S0

La
<

C3Hs conversion to COx (%)

: 2wi% CoQ/Al201 (500°C
. Zwt% CoO/ALOy {800°C

0 : 7wt% CoQ/ALOs (500°C)
W 7wt CoO/ALQOs (800°C)

NS TP PO N P T

= 0 M
200 250 300 350 400-450 500 550 600 200 250 300 350 400 430 500 550 600
Temperature (°C) Temperature (°C)
BG10-1 TIRMEALARINO NOxIXEEME @ 10-2 HBERARAROT o~V E el
(B2 B LU 7wt %efbill) (EEE2BIU Tw %ﬁﬂ’.ﬁ)
(2) BIRIEREAE I DML Cozp 112 Cozp3i2

BIRIERTERT S CoO I8 T |

55T NIF EERLT CoAlzO4 % V/\/T\

Sol-Gel-Base
ERT AL ENTFHRIND, L., -800°C
|
Co304 & CoAl20s DEFEHMN LL 's;gﬁ
NI . . 500°C
BTV B 7o, XRD THRIZEAYE M

AATERY, TI T, XPS AT
LV BEOBRERLS, E 11T
73K B L1073 K ThERR L&A
o= b A i@ d 5 XPS X
ARy hAERLK, EBROLY,
BHEHE & LT Co30s & CoAlz0a @
ARy PABRELE, TRALDRANRY
FAICls R EHEE LTHELEHD
THDH, 3 Cosa m=asYv bA A x5 |
780.0 & 7953 eV X, E7< CoAl04 @ (as Standard)
Tl b A b 7810 & 7965 eV T
BEOE—IEET B,
B~y bA2EBTAE 773K Con0u {5 0.3)

Sol-Gel-Acid |

Sal-Gel Ac1d |
oorc |

|

t

I

Impﬂ:gnnnon |
i

Impregnadon |
500"

QL&&&
IDEEIa

4,

t

(as Suadand)
THERE L7 ARBETIT CosQu A3, 1073 K TS av
THERL L2 A T1E CoAlO4 23 ERESY i Lt
BB LEETES, LOCLEER 810 805 30(_) 7_95 790 785 780 775 770
FB7 107 K THRE ORI > Binding Encrgy / eV
WU EXAFS ORIE#T o7, 4) ® 1l FBIRFERRAYED XPS XA~2 b



2% CoOJALO,800CERE |

AL
_ VR

1 | 1 ! —_— 1

2 4 6 8

2% CoO/AL03800°C /I IV (Bk)

ANNTER
VRAM' Y

w

[ O 0 T 0 T O T
IFr|
ELY)
=)

t

P TN
o

"

| FT
X (k)

-5

| 1 | I I
] 2 4 L] 13

2% CROJIAL0,800°C /L7 JLik Gﬁ%)

lFrl

R(‘A) s 0 F

R(‘A) )
B 12-1 ZEHEHE O EXAFS 22 kL 12- 2 BHiBBEREARIE O EXAFS R4 kil

AP D EXAFS 227 Fdb, Cos0u TIE 1.6 A & 26 AT Co-O KBRS E
AEDOE =7 £3.0 AL Co-CollBBENRD —FDE—2 FHA L7, Ei. CoAlzOs Ti
L6 AL Co-O KMBENDE—2 L 30 AIZ Co-CoWBBENRB " —r 2HALA, L
e oT, BRIERE DM TAER SN 5300 MED Cois 7 CoAlOs 2 533145
Wi, 2~3 ADBBICHRT 20— 2W/~ZBW,

B12-2 DAY pAEHZHEVTRAOBIKIZEN TS 16 A L30 AlTEDE—2
BEEEND, ThiX1073 K THRAEGORBETI, BE=/90 M3 CoAlOd & LTHERE
THIEERLTUWE, Thbh, BBERIZES NOx BREBHOBLE, H3W37o
NUBAEBRUSE DML, 30 F 7 AL R — b {CoAlOa) DERICED b ERHRLE,

(3) Bbz/si b gyt & NOx =gt

ELAHTRIHTIRIB LA L IIT, 773 K THERLES/A - #0 (B) BEY (HE) &
BAZDWTHRBEZ SV b (Co30a) & LTHELTWAIR L) db 59, NOx BRERE
AE<, 073 K THAELTLBEEORER IS bFhThor, COREE AL DR &
b= A PR F O BMEOENOEEB LA,




Ve FAGE TR Lo BT Auger AT TR LS L 210, BRfb sl b BRI TS
FFLFBBLOLS TN ORI E CHA LTV S, M TFIERE L —d55 < B
CHEATVNBVDOTTT KOEBRIZEVTHLERIZ CoO #4£R L. AEDT LI T &
FRELT CoAlOs 720 55, 9 —F, EBEMEICSHTRE A FETFIERE
CEBHERZLWE, TAITEEORBTIZOATET DD T Coll2Os AR F S0
P DOBIBRERELE LTS,

ERE. MK CHEALLZEBEMERRZE T CoAlz04 FBE

Col04 DIEFEETRBLTWERIIE L, S -
FAEoET () ETh HE) BEeLy Co304 K
BEFEL CoAlzOs DERETUE L T, Lin
L. XRD mEIET 773 KOV v - i
BRIETH Cos0e DABHB SN0 T, BEFLH

<BE= S0 MERIFORBESTC= SN R T

eI F—bAERL, BRTFE—-FLTWD

Lo eFEXTWD, (EEHER) CoAROs Ta— bk &iLf- Coz04 B 7
6 #

T FREHEa N R E AT, SIS L NOxBESHEICc W THE L,
NOx BEFEERIEORREH-CMILER. ENAILELR SomEicEFEEP, LA
B L b FOR BRI RELEETIZ L 28R LA, NOx OREBETERSA
THBZT v OBREEHLREOBMBECSHY) . ToVEBEEECEV 2L R TAS
F—= hDAERPENOx BEFREFMLELEEIBERTH /IR LT,

Bz S0 FRLFOSBENREVARE T, 773 K DER T AL FTAIR— a4k
BB, SHEMEOENEETINI07 K EWIHRERTSLELTE, LD, FOL
IRAPFHETH-TL, 20 b7 A F— FBRERTIE T o020 ik KIS AN S
BN, BRELT NOx REEMNE LY, 220, A2 RTFAIR— T
L NOx BREEMRIFLAEEHELANI LN, L R TAIR— MNETFEEDES
HERERENS,

paling

1) M.Haneda, T.Mizushima, N.Kakuta, A.Ueno, Y.Sato, S.Matsuura, K. Kasahara, and M.Sato,
Bull.Chem.Soc.Jpn., 66, 1279 (1993).

2) K.Tohji, Y.Udagawa, S.Tanabe, T.Ida, and A.Ueno, J.Am.Chem.Soc., 106, 5172 (1984).

3) T.Hashimoto, H.Hayashi, Y. Udagawa, and A.Ueno, Physica B, 208&209, 683 (1993).

4) HHamada, Y.Kintaichi, M.Inaba, M.Tabata, T.Yoshinari, and H.Tsuchiya, Catalysis Today,
29, 53 (1996).

5) B\Xik. BREY¥R. SFER. £HES. AL, 38, 446 (1996).



Part 3

Mo0Os/Al203 Group




A Study on the Preparation of Supported Metal Oxide Catalysts
using JRC-Reference Catalysts
I. Preparation of a Molybdena-Alumina Catalyst

Part 1. Surface Area of Alumina

This is the first report of a group study on the preparation of a Mo03/Al0s
catalyst to-find predominant preparation parameters for better and
reproducible catalyst preparations. Variously prepared Mo03/Al203
catalysts possessing 13 wt% MoOs were subjected to multiprong
characterizations and catalytic tests. It was found that the surface area of
the support was the most predominant parameter for the dispersion of Mo
oxide species; the dispersion increased as the surface area of the support
increased. The formation of crystalline MoOs was observed at a surface Mo
concentration higher than 3.2 Mo nm-2. With sulfided MoO«/Al:Qs, it was
established that the dispersion of Mo sulfide species increased with
increasing surface area of the support and was in proportion to that of Mo
oxide precursor species. The hydrodesulfurization activity of sulfided
- MoOy/Alz0s was correlated with the NO adsorption capacity. It is suggested
that a homogeneous distribution of Mo oxide species is attained by an
equilibrium adsorption technique. In addition‘, it was revealed that the
surface area of the catalyst and Mo distribution were considerably modified

by preparation parameters other than the surface area.




Part 2. Volume of an Impregnation Solution

Ten types of 13 wt% MoOs/Al:O;s catalysts were prepared by a conventional
impregnation or equilibrium adsorption method using a common extruda'te
support. These catalysts were subjected to a comprehensive characterization
and catalytic reactions to find important preparation parameters in
practical preparations. It was demonstrated in the present group study that
the formation of crystalline MoO: was strongly correlated with the Mo
segregation on the outer surface of the extrudate. When the amount of the
impregnation solution was large (ca. 10 cm® g-ALOsD), a considerably
homogeneous distribution and high dispersion of Mo oxide species were
attained irrespective of the other preparation parameters. It is suggested
that when a pore volume impregnation or incipiént wetness technique is
employed, drying processes strongly affect the dispersion and distribution of
Mo oxide species. Drying at a reduced pressure is suggested to result in a
segregation of Mo oxides on the outer surface of the extrudate and,

accordingly, a formation of crystalline MoQs.



Part 3. Drying Praocess

Tn the present part of the group study on the preparation of 13 wt%
MoO«/Als0s, the effects of drying processes were investigated on the
physicochemical and catalytic properties. Two series of catalysts were
prepared by a conventional impregnation technique and by an equilibrium
adsorption method using a common extrudate support. XPS and EPMA
results demonstrated that the distribution of Mo oxide species in extrudates
was strongly affected by drying processes. A rapid drying, in particular at a
reduced pressure, was found to induce a strong segregation of Mo oxides on
the outer surface of the extrudates, forming a sharp egg shell type
' distribution of Mo. On the other hand, dryings under static conditions
produced a moderate egg shell type distribution, suggesting that a slow
drying rate is favorable for a homogeneous distribution of Mo. The
equilibrium adsorption technique was found to provide flat Mo profiles
inside the extrudate except for the utmost surfaces where Mo concentrations

increased steeply.




Part 4. Preparation Parameters and Impact Index

The effects of the volume and pH of the impregnation solution and of
the calcination conditions were examined on the physicochemical and
catalytic properties of a 13 wt% MoQ3/Al:0;s extrudate catalyst. The surface
area of Al:03 and drying procedures (static conditions without flowing air)
were fixed in the preparations. In the present series of the catalysts, the
amount of crystalline MoOs was marginally small. It was found that the
dispersion of Mo oxide species increased as the volume of the impregnation
solution increased, gradually approaching a maximum value. 'i‘he increase in
pH (2-8) of the impregnation solution was found to reduce the dispersion of
Mo oxide species. The Mo dispersion slightly increased for the impregnation
catalysts as the calcination temperature increased (673-873 K), whereas it
decreased for the equilibrium adsorption catalysts. The effects of the
calcination atmosphere (with or without flowing air or with flowing humid
air) were very small on the dispersion of Mo oxide species under the present
preparation conditions. On the other hand, the methanol oxidation activity of
MoO3x/Al203 was found to be very sensitive to the preparation parameters
examined here. It was demonstrated by means of EPMA and. XPS that a
considerable migration of Mo took place during the calcination.

In the present study on the preparation of a 13 wt% MoOa/Al20s

catalyst, an impact index is proposed to measure the magnitude of the



effects of the respective parameter(s) on the physicochemical and catalytic
properties. With the Mo dispersion, the effects of the preparation parameter
decreased in the order, surface area of the support >> drying process >
volume of the impregnation solution > pH, calcination temperature and
atomosphere. The size of the impact index for the dispersion of Mo sulfide
species is 70-75 % of that for the Mo oxide species. The preparation
parameters affected the segregation of Mo on the outer surface of extrudates
in a decreasing order, drying process > volume of the impregnation solution >
pH, calcination conditions. It was found that the oxidation of methanolrwas
affected most intensely by the drying procedures. The volume of the
impregnation solution, calcination conditions and pH of the impregnation
solution also strongly affected the oxidation activity. The impact index
suggests that the sensitivity to the preparation variables of the
physicochemical and catalytic properties of MoOx/AlOs decreases in the
orcier, methanol oxidation activity > surface Mo segregation > Mo oxide

dispersion > Mo sulfide dispersion.




Table 7  Impact Index® of the preparation parameter of 13 wt% MoO2/Al:O3
for the dispersion of Mo oxide species as determined by a BAT technique

Part? (SMo)min (SMo)max Impact Surface Drying Vig®  Cale Calc. pH
Index area  process temp. atmos,

- R R M W R NN SN RR e N N RS Sm M M A A R P S e e e  em e e A G S N SR S0 T N R e e R R am am A MR YR e mam w m

Y R ER e WS S M R AR i e e W R Sm R Sm A S SR AR A BN SR SR A AR R A AN N A MR M Ak b e v e W R RN M SE A SR SR v A e

4 0.238 0.279 0.08 fixed fizxed O O C O
0.238 0.262 0.059 fixed fixed fixed O O O
0.249 0.276 0.05 fized fixed O fixed fixed O

0.249 0.262 0.03% fixed fixed fixed  fixed fixed G

a) Impact Index is defined here as {(Smo)max « (SMo)min)/[(SMo)max + (SMo)min].
b) Part in the present series of study

¢) Volume of the impregnation solution

d) O; varied parameter and Fixed; fixed parameter

e) Only equilibrium adsorption catalysts are concerned
f) Only impregnation catalysts are included



Table 8 Impact Index® of the preparation parameter of 13 wt% MoOx/Al,Os
for the surface segregation of Mo on extrudates as determined by XPS

techniques

Part® Rp Rmsx  Impact Surface Drying Vig? Cale, Calc. pH
Index area  process temp.  atmos.

S e v e v b o

mme o eETT L TOTL L SRR L BXed | fixed  fixed | fixed

1.33 1.42 0.03*  fixed fixed fixed fixed O fized
1.33 1.36 0.01¢ fixed fixed fizxed fized fixed O
a) Impact Index is defined here as (Ruax - Rmin)/Rinax + Rng n)
where R = (Mo/ADs/(Mo/Al.
b) Part in the present series of study.

¢) Volume of the impregnation solution.
d) O, varied parameter and Fixed, fixed parameter.

e) Only equilibrium adsorption catalysts are concerned.
f) Only impregnation catalysts are included.




Table 9 Impact Index® of the preparation parameter of 13 wt% MoQs/Al:Os
for the dispersion of Mo sulfide species as determined by an NO adsorption

technique
Part® (NO/M0O)min (INO/MO)max Impact Surface Drying Viwp? Cale. Cale. pH
Index area  process temp. atmos
L. 008 0157 08 Q" O O __Q O O
2. 0US 08 010  fixed® | Q ___Q __fixed fixed O
3 0.124 0.152 0.10 fixed O O fixed fixed O
0.124 0.152 0.100 fixed O fixed fixed fixed fixed
_______ 0132 0141 ___ 0089 _fied Q. __fived fired __fixed_fized
4 0.131 0.170 0.13 fized  fixed O O O O
0.131 0.141 0.04¢ fixad fixed fixed O O O
0.131 0.156 0.09 fixed | fixed O fixed fixed O
0.131 0.142 0.04¢ fired fized O fixed fixed fixed
0.131 0.137 0.02¢ fixed fixed fixed O fixed fixed
0.140 0.170 0.10% fixed fixed fixed O fixed fixed
0.131 0.140 0.03% fixed fixed fixed fized O fized
0.131 0.136 0.029 fixed fized fixed fixed fixed O
a) Impact Index is defined here as

[NO/MO)max - NNOM0)rais] ANOM0)max + INOMO)emic.

b) Part in the present series of study

¢) Volume of the impregnation solution

d) Q;varied parameter and Fixed; fixed parameter

e) Only equilibrium adsorption catalysts are concerned
f) Only impregnation catalysts are included



Table 10 Impact Index® of the preparation parameter of 13 wit%
MoOy/Al;O; for the oxidation of methanol to formaldehyde at 498 K

Part® TOFimn TOF max Impact Surface Drying Vip® Calc. Cale. pH
Index area  process temp. atmos

3 0.32 1.38 0.62 fixed? O O fixed fixed O
0.32 1.36 0.620 fized Q fixed fixed ~ fixed fixed
________ 076 . 083 __ 0049 _fixed O _ fixed _fixed __fixed_fired
4 0.84 2,12 0.43 fixed fixed O O O O
1.02 2.12 0.359 fixed fized fixed O O O

1.03 1.82 0.28 fizxed fixed O fixed fixed O

1.22 1.82 0.200 fized  fixed O fixed fixed fixed

1.02 1.78 0.279 fixed fixed fixed O fixed fixed

0.84 1.72 0.349 fixed fixed fixed O fixed fixed

1.45 212 0.19¢ fixed fixed fixed fixed O fixed

1.03 1.78 0.270 fixed fixed fixed fixed fixed O

a) Impact Index is defined here as
(TOFmax - TOFuin)/ (TOFmax + TOFmin), where TOF; turnover frequency of
formaldehyde formation (103 s°1),

b) Part in the present series of study

¢} Volume of the impregnation solution
d) O;varied parameter and Fixed; fixed parameter

€) Only equilibrium adsorption catalysts are concerned
f) Only impregnation catalysts are included
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Preparation Method, Characterization and Catalytic Properties of a Molybdena-Alumina
Catalyst(tentative)

Catalysts & Chemicals Industries Co.,Ltd.

MITIYASU HAGIO, YUSAKU ARIMA
1., BUFF =T RO LS
(1) TR 7 E£EY 7Ol
FH4 | MoO3 | kA | MoO3 | #EH4E | Mo03 | #EE | MoO3
wi% wi% wt% wt%
1-JRS 136 | 4-ISA | 110 7-ESA |13.0 10-I8V | 11.9
2-ISS | 13.2 |5 IVA | 113 . 8-ESV | 13.2 11-ISV [ 11.2

3-IRA | 129 | 6-ISV |11.2 9-IRS 113.2

32 IHHDERMNRY ATV ROBWETH D,
30 ShHDEEE T8)7°F =Tt B RO
%28 & MUY D MoO3/AI203 fbift
ﬁ 26 (16~28mesh) > HDSFEME S #7° 5L+ 5 &
}g ”4 L DRRBBOR B, b K E 7 HDS
TR MoO3 DS RICHED &9 = & Atk
22 B.E bIziA< BB & BIBREC Air 2 LD
20 " " ” BB A< SEEIR L7 b OA R b IS

MoO3&HRH%) BEnEunzs,
1 MoO3&H I EHDSENE

(2) 8 EEY I LOLESHE

i MoQ3wt% | A4 MoO3 wt% | #EhE | MoO3wt%

IRS-1 13.3 IRS-8 12.9 ERS-10 | 11.2

IRS-2 13.0 IRS-7 12.7 ERS-11 | 11.1

IRS-3 12,4 IRS-7 12.4 ERS-12 | 11.2
FHERR

IRS-4 12.6 IRS-8 12.7

IRS-5 12,8 IRS-9 12.5

M E O ERS-10,11,12 5Tl 6t 12 4~13.3%ORATH 0 FEF B HEEIRT
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BECEOLOR MoO3 DE—Z RV b OTHS & W25 235 9,10,11-IRS i._ob\‘c%) Mo03
DE—IHBRLRS.
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TLERAD MoO3 D — 7 B4 L72b D Ll < BRI HIER W,
E2IERSEETICEIE. 4ETHS MoO3DE—7 DKRE Mol b DR LE,
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28
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FIE LA A4 ¥ NR-1800 L —H'— 5 >k B, M Hi88 Icid CCD(charge
coupled device). ¥EIZIT Ar" L —¥— (514.5nm, 20 mW) 2EAL . ambient
condition TiFo /=, BEZNERE%E A/ TAEKTHRLEZR, T NRF—FLEIIOD
#, HIgicgtlLE, b—F—O ARy FEBEESO tm THolz,

REMITARY MV E Fig. LiIcE L, BELEBETIITIVIFICLD 5T #E
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5 DR EXRDOKR[3,4] & HF 8 TTable 1 KX LDz,

NV 2B S < . XRDORF TR ONBVORE, 2-1SS, IRS-1, 3, 10, 11,
1206REThHol-, MBEG,7TIEHETEISICKD, BV TFyEEGSHICT
BD&GEELTUTOEI RARNE SN,

(1) E=EEHELERMHETHS, (RS, ISSEFDH, ERSEESAESV & DB

(2) EERFOKERE (RS-, 2, 3) 1326 cc TR,

(3) 3EDOpHURS-1,4,5 O35 T 5.1 NBOBABITE -7,

(4) HERRBEE (RS-1, 6, D B L TRHAREE TR L 400 THEOES (IRS-6)
IEFONILINRR SN, PEREETHAMLZBE3EBRR NN,

(5) BERRRERERLZANES#ICEZS (RS-1, 8,9 .

(6) THWWMBFZETHAMLABS ., EKAFHOVIRET TOERTRENIVI RS
< &R L7 (7-ERS, 8-ERS)AS. R FER L THiET % L(ERS-10, 11, 12)#&
SHEOINERL .

BT, BT BICITE MR I 3RS EFRET T, BRBICIMEZIES I LME
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T &R,
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Table 1 7NV I OEERFT ST E—2(829 cm™) S XRDEIHHR(23°~27°)

AL 5<% __XRD kL X XRD
1-IRS small none IRS-1 none none
2-1SS none nene RS2 small none
3-IRA  large small IRS-3 none none
4~I1SA  medium small IRS-4  small none
5-IRV  large medium [RS-5 small very small
6-ISV  large medium IRS-6  small none
7-ESA  large large IRS-7 none very small
8-ES5V  large large IRS-8 small very small
9-IRS none small IR5-9 medium none
10-ISV  large medium ERS-10 nocne none
11-ISV  large medium ER5-11 none none
ERS-12 none none
2% R

[1] FE, /6, R, e, S0, #EE, IR, SRS RMENHSEE, 1995, p. 28.
[2] &M, #A, F, R, E18m SIS EE, 1996, p. 18.

(3] H 8, B17EsRMENRaSESR, 1995, p. 4.
(4] FE, BlsE2RMENHSEE 1996, p. 4.

[5] D.S. Zingg, L. E. Makovsky, R. E. Tischer, F. R. Brown and D. M. Hercules, J.

Phys. Chem., 1980, 84, 2898.
(6] #2%F, WEF, BLTEIZRMENGRSER, 1995, . L.

7] H%, gk, F1sEZRARNRS

#¥H 1996, p. 1.
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Benzaldehyde-Ammonia Titration and Oxidation of Methanol into Formaldehyde
Miki Nida. and  Maonoba KaTeAa,
Department of Materials Science, Faculty of Engineering, Tottori University

4-101, Koyama-cho Minami, Tottori 680, Japan

Introduction
The spreading of the loaded molybdenum species is one of the important and basic
information. A method of benzaldehyde-ammonia titration (BAT) has been developed by utilizing
the preferential chemisorption of benzoate anion on the surface of such a basic oxide as alumina in
order to measure the area of surface covered by such an acidic oxide as molybdena 2. The present
study will apply this method to the molybdena / alumina catalysts prepared under various conditions.
Oxidation of methano! will be examined, because the oxidation of aleohol is usually carried

out as a test reaction of molybdena-containing catalyst®~ .

Experimental

The principle of benzaldehyde-ammonia titration (BAT) method was described in the
previous papers” ®.  Sample (20 to 50 mg) was set in a Pyrex tube (4 mm i.d.} and pretreated in
flowing oxygen (ca. 50 cm’ min™) at 673 K for 1 hour. Helium (ca. 40 e min"") purified by
passing a liquid nitrogen trap was then fed, and benzaldehyde (1 mm®) was injected from the septum
installed before the reactor, The eluted aldehyde was detected by a gas chromatography (GC) with
a flame ionization detector (FID) connected to the outlet of reactor, The aldehyde was repeatedly
fed until the adsorption was saturated, ‘.., a constant amount of aldehyde was detected by the GC.
Gaseous ammonia (10 cm®) was then injected at 673 K to react with the adsorbed benzoate species

and to desorb it as benzonitrile, Until no product was detected, the injections of ammonia were
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repeated, and the total amount of the produced nitrile was quantified by the GC. Since the
adsorption amount of the benzoate species was high on alumina (about 1.8 molecules am’?,
corresponds to the maximum estimated from the molecule size) but almost zero on molybdena (0.003
nm2)?, the area of surface covered by molybdena was calculated as follows:

Exposed surface area (ESA) = amount of formed benzonitrile (BN) on the sample / BN on alumina
(0.48 mmol g) x BET surface area of alumina (161 m’ g"').

Covered surface area (CSA) = BET surface area of sample - ESA.

Surface area occupied by molybdenum atom (nm” Mo-atom™) = CSA (m” g-cat™) x 10" / number of
loaded molybdenum atom (Mo-atom g-cat™).

In order to investigate the oxidation activity, oxidation of methanol was carried out at 498 K
by a continuous-flow method without any pretreatment of the catalyst”. A reactant mixture of
3.4 % methanol / 15.2 % oxygen / 81.4 % nitrogen was fed with 98.3 cm®-STP min™' of the total flow
rate into a catalyst bed (0.1 g) set in a Pyrex grass reactor. Prgduct analysis was performed using a
GC with thermal conductivity detectors. The product was first made to flow into a Porapak T
column (2 m length) at 313 K for the separation of the inorganic gas mixture, formaldehyde,
dimethylether, methanol, methylformate and dimethoxymethane, in this sequence, and the inorganic
gas was then made to flow into a Porapak T column (60 cm length) for carbon dioxide and finally into
a molecular sieve 13X column operating at room temperature for oxygen, ﬁitrogen and carbon
monoxide. Formaldehyde and dimethylether were the main products, and almost no other product
was detected. Among these two products, the latter is probably formed on the acid sites on alumina,

and hence the activity. for formation of formaldehyde will be shown.

Results and Discussion

The area of surface covered by molybdena is measured by the BAT method as shown in
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Table 1. All of these samples showed ca. 110 - 150 m* g of the covered surface area, which
corresponded to 70 - 90 % of the total (BET) surface area (150 - 165 m* g'). The area occupied by
one molybdenum atom was ca. 0.2 - 0.3 nm’, which was close to the area occupied by the MoQ,

species proposed as 0,252 nm® ¥,

It is pointed out that the loaded molybdena commonly spreads on
the surface with a high coverage to form a mono-atomic layer.

We will next deal with the detail. From the sample 1-IRS to 6-ISV, the drying conditions
were varied. However, it is hard to find out any relationlship between the surface area occupied by
molybdenum atom and the drying conditions, i.e., heating rate and atmosphere. On the other hand,
the volume and pH of the molybdenum salt solution affected the occupied area. The small volume
(26 cm’) caused the small occupied area (IRS-2, 0.224 nm’), while more than 52 cm® of the volume

made the area larger (IRS-1 and IRS-3, ca. 0.25 nm®). As shown in Fig. 1, the occupied area
decreased with increasing the pH from 4 to 8 by the impregnation method (O: IRS-4, IRS-1 and
IRS-5). This relationship seems to explain that the high occupied area obtained with the equilibrium
adsorption method (@) is owing to fhe low pH of the adsorption medium.

The conditions of calcination, /.e., the calcination temperature and atmosphere, also affected
the structure. The occupied area of the impregnated samples (Fig. 2 O: IRS-6, IRS-1, IRS-7)
gradually increased with increasing the calcination temperature. This suggests the re-dispersion of
the loaded molybdena on the surface at the high temperature. On the contrary, the high occupied
a;ea obtained by the equilibrium adsorption method (@) was lost by the high temperature calcination.
At 873 K of the calcination temperature, both methods gave the similar occupied areas. These
findings show that the low pH of the solution forms an isolated molybdenum species, which must
occupy the large surface, but it is unstable at the high temperature; the high pH causes some degrees
of aggregation of the molybdenum species, but the aggregated species is also unstable; both of these

species are converted into a common and more stable species by the high temperature calcination.
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The species finally formed is supposed to have an atomic thickness and be origomerized. Even at
the constant calcination temperature, the addition of water vapor seems to enhance the spreading of
the aggregated molybdenum species, because the sample IRS-8 (calcined in the presence of water
vapor, 0.27 nm® Mo-atom™") showed the higher occupied area than that of IRS-1 (calcined in dried air,
0.25 nm* Mo-atom™).

The catalytic activity for oxidation of methanol into formaldehyde was also shown in Table 1,
The turnover frequency (TOF) seems to be affected by the drying atmosphere as /n vacuo (5-IRV and
6-ISV, 0.3 - 0.4x107 sec™) < in flowing air (3-IRA and 4-ISA, 0.7 - 0.9) < static (1-IRS, 2-ISS and
IRS-9, 1.0 - 1.5). The humid atmosphere seems to form the active species. This difference in the
activity could not be related with the Mo-occupied area measured by the BAT method.

On the other hand, the influence of the volume and pH of solution, and the calcination
temperature and atmosphere could be related with the occupied area. As shown in Fig. 3, the TOF
of samples dried in the static atmosphere followed by the calcination under various conditions (1-IRS
and from IRS-1 to IRS-9: A, O, V, @, and ©) showed one relationship against the occupied
area. The higher occupied area corresponded to the higher activity, presumably because the well-
spread molybdena was efficiently exposed to the surface.

The samples prepared by the equilibrium adsorption method and calcined at the low

temperature (673 and 773 K, i.e., ERS-11 and ERS-10, A and @) showed the activity lower than

that predicted from the relationship observed on the impregnated samples. This suggests the
inactivity of isolated molybdenum species formed in the low pH medium. The calcination at 873 K
presumably converted it into the active species, because the sample ERS-12 showed the activity (V)

similar to the impregnated samples.
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Table 1: Molybdena-covered surface area measured by BAT method and catalytic activity for

oxidation of methanol.

Catalyst {MoOs loading| Surface area covered by molybdena Activity* TOF**
[wt% | /m’g-cat’ i /nm’Mo-atom” |/ 10° mol g-cat” sec™! /10% sec’!
1-IRS 13.6 114 0.201 0.95 1.01
2-188 13.2 108 0.196 1.25 1.36
3-IRA 12.9 113 0.210 0.60 0.67
4-ISA 11,0 125 0.272 0.70 0.92
5-IRV 113 116 0.245 - 0.30 0.38
6-1SV 112 107 0.228 0.25 032
T-ESA 13.0 119 0.219 0.75 0.83
8-ESV 13.2 129 0.233 0.70 0.76
9-IRS 13.2 113 0.205 0.80 0.87
10-ISV 11.9 115 0.232 0.55 0.67
11-I8V 11.2 120 ' 0.257 0.50 0.64
IRS-1 133 137 0247 1.65 1.78
IRS-2 13.0 122 0.224 1.10 1.22
IRS-3 12.4 131 0.253 1.57 1.82
IRS-4 12,6 145 0.274 1.43 1.63
IRS-5 12.8 121 0.225 ) 0.91 1,03
IRS-6 129 132 0.244 0.91 1.02
IRS-7 12.7 142 0.267 : 1.50 1.70
IRS-8 12.7 146 0.276 1.87 2.12
IRS-9 12.5 138 0.263 1.26 1.45
ERS-10 11.2 147 0.314 1.34 1.72
ERS-11 11.1 150 0.324 " 0.65 0.84
ERS-12 11.2 126 0.270 1.17 1.50

*: Reaction rate from methanol into formaldehyde. **: Turnover frequency defined as number of
the yielded formaldehyde molecules per a second / number of the loaded Mo atoms.




Figure captions

Fig. 1

Fig. 2

Fig. 3

Relationship between Mo-occupied surface area and pH of solution. For the impregnated
samples, the volume of solu.tion was 52 cm’. The drying was carried out in the static
atmosphere, 18 K min"', 393 K. The calcination was done at 773 K in flowing air,
Relationship between Mo-occupied surface area and calcination temperature. For the
impregnated samples, the pH and volume of solution were 5.1 and 52 qms, respectively.
The drying was carried out in the static atmosphere, 18 K min™, 363 K. The calcination
was done in flowing air.

Plot of turnover frequency (TOF) of oxidation of methanol against Mo-occupied surface
area. The samples were prepared by the impregnation (4, O, V, ® and ©) and
equilibrium adsorption (A, @ and V) methods, and then calcined at 673 (A and A),
773 (0, @, ® and ©) and 873 (V and V) K in flowing air (A, A, O, @, ¥ and
W), static atmosphere (@) and humid air (©). For the impregnated samples, the pH and
volume of solution were fixed as 5.1 and 52 cm’, respectively, but various pH and volumes

of solution were used for the samples shown by O.

Katada et. al
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MoOy/AlO3 D FABE F 23 RIE T Mo O BMEL IR g ~ D%
ErL9E2H 181
HIYERUE (BR) o F S8R )1 %, FRfT g, %k

1. ZDELDDEM

it oS BAMESE B 253, ERSELVIToTEE{E RSB MIED AR\ E+T 3G D
P, ER T (FSED B RUCTERSE (B4R DR RICEL T, BICBEL THALR- M HR T5%
TS B LI TXPS (2854 BMEEEE ) /S REMOBAAL _—DS0REREE L TEELT-
7=

2. LR 7HEEIE) D RICHATRER
BEEEE: 15170 & WA RS a s

(DAL E722 A - L
#1, B0 LR FAE 7 LFHR

Al Rk EHET HREOEE XPSizk3
(a) R BEE b)
1-IRS ERAimAmL FiE 18K/min - 1.3
2188 ERIREL FiR 0.7K/min - 1.4
3-IRA LR #-iR 18K/min Weak 1.7
4-ISA 25 HEIm 5k 0.7K/min Weak 3.0
5-IRV ME HiR 18K/min Medium 3.5
6-1SV T FiB 0.7K/min Medium 3.6
7-ESA F + Z=XiE | AR 0.7K/min Strong 1.8
8-ESV Py + MIE AR 0.7K/min Strong 1.8
9-IRS ZER PR i 18K/min Weak 1.4
#2% 506min
10-1SV WIE Fi8. 1K/min Medium 3.6
#21% 35min
11-I8V BT FiE 0.7K/min Medium 42
#4% 32min

(a) HREOFEL, MECRTEEBRAEROHE (. 4-6)D XRD ¥ —r b -,
REOBM: - FREEL, FOMIRRBEOHFEROIEI. W<M<S
ZOMHRPL, ARTEBLD LRS IR DR (p. 28 - 31) HifiF—& T3,

() XPS fEIL, HXEAMLFEEFOOR R (p. 11 - 12)2FWE,
(oM a1) o e/ (InofT a0 3500 OHIE)

BECHBESINTHDLIIZ, R1DD, BB FREL T, ERAEEL <EXRHEBE<REDIEZ
MoOs DFEEDHTHL T <20 T, — 7, EERBETHIFL LML, BbE<OBREN
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Page 2 of 4
Rohfn, XPS »LHITEENA BT ~DRFTES TP, FBENKRITIRREmMERT,
TrowikiEh, AREEORBIIIZLALRNWEE XS,

(2) Rif 5y Bt LA RE~ DR R

#2. XPSIZipRESBIELBAERE

BEZ | MoOs B (a) | InosafTawz (b) DBT (%) () | DBT (%) (d)
1-IRS 13.6 _0.71 (T7%) 87.7 30.4
2.1SS 13.2 0.71 (80%) 89.1 27.0
3-JRA 12.9 0.73 (85%) 83.1 27.8
4-ISA 11.0 0.61 (85%) 88.8 24.8
5-IRV 11.3 0.70 (95%) 79.1 21.9
6-ISV 11.2 0.66 (90%) 82.4 29.9
7-ESA 13.0 0.79 (91%) 95.1 27.0
8-ESV 13.2 0.74 (83%) 95.9 28.5
9-IRS 13.2 0.67 (75%) 84.5 25.1
10-ISV 11.9 0.69 (87%) 82.1 25.1
11-ISV 11.2 0.65 (88%) 22.0

{a) BRI ENCRE (p. 1)

(b) tiYeBREE - RIFOHEME, 2t Kerkhof-Moulijn 6D FE%HE (p. 13 - 16)
(¢) LB ARBITEROHEEME, DBT Ddc{bR(%) (p. 34, 35)

(d) MEHFOREME, Ay a5Hb. KIGRE370°C (p. 38-40)

EREEoFBREFEICTRT Fig. 1.1 - 1.5), HReMR5 XPS MEEHA Mo BizHEBEIL THERS
(Fig. 1.1), 08, —ZEZIE Mo Biz3 L TOHERLIETHY, F 4 it Kerkhof-Moulijn 2
MNER D= Mo HA M OBEREIZ XT3 EGEHAVTH3, SEOSHE, i+ aEMEF—4(DBT:
EERBIUCHEINEL THET Mo Y7V KIGEEER THRENDIETHIH, BEETHBS
DTEY, MERIZEELEE MoO: B CRLIECE S L= (Fig.1.4),

FOF/R, XPS ME R DBT #ixb®E (Figl.3) BLU XPS(K-M Rz LDBIG (%))*#x{kE
MoQs i (Fig.1.4) DL L Lo AR AR A N eds o7z, Bz Mo & DBT x{bROMBR A
bndict o (Fig.1.5),

B2 DRERITEDE, Fl—OMR T« ORMAHL LS —ED CoMo/Al0s % THE, XPS
- LD Mo SEMEIIE SETIZIE—EROIZFL, Co EMERm LT 3EF 37 2 O BHE
Mo SVORGEEER) A L4588 R (Fig.1.6) 2B T35, LHL, Mo/AlOs ZTHE—i%
B9IZ Mo X7 AT HIZ L <, Mo SRR Z B A LT NEN LB, Zhehb, Mo/AlLOs AT
i XRD % EPMA (7213 XPS OREEUK kB0 k) 2 o< rafiiz (0F) Mo Oa#
D) EMEBEREE LLNS,



3. ERE8LE (F4E) DERIIETAESE
HEEE E 18D S BMEN RS EE)

#&. XPS lmL5Fm sy MR mITETE

Page 3 of 4

AR | MoOs (%) maEn Inosaflaes () | DBT (%) (d) | DBT (%) (e)
(a) FE O
IRS-1 13.3 - 0.79 (89%) 82.1 53
1RS-2 13.0 - 0.83 (96%) 82.8 51
IRS-3 12.4 — 0.79 (95%) 85.9 64
IRS-4 12.6 — 0.80 (95%) 81.3 54
IRS-5 12.8 Very Weak 0.77 (89%) 80.4 56
IRS-6 12.9 — 0.80 (93%) 83.9 55
IRS-7 12.7 Very Weak 0.82 (97%) 84.0 66
IRS-8 12.7 Very Weak 0.76 (89%) 874 687
IRS-9 12.5 — 0.79 (94%) 85.5 58
ERS-10 11.2 — 0.69 (94%) - 78.5 66
ERS-11 11.1 - 0.69 (95%) 81.3 62
ERS-12 11.2 — 0.69 (94%) 83.8 62

(a, b) ML TEOHE (p. 4-6)
(©) HYERERFORE. vt Kerkhof-Moulijn fEA2>H0F5%HE (p. 20 - 22)

(d

ERRBITEHOAEWN, DBT DiRkE(%) (p. 32, 33)

() BHEHOREE. Ay = fFedh. RIGEES80°C (p. 72 - T4)

FREEEORENT., EREHFEERTEEIRBOL D ER B ELIH—L, TOROLE
REREEER UL 0O THD, £IFMIC. Mo BOEMTIZ7e<{, XRD TRRTIHTLAE RHEhe
VY, EPMA L[EIHETH DY, XPS THRAE K, RO ELSE IRS-2 DHBFLRKMmIZ Mo 23R

TNEZEERET D (p. 22, F1),

XPS MU R S SR B L OBEE Fig. 2.1 - 2.5 07T, L@y, sHktE0E
RINELAEBENAR N, LdioT, B MEE RSB E RO EEL, atEOE S EDS
VB RHE OV T R U TR L Th IZEAE BN ER 50D,

S ER KROEIE RIS B OEEEMEOEBIERLRNIENSE, FHETIMERL L
V&N EOIZ LS TBLAM OB EITL LAAMFAREFS XD E LTIV OIRELLE
ATWATLEETRET B, ESI M B ER#R T DI, R EOE R E N LB

LI,
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MoO4/AL, O MIEN % + 5 72 Ut~ a
C(EEXE BRTFE  #AlsE—

Bea 2RI L 0 IS L 72 MoO/ALO MK IZ DV T, XPSOHIE L 7 L& VBRIV RV YV FF 7 2 L EO
KIS 24T o F1. XPSOHEIEIL £ H ETEDBinding Energy 8 & FEHRE % R, BiiHEEH»
SRMBEORBEE L WTHEL 72,

[£%]
1. XPSIZ & ARMEEROAE

XPSofl|zE ik, Surface Science Laboratory, SSX-100(AI K «:1486.6eV}IZ & DT o 1ne HIEH ¥ 7SI, B
BrAN—H5ALCHE7—7*RAVTEZ L DL AV, B 6 N7 8 TEDBinding Energy 1812,
C(1sR285.0eVic L DHERTT o /oo ¥ ARMMARE R, ERFORERYLLAV THEHEH, SBRE LA
ikl & R,
2, TVRNVBRIRY V4 7 2 VEOKRIEBEHRESG '

TAENMBRYNY S 547 2 YEY IREBROFEICH L TER L. BERBRCEEL AV Ch
5 DR FEALHMBUS %47 » 7zo BUI¥250 ~400mg % B R T 773K T2BF MR ALE L 798, S%H,S/95%H, 4
ARV TSTBKIZ B W TR B LR TAAE % 17 » 7o SUSEMS I FISRESTIK, KEE3MPa,  XKEH
#;200cm?min ,LHSV;7.6~12.10' & 5, FiE# & L T, DBT:4-MDBT:4,6-DMDBT=1:1:1%n- F 77 Vi
HEEHREL L T0.05wmB) ¥ v 12, FISERYOHBERS #2207 b3 74— L hB3HFL, &
FEEGELAEY S S L TEEL /.

[#5% & #57)
1, XPS :

FREIE I BT B0 (15), Al (2p), Mo (3d) ?Binding Energy 1% R¥ -3, O (Is)531.1 ~531.6eV, Al
(2p);74.6~74.8eV, Mo (3d3/2);235.6 ~236.5¢V,Mo (3d5/2);232.9 ~2333c VOB TZIL L TH h pit ok & %
BWE R Profze CHIBMOXPSICE B EMHT.PIL13, HEp20) & —F Lz, —F . KA ORTMER %
Mo/ALtL# & SFAi L 72(Table 1,2) o £ 0f5E. BLBEHC ZEHE L(1-IRS,2-ISS vs.3-IRA4-ISA vs.5-IRV,6-
ISVYT, AREEAEV(1-RS vs.2-1S8, 3-IRV vs.4-ISA, 5-IRV vs.6-ISV) {23 MoBE T O XTI H T =
L#tbidr otz OXPSOMRHTPI1,13)5 5 & AR EMNR S s, § AXRDHET,p4), LRSHETp28) @
BRPO, /I OMoO3OBBEAS SRV EbHAL T LEL N2, SREOHESLpH, KR
BEPLHEECOVWTHR, BATEL L A X TR EMESp30E THERICL3BVWAROAT b0, RE
BTaBERrEmrR sl s o,

2, TUHRNVBRIRYSFF 7 2 v EORECBRTEEE

BREEE H L BUCERETable 12 R L7z, SBREBCTHE LAY Y Fh BV Tk, ERBCERR
4% L (1-IRS,2-ISS vs.3-IRAA-ISA vs.5-IRV 6-ISV) T, FIBEEHGRV(1-IRS vs.2-ISS, 3-IRV vs.4-ISA, 5-IRV
VS.EISVHE D b T EVIEME R Lt TRIZ, Mo RTRENE L, /ULy 7 MoOy DFEFA D 2
HEEZLNDL, /2, FERBIOWTIR, BHESL L WS DHEIEMETH - 72(IRS-2 vs. IRS-1,JRS-3)
THid, PG DXPS DR (HS, p20)PEPMAHS pI)DER S &, SEHE L % v & Mo DAkl A9& ¢
ZhlBHEEROGNLD, FREROpH, SREOREPEMFIIOVWTE, HIEEEICHEL RS hn
o,

FHEAEI DTk, XPS(H7,p13), EPMA(HS,p13),BAT 512 & 5 FERKHA 5 (H8,p30),NO 7 & — 7 H:(S,
PUFFDORERD S, MoDF BBV SHNTE T2 L E1 603, Shid, ANSEICEVTE
LRI M RIZTERBENBV D EEI SN D, BRERIIow T, SEECEMoniEES
VRL2LOERWICHIBTE v, $/2, HHBEETHIEAELT- CHroBIET A D, 25/ —
N DERALRIN(HT p32, H8,p28)F 1L, MoD BBV AT EME It { nwEEz 5N D,




("]

DERBREIC BV T, ZERANMEL CTHARBEAENE ) HREEEOH VGO FBH TR L 5,
DERBICB VT, WESD L& BIEES BV % 5,

DFEHWHFEE., FRECEAAMon A HEF BRI OHMUSTETH 5,

[Z#fk] *) Gredil.R..and Lucken.E.A.C.J.Am.Chem.Soc.,37(2) 213(1965)

Tablel 7IVFILERINVVFF 72w HoRECEGRE

T 5
AEE  (Mo/AD
DBT 4-MDBT 4,6-DMDBT
1-IRS  (0.084) 87.7 69.1 25.7
2185 (0.083) 89.1 72.2 28.1
3RA  (0.077) 83.1 63.4 24.7
4-ISA  (0.081) 83.8 65.3 25.7
S-RV  (0.075) 79.1 60.6 25.2
6-ISV  (0.079) 82.4 61.1 26.5
7-ESA  (0.080) 95.1 74.2 32.3
8-ESV  (0.085) 95.9 76.3 334
9IRS (0.077) 84.5 68.7 25.3
10-I8V  (0.075) 82.1 54.3 19.9
Table2 7WF VBRI VUFF 7o yEOKFICREREE
HEEE  (Mo/AD AL
DBT 4-MDBT 4,6-DMDBT

IRS-1 (0.080) 82.1 537 42.6
IR$-2 (0.080) 82.8 50.7 32.9
IRS-3  (0.078) 85.9 56.8 43.4
IRS-4 (0.079) 81.3 524 40.0
IRS-5 (0.076) 80.4 55.0 40.1
IRS-6  (0.079) 83.9 50.2 35.5
IRS-7 (0.079) 84.0 516 32.5
IRS-8  (0.079) 87.4 56.6 37.1
IRS-9 (0.082) 85.5 55.6 41.2
ERS-10 (0.071) 78.5 46.2 32.1
ERS-11 (0.073) 81.3 46.2 30.8
ERS-12 (0.073) 83.8 47.9 28.0

AL OB IS T, BHRE, 2EME, HPE, SHRCD

tﬁ‘jj]ﬁg i Lf:.u




ZBMo0s/ Al O3l % BV 7= VRV VF 3+ 7 = v OAE BT RS
(HERILAIL) mEHE - AR 8

1. 5
199 piEEERMEBES L Rt s N 1 2 FEDOMoO3/AlLO Bl D S5 & 4 &I
(IRS-1, IRS-6., ERS-10BUFERS-11) 2R, YRV VF 4 7 = ¥ (DBTOKEILEHRL
JGHEDS)Z A7V, BRE RN R TR R R 2 E L 2,

2. HEER .

BBRES I E SRR EE AV, 0.42-0.84mmD Kk S 3255 o 72 K5 EA
0.2 g # ARBTecit MU TH 2, M % RISHNTH,S/Ha (HoS 3 %IDIBEFTAT
400C T IBEMTFMBAL Lo, BUGIREE 260-340C, KIGH A&E 50 kg/em2, KIEH
E181/h, WHSV70h-l, DBTLOW%IRE (B 77 Y) OEHFTCREE2{T-72
KEERSIEBREGCOAFID FAZ QT b5 7 4 —TH#r LTz

3. HBRLEE

AN OBE S DBTOHDSICHERZ R L. EBWRE 7 22 VBPRT Y 7 OAF I LN
YEV(CHBYTH o700 F 1 ICEMMORIREIC 81T 2DBTOEAR, HERY Y Dizl
K BPADERE %R T, DBTOE(LRIZ260T, 300CRUB4L0COMrOBETD
FERETHB LAIRS IRVIRS 6 FEWIER T H o225, HIFE NS ) D& 2 <703
A, 340 CTDIEBIZIRS 6:ERS-10IRS- LERS 11 DJETET L7245, IBHEOE SN
bDThHhotre HEENOMoO;0EFRIZIRS- 1. IRS:6, ERS- 10ETERS-11 TEFNFh
13.3, 12.9, 112RT11L1wt% & LTEEL &, SRETHRML., BREE*400TIZL
7:IRS-6'C. DBTOHDSHEMEN D B HREREF100TTLHEEIE LN S Z L2
Lpklhol, L L, FHEHETHML, BREE%400CIILAERS 11T, 2%
BWEE o 2o BPADEIREE KB E, MhOfs b Ii3iIZ90% TV EERL,
ZOEEDP L ITEREIRBICOWTIMEROBELRENS S LB bhi vy, L EDOHE
i, TN FEFRILT) 7T 2 FEREL TR{EOIRETHEA L 254G, DBTO
HDSIZB VW TIRS 1, IRS-6, ERS- 10K UERS 11 DEICFHBEIC L 2 k& 2EIZ R VAT,
IRS6TROHNS L IC400COBREBRTHRMICLELFER A BB oh, SHE
*ELESEHEEVHIILERLE,



£1 ZREEOCZEEICBTZDBTORIER, HFFEY ) DE(LER RPN BiRN%

Catalyst | Temperature | Conv. of DBT (%) | Conv./{##FE Select for BP (%)
IRS-1 260 °C 0.7 0.05 87
IRS-1 300 oC 6.1 0.46 93
IRS-1 340 oC 16.0 1.20 30
IRS-6 260 oC 0.9 0.07 89
IRS-6 300 oC 6.6 0.51 92
IRS-6 340 oC 18.2 1.41 89

ERS-10 260 oC 0.8 0.07 88

ERS-10 300 oC 6.1 0.55 94

ERS-10 340 C 14.2 1.27 30

ERS-11 260 oC 0.7 0.06 85

ERS-11 300 oC 4.1 0.37 95
ERS-11 340 C 12.8 1.15 9
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(PITEE BT R)
B 7 el et

r %A

il

FRRTARRE I, R A EARFMIIELI o ic FMEZE L, SDOLDDONO
WHAEEWEL o ChoDERICETE, MIALBEOMD FEEEE RTEKTSH 5
MoO3/AlL O DEIR T S HE S DR AZEER LT,

2. £B

| BRI TSR T — IR LA . 0.100g%H 5 X ¥ — X TR L TPYREXBD KIS
ITFH O I, SBHS/Hy [QIRPRENS673KE THIB U, 2EMBRLE A i UL,
5%H,SM, it Z30mlmin, [EA7%0.2MPak Lo, 2B REN%. BEE THRIELTHSHE
B ZREHZHI O MR, FOFF10BNOMHea UV AETHIEITBA Ulc, Mg 4B
BUINOETCDIZ L D EE L, BEEE KD,

3. BRRUEEK

3.1. MoDiiEE &¥ etk & D%

RS NIcMoO/AL O3 ITHIEAMBE AHE L. COLDODONOEEEZHIET 22 &z k
D . WAEMoO;/ALO;DMo DA Lic, BTHE S OBEXHSHTIC & 5 Mo0548
FiRe b EIZMYNOEEDH TR U, HEMoD S A FIEM L 72 £ DR AR
ARG o MALAIRFAIMOIINOY 24T R4 5 &RET HIE. 2Mo/NORZERAL AR H2F175 Mo
EIOERTBOIMERAMOBEFEERT. 2. JOENKEIZEMS,D7 5 R
F=YAZXHBRENEERD LENTE S, 2-ISS, 4-ISARUG-ISVIZDINT BB M4
AL -FEIMAOMH).

ST FRETHE LML T, BRFEOFBEE 3L OMNOIZ S LK
SO, BRFOZRBEKIIMZNOIIHEE RIFTIENG B, 2F h ELHHE
U Chietf U7 (1-IRS 2-ISSKUI-IRS)T{L16 2Mo/NOZ17TH B3, ibFEM L7
fbE(S-IRV, 6-ISVERLFI0-ISV)TIF13<2Mo/NOS 14T % 0 . 1 EDOREDMoD 48 i1+
T TH20%E . LB SHHA T THEE L2 AEG-IRARU4-ISA)TZ14<ZMo/NO
15TH Y, LR TFEORE & DFFNTIARE TN\,

— PR TR U Ao R B U T oD SR B (2 B T B M IRIT )

— 67—



(AR EMoD 43 K T i e RIFE I,

3.2, WAEMoD i fE & KR LS M B UK RILIEE L D%
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Table 2 Amount of NO adsorbed on catalysts

NO uptake  2Mo/ NO

[mi/g-cat.]  [mol/mol]
1-IRS 2.89 16.1
2-I1SS  2.97 (2.85) 15.2 (15.8)
3-IRA 3.01 14.7
4-ISA 273 (2.79) 13.8 (13.5)
5-IRV 2.88 13.4
6-ISV  2.91 (2.92) 13.2 (13.1)
9-IRS 2.74 16.5
10-1SV 2.82 14.4
11-1ISV.  2.79 13.7
7-ESA  3.14 14.2
8-ESV  2.97 15.2
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Table 1 Amount of NO adsorbed on catalysts

NO uptake  2Mo/ NO

[ml/g-cat.]  [mol/mol]
IRS-1  3.03 (2.94) 15.0 (15.5)
IRS-2  3.13 14.2
IRS-3 3.0 14.1
IRS-4  2.84 15.2
IRS-5 2.98 14.7
IRS-6 2.8 14.8
IRS-7  2.98 14.6
IRS-8 297 (3.11) 14.6 (14.0)
IRS-9  3.02 14.2
ERS-10 2.99 12.8
ERS-11 3.27 (3.16)  11.6 (12.0)
ERS-12 2.68 14.3
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