5541 B T o owm L T Vol.41, No.7
2024 4 7 A FINE CHEMICALS July 2024

Ce 53T 55 SR B FI AR AR I BERY F2 IR

%R, AP, RMAE

(ARMRY BRI RS = Be BEURIA e S O e M P R PR s SE 0 %, 098 Mist 211189)

FEE . APUEEL (V-W-TH) EAEFIPEST Ce $B2RH14 T Ce,ViWA/Ti (x% A CeO, fizh:, LML EFE, T
M), R XRD. N, Wik . SEM. XPS, FTIR ¥ Hi47 T 3RAF, i@ NHy/NO-TPD FfiF T NH; fl NO 7&
R A 7R 2 T W B 5 55 40 A, IR T ORTF] CeO, T it N AALI RIS PERE , 2295 B2 R BIR TR TE T M
FERI RIEHLIE . 5 RRH, CeO, MY FARIG N T #1077 2 I fh 2 W B 42010 L 51 1 Bronsted FRMEN A5, W8/ T
PEAEFI M VIR HL B Lewis BRMENLS ; 3 249 CeO, kAL W &R V-W-Ti LA p P IGRIG M, H1
BT 2 SRR R B RIE M, CeO, TN 1% ERIIL R (Ce,V \Wo/Ti ) I, HIESIRE
(200~400 °C ) BRiBAS TS ML T VEW-Ti, 7E 260 °C, 2530y 6x10* h™' A& T, NO, iR Z M 79.01%
H% 99.19%, 7EEA H0. SO, A4, HNO,JBERFM 58.33%FH % 74.55%, Ce B Z:FEIR T HEALFRIZR1E
A NRIERLRE, B T LR R IR OIS, SRIL T SO, FEfifbin R im A mit, SO, *Fa/a AL Fm
SUTBBRRREL L, 78 HO MPMRIVERTF , Ce $54% 5 Ak 2R 110 B8 5 BURR B R 6, 3 pH A7) 2 0 1) R SR
KA BEEELIANE; Ce182%; SO, R ALY IR

FESES: TQ426; X511 XERFRIREE: A XELHE: 1003-5214 (2024) 07-1550-11

Effect of Ce doping on denitrification performance of V-W-Ti catalyst

CHEN Hong, ZHONG Zhaoping’, ZHOU Junwu

( Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, School of Energy and
Environment, Southeast University, Nanjing 211189, Jiangsu, China )

Abstract: Ce,V,W4/Ti (x% refers to the CeO, loading, based on the total mass of catalyst, the same below)
was prepared by Ce doping of vanadium, tungsten and titanium (V-W-Ti) catalyst and characterized by
XRD, N, adsorption-desorption, SEM, XPS and FTIR. The adsorption strength distribution of NH; and NO
on the catalyst surface was characterized by NH;/NO-TPD. The influence of CeO, loading on the
denitrification performance of the catalyst was investigated, while the deactivation mechanism was
analyzed by density functional theory calculation. The results showed that the CeO, loading increased the
chemisorbed oxygen ratio and Brensted acid sites, but decreased the V*' ratio on the catalyst surface and
Lewis acid sites, on the catalyst surface. Appropriate CeO, loading could significantly improve the activity
of V-W-Ti catalyst at low temperature, while excessive loading reduced the catalyst activity at high
temperature. The V-W-Ti catalyst containing 1% CeO, loading (Ce,V,W-/Ti) showed the best performance,
with its denitrification activity much better than that of V-W-Ti at all temperatures (200~400 °C). Under
reaction conditions of 260 °C and space velocity 6x10* h™!, the NO, removal rate increased from 79.01% to
99.19%. In an atmosphere containing H,O and SO,, the NO, removal rate increased from 58.33% to
74.55%. Ce doping reduced the oxygen vacancy formation energy on the catalyst surface, changed the
strength of the acid site on the catalyst surface, and strengthened the adsorption of SO, on the catalyst
surface. Ammonium sulfate was deposited on the catalyst surface after SO, poisoning. Under the synergistic
action of HO, ammonium sulfate was more likely to be deposited on the catalyst surface after Ce doping,
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which was the main reason for catalyst deactivation.

Key words: selective catalytic reduction; Ce doping; SO, poisoning; computational chemistry; catalysis
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Ce,VW4/Ti 69.0 0.293 10.9
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FITEEA SO, H,O WA S MM A BN B iR B £k
FE DRI R AL R KD
A A 0 A4 A 500 2 T 2 R 00 0 P 6 SRR B A OG
Ce,V\Wo/Ti W AHTEPEA L V W/ Ti A s, 2
HRmBIN SRR, H 3 F AT H m A
PRI, I, FI0 CeO, X Vi W/ Ti P BE B 52 i -
AN 238 3 2R A AR R L 3R T RRURNFL 45 ) 45 3R 1 45 4
SR .

2.7.3 SEM 5 #7

& 10 & ViW/Ti, Ce,V,W/Ti, CesV,W-/Ti I

Ce,V,W-/Ti-S fi) SEM [&],

4

l7§] 10 V1W7/T1 (a >\ C61V1W7/Ti (b )\ CC4V1W7/Ti (C)
1 Ce,ViW/Ti-S (d) 1) SEM [
Fig. 10 SEM images of V,W,;/Ti (a), Ce,V,W4/Ti (b),
CC4V1W7/Ti (C) and C61V1W7/Ti-s (d)

MIE 10 ATLIE H, VIW/Ti 200 Y2RS5/ 5
R, ROk AT S), B RAEFI . ER
1%F01 4% CeO, Ji , 1 A7 3% [ URE AT 5 B0 52 s A 34
i, A MEETA L, B EAERERE T AT — 20
JESEE S . ML T CeyViW/Ti, CeV,W4/Ti-S i
DU 2] T S RIE S B o, HAARRUAH B fb 7
AT A FORE T R, I 1% s TR A A 391 3 Tl 114) 7 TR
iR, EATMEE RN SR, 23 55 3R 0TS AL
B, FEEATI R AR, B TR
JOLA I P

A 11 5& CeViW4/Ti. CesViW/Ti H1 Ce JLE R
Mapping K. INE 11 ] LLE H, CeO, #B LI 11 2%
FERAR L, IR A o B AR R R, JF R A
CeO, T (3G it B4 A AN SIS .

ZE LTI WS I CeOy X Ak 751 2 T T 558 1 52 i
BN, HIE&H AR CeO, Tk m ML H, CeO,



* 1556 ¢

A% 4m 4 T FINE CHEMICALS

41 4%

EREA RAFR N HUE , E— P8 UE T BET RALS
g

a

1 pm 1 pm

2.7.4 XPS 5 ¥

HEAR T T TR M2 A2 M e A
BINZE, NiE—HRIT CeO, TRIRHEL I A0
Xt CeO, N E N 0. 1%, 4%IAELFIIEST T XPS
FAFE, AR MR B Ot R IR WL 2,
BICE ) XPS i LA 12,

PR R 25 1T B S i o DA A R 2R ( Ogs )
RS R (O ) WITERAEZENSS), W 122 BR,

K11 Ce,V,Wo/Ti (a) Hl CesViW/Ti (b) fJ Ce Mapping 8~ Ouare Fl Ouqs 73 HITE 529.2~530.3 1 531.1~532.5 eV [
Fig. 11 Ce Mapping of Ce,V;W-/Ti(a) and Ce,V;W/Ti(b) LA H 04
K2 Ce,V Wi RIE THE R RIS
Table 2 Surface atomic molar fraction and elemental state of Ce,V,W-/Ti
BE IR 5 BU/%
fiEfe Ce \Y W Ti 0 — ]gj(oad; Olat) V&(VEHVT Ce*/(Ce¥+Ce*)
V,W4/Ti — 2.94 6.61 17.06 73.39 9.01 52.29 —
Ce,V,\W,/Ti 1.59 2.62 5.03 16.13 74.63 13.86 43.84 54.09
Ce,ViW,/Ti 5.87 2.40 4.86 15.49 71.38 16.09 23.51 21.71
a Ot CeO, T#RJA, MEALTIZRI O, A LB BTk .
CeaV WH/Ti 2\ O fil#7 0F . O FI—OH H:PIZE7E M AW, HiAH
Ot b O A B TSR, R P EARER
- gk Wbk, Hoh—OH SLHIATHCY Bronsted MRS, M
TR Ak X NH; 0% e,
O ME 120 FTLLAE S, VY VI EITE 5157~
ViWo/Ti AS/,A 516.0 1 516.4~517.2 eV (L5 HEA B1&7 ) Fm
sis ™ 55 w50 s CeO, Ji, MEALFIERT V Pfh i 2532 51 1 5%,
ARV V*E R CeO, Tk AN FI%, BI CeO,
b D2 TR TR VRIS, X T B T
= = CaViWoTi CeO, TELE— R R . Ce-Ti 2T TiO, M
st I, RERE AN TiO, SRZE A ML E YR D . 1
I~ VAW-TE AL, VR B AR
—~— BT, T CeO, WG SEL VA 5 LR, 611155
4 V YR EA RS TR Y VAR SO, 4L,
M—“% ViW/Ti Ce LIS HEALTRIRS SO, YTt SZ A AR AT E L2 1h T
520 518 516 514 512 VI He B R
s Y WK 12¢ iR, Ce'fE4s 4 fE 884.9~885.5 Al
c Ce ot 903.4~903.9 eV 4b %, Ce* fELE A fE 882.2~882.5,
CeViWi/Ti 888.4~889.0 . 897.9~898.3 . 899.9~900.9 . 907.0~907.5
916.5 eV &b HIERY ) CeO, i 1% % 4%
JG, Ce R Ce* Y i i 43 BUER A W W3, {2
Ce,V\W/Ti H Ce’ /5l T CeyViWo/Ti, JE R JE—
Ce™ Ce¥; JrTf CeO, ik MZ , HAEMAN TS & 41
CoViWiITL N B, LSRR, EAAT e IIBm,
030 90 9l0 900 0 880 —Ji il Ce)ViWy/Ti i Ce ALY HYES ih B K L
HEEeV Ce,V\Wo/Ti {1, 23 LI BT SAAE , A F T Ce®
K12 Ce,ViW#/TifJ O 1ls (a). V2p (b) FlCe3d (c) QT . Ce® Al LIk o f 5, A5 F) AL
H XPS 1% &

Fig. 12 XPS spectra of Ce,V,W,/Ti for O 1s (a), V 2p (b)
and Ce 3d (¢)

AL AL B2 2 BB A, B CeO, B3N
W Z AR TR Ce MRS, L5 LITR, Ce
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ZRIE, AL RIETE R ce®/cet . VYV ZE I E AL
A JEAE PR AT DR (L = B A AN A Ak 2 e R e s
7, HEEEAFIA NO A fbiE .
2.7.5 NH3y/NO-TPD 4#f

13 4 CeO, TAEHE N 0. 1%, 4%HHEALF) HE
178 NH5/NO-TPD X445 2K

Ce,V,W,/Ti

Ce,V,W,/Ti
V,W,/Ti

100 200 300 400 500 600 700
MREE/C

b

Ce,V,W,/Ti

Ce,V,W,/Ti

100 200 300 400 500 600 700
REE/C
[ 13 Ce,V,W/Ti i NHy-TPD (a) I NO-TPD (b) i/l

Fig. 13 NH;-TPD (a) and NO-TPD (b) profiles of
CCXV1W7/Ti

WE 13a s, V,Wo/Ti £ 100~400 CHAH—
A58 HL 1 0 NH; W0, % 07 T £ 571 2R 1 7 55 iR
PR 7 5, 7€ 400~500 °C A —A~ iR A A 1z
5 CeyViWo/Ti 155 IR T Hb R 6T 10 1) fige kg e T AR
JITHE TN, 5 TR 57 1) ok o i 1 ARUAT Tl 2> 5 Ceg Vi W/ T
FE 100~400 °C Y NH, fif W AR 15 2B, 400~
500 °C A 114 ek T figk W8 T FR R /), G vl o e
REANEEAL, FIREJE T3 2 o R 06 A5 % 728 R 55 TR
fLa B e FemRPE , NI 75 = U W BT S ) NH,
B> 380 . NH;-TPD 451 3EKW], D Ce
B RERI N V-W-Ti i 4k 57 2 1 55 R 2 AN v iR i
2yl ok R i, BB 35 B v A Ak R A IR K
o GEAT X R B, AR 3R R PR A S R 5
R T % 58 A P B Xt SR — B, S U I R A
) 25 et TR 5553 A2 5 T 4 AL R I A PR RE R S B R
Z—

WK 13b s, AERITE 150~250 CHINA
—MRELAY NO WA, 33 I A7) 2 T A7) 3 e o

[ NO 7E et F2 b BB s . 78 500~700 °C 4
LT vE HAERY NO i i, SR 171 4% CeO, M T
HEALFIZR A NO 3R B A5, sk T AL FIXT NO
A2 W B o AL R AE =R T A NO i I 06 Bl %5
CeO, MM MIGINMAZ® , [H CesVIWH/Ti #E 5 ik
BEHY S TG M HE T CeVIW/Ti, UEBAAL2AME B A5
() NO XA 7] A4 v ek 8 A A B T e 553 o

LA 13 AL, Ce sMERT AL, 7E
SR H R NH; 5 AH s B B Y NO
KRN, RIS W #AE Eley-Rideal HLEEP',
2.7.6 FTIR 547

&l 14 R NH; J5 09 ViW,/Ti. Ce;V,W4/Ti.
Ce,VW-/Ti i) FTIR i% &,

3739, 16 1634
L3154 CeViW/Ti 11400

J‘/‘;‘\\E
AN

Ry ‘E'/ﬁ\,:,’/

Ce,V;W,/Ti

Vi W,/Ti

4000 3500 3000 2500 2000 1500 1000 500
Py cm™

& 14 Ce,V,W,/Ti i FTIR i%&
Fig. 14 FTIR spectra of Ce,V,W,/Ti

M 14 ATLIE H, 3739, 3426 cm ' Ab hAEAL
FF I 4G PR B, 3154 em ' Ab Sl Lewis iR
71 Ae {7 2% NH; BIXTH AR 4a IR o, 1634 em ™' 4b
Lewis MR FECAZAS NHy YR R BR A8 45 35 5hig
1400 cm ' 4k} NH;7E Bronsted F2 {7 _F B JE X FR AP 45
P> 7188 1% CeO, J5, CeVW4/Ti fE{L5)
1E 1400 cm ' KbIEAT FIrHss | 7F 1634 cm ™' ZbIEA BT,
55, X R CeO, TSI T HEILFIFK MY Bronsted
PRI, /DT Lewis FROIELE; 112K 4% CeO, B,
CesV,W-/Ti #E4L 57 Lewis B2 (v Fil Bronsted F& {3 f) 728
fEA K, ULH] Brensted FR{Z FY3E L Ce 844427
V-W-Ti (LI HERERI B Z N K . 454 XPS AU R,
IR Ce 245 AL R34 hin i 25 o Ak 27 W B S B 7
T HIE 809 Bronsted fig i1,

28 DFT it
28.1 HAMELATM LT HE

%M GAO %%} V,05/TiO, (V/Ti) ##4T Cr.
Fe %0 Z B4 E Y DFT B, #5481 Ce B2k
PERY Ce0,-V,05/TiO, ( Ce-V/Ti) Fifl,

AR5 N SR T R ] e R v SR T S )
B, 76 SCR i, ANtk W 0, F1 N,O,
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Wekft O, FTLAfERE NO %Mk, Mimidg sl SCR
RN, MR NoO AT AR E o, 2 s AR Y
N, EHEMERT S V/Ti Fl Ce-V/Ti B 48 23 1 BT 5 0 45
Fn & 15 frzs, VITi B Evo 9 13398 keal/mol, iX
F V/Ti BMEIE R 2S00 Ce-VITi 78 V BN BB
AR 2L Evo A 47 keal/mol, 1E Ce i B K L4
231 Evo 30 keal/mol, 7EIZA B IE i 48 25 i 12
AT AR, B Ce $B A2 RRAK T AL R 1 1) 8025 0 B
EE, HAMUETE Ce b8 25 (B RIS 45 5 , il
153 Ce J I VO, PRI B 25 67 I s B BE A8 /)N,
MEFEFEAR . I, Ce B2 )5 MEALFI R M A H L1
Eos i, 454 XPS Ml FTIR U455, Ce 5l AJS 1L
ST [N A==l = N o 3 = A VA |
Bronsted FRPH:AV S o

V/Ti e Ce-V/Ti \)\}/ © Ce
e ___ 0 K.} N} 'a ! a8 oV
= ¥ o 3 i Vo - r‘L z '?1
E £ $_ 4 ) W
NREEVAR
] nge : SO - R . N r )
ir ATl TAT ri LTL_ TLVL

K15 V/Ti, Ce-V/Ti JEWUA 2 i 45 F4
Fig. 15 V/Ti, Ce-V/Ti structure before and after forming
oxygen vacancy

g TR > T AE Bronsted BRI [T
IARFEREAE (V=0 . Ce=0 ). E¥HEHH (V—0—V.
Ce—O0—V ) F#EMEMFA (V—O0—Ti. Ce—O—Ti)
a7 2 10 Y Bronsted B2 55, V/Ti Al
Ce-V/Ti J 1 Bronsted FR 1 3 5 BYH R 73 5T A&l 16
FR oo

BI-1 B1-2 B1-3
Ce-VITi X, ; %
K ) | i i L) | K e ) 3 4

B2-1 B2-2 B2-3

Bl 16 V/Ti. Ce-V/Ti I Brensted FR1 i 14 %)
Fig. 16 Brensted acid site configuration of V/Ti and Ce-V/Ti

[¢]

00000
mTHO<QO

2.8.2  NH; % M4 $

NH; 7E V/Ti f1 Ce-V/Ti _F Lewis iy /5 1 Bronsted
T8 57 S5, W AR B A ] 17 s, T o R B
Hirshfeld ML fif F5 #5 a5t L3 3.

% 3 T LLE Y, NH; 76T A IR M 7 5 b i it
M RE4e X E I KT 90 keal/mol, %454 NH;. NHi

AIAR SR A3 AT, A NH, W B 35 S Ak 24 g B . %1
V/Ti, NH;7Ef; T V—O—Ti 1% Bronsted FR {1 14
(AW B RE e, R B AR, X R BH TiO, 1B M ik
G PRI RD VO, Z [0 B35 % T NH; IR R A
FI, TiO, 12 M JC & TP 16 M A A W Fh 2 0] 1 4544
Al S SCR SN ) F B 16 v 5 128,

Ce 241155 T NH; 7E i S0 F 2 A& B & -
Bronsted RV 5 B, (H58AL T NH; 7E Lewis iR
57 TR HF L Bronsted B2 5 AU W B, i FTIR
IR, Ce BAG AL LM 1Y Bronsted BRIV A
Jirgas, RNk Ce BIFIE KA “Ce—0—V”
I+ Bronsted BRVEN 5 L “V—0—V” EF TF iR YR
£, B Ce 8 2% k78 T4 A0 79 2 1 ) R 07 5 555 , 9t
THRERRERYE, HIES T 55 IR SR IR 1 B

VITi § & o © Ce
, .zﬁ,;‘ ©0
©Ti
NH;-L1 NH;-B1-1 NH;-B1-2 NH;-B1-3 o
Ce-V/Ti

H
AR S JAL
NH,;-L2 NH;-B2-1 NH;-B2-2 NH;-B2-3

[l 17 NH;7E Lewis. Bronsted [ {57 s, 14 15 i 4 764
Fig. 17 Adsorption configuration of NH; at Lewis and
Brensted acid sites
# 3 NH; fE Lewis. Bronsted 2 5 W 6E . Hirshfeld
HL A B F A
Table 3 NHj; adsorption energy at Lewis and Brensted acid
sites and Hirshfeld charge transfer amount

2 B A4 41 |Esl/(keal/mol) NH;. NH;HLfif/e
NH;-L1 127.34 0.32
NH;-L2 142.13 0.19
NH;-Bl1-1 98.90 0.40
NH;-B2-1 91.91 0.30
NH;-B1-2 133.71 0.54
NH;-B2-2 139.40 0.27
NH;-B1-3 24413 0.51
NH;-B2-3 211.32 0.46

2.83 SO, B M AL

SO, fE V/Ti 1 Ce-V/Ti L Lewis BR{ 5 F1
Bronsted FRAV 15 AW FHF I QN 18 Fras, X i A% i
FfFHE . Hirshfeld H fof 5 #5 1 W3R 4,

SO, TEMEALFI FE1H 23 Fl NH, K A= 5a 4 b, Ce
BIRG , AT AU R e R TR BE IS, B SO,
TE Ce 4% 5 A0 70 2 1 1) W B RS E A T 384 & o4
P 5 3/ B Hirshfeld HLfa 7% 5 1 2 B SO, J& T3k
W tE M B, SRR A s B A B, mE R, R
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TE Ce BI%JR AL TRYENL KUY SO, HAIXEL
JBRE , IRES NH; 55 SO AR BB IR B £ 5 o 7E AL
I, HE— DR R AP BE .

e »

\Z ) e b $ ©Ce

oV

s SR s SR s S0 A S

SO,-L1 SO,Bl-1  SO,Bl-2 SO-Bl3 © IT{‘
Ce-V/Ti ©

SO,-L2 SO,-B2-1 SO,-B2-2 SO,-B2-3
€ 18 SO, ¥ Lewis. Bronsted BRAV 5, 11 W% B 44 4

Fig. 18 Adsorption configuration of SO, at Lewis and
Brensted acid sites

# 4 SO, fE Lewis. Bronsted B2 W fff6E . Hirshfeld
L e RS
Table 4 SO, adsorption energy at Lewis and Brensted acid
sites and Hirshfeld charge transfer amount

% o6 g 750 |Eaasl/(kcal/mol) SO, Hifij/e
SO,-L1 28.19 —-0.03
SO,-L2 73.09 -0.03
SO,-B1-1 40.42 —-0.04
S0O,-B2-1 85.28 —-0.09
SO,-B1-2 66.66 0.03
SO,-B2-2 63.30 0.03
SO,-B1-3 78.35 0.08
SO,-B2-3 96.03 -0.11

W, KR Ce MM AEIEE
CeO, WM MIGIMIRG N, Kk, #E SO,. H,O ifif
%T&Wﬂ]ﬂﬁttﬁ, CesVIW,Ti ke Ce,V,W;Ti il V,W;Ti
FME T Z UIBR FR gL £, T 5 B NO, BBk [
MR R K
2.8.4 H,O B MM

H,O fE V/Ti fil Ce-V/Ti I Lewis BR1 5 F
Bronsted [ {37 25 14 W Bt A BY A 1&] 19 itz X 7 ) I
B fE . Hirshfeld Hifaf 6 F i WL 5.

MF 5 LUE Y, AT NH; A1 SO,, Ce $84%
HIJG, HO 7EH KA WM REAR /N, 25 S8R
Hirshfeld LM H5F6 40, TASh H,O FEMEALT R 255
Ab2E B, i T RS HoO Sy MR, X5 Ky
T ISR —E, A TS H,0 BIRE
SYEUEE, HONHs = 2 BRSPS  4a %
e K o3 T 23 o H i Ak 0] 2R T AR 40 PR A6
M5 ) NH (W R R 2 M i & SO, B
WS B H,O SO, Al NH; A L T3 38 45 5) 7 i
A7 2R 1 & A O A B(NH,),SO, 1 NH,HSO, 7 55
FRIENL &, FEACAEIL IR PERE,, ORI T
Wy FE R

. > .
V/Ti : { & ©Ce
e g ! e | Iy [ g e eV
H,0-L1 H,0-B1-1 H,0-B1-2 H,0-B1-3 @ O
Ce-V/Ti © Ti

o LS
}:{ 3]1 }z “oH
H,0-L2 H,0-B2-1 H,0-B2-2 H,0-B2-3
& 19 H,O 7F Lewis. Bronsted i1V 5, 14 W [} A2) £

Fig. 19 Adsorption configuration of H,O at Lewis and
Brensted acid sites

% 5 H,0 7E Lewis. Bronsted M2 5 W ¥t fE . Hirshfeld
FLA] e A
Table 5 H,O adsorption energy at Lewis and Brensted
acid sites and Hirshfeld charge transfer amount

2 56 4y 75 |Eaas/(kcal/mol) H,0 Hifi/e
H,O-L1 18.09 0.19
H,0-L2 23.41 0.11
H,0-BI1-1 16.88 0.15
H,0-B2-1 32.74 0.06
H,0-B1-2 21.84 0.16
H,0-B2-2 18.65 0.13
H,0-B1-3 17.21 0.14
H,0-B2-3 20.39 0.14
3 it

(1) 34 CeO, TN 1%F, Ce;V,W/Ti K
G PEAI S VIWS/Ti A B E =T, HEA RAENTE
PELH S S 3RS R 2 (I BR YR 5 . 7 6x10% h ' 48
BN, HAE 260~400 °CHJ NO, BibkR#id 99%.
NH;-TPD Z55% 0, /519 CeO, )i, Ce,V \Wo/Ti
I TE Z )55 AR, MmEE s T HXT NH; /9
IR BE J1 . 454 FTIR F1 NH; W f Y DFT 44
LSS IAH “Ce—0—V” I+ Bronsted BRPEAV 5
b “V—0—V” EAHEMRME, SN Ce0, &
R AR 58 i 1 R T ) AL

(2) Ce M5 AXEIN T {407 F2 18 1975 PR 9 i
Cce*/Ce . VYV lE Y A AL I JEAE PR AT DL AR A
& A A2 E R R 25 o0, R AR NO
AALIE P, (At 4R CeO, AL FIF T /Y Vv
o H i R, SRR AR SRR KR,
T A ) 7 v 0 S P O s T AR T et i
XPS. FTIR FIAZ NI RE T A5 R L], Ce
SIAJG, AT R G I f 2 B4, BB A
Z3 5 #1 Bronsted FRPE £,

(3) 113k CeO, J5, HEAFIXT SO, Ay AZ P
fi; SO, By DFT I8 45 KW, SO, 7E Ce B4
J AR 7R 2% T 1 R B R A TR N s 454 BET
SEM 7381, SO, W EE 5 A Ak 7] 3% 1l & DU AR R
b 7E H,O BIEMEIVEFR , Ce 8245 k50 2 1 o
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