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A (5 wt.%)Mn-(1 wt.%)V,05/TiO; catalyst were prepared by co-precipitation method and used for low-tem-
perature sclective catalytic reduction (SCR) of NO, with ammonia in the presence of oxygen. The properties of
the catalysts were studied by X-ray diffraction (XRD), temperature programmed reduction (TPR) and scanning
electron microscope-energy dispersive X-ray spectroscopy (SEM-EDS).

The experimental results showed that (5 wt.%)Mn-(1 wt.%)V205/TiO; catalyst yielded 81% NO conversion at
temperature as low as 150°C and a space velocity of 2,400 ' Crystalline phase of Mn,O; was present at >
15% Mn on V;05/TiO;. XRD confirmed the presence of manganese oxide (Mn,Os) at 26=32.978°(222). The
XRD patterns presented of (5 wt.%)Mn-(I wt.%)V,05/TiO; did not show intense or sharp peaks for manganese
oxides and vanadia oxides. The TPR profiles of (5§ wt.%)Mn-(1 wt.%)V,05/TiO; catalyst showed main reduction

peak of a maximum at 595C.
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1.4 &
A Zo)3YU(selective catalytic reduction;
SCR) &#42 Zvl& Al&3le] FAAAEES A

e 7|ER2A b EAEo] i ofF dE ALg
=5

SCR Zv) ALdTE AFEA, 35 A3EA
g ASeolEAY T JF2 AA F£2
on ol FuldA &FHE EA4L W77t
EXo] $H-o 1 HEHAA gt}
53], ol ZFul9} A ALEEHE FHAA A HE
Jhxe] Z7o| uwal NHs®, urea®, hydrocarbons”,
CO”, ¥ %o} 2@ Agdrh

Corresponding Author : Sung-Woo Choi, Department of En-
vironmental Science & Engineering, Keimyung University, Daegu
704-701, Korea

Phone: +82-53-580-5245

E-mail: swchoi@kmu.ac.kr

333

SCR 7|¢3 BHste Adutgoz 714 & oy
A V:04/TiO; Zulx= olu] 1970 tho] oA 7
dro) AAHoR b di ALHE Zujo|n)
duE oz Vo0y/Ti0: EWiAE NS U4
AHgste]l AL A BAHE NO AA & @
Ae BojFo B3 SOl ths WTFAol e =
o] W ¢4 Hoz FAFUG? A
V:05/TiOA Evle] ARTFAHL i 73
V205, TiO; &lol 4z webs WOs¥ MoOs”,
Si0” %ol HALAY sulfate FT}. w7 7F22
z7 wedA HAHD "rlEE 2E20E V0s
ot e %ol BAH o] V,0y/TiO; Fuje] 2714
o Agsae 8% d¥e oy,

Vanadiume 7122 3 &vj7} & 431 SO,
o @ WRAo] Y BAFGE B iAo BHHE
o] Qlth. 300~400Te %L SELEHWY WA
gio] glon o &% HY oM SCR 2L ¢4



A7

StHe AL ErE o] NHMHSO (NH)2S:0:3 2
< ammonium sulfate §9] HFo2RE FF4Y
dabo] dojun FEE 3t7] e ol mab
w7k A7EE 93] Y3 gEFA 9} A5
171 Aol SCR &3l -"1?]3“"? Fop?, o) 2 gt o]
F W&o A& SCRolA & 4% /A& &
el i3 #Ae] HFHI Ut AL SCR &
7} 150~160C =04 o] dubd g3z s
A71FR7] & A 5 glo] SCRY AAA
S MAE $ gl

ueta B dgoies g FEE 9 Sy
=9 FAHE Fsty] AAE 200TC <lste] A
LG Gol A ALAE AA F4E Hol: Fv
fgte] @5 o] SCR FA AlE=HE V05/TiO;
monolithic Fujell MnA ASEE Hrbsted €3
58 EAE Hrslad

lo o

2. o] &4 w7
21. A& EA5te) SCR DeNOx &7 &
Aark EAY Aol HeHE Add dAE?
& g 2k Az 22 FUE EHA
NO<l z7] 2714 o] FHo| T}

NO(g) + e° — NO(ads) o))

%VJZ}Q} AAe] W& wE AAEA NHz9
g % 31]?4‘1%—8— A (2)9 Z2rt.

NH,(g) — NH) + HY'+ e~ )

A(3)3} o] T gol& 02 H o] Lo] 4t
7] A§S A8

H++ 052—_’09—H_ (3)
FZ71¢ Hlojd = So)L F7he HAo®E ¥EH
of $a717F A (HHE DolA i)
20,-H™ — H,0(g) + V2* )
H H
l;' \ /
(o) (o] /N\
I [ NH, H H NO
~-0-V-0-V,—0— —» | -
FAST fl) ?
—0-V-0—-V—0—

34

2 5)gh 2ol dqRA R IHF V,'E FA4d
71 918 Hlolgle ol T3 93 3 Jhe Az
g 7MXA |

Vit eT = Vo (5)

7NAge el A8 Vo'g A6)3 2ol AA
gt

Vit 50, + ¢ - 0F ©)

HFHom NHz"Q} NO& 84 53E ¥4
& ALs #5718 AT
NH;+NO~— [activated complex) —N,+H,0
@
A ®)F o] A4

o
off

Hetd HAFEA weAe
a4 + 3o,

4NO + 4NH;+ 0,—4N,+ 6H,0 )

V205 oA NO2F NH37} wh-&3te) Noo} H0
2 st w9 ASEEE Fig 16 YR

TiO; AA A Aol EAHS 9l vanadium 4H3}
2o 1z 2dg Fig. 201 Jeigdd®. Tio, &

HolAM e Ti-OH & AL F2 37| o] £y
o] 9l %70 71J%} Vanadium 4H3HE9 &
Aol 2X& A4l Fig. 2 (@9 #o] ¥9d va-
nadyl ¢ (Ti-0)sV=07} SO 7 9l Ti0, X9
49 vanadia e Z EAg

Zu) EHAe A TL ZulEwe SO 7 A
a9 93] TiOp, ¥W vanadia®l A &o] F7}
gtol] wel £3E vanadate= Fig. 2 (A8 QF
g FA7E AHF vanadia £718 FEAE A
gt} 92" vanadia®l ¥°] & 7é—r V-0-V 7}
AR S £ TEA vanadate FL @Y vanadyl
%< (Ti-0)3V=09 V-O-Ti 2¢< 33 aHA o
Fo]At}, Vanadia®l 34 F2E Zrigwe
Ti-OH g3 Aol 98 g€t Ti-OH

S 0 N
NH H oo
.-N,' o Io
|
H H — —0-V—0-V,—0-
|
o o
| —0-v-o-v- O—J N, + HO
ACTIVATED COMPLEX

Fig. 1. Mechanism of the NO-NHj reaction on vanadium oxide catalysts in the presence of oxygen.

334



Mn-V:0s/TiO, 9] NHzell 21& NO9 A& =3 Fvjdd

388 TiO: £99 vanadia® A F2& oA
Aoz A F JEE ARY F Jdv YA E A
T3t} Fig. 2 (0 v EHA NHzel 28 NO
Fhukgo] EujgA S JeEhA ¥E V05 ZA 3
d Ao g HoFm e
O @]
I i
H VvV HH V
/2 I U I A B

@ ooo0o0o000O00O
1

Ti Ti* Ti*Ti*Ti Ti Ti" Tir Tir
Sulfur-free system

monomeric vanadyl

4-0—xI

I N N e

0 O O
e N, I

S
I/ N /1A

b) oooo0oo000O0O
| T SN SR Y N |

Ti Ti* Ti* Ti* Ti T Ti* Tir Tir
Sulfur system

polymeric vanadate

4-0—I

_mam S mmm

H

/PN
(© IO ? 0000000 ? crystalline vanadia
T

a1

| T T (O A
T TP TP T T T Tir Tie T
Sulfur system

Fig. 2. A schematic of the transformation of V205 on
titania: (a) low loading V2Os supported on sul-
fer-free TiOz (b) low loading V:Os supported
on sulfated TiO: and (c) high loading V:Os
supported on sulfated TiO: (Ti", basic site; Ti,
neutral site).

3. oAy

31 FujAx

V205 Zvl= anatase TiO»Z A A A (cell density
: 36 CPDE 3t NHsVO03(99%, Aldrich)& AH&-8f
o gUew AFIHeh 110CAHA 10~12 h &
ot Az% F 32 oA 500C, 5 h ¢ 24AH
o} Vo059 Z2ujd3Ee 1~10 wt.% HAZ 9L
o, A&ZFdEs ng AZE V:0¢/TiO; monolithic
712 o] Mn(NOs)z - 3H20(99%, JunseD)E 5~15
wt.% B HolA Zz Fiste Az

32. FujEA

Zul & EA4L SEM(scanning electron micro-
scope, Jeol, JSM-5410)3} EDS (electron dispersive
spectroscopy, Oxford, 6587-SP)& A}g-std i, @A)
9 Fuje AHAFE AHEAE A8 X-ray dif-
fractometer (MP-XRD, USA)E A}&3stgth A4 %
o g4 2 Zulo] 8] CuKaE X-ray sourceZ
AVl 20°~ S0°H ol A X-ray diffractometer 2
X-ray power diffraction® 33starch.

Zrje] &) W2 FYEAS BN Y3ty
U-type Pl¥ ¥+4-71(AutoChem 2910, Micromeritics
Co., USA) ¢t quartz wool® Zu]|=8 TAHAA
Zr) 01g& FAAZ 3 Hp-52834949(H-TPR)
£ A& Y. Ho-TPR2 600ColA 308 F<¢t
1.98% Oz(He balance)Z F&A171 7, olojA A&
(BOC)e2 YA T w37 Wl doldAY &
of Fof ghlEdx Fo o3 Ejyozm Fad
NAE AAG7] Y98 Heo 2 iy ALY, 50C

€

Mixing
Chamber

Ball Valve g{

NO Analyzer
NO, Analyzer
O2 Analyzer

Catalyst

L———» Vent

Temperature Controlier
{Low Temperature)

Fig. 3. A schematic diagram of SCR reactor.

335



£5Z 10%
t},

ol 600C7HA  10C/mind]
Hy/Ar &$17]e14 TPR =
33 A¥gAA ¢ A

£ AFoA AL&E SCR ¥&7)E
T3ttt

ZuEFo wZ SCR W-37]19 NOx MAEEE
T BHrFEl7] 18 EAMAE NoZ B 5 2-3
15% 029 10% NO 2 815% NH:E AM43t%oH,
BARbAE Brooks 5850E  series(Japan)2] MFC
(mass flow controller)s o] &3ted ZAston,
MFC+ GMCI1000 flow & pressure- contrellerﬂ]- )
8 F3Fo] AFHoZ kU)o FUHEE s}t
2A}7b 2~ mixing chamberel A & ?_UE} =
SCR vH&-7lol H=o #Aze &4 54& 44
Bgton wkgylol e AHH A AF & AR

o
L

3]
PA

2=
[e)
3.2. &
= s

Fig. 33} Zo]

st
gwg&ﬁgiL EAREE A WS7IE IARE
P Z R w78 AAE AlZlem, NOS &

7] lEE(NOX,)“ 500 + 30 ppm &2 dAA FA
g e BUAE AF2E NHz= 24 &, NSR
(normalized stoichiometric ratio, NHyNO,)-& NOy
¥E 500 ppme 71Fo 2 A 1022 st

SCR& A2ukg7 2 150~450T 9 25(Ti)H
HolA EAsH oy, BAZF2 jES7|W A FA
e F% 4 L/mind W, &0 Ivje INER
(space velocity; SV)ol mheh 2400 h'el A NOy A
AR &S BAsE.

A g 2%

4.1. Zu]9] DeNOx &4

Zu]E o} 83 SCR ¥4 NO« AAEALE ¥
7bak7] 918l NSR=1.0, SV=2400 h' 2 15% O, =
7oA 2xdsle] WE Eojd AARLE 2AZEY
= Fig. 4% 24

Al 2 A9 B monolithic vl 300T o] Ao A
T 95% °l4e] NOx AIAZLEE el 200C
o] Hhg 2z Ad BEu|9 & 747 85%,
S1%Z 34%9 A&Ao]E HolH, 250CelME Z
7+ 96%, 8T% 2 9% A &4°]§ B4 i“ﬂ%-reﬂﬂ
e g LxHs o)t S AdEH
o}, whA o V,0s/Ti02 monolithic 7]& & o] Mn3
7he A& NOx AAAEEL Ao 81%=E e
U 4ge AQ} B monolithic &vjxc}t 1 NOy
AALE F14% AE A JedAg gL s
Ho7h A4 Eojrc o 100T Ax 244" 140

~160C ALddde FAT & A% weA
SCR WFg2=9] 100C T4 g FHu|e A7

336

[e]
8T
w—
oSS Sl
/
c.
80+ /
/
€ 60
Q
k=4
[33
1
i
1
- 40l
[«]
<
K (a) (5 wt.%) Mn « (1 wt.%) V205 / TiOg
L /
20 /‘ {b) A type of commercial catalyst
/. (c) B type of commercial catalyst
1]

. " ' "
100 200 300 400 500

Temperature (°C)

Fig. 4. NOy reduction characteristics of catalysts as a
function of temperature,

Z ]+ 3Pd% ammonium sulfate 99 AFozr
B 3398 4 T AAY - 7eFHYd EAHE
ANAE & ez Asd.

42. A& Fvle] SEM-EDS &4

A€ monolithic &7 & 4 &t
7] $3} SEM(scanning electron microscopy)-EDS
(electron dispersive spectroscopy) 241 &4t}
A48 ~9E-S Fig. 59 "}EHHC’}‘:} AZ1) 9
A &2 TiOz, BaO, WOs, V20s, SOL 5o ~dEF

o] 14'5}‘;&9.‘11, B&vl= TiOz, ALQs, SiOs V20s,

ERDEE

Counts

10300—

5300—

T T U
15

20
Energy (keV)

(a) A type of commercial catalyst

T T

T
1% 20

Energy (keV)
(b) B type of commercial catalyst

Fig. 5. Spectrum of SEM-EDS for commercial catalysts.



=
=

Mn-V205/TiOz

Table 1. Elemental analyses of commercial monolithic

catalysts
Species of commercial monolithic catalyst
Elements
A type (wt.%) B type (wt.%)
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Ba 6.53 -
A% 470 6.16
Ca - 0.49
Ti 80.61 4553

SO, Ni, Fe, Ca 59 A#sE#o] BMxlo] A}
B &ulx NOx AlA &8 V0571 THEH &
Aol AL B3t

A4 monolithic FuiFEHFo W8 SEM-EDS
BXAFZE Table 19 YehRSATh Fig. 59 Z 3ol
AE YeEhgSo] NOx AAEe] 3t 2289
7b Qe AZve A AAAZ AFEE TiOo &
Zo] 8061 wt%olw NOx AAZAHEL Jelde=
Vo0s AEol 47 wt% EFEH dden, v
g4 WAL A7 g8 FaE BaO,
WOs, SO& A¥o] ztzt 653 wt.%, 589 wt.%,
219 wt.%ol ¥tk E&FYU NOx AAH 2=¥7}
AZdEgE FAT 300Co)AAN %% o4
NO« AAEZES Ued BEue AAAZ AL
TiOs, AlLQOs, Si029] A ¥-o] Zz} 4553 wt.%, 35.60
wt.%, 1059 wt% 5o AeH, 616 wt%
Vo0, 2.23 wt.% SOL7F 850l Yith

4.3. XRD &4

Aot vlwsly] 98 SCR Al&dd AH8&
monolithic 482w 2] XRD patterng Fig. 64 4t
AR A9 BY F 7R monolithic 24§ 7]
25 &v] gA 24 anatase TiO2S AL & &
18 4 gllen rutile TiO:9) XRD 2 deE=
Bz ottt BEuiRt faexdest W &
£o] 22 AZv|ol|A barium sulfate(BaSOs) 2 XRD
EXHIE 20=23553°(201), 26.838°(102), 28.739°
(211), 32804°(020)o01 4 &A1& 4 SIedl, )AL
Zojg o did WFAHE 77 AR sulfated
TiO; 4-&Fuo A ALE317] wZo|th

A& SCR A" H49 Vy05/TiO; monolithic
Z1EE& AATZE Hokstry] 93t Fig. 7A€
XRD patterne #4394t} Anatase TiO; E Aol

mjo] NHsell €] NO9J A& HAe3 Zwig

337

4

Z - B type of commercial catalyst
€

3 L.. ST, A AA A “

£

bt

.‘:'; - A type of commercial catalyst
Z ._J e M

G 2

=4

)

=4 l

- r JA Anatase TiO,

20 80

Two Theta (degree)

Fig. 6. XRD patterns of commercial catalysts.

1 wt.% VoOs7F BA" A-9-ole VaOsoll 93 53
7F el A gEd ol V.07t ol nEA i
5ol &8 Stk ey VoOs §FE& 10 wt%E
718 A 20=21.787°(110), 25.637°(210), 26.221°
(101), 31.138°(400), 32.470°(011), 33.419°(111), 34.406°
(01X AAstd V.05 I3E AT 4 AUTh
oA FAe TddF Ao Hag A oY %
FE V09 o] EAE o AAZE Vo057t
Bhdthe Reddy 579 A7t dAstnon, 20
=15°~ 32°H A V05 AT RS 9n|ste= vl=
2 A% Serwicka® ATF4E FAlsITh
V20s/TiOz 71E&Z& ol tfrte] F44H318¢ Mn
€ 934 XRD patterns Fig. 804 4t 1 9ich,
Mn9 BA-&o] ¥& A$oe XRD A7 Ve
2] ¢kol Vo0s/TiO2 monolithic SvjEHe] T YA
s &S HAE 4 A} 28 Y Mn9
SR #E 15 wt.%E Z718d wEl Va0s5/Ti0q
monolithic &vjolA Mne AR FT2E I&
9lglen, 26=32.978°(222)°| -] manganese oxide

10 wt.% V,04 / TiO,

JL ,L M. A A b
1WL.% V,0,/ TiO,
YR TR

50

{ntensity (arbitatry units)

Anatase Ti0,

- h]

AN

20 30 40 60 70 80

Two Theta (degree)

Fig. 7. XRD patterns of V:0s/TiO: catalysts.



15 wt.% Mn + 1 wt.% V,0,/ TiO,

Intensity (arbitatry units)

5Wt.% Mn + 1wt.% V,0,/ TiO,

30 50
Two Theta {degree)

Anatase TiO,

.

A

A,

" " L
20 40 60 70 80

Fig. 8 XRD patterns of Mn-V20s/TiO: catalysts.

(Mnz09)¢] XRD 327} vyebyie,

44. TPR ¥4

TiO; EH9 V059 ’x‘_}ﬁ}@r
= Vo0, MmOs, WOz %
Fig. 91 YEebd 25 %01 TP

Ael4 monolithic &7} A9l 79 280TCA &
o] dojyr] Azt 540C°ﬂ/\1 Fad ﬂ-?l«ﬂ
a7 Jelgon, 444 monolithic &7 BE 465
CTolA @95z 7F ey 284ToA o] A
2= 99ch Ast B 494 monolithic 7 25 F&
3 v st 300~600C Bl FEHJOH,
AZT)e] AS 520~600C LEHAN VI VP
2 295E Ao g8 2RHE DY ¥e= u
s #08 89 vag gad + 5¥9 47
o} fAE AEe RolFa Qo

Fig. 10914 Vy0/Ti0; monolithic 7]&Z v}
Mno] d7t® Me&Zuje] TPR 54& E4sdth
(1 wt.%) V:0s/Ti0O2 monolithic 71&&v}= 570T
s} 657CAA F 719 B99aE Yehgien, o

A%l A7)
EREBE
3.

o]
g4&
=
a08 &
B A
-u:

1.0
=

0.4

(a) : Anatase TiO,
-------- (b) : A type of commercial catalyst
03b ~== (c) : B type of commercial catalyst
d f\
2 I
4 [
£ 02f [
:
5
= R |
z [
g o'r AN
=
00|
0 200 400 600 800
Temperature (°C)
Fig. 9. Hydrogen consumption TPR measurements for

the commercial catalysts.

338

[e]
I
0.25
—etimerien (8} : Anatase TiO,
.............. (b} : (1 Wt.%)V,04TiO,
020 F . (€} : (5 WL.%IMn-(1 WL.%)V,04/TiO,
F —_ —  (d): {15 Wt.%)Mn-(1 WL%)V,O4/TiO,
5 o015
§ A
E 0.10 e/ !
z ;o
2 e
2 oost / A
= /AN
0.00

200 400

Temperature (°C)

Fig. 10. Hydrogen consumption TPR measurements for
V:05/TiQ; catalysts and Mn-V:0s/TiOs cat-

alysts.
= Sorrentino %] V,0.™"/Ti0; &5} A 568T
A BENAET BAG A} AHAL. =,

Arena 7] A7§ V,05/TiO: (VZ-5) ZrolA
479°C, 620C Y= E 3}01 % A3} Nalbandian®
Lemonidou™°] V20s/TiO; &vl¢l NTiV5, NTiV25

Zyzte) ZvjolA 547C, SBITS BANAE 20T
A% SR

71ZZdd Mng 5 wt% HA7He A 595C°ﬂ
A S Fag BAR dehten 71ESu

o 570Ce 657Ce YW aE TFstn ,,la*ir:}.
Mne] &S 15 wt.%®E Z713Hl uiet H ey
ED) say} 505ColA 6262 At en 9
o] A3d L£EWYE 193~700CE YERT} Peii
a $9¢ MnOJ/TiO; Z"E 500CelA &24% 20

wt.% Mn ok Zule] TPR §Alo] B |79 R4l
Eigig=
5. 4 &

SCR 349 A&9dgolr FAxsE AAE 9
& Mn-V:05/TiO2 monolithic &vl9] €2 && &

AL g3 2ok

1) 444 monolithic 19 Mn #7}8 mono-
lithic A2&ve Hi NOx AAZEELE 6 wt.%)
Mn-(1 wt.%)V-0s/TiO; monolithic %7} <F 14%
AT 7428 ¢ 81%E et w2 % HH7t
Arl4 monolithic Z#jEt}h oF 100C A% 24
150CY ALYHAE HAFUh

Tea

) 2¢}4 monolithic &€& SEM-EDS &4
& A7 NOx AALe] 58t =7 W2
A 9] AH$ 8061 wt% TiOg, 4.7 wt9% Vo0,
653 wt.% BaO, 589 wt.% WO, 219 wt.% SO&
gZoz ARol FAH YAtk B Fule TiO,,

AlOs, Si028] A2o] 747} 4553 wt.%, 35.60 wt.%,



Mn-V20s/TiOz

1059 wt% FfrEol UNeH, 616 wt% Vi0s
223 wt.% SO 7F £8H o] Uk

3) Vo0s/Ti0s monolithic 7]F&mo] th7}1¢]
Arg2¢l Mng B389 XRD patterne 49
7} Mn9 FAge] ¥& Zole XRD A7t
A grol ZojEdol n2A EAHY ggE
A% £ e, 15 wt.%9 Mng AP 7
V20s/TiOz Zvjoll Mn ZAATZ27} 20=32.978° (222)
o 4] Manganese oxide(Mn:03)¢] XRD ¥ =7} ek
ek

4) (1 wt%)V:0¢/TiOz monolithic 7]|Z&&d)=
50T 657ColA T /1] #dFaE YL
o, Mng 5 wt% 7t B§ 55T st
a3 9937 Jebsk ey monolithic 7153w

© 570Ce} 657C] &UI2E Tgshar U

e 2
£ AFE AR A7 E 80419 (RT104-
03-02) Adoz FFHAL.

Eig A |
1) Bosch, H. and F. Janssen, 1988, Catalytic
Reduction of nitrogen oxides. A review on
the fundamentals and technology, Catalysis
Today, 369-532.
Lee, . Y, D. W. Kim, J. B. Lee and K. O.
Yoo, 2002, Apractical scale evaluation of sul-
fated V20s/TiO2 catalyst. from metatitanic
acid for selective catalytic reduction of NO
by NHs, Chemical Engineering Journal, 90,
207-272.,
Xu, L. F. W. M. Robert and H. H. Robert,
2002, NOx self-inhibition in selective catalytic
reduction with urea(ammonia) over a Cu-zeo-
lite catalyst in diesel exhaust, Applied Catal-
ysis B, 39, 51-63.
Ferraris, G.,, G. Fierro, M. L. Jacono, M.
Inversi and R. Dragone, 2003, Catalytic activ-
ity of copper-zinc manganites for the reduc-
tion of NO and N20 by hydrocarbons, Applied
Catalysis B: Environmental, 45, 91-101.
Wang, A, L. Ma, Y. Cong, T. Zhang and D.
Liang, 2003, Unique properties of Ir/ZSM-5
catalyst for NO reduction with CO in the
presence of excess oxygen, Applied Catalysis
B: Environmental, 40, 319-329.
Burch, R. and M. D. Coleman, 2002, An
Investigation of Promoter Effect in the

3)

6)

339

Z 9] NHzoll ¢33 NO9J A&

7

8)

10)

11

12)

13)

14)

15)

16)

17

Al el

R |

=

X Zoj2e

Reduction of NO by Hz under Lean-Bum
Conditions, Journal of Catalysis, 208, 435-447.
Chen, J. P. and R. T. Yang, 1992, Role of
WOQs in mixed V:05s-WOxTiO: catalysts for
selective catalytic reduction of nitric oxide
with ammonia, Applied Catalysis A: General,
80, 135-148.

Choo, S. T, S. D. Yim, I. S. Nam, S. W.
Ham and ]. B. Lee, 2003, Effect of promoters
including WO3 and BaO on the activity and
durability of V:Os/sulfated TiO: catalyst for
NO reduction by NHs, Applied Catalysis B:
Environmental, 44, 237-252.

Lietti, L., I. Nova, G. Ramis, L. Dall’Acqua,
G. Busca, E. Giamello, P. Forzatti and F.
Bregani, 1999, Characterization and Reactivity
of V205-MoOs/Ti0O; De-NOx SCR Catalysts,
Journal of Catalysis, 187, 419-435.

Sorrentino, A., S. Rega, D. Sannino, A.
Magliano, P. Ciambelli and E. Santacesaria,
2001, Performances of ViOs-based catalysts
obtained by grafting vanadyl tri-isopropoxide
on Ti0z-Si0z in SCR, Applied Catalysis A:
General, 209, 45-57.

AE®, 2000, B FENRES o8 A
uhEEy g4 wg 54, Saeeeg,

nEgen, 19-22.

Bosch, H. and F. Janssen, 1988, Formation
and Control of Nitrogen Oxides, Catalysis
Today, 2(4), 369-379.

Herrmann, J. M. and J. Disdier, 2000, Electrical
properties of V20s-WQOs/TiO2; EUROCAT cat-
alysts evidence for redox process in selective
catalytic reduction (SCR) deNOx reaction,
Catalysis Today, 56, 389-401.

Busca, G., L. Lietti, G. Ramis and F. Berti,
1988, Chemical and mechanistic aspects of
the selective catalytic reduction of NOx by
ammonia over oxide catalystss A review,
Applied Catalysis B: Environmental, 18, 1-36.
Reddy, B. M,, 1. Ganesh and B. Chowdhury,
1999, Design of stable and reactive vanadium
oxide catalysts supported on binary oxides,
Catalysis Today, 49, 115-121.

Serwicka, E. M., 2000, Surface area and po-
rosity, X-ray diffraction and chemical analy-
ses, Catalysis Today, 56, 335-346.

Arena, F., F. Frusteri and A. Parmaliana,



18)

F 47
1999, Structure and Dispersion of Supported-
Vanadia Catalysts: Influence of the Oxide
Carrier, Applied Catalysis A! General, 176,
189-199.

Nalbandian, L. and A. A. Lemonidou, 2004,
Thermal Decomposition of Precursors and
Physicochemical Characteriastics of Titania

A

- 3

19)

340

(o]
-+

Supported Vanadia Catalysts, Thermochimica
Acta, 419, 149-159.

Peria, D. A, B. S. Uphade and P. G. Smirniotis,
2004, TiOz-Supported Metal Oxide Ctalysts for
Low-Temperature Selective Catalytic Reduction
of NO with NHs, Journal of Catalysis, 221,
421-431.



