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V,05-WO,/TiO, Fj9] Zaksha ghduk-gol 2loiA v,0, o] NO g+l 9 N,0 Aol vx)i= Jaks A}
s17] flate] BuZuE ARE-Sh nitnkgr]olx Ad 75 REGith. 18 HlE2] wWo,8t Tioel V,0, T
1914 8 wt%7HA] WSkAIZ] Fufjellx] NO $HINEg-3} oFitjo} Aksinlg S5/do] ZAREIT). V,05-WO,/TiO, S]]
A NO g 5H8-2- 200 °C o]&tollM e A JBHA N V,0, TS 1wt F9) 749 700 ppme] NOS- 99.9%
ol A= HA N2 340°C ollA o FE EA 2 o® dofulth Ielal o] L FHule]
V,0; $go] S7hgel w4 A& H o= o5, 6 wi% F1l 2] -9 220~340 °CollA] & B KT V,0;4
ol 8 wi% FHlle] A M & FRIIA 6 wi% FHIECE S NO $H&-S Kt Jefuf W25 340 °C ©]
oM FHe] V,04 Fo] S5kl Wik NO Agkgo] 7HasiSith. o= V,05-WOy/TiO, Fv|€] NO & 9l
3 Sl S AdF 271 o] V,05 Rk BAlERE Ao FhekEn] Fall IR} S5 320 °C o el o
Lol Abste] sl TEE N,O S aEstolof §itt V,0,-WOyTiO, il w717k Fof Hantshe AAE
Fl8te] dAl B CE 350~450 °C2] FellA] FAE I Lok, 1 Folold 23F 21ERl N,0°] M-S g
T QAL yA] Av)so] WoH R 250~320 °Co] A FAA A7Ist FuEH V,05 TEO] 32 V,05-WO04/TiO,
o] ARgo] ATt

Abstract — In order to investigate the effect of V,05 loading of V,05-WO,/TiO, catalyst on the NO reduction and the
formation of N,O, the experimental study was carried out in a differential reactor using the powder catalyst. The NO
reduction and the ammonia oxidation were, respectively, investigated over the catalysts compose of V,Os content
(1~8 wt%) based on the fixed composition of WO; (9 wt%) on TiO, powder. V,05-WO;/TiO, catalysts had the NO
reduction activity even under the temperature of 200 °C. However, the lowest temperature for NO reduction activity
more than 99.9% to treat NO concentration of 700 ppm appeared at 340 with very limited temperature window in the
case of 1 wt% V,Os catalyst. And the temperature shifted to lower one as well as the temperature window was widen as
the V,05 content of the catalyst increased, and finally reached at the activation temperature ranged 220~340 °C in the
case of 6 wt% V,Oj catalyst. The catalyst of 8 wt% V,05 content presented lower activity than that of 8 wt% V,05 con-
tent over the full temperature range. NO reduction activity decreased as the V,05 content of the catalyst increased above
340 °C. The active site for NO reduction over V,05-WO,/TiO, catalysts was mainly related with V,Oj particles sus-
tained as the bare surface with relevant size which should be not so large to stimulate N,O formation at high tempera-
ture over 320 °C according to the ammonia oxidation. Currently, V,05-WO,/TiO, catalysts were operated in the
temperature ranged 350~450 °C to treat NOx in the effluent gas of industrial plants. However, in order to save the
energy and to reduce the secondary pollutant N,O in the high temperature process, the using of V,05-WO5/TiO, cata-
lyst of content V,05 was recommended as the low temperature catalyst which was suitable for low temperature opera-
tion ranged 250~320 °C.
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oF:ksbd 2~ (Nitrous oxide, N,O)&= TI3EZQ1 4724, X5
2uks} a37F coLell vlsl 3108ell o] 231 1502 3l 717ke] 4
Q3 v 7] FollA wig- P A o2 EAfsto] TN oF
g Tehs ti3EAR) BAE deiA QIth1]. N,08] B =
ofr] Ak Ak Ak oA AkEl= Zl o delA] glont, gt
A A5 vlo] @u 0] ALY el|A] WAE = s FAIE = gl
Ioluh2]. 53] Aa F 7 I7kA T AAAsHES AR R
Yol el Zw)|3hel(Selective Catalytic Reduction, |3} FF o}
SCR) 414 N,07} thgo@ AAdE 5= Qluhs Ao & F50]
HTH3-6]. SCR F7gelA N,02] el st A= Pt AlDe] 7
TEFE o] 85 SCR FolA HEE HAuHTHS). o) F 25
Zgskelo] 71 de] AREE AL Q1 v (vanadium) A9 SCR
Zullo] 23k N,0 A5/l T3t A77F R 9eH6-7]. SCR %
fje]] 23k N,0 /9> SCR HF-a&-S "ol Wt olujz} uj7|
7k Aella] WA= A|29] 3 2.9 Eo)7] wiitell SCR &7
oA 7Fsst T3] AAE ofof sh= FukgEol).

SCR &5 I3l okt Fujso] A= Qlovt, 1 FollA
TiO,Z A AAZ 0]43 V,0-WOA Frlli= Rk&EAdo] = T3
H-geo] 7| wlitel il £7t2 52 w77l S
Aaelz Al S8l 7P del ARgE= Fujolth[7-10]. 2ol
V,05-WO,/TiOAl F12] N,0 el #st AG-24, Nova S[11]
2 V,05-WOy/TiO, F1|¢] 24250 thE N,0 /35 gl w3t
ATl Fll 2ARE7F N RS ET 22E N,09] /o]
SVt SISt B3 Yates S(1212 R k0] Tio,ol V,0;4
9} WO,9] theFst nlgof i N,0 A5/348S B3] V,04
FHFo]l S7FETS N,09] Aol S7tete A7A3E Bt
Djerad S[131& V,05-WOy/TiOAl 2] V,0, gl w2 N,0
WAES AFE B3] v,05 Tol 8 wi%d W SCR W=7}
S7FERE N,09] /o] 5skAl T7hstctal skgiet. =3t o5
WS Y] A4 s TTE 5 N,O7) A A E = A
AE BT 14]. o) dd 22 dde] Ayd s R
V,05-WO,/TiO, Al FE 0]4-3F SCR BES<l 3lojA] V,05 Segoll
wkl N,09] Ao T7hd 4 Alvhe 2 ollded 5= Qlok. 1ev
o] 59| AT HIE V,05 3] we} SCR 18] A3} Ak )|
AlFo)a T4 AES Aol Algtolu), whgba] - ArellA
£ 289 v&2] WOo,8t Tioell V,05 TS HEAAA Alzd
V,05-WO4/TiO, FvflellA] ¢hijo} SCR AEL F310] N,0 A4
2 NO 54 9] T2 el S dotr izt a1l
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2-1. EOHH|I=

Aol AFEE V,0-WOyTi0, Fulli= IR o2 AZE et
WA SRS ARSI SRS =591 - geliell 22 Aalixl k]
ammoniummeta-vanadate (NH,VOj;, Junsei Chemical®h$} ammonium
para-tungstate (NH,),W,,0,,, ALDRICH* W& #7}510] $-d3] =
Qs AEF Foll, gell Falxl el Tio, 291 (Degussa
Ltd. P25)E Z323] 21& A= Hrietal A uREZ] $1elA 60 °C
o] 55 {XBIEA oF 2087t wHkIILE. whle] Ek A (gelyd
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Table 1. Composition of the catalysts prepared with different V,05

loading
Catalyst V,0,(Wt%)Y WO, (Wt%)®  TiO, (wt%)
1VOWT 0.91 8.18 90.91
2VOWT 1.80 8.11 90.09
3VOWT 2.68 8.04 89.28
6VOWT 522 7.83 86.95
8VOWT 6.84 7.69 85.47

¥Based on total mass

E2] ZullE 120 °CE] AZxT]0A 12413 FRF 733 Fof|, 450 °C
oA SAIRE ERF B7] 7oA AT o] B Fulle
23 S0l A (standard sieve)Z 27 100~140 mesh =17]2] FrliE
Aeisio] Aglol] ARgSIILE B oIt MR F V,0,0] R
TiO, 2] 1-8 wi%2] MSI= AZ33l o, WO Tio, e
9 wit%z 17g38lch. Aol AR Full2] Z4dE Table 19 e}
isict.

2-2. AEEX|

1 AFE 913 Yo} SCR A3 AR A& F2 A9t vks
712 Fig. 13} 22o] TAEQITE ukgo)] I Q3 HAPIAES Azl
91810 5,000 ppme] NO 7F~, 10,000 ppme] NH, 7H~, 1555 37
83 s AAE A7 ARRSle] o% s WSTIAE =
3} thEAQ] WS- 7R N, 971004 dhyolel No7k
Z}2} 700~800 ppm (v/v), 700 ppm (vAv) 18I AT} 7% (v E
TAE AT BE 7k~ 0] 358 MFC (mass flow controller, BROOKSR
5850E)2 A|o= e}, w371 1 91X FH (SUS316)] Fig. 10 K.
1 Hke} 2o] 12 (union) Ao & A|ZtE|Qlom k=) 0.1 g
o] FAHE v WS LA EE ISR
320 °CollA] 70,000 0] ¥ 7] 4% Atk ¥ PIDY &% %
£ ARESEA] 200~400 °C2) 2R oA FAE I WHST1E A

o BE 2RI 7 T HlolEs) 2ExAT]E ARESt]
150 °C & | FE “JelE F-A13t] 7k 2Rk QlojA] REg= 9L A
e FS Agtelin), w3t A e 247 FTHIR 1417]
(MIDAC 11801 FTIR Spectrometer, USA)ll HFE -f-¢lE]o] La}el
o=F FAo] =t
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Fig. 1. The schematic diagram of the experimental unit for NO reduc-
tion with NH;.
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3-1. EMIELE SIS (SCR) N,0 MHSEY

Fig. 2= V,0, 3=l 1~8 wt% ¥glsto] #l32% V,0,-WOy/TiO,
Zafjoll Al NO A3H&7 N,0 /35S 2= stel] e} vhepdl 12
o]t} 7} Full] QFE Lo} SCR B/ 200 °C o8l A = VRt
ARE, V105 3ol 1 wi% Fule] -9 99.9% o172 NO 1k 2+
Hol= RES2 AlFo] 340 °C o]w] 1 2= 3] 10°C ]
QR o}F F2 AS B 5 qlok. 1EY v,0, T 2, 3, 6 wi%s!
ZU= 99.9% o)) NO A3F &4 Hol= REE 1 Alzo] 2h
AUE W &5 £0 7 o)Fsl &% YT T8, 6 wt%
Q1 ] 7% 220~340 °CE] B2 W SlellA 99.9% o o] NO A
S HOITh V,0, Fgo] S7HEO R Qlste] Al eA <] NO
AgHgo] Tl BAS AdFaue) vi$- FASITHS-9,16-17).
AN V,04 $o] 8 wi%! SV-OW/T Fmjjoll A NO HehH&-2 3
a1 95%el| e mEekA] Jrakal A &= kel V,05 FE0] 6 wi%
Q1 6V-9W/T vl Rt} A 235 /98 eIt 12} 320 °C ©]
&) AL JdoM= 1-3VOW/T Frjrch 2 248 1) o]
o} o] FuiEe] AL A 54E BAE & o Fllels v,0,%
o] o} o] Afo]= ode] v,0, APt FAEofoF Zuljo] &
S T3 lvks A& ¢ S Utk Alemany 5[10]9] A8
Al 2l5kH 9 wi% WO/TiO, 3ol V,057} TS (mono layer)
o= 7] e ol H o0& A 2.9 wi% 1’32 V,05
ko] sttt webd v,05 3ol 2.9 wi% ©J8kel 1~3V-9W/T
Fl= FusEel] V,0, 9 YAb @A) ofF vk o w 3
T, o] Full7h A 2-oflA NO S §13F Feh SIS 2kl
WA F3E7] Wil 6V-9W/T Fulj2] Aol m X7 Xsh= 210
Bt} Fule] v,0, Fgol 7S v,05 9 oAb F49nTE
o] Z7ksto] 6V-9W/T Fuli7F H11e] 48 Belvkar & = gt}
R EA] Of-2 8V-OW/T 1l 9] -9 V,0, §go] wobx] 21 dst
A719] V,0 A} EABHARE ulg- & PR P E o)A
V,05 YAFE] AT F A Z28h] whizell 6V-9W/T S Reh Az
S R Zoloh sVOwW/T Ful7h 2 42ke] V,0.5 $+r
skl & Zloleh= 72 Nova S11]0] F8g V,0,-WO4/TiO,
Fue] 2L} 555 NO #18HEo] Woix| i N,0 A340] 5
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Fig. 2. NO conversion and N,O formation over catalysts with differ-
ent vanadium loading.
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Fig. 3. N, and N,O selectivity of SCR over the catalysts.
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2NH,+20, > N,0+3H,0 ©)
2NH3+§OZ—>2NO+3H20 %)

V,0;5 3ol 8 wt%s] 8V-9W/T 17} V,05 $Hgo] 6 wi%s! 6V-
9 W/T Frf| Hr} BE A% HgjolA E4o] "olx|= AnE
Hol= o]z HQ ol =& V,0, TR Q] Fulj] 2
2o] "Holzia] Gdrzlo] "ol Q1o = ofalld 4= qlzlont,
0|9} FAlel paracrystalline?} 22 W5 V,0,8] WZo] F7tato]
SCR &/ 7le] Zhasshal efyo}f 4ks} Bhgo] pAlEh & Afo] =9
V,05 A7 FuiS-S 4 sk] wito® & 5 Slthig). ol¢ 2
& T8 Fig. 30014 Bl uke} 2o zt Fufol| A QFELjo} w4t
ShEEellA N,07F A H = 54901 SRyl SCR IR} v]S:3h
AIE Kol 53] V,0, FEe] 2 8V-9W/TS} 6V-OW/TS] -5
e} Abs) Hkg-ellx] IAEE N,0 o] dAsAl S
AielA o == Qlct.

3-2. SCR &H{9| &HL|0} L1=215Y
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desh7] flete] SCR Frfjo] ehyol AAakst 545 2
o} ehEUo} Abs) 9ig-0] o AR WA (S)~(7elt Wk
(5)2] A5 22 daAtshs FaE s ARt ik T
Huole] FE Wojrtg]i= & fdle] frk. vk (7)ol <]t
SRESS Pt FulE o83 ARMITHelA NOE ksl ¢
A SRS tFREe] Hol54 shgkea Sl 2 ANS-ehs 37l
A dofdt}, T V,05-WO,/Tio Al Fle] 734 1 ¢ltellq
e BE AR Uelliis N2 A W3] s R egict
wpeba] QR o} 2 7Atsl whgolM e WA (7)9] A=7F A
AR o= R 07 ek NH; Akl 23 N0 A4S wke-2
(61l <J3ll A== o= Helrk

V,0; &3] 12 V,0,-WO,/TiO, 2] NH, Ak}l <3 113k
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Fig. 4. NH; conversion and N,O formation during ammonia oxida-
tion over the catalysts.
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AEEE A= vlwsl Addatolnt. TdoA B uke} 3to]
V,05 0] 1~3 wi%l] 4% 543 wkg-2 04 SCR Wkl 2
3 N,O B =7} NH; Aglel] &8 N,0 A8 ere v 534t o
29 V,05 T3] 6 wi%2h 8 wt%sl 74-9- 340 °C oJ5ke] T &=
o|53= SCR HE&-ell £Jgk N,0 A =7} NH; Atstel] €&k N,0 4

100 —o—e—n——2——4& 30
95{ —e— 1VOWIT )
........ 0 VOWIT AN\ .
2 9ol ——v-- 3vewrT w1l St
> —-—a— - GVOWIT 2
s —-=—  8VOWT 2
5 851 r15 8
8 o
° ]
‘N 80 1 £ 10 Q
4 /1 =
- t5
-0

200 250 300 350 400

Temperature, °C

Fig. 5. N, and N,O selectivity during ammonia oxidation over the
catalysts.



ks 899 N0 Aol SO V,0,WO IO, Fule] V,0, 8 317

12

1VOWIT, NH, oxidation

1VOWIT, SCR reaction
2VOWIT, NH, oxidation

2V9WIT, SCR reaction
3VOWIT, NH, oxidation
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8VIWIT, NH, oxidation
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Fig. 6. N,O selectivity during ammonia oxidation and SCR reaction
over the catalysts.
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NO2| vl 12 o} 700 ppm?] NO WE&7}o] 3k NO v|H-3-2Fo]
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