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Abstract

Ceramic foams prepared from silica-clay were coated with TiO, and V,Oj catalysts for selective catalytic

reduction of NOx with NH;. The effects of V,05 loading, reaction temperature, space velocity, and oxygen content

on NOx reduction with NH; were mainly investigated. Also, the NOx reduction characteristics of V,05 and V,05~

TiO, filters were compared when sulfur dioxide exists. From the results, the optimal NOx reduction with the

maximum reduction efficiency of 91% could be performed under the condition with V,05 loading 6.0 wt.%,

reaction temperature 350°C, space velocity 6,000 h!,

and oxygen content 5%. And, the V,05-TiO, filters have

shown higher NOx reduction efficiency and acid resistance against sulfur dioxide than the V,Q; filters.
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1. A B

A 2o 3904 (Selective Catalytic Reduction,
SCRNA uviols BAAZ Agae Ee @
A} SAdelA e NOx AlAY 2 713 &
#AHel ypgoz el ¢} (Kim and Nam, 2001;
Bosch and Janseen, 1988). SCR-& &vj] 2= NOx x| &}
FEgo] Holubm wirkxel =3HE o|Aksstel Fat
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A& 7= YA ¥9 V,05-Tio, Al E=f7}
743 ol Ag=la gloh (Lee ef al., 2002; Heck,
1999).

ojdl FA2A AHS-HE TiO wlsl ALO,%
SiO = 71AA ZAxrt yor, @8z A el A
< ¥ ohe} Brgnsted AHEE A A olFH o
2)©} (Economidis ef al., 1998; Clarebout et al., 1991;
Hadjiivanov and Klissurski, 1991; Wauthoz et al,,
1991; Rajadhyaksha et al,, 1989). 28]\} ALO;E A
AA 2 el e s edsls Fol o &
A A5 el A FAE Pojmelm Seie) 4
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Hx B&A70 £3 Si0,E 9 A A2 A48}
A& G FAe] ¥ Foz ez 1o} (Soh and
Nam, 2003; Nam et al., 1986; Shkada er al., 1983;
Bauerle et al., 1978).

2 dyeMe Azt A A= F ARAE Al
23 ¥ TiO, ¥ V,0,8 AAA =H 9 W] 7
A3HAl sl NOx A| A4 Fv| HejzA d35
A&set. Az Fo) Feje] NOx AlA HAL
V,05 F%, iheE%, 4 9 Aldeze] W
o w}e} zalslgch =3 TiO, ZEl29] Alel uh
B NOx AlA As F wizkadel] o]abzis}l &4 A]
2ol "ejo] Ao s 2AI V,0,-TiO, 28
¥ FEj7} geujo} SCReA NOx A A4 FE=
o] A4 /e A=

Table 1. Chemical components of ceramic foam.

Si0, Al,0; FeO; K,0 Na,0O CaO MgO TiO, Ig. loss

wt.% 86.5 7.60 044 020 1.12 338 0.16 048 052

2. A%

oo

g

2.1 M=te & xxX|AH H=

e APl =S ARgslalen, o] Y8
747} 6:49] Foju|2 &3 ¥ 324 abdg o4
sl &ejelE Alzsldo Alzd &9 yee
45vol. % om, Az el Bx FAE AA
F A-N2EPE o438l Hamgor Jysld
o} (Park and Lee, 2003). o] A2 60°Col|A] 244]
7t F Axs F A2 1,200°CH A 2413 F
b a4zl M F ARAANE Ak & 12
A2 A 9] #etzAdE ebd Zlold

2.2 Zoff gl M=

l‘“ﬁ% 12 V.05 9 TiO, Ful & A=ty & AAA
of IR Az FAEL e AA Al &
ZWXJM] E-AE o83t TiOE AAA =

Precursor solution
Ti (OC3H,), in alcohol

Ceramic foam

L

Dipping

Hydrolysis

|

Drying

l

L e Vacuum (0.1 atm for 30 min)

-+——  Water addition (pH 4 ~5)

-—— B80°Cfor4h

TiO, coated on
ceramic foam

Vanadate sol with various concentration

Low conc.: 1,2, 4 wt.%
Medium conc. : 8, 12 wt.%
High conc.: 15,30 wt. %

L

e
iy

o7\ %73

Dipping

Drying ~—— 80°C for 8h

!

Heat-treatment

~-—— 500°C for 1 h

l——» V,05-TiO, filters

Fig. 1. Flow chart of the preparation for V,0;-TiO; filters.
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V,04-Ti0, v 25 Ahd & QEE ol 43 NOx A7 54

1 YR zElE Tio, 73 2942 titanium
tetraisopropoxide (TTIP, Ti [(CH,),CHO]l,, Aldrich
Chemical Co.)o]H, o]& 4438 (C,H,OH)ol| £
& 3] A}g-3taiwt TiO,9) =8-S TTIP:C,H;OHZE
1:30 & nj&=2 sl Alzd & §Qd AAANE &
20} 0.1atm Afeflell Al 308-7F ZHssle] W7 37t
A & gRe AR A7 F redsiste ez

Aas)sich AR pH 4~59) $H4E A1)

fom Ao #917) AWM 0.1ams] A Fehz
oF 103 F< WA 7HpRa Fol 80°Col
A 407 £ Azl TI07h 2RE AXAE &
& % slsieh

olF TiO, ¥ AA Al V,0; Zvl& HAsE
e ozt v} 94 ammonium metavanadate
(NH,VO;, Aldrich Chemical Co.) ¥ oxalic acid
(H,C,0, + 2H,0, Aldrich Chemical Co.)& 50~60°C
o] ZF<eoll A7ske] pH 2.5 vt 44902 A
zstAck et 21 ~30w%)= AlzH 47
bR -g9el) TiO, 8 XA E THFe 0.1
atm Aelel A 3087 FHglsted V,059 ¥=F He
FAAF o] F AAAE AW F 80°ColAM 8AI7E
ot AzAZ F, 500°Cel A 142 59 dxe]s}

MFC
(Mass flow controllers)

715

et

2.3 84 ™I} U NOx HIAH A

Zu) RE)Y )AFRE AA FAL @97 (SEM,
ISM-6300, JEOL, Japan)& o] &-5te] THaraislon,
712727 Bx= 3444 7] (Image -Pro Plus ver. 4.0,
[ & G Plus, USA)E o]-43le] &A3lgdvl (Park and
Lee, 2001). XA A el @A 5 V,0,, TiO, 09 %
= A &3 A=) (AAS, SOLAARIRY, UNICAM,
England)E o]g3te] ZAslsdet S0fe] AA F=
H3l= XA 3A7] (XRD, DMAXII, Rigaku, Japan)
& =3 243900, Uele) wEgAe BETH
(ASAP 2010, Micromeritics, USA) & 2 7}z 243}
=%

a8 2% NOx AA A& 317] 43 SCR v
7 mAEE vepleh NOx AlA Al B
tmujelg Algste] A4 Whgow Assigth
7h2 Hbg RS WA 35mm, Aol 300mmel A
goz He glon, AMEELE 7lAE AHARH NO
1,000 ppm, NH; 1,000 ppm, O, 28] 7 N, & A}&-3}4
o} 7122 f=2 fuA (Mass Flow Controller,
MKS Co.)& o] g3l 2439l o, NH,;9} SO, A

Check valves
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)
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Fig. 2. Schematic flow diagram of SCR reactor.
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Fig. 3. SEM photographs of V,0;~TiO, filter.
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Fig. 4. Pore size distribution of V,0,~TiQ, filter.

o, Ti0, 28 F 500°Ceil A dAel 3 AAjHf 74
4 8om¥g vlEwA g ZHglch & 20 AR A} A
AR Eujel »=F depigen) 2o ve Hee
sladdg 2t7h mAsgch
A AR AEE V,0, 352 0.87~12.4 wt.% o}
o, V,0;-TiO, BEl7} V05 FEof] v vl
Mol A vt £3, V,0s v 57F S7HEeE
vlEm Aol M5 Zh4ER AT, et 6.0wt%
oj el Al 23le vwlmeiAe] Zrlsigict. mdebA
slaAe gwe) Tio, ZHE Bele] 2% o =27
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Table 2. Physical and chemical properties of catalytic filters.

24 777

Catalytic filter

V,05 TiO, Specific surface V,04 Specific surface
loading (wt.%) loading (wt.%) area (m’/g) loading (wt.%) area (m%/g)
VTL-1" 0.87 4.08 4.1 VL-1? 0.86 2.1
VTL-2 1.50 4.18 38 VL-2 1.52 1.4
VTL-4 2.44 3.98 34 VL-4 2.45 1.5
VTM-8* 4.10 4.13 3.1 VM-8 4.07 0.9
VTM-12 6.00 4.18 4.5 VM-12 6.02 19
VTH-15 7.25 3.85 52 VH-15% 7.22 35
VTH-30 12.40 4.03 7.1 VH-30 12.44 5.1

DYTL-1(V,04/TiO,/Low conc., | wt.%); PVL-1 (V,04/Low conc., | wt.%): ?VTM-8§ (V,04/TiO,/Medium conc., 8 wt.%); YVH-15 (V,0,/High

conc., 15 wt.%)

@ : Anatase
& : Rutile
A : Crystalline V,05

[ A

VTH-30

MM VTH-15
..J\MWN\\/\\A.,J\N VTM-12
N\AAANW\/U\—\/\W VTM-§
MJ\J\M VTL-4
,MM\/\/LW\_,WK VIL-2
M«w\f\j\\d\’/\x'/\/\w VTL-1

TrrrrrrrrrrrTrod
20 22 24 26 28 30 32 34

Intensity (a. v.)

18
20 (degrees)

Fig. 5. XRD patterns of V,0;-TiO, filters.

vehde). ol % V,0, 2018 B8 @i 6.0wi% ol
Aol w28t Aoz malTh

V,0s sz 22" gee] X-A 3 dAdg
27 so) Jehe FE2b 2 VIL-1(V,04
TiO,/Low conc., 1 wt.%), VTL-2 (V,04/TiO,/Low

conc., 2 wt.%) BE] A+ anataseA}ato] vlElton,
57h 271845 ruileds) A4 V,0,5% e}
7] Aztetesh TioE VTM-12 (V,04/Ti0y/
Medium conc., 12 wt.%) DE{7}A| Abde|7} deojvt
rutileAlo) 274813, 1 o] Abe] Fwel M AA
g V,0sttel AabHez Frleigi dAE 2=
500°CY ) V,05 =71 1.5 wt.% o]Atell A HE]
V.0s7F B422 2h43td Tie] Axels dozl
Aoz Az} (Reddy et al., 1998).

4.3 NOx HMIAH &M

4.3.1 V,0; 59| g3t
V05 527t B2 A 228 BEE o] 48}le] NOx
AA BAAE debusith I8 62 V,059 =9}
UF2xol wE NOx #7148 Hellgdst el
HA" V,05 527 6.0wt%7H A F71E Al w2
o] AR gle] AAH oz NOx A& Zreh=
73ee Beeh 2t 1 ojAkel V,0; FxEelA
NOx A|A &EL 300°C odtell M ZF7 st AL,
AR ez 12<l 350°C oM Fadste 7
FE wolth Wb, V05 Fxel] oHE NOx A7 &
AY A A" 5271 60wt %E 7FEeR 5
7} 3g g 28 L2E96A AlAL ] Fek
A7k 527t & W 350°C oAbl M e A A&
ZHart vebsten], 300°C olsldll A AAE F
7V ke Beleh

2% ¢ BusEy Uy

25 250~450°C ¥ $jejA] NOx #)

[
[=]
[
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AALo] A5, B3] 12,000h A A AL
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4.3.3 MaAo| A

A Zof 28] TA A AeY] ATE ofn] @
£ A7) AgEe] glom, Ak EA A Fui2 &
Ao A} 27133 odelx] ¢)o} (Pinaeva et al.,
1996). wletr] Atd FE2E 1%, 5% 22|32 21%=
gejsle] uhg-wo] w2} NOx A7 A AP
At} Ak =7l 1%Y A& A=z A
3l9a, 5% A st 4ol Wi EH e w7k
AbdgEold, 21%E H7le EAlshs Atk =
zR oz AFYPsgdct £3 AkAe] x| we) 4y
3= NO,¢| == 7 24 sted ehigieh
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Fig. 7. The correlation between reaction temperature and
NOx reduction at various space velocities for
VTM-12 filter (NH3/NO = 1.0, oxygen ratio = 5%).
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350°C o] 4] L=2 Z45 NO,9| Ao AdjH
o= FA /e o £ lgiek AT Aotz HE
3e Y ) Ak Aol BUAQ i}
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T QAe B Guelh WA Aksel W)
o] Atzhe Ao NOx AAES ez ot
e,

4.3.4 0| tt5ge] HEt

Qhmviol SCRESIAL w7k ol ZAlshe ol
Abzls}el] o]3fed WA (deactivation)& Yo7
Roz oA gluh o]4ls}s} SCRWCIAM AbEs}
o SO,z EAlsks ghrlol 9 ¥ B3 Agshel
Al ot %Y (ammonium sulfate sal))-2 Al sict.
o] 92 = 7}z P2 Z2)8H=9] ammonium bis-
ulfate (NH,HSO,)¢} ammonium sulfate ((NH,),SO,)
2 FEAEH, o] 92 Fviadd A3t 71F
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Fig. 8. Effect of oxygen contents on NOx reduction for
VTM-12 filter (NH,;/NO = 1.0, space velocity =
6,000h7").

9 =0e Pol #4 558 =t 20 A
sl Buje] e AaAIlE F 99 2=
24 9lo} (Ham et al., 1992).

geld olaksiate] EAlehe A4 V0 $AY
HE] VM-12(V,05/Medium conc., 12 wt.%)2} V,05
-TiO, A€ B VIM-128 o]-43}e] NOx A

&% vimalolch 79 0% $4 olksiae 913
A & 7S 7 F9) PE ) NOx A A&-E veh
ek F Fu) e 2F 350°CellM 7H &2 AlA
£o] ehgon uhe-g % 250~450°C RE e
Al VIM-12 "e]7} VM-12 g8 25} AjA Ayl
Festiiet A7) A R AR MY & 31‘}1
ot A, Do) vlEHA Ztel7h NOx A7 gl o
Fe Tty Betsgen, B4, Azt AAA
=40 ols) NOx A7 &o] sholpickz Baksich
Waje] 79 Uele Az} e vanadia 29
Aelo] ol #AE Wolme wabgald B
£l Aoz AmHc ool Wejel =
V.05 HA] F2g WIAAIPY Adsugic
B o 29 vanadate £A-E o) L3 =
3t FE ] "HAsEe 2pol7h vebdA] ofok
wek £ HE]Y NOx AlAEL X392 Az}
SARTRs vEEAe zlelrl 1 A ez
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Fig. 9. The correlation bewteen reaction temperature and
NOx reduction for VTM-12 filter and VM~ 12 filter
(NH,/NO = 1.0, oxygen ratio = 5%, space velocity =
6,000h7").
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vl wslede}. vh-e-e = 250°Ce} 400°Cel)
AL G2 FHEAL AAE) M 5
sl 2% Qs AaAskaleh o o)Aks}s}
1,000 ppmE& FY3ge. 28 10 ()2 g2 =
250°CollA1 9] NOx AALE Yl VIM-12
geje ol Az E AA L] dAA A
& Falsig o, VM-12 = o]Akstgt 37}
Al A ] E71E S A A L] FAagE g 5
ololeh mah, oal LA AALe] AsH oz h
shelch. 2o, Weesst Q) 400°ColA S
NOx A AL g7l He 13 10(b)ol] o] VM-
12 eje] AA o] o A2 AAT WL x
250°CAHE & F o=z Wislx] Udgtom, di=k 80417}
o AHRE= A8 dAFA FA= A

VM-12 Gl A& ghrvfo} SCRY A4 wh3-&
=7F A2 BZoA HBAE doTle 4Ry del
AA 22" S0 mleA I 534S de} NOx
ANAEE A} AR Aeleta At (Nam er al,
1986). @2t V,0, &= FE| B} V,05-TiO, ¥H
7} o]tz etel] 7hat Xﬁo‘ & 7HE AE 8 ¥

_’l‘[_:_
A A
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Fig. 10. Effect of sulfur dioxide on NOx reduction for VTM~12 filter and VYM-12 fitter (NH,/NO = 1.0, SO, = 1,000 ppm,

oxygen ratio = 5%, space velocity = 6,000 h).
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