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Characteristics of Disc-Type V,05 Catalyst Impregnated
Ceramic Filters for NOx Removal
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Abstract

The performance of disk—type catalytic filters impregnated by TiO, or TiO,-3Al1,0; - 28i0, supports and V,05
catalyst was evaluated for selective catalytic reduction (SCR) of NO with ammonia as a reductant. XRD, FT~IR,
BET and SEM were used to characterize the catalytic filters prepared in this work. Optimal V,0s loading and
reaction temperature for V,05/ TiO, catalytic filters were 3~ 6 wt.% and 350 ~400°C at GHSV 14,300 hr™' in the
presence of oxygen, respectively. With increasing the V,05 loading from 0.5 to 6 wt.%, NO conversion increased
from 24 to 96% at 400°C and 14,300 hr™!, and maintained at 80% over in the V,0; loading range of 3~ 6 wt.% and
then dropped at V,0s loading of 7wt.% over. In comparing V,05/ Ti0Q, and V,05/ TiO,-3AL0; - 2Si0; catalytic
filters, which have same 3 wt.% V,Os loading, the V,05/ TiO,-3Al,0; - 28i0, catalytic filter showed higher
activity than V,04/TiO, catalytic filter, but higher differential pressure drops owing to its low air permeability.
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Fig. 1. Flow chart of manufacturing process of (a) ceramic filter (b) V,04/TiO, and (¢) V,0,/TiO,-3Al,0, - 2Si0, catalytic

filters.
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Fig. 2. Ceramic filter impregnated TiO,-3Al,0, - 2Si0,
mixed oxide support (a) prior to V,0; loading and
(b) after V,0; loading.
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2.1.2 Ti0,2} Ti0,-3Al,0, - 2Si0, =H|

2 Aol A" Tio, A A2 A
ol dFE 7Y 2 vEEAS Vel T
2 = titanium isopropoxide (Ti[OCH (CH;),]4, 98%)E
isopropyl alcohol ((CH3),CHOH, 99.9%)<l 24 A]7]
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HCI(35%)% A7} & FFFE 7HEslshe v
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dAegk ¥ XRD} v]mAH g ZA3ot TiO,-
3AL0, - 28i0, EgEx2 A%, mullite 3ALO; -
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Az ed mullite §94-2 FUURE F2olF U=
2 £ 19] Belole FA o= 77|71 titanium isopro-
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PR 1 8A A A209 A43

Table 1. Composition and specific surface area of TiO,-
3A1,0; - 2Si0, mixed oxide supports after heat
treatment for 2hr at 600°C.

Sample St S2 S3 S4

Ti0Q, : 3A1,0; - 2Si0,
(wt.% ratio)
BET surface area (mZ/g) 116.1 117

9:1 8:2 7:3 6:4
169.7 2025

diethanolamine (DEA)3} 2542 E3tslo A =3}
9o} titanium isopropoxide -£-42] Mg A)zHbH
2 o} 72} 1000ce g-ofol 0.5M9] titanium iso-
propoxide® £-3]A17] & titanium isopropoxide R}
B A28 THF2] ethanol g AH7}et vhg BAMA
<l diethanolamine (DEA)E titanium isopropox ide %
2] 2ul=E oF& F7PHe 2 titanium isopropoxide
Sl E§haled 3027 wukdt & 7)o ttanium
isopropoxide B2} 4v|j= kel ZF<E T
of hA] 3023t wukste] Alzddot Al G4
A AFFAes Aztdee] g8kt

AzF Ti0,-3AL0; - 28i0, E3FHA = 600°Cell
A A= gEe TiO, @47l & $AH %S 247
< 9AE 3 F XRD, v]E9A, FJA g 1z
3 71 ZIREE s EARAE #8
A XRD¥ XA FAEA 7] (X-ray diffraction analyz-
er, Schimadsu Co., XD-D1)& AHg-3}glw, =712
CuKe, 25kV, 20mA o], 20~ 80° Ale] S BA3le] F
oA AT RBARBIGY: v EH A2 Autosorb-
1 (Quantachrome Co., USA)E A}8-3}d 92 BET A
& FAFLAe=RE SAsT: Ao (FT-
IR) 242 spectrometer (HB 104, Bomem, USA)Z- ©]
g3t} KBr 7|€2 500~4,000cm ' F3}4 of o)
A 8em™'9) A== 83 whE ZA3ldch meso-
pore F7|¥-Zx A4vts BAFA L |43 BIH
u}vl -2 (Barrett ef al., 1951), micropore Z7| 23 7]
47 (MP) & (Mikhail er al., 1968) 27} o] 43}
Rt

2.1.3 V,0,/TiO,8 V,05/TiO,-3A1,0; - 2Si0, E1
HE
7)Z&4l}= NH,VO; (ammonium vanadate, 99%, MW
=117)% 2327171 YA oxalic acids A}-8-31%
£d, =7} 02m/l °l3}e] NH,VO,& 70°C= 71d
31 NH,VO;7} g3l 5 o] oxalic acidE AH4-31#] &
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Fig 3. Schematic diagram of experimental apparatus for NO removal.

M= Gz SRR Aepldeed g4 22 &
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AelA 59 Fok Az F Abshg-264] 600°CE 2
Azt Eeb dalE] ® & NOx AlA AxAdge ALe
atiet. e gele] 37| FH-E2 ASTM E128-61
Ao oJste] ZAslolw, M T2 BEE 9
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Table 2. Lists of V,0,/TiO, and V,04/TiO,-3Al,0; - 2S8i0,
catalytic filters used.

) Support Catalyst .
S:;nn;])ée (filter basis, (support basis, ¢ g;aitf?g:iton
wt.%) wt.%) P
VTI 10WL% TiO,  Swt.% V,0s  0.5wL.% V.04TiO,
VT2 10wt.% TiO, 10wt.% V4O Iwt.% V,04TiO,
VI3 10wL%TiO,  20wt% V.05 2wt V,04Ti0,
VT4 17wt.% TiO, 17.7wt.% V505 3wt.% V,04/TiO,
30wt.% TiO, X 3wt.% V,04/TiO,
VIMS  _341,0,-28i0, 10Wt% V05 _341,0," 28i0,
VT6  20wt% Ti0,  20wt% V,0;  dwt% V,04TiO,
VT7 10wt.% TiO, 50wt.% V,05 Swt.% V,04/TiO,
VIS 20wi%TiO,  30wt% V.0,  6w% V,04TiO,
VT9  TOWL%TiO,  10wWL% V.05 Twt% V,04TiO,
VTI10 15wt.% TiO, 67wt.% V,054 10wt.% V,04/TiO,

2.2 Mguy
So)ElE ol 43 NO A AW 139 3
dehd uhe} 2ol sk 3 w7l Telm B4

e 2
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Table 3. Operating and experimental conditions of bench
scale apparatus.

Specification Unit Range
. SUS 3108

Material SUS 304
Temperature °C 200~ 500°C
Pressure bar 05~15
Differential pressure mmH,0 0~1000
Pulse pressure bar 3~5
Valve opening time sec 0.1~5
Pulse interval min >35
Face velocity cm/sec <10
NH,/NO mol ratio 1.0
NO ppm 1190/2120
NH; ppm 2000
0, % 2~5
GHSV* hr! 9500~ 23900

* 1 Gas hourly space velocity

CCEREEE

7k F3EEE 95744 NO (N, base)2} NH, 9|
cylinder, 13} A ot=lo 2 9] 719k )3} pressure
regulator, -F-2FxA-2 9] ball-type frFAZ TA
Eo] gleh k7] Al Az FYHE g2y
o7} wg7) A} e del peE ol 2
& FH23)317] 9} SUS301S wbez A=3ld). 2
Bs} W] Abo)s) Tk 2 W] Sls) )
2 BA3 = stainless cartridge”} AFE-E A, EE=
Teg ek 2 E AEshed TN carti
dge?} HF27|Afololl+= ceramic paperE gasketo 2
Absbedn) Brer) 2= x4d-2 heat tube2} K-type
A 59 AAAAE AREsted 3 600°C7HA
Hhgol Bedt ExE AT IETkAee S
o o3k 0n s RS Sla) wn Ao 2t o
2\, 420 o5E 98 NTdzE T A
Askget. BB 1E7) Q- 27 AE gas
Eg BAL 95 NO, NO, 0, SO, CO, CO8 £
Mo| 7P53t 7R 7] (IMR 3000P) & AM4-3)giTh
AP BT Terkaste] 4HH HRow o
g A g A7) 3 2m A=Y FHe
2 QAst] FE3 Yoo o|FRA=F MAes
T EAM = 0~ 1,000mmH,00]), recorderE A*]
sted MBS g 7] 53Hd . 500 X 10t =279
V,05/Ti0,8} V,05/ TiO,~3ALO; - 28i0, &) Q&
o e = 20, AY2AL % o) ekt sk

27|27 3A] A 20 A4 3

. 2t 3 1

ik

3.1 HojEee g4

3.1.1 Ti0, 2} TiO,-3AL,0; - 2Si0, &

I8 4% AEEEe Tio, FAE "R AR
e XRD ZAA #4727 (a)9h b gefel &
FrlxAgA o|EA Eete]lE A9 TiO o] FA
vl whet EA A7 FEe] XRD A4 #A A
((b)~(eNEHA TiO, FA7} Aol & B-AHe] 32
& anataseAt] Ti0Q, (20 =25.3, 37.9, 48.3°) ¥ =&
B3] ¥ HA m¥elA sl 53] 11 4
(b)~ ()M TiO, 7| 28] Z=r E3EL Eofole
goloko] FVISS Aok ARE el

Az TiO, BA S 600°CollA] 24753t dAlg
3] Qe TIO, ¥ vBHHL AL F7he
A & 7% 323m/g, AR 2 HClo] A7t 4
£ 349m¥g 12|31 BAMA 2 DEAZ} 37bE AS =
B4ml/ger A7 A} FAAZ HCIE AH7b
e 7o) vlmEHA ] £33 gl o
B} 2A7F2 Georgiadou et al. (1995)¢] A A|g B]&
=24 2k oF 60mYgrvle T 3 Yehdeh Tio,
-3ALO, - 2810, BAle] MERA AR = |
AH Eehole o] ofo] F/IdyS vlEHA
100~200m%g2 Zr}slelon, &3] Ealo|E £
2] Hrleko] 20wt %N A 30wt.%2 Z71& W =7
zy}sla el TiO,-3A1,0; - 2810, ZAlo) leiA],
titanium isopropoxide &-9o)] BTlo|E LS Xy}
3}A} titanium isopropoxide”} Eglole Lol =3}
E H08} uhgasted SR8 7R, Eele|E HAE
o] BRAMoz Y A A AU & & e
SAAE] AR 2 wHHE A&sted 6X
¥ 2E 2AdA AE soldE 2 Ak A T
gt A4Ed ke 13T 308~ 1A 7hE<E
Aelg AR A3 sol A7t Al fAIH o titani-
um isopropoxide &N} Belo]E Lolo] FFE-S
Az st Aoz dstdd. 1¥ S
TiO,, mullite 2.2] 2 o] E2] EFEo HYH&3
(FT-IR) &A A #=24, mullitex 3,500 cm™'9 2]
broaddt =9} 1,600 2 1,200cm 't 2] sharpdl =]
FE, TiO, = 1,200cm ™ ') 9] sharpdl =) z9He e}
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Fig. 4. XRD patterns for ceramic filter of (a) pure TiO,(b) 9:1(c) 8:2(d) 7:3 and (e) 6 : 4 of TiO, : 3Al,0; - 25i0, ratio-

containing.

32 gl F713% #A7]EEE titanium isopropoxide £-

A3t gelo)e golo] Eghulge] 9:1d =AS A

W T TiO o mullite®] EFu]&2] wWzlo] u}
2} spectrume] W3y} Jebhgon, £3E] %3tE

= mullite?] <¥ol Z7}ghell wlaba] 3,500 cm™ ') 2
Zz9} 1,600cm 'the] 9| =7t Zohgke el & 4
gltt. o)== mullite oFe] Z7}3tol] whe} mullited] &
Aol Yehbs Ao EEHAM=E F 714 BA
o] Ztz}e] BAE AU ULE BAEH. ol A
18] BelolE ek Folol we} E3FHA Q] v
=74 27139y mullite?] 48 2UA =Ho] Zn)
Hitel 298 7be&d 2% 6 titanium iso-
propoxide 843} Eelo]E gofo) Fgh)g-e] 9:1<)
A 6:42 A AF 7)1 27 EEE e

< 8nmo|l, 6:4¢l AL 6~8nmE Z Fo]= ¢

i)

3.1.2 V,05/TiO, 2 V,04/TiO,-3A1,0; - 2Si0, Z0j
ZH
HAA 2 DEA %3+ HCl A8 A] 2% TiO, &=
7b Feo] 2 FAEY HCLE A2 AHestd e
W HF A Fol A=A e A
o] WAt AANZ7) (1 m) F) AELE Az A
o] B 2 DEA7} v} 9-4% Aoz AlaEch
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2 2715382 1% 7A™ 73904 70 cc/min -
m® - 10cmH,02 o3} FHaste] 1 wishate 3%
njato)gict. A1E 50 mm, F7) 10mme] A= dE
o] Al FAZIFELZ 30wt% TiO,~3AL,0; - 28i0,
DA 9} DA FAY)EC2 10wt% V,0.E0) 7} 27
q 2vgE]d] V5L B ARlE SE)
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Rt Xjgte] o g AE A 4 gleh Belel
E 9} TiOE A=l dee) @A3= g2 Tio, ¥
Aags 7R 5 Aot AetEe] del) A
o] o] Wolxlmzn Zwmjge]e] Fr|EHEe] =A
st} gho] welAl FAA o] Qlvt whebA, A=t
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wE TS 28 ol A%y NO A3
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Fig. 8. Morphology of ceramic filter supported TiO,-3Al,0; -

(d) 4:6 TiO, : 3Al,0, + 2Si0, in weight ratio.

Table 4. Specific surface area of ceramic fiiter supported
TiO,-3AKL0; - 25i0, mixed oxide supports.

Sample TiO, : }AIIO; : 28i0, BET surface area
(weight ratios) (m/g)
Cl* 7:3 30.1
Cc2 6:4 19.9
C3 5:5 20.5
Cc4 4:6 24.6

*: experimental error
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2Bk UV Xi,.50808 181m 080036
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2Si0, mixed oxide supports at(a) 7:3(b)6:4(c) 5:5 and

5:5,4:62 BAE Al=pigy a2 A 5] A
=gEe] vlEHA & A3 eH. TiO, AHA9] v|=
WA o] ¢ 50~70mY/gol™, Eetel=e] w]Em Ao
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Fig. 9. XRD patterns of (a) V,0; powder and (b) V,04/TiO,
-3Al,0, - 2Si0, catalytic filter.
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