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Efficiency of catalyst-coated ceramic filter with acid treatment
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Abstract Ceramic filter was prepared using cordierite powder and it was coated with V,0O5 catalyst by vacuum
impregnation method. The filter had the apparent porosity of 58 %, the compressive strength of 10 MPa and the pressure
drop of 1200 Pa at the face velocity of 5cm/sec and 400°C. NO, removal efficiency of only V,O, coated on cordierite
filter showed the removal efficiency of 80 %, and it was improved up to 90 % by increasing specific surface area of filter
elements from the acid treatment. The high surface area is due to the removal of Mg and Al ions from the silicate
structure and subsequent generation of free amorphous silicate on the surface of the cordierite.
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Table 1

Properties of ceramic filter
Material Porosity (%) Strength (MPa) Pore size (um) Pressure drop (Pa)
Cordierite 58 10 Support: 40~50 um <1300

Filtration layer: <1 um

(face velocity: 5 cm/sec, 400°C)

(selective catalytic reduction, SCR)°] SI=H], o] W
< ol&at wj7I7kse} SAAE ST OE FAl
IATIEA w7 I7Es Fo] AaNEES HAet 757
2 Adexor el A & Aok o] WYPES 3
A AaAEES AASE 1 U, FHEAY] 71EE
P e HeE A B 5 de A FY
shzt dE 3 "ot e ¥ AEE Eol
FuE Bt} Fdep I™stAY Saje] SdFs Wt
T TTPIRCEA Fa7kE AA BES IS F
Atk mEbA 2 Aox= HANO, Al AE|7F 7F
s S =" A2ty 8 E Alxsta 38 329 v
AR NO, AARES vuge=A, 9 /o]
a7k AATEE PR G 4R1S EA ST

offi ¥

]

==

Ftjojgio|E 8 F71H7HA 2 UEAE 39St
of 7Y AR v Aty FEE Alxsk
ok AlzE AHS e 2 100°ColA ZHzE 24817 5
oF AxEIAL, 1410°ColA AZAEATE. ARAAS ¢
sfo] 2xglo] FE] WHoR Iy W AHFS H
g3t AxE dee] EHdLe 98l oxalic acids
o] &3IATE. Oxalic acid®t SFHTE 1:12 3351
B T Y AlEES 74} 15, 30, 458 B¢ 27F 7
7t Ao}, o] tlo] e8] AAE w7iA] F
FrE ol&ste] AFsILE £ Aex= SCR 34
oA dukx o7 HLE= V,0, FE ARSI V,0;
A 489S ammonium vanadateZ oxalic acid®}
Eofl 83lrA Az oH, At 28 R/ =
e A Z'-AT7] flEiA JFFRHE ©]83S
o] FEETE R A7 30k B9 AAE o X1
FEE 1X107 torroldl oo, gl Ax
Tk 600°ClA 1AIZF B3 FA skt

Algbe] e 7124 B4 J7kE flskd 718, o
SAE, dEEES S, FHAY A 9 vA)
T, st 2 @44 Hskel NO, AIAEES Bl
st 71852 FUHE o8-8t AU T
M|T-Z= scanning electron microscopes Sl T
stttk 71414 Zd%=% UTM(Instron, span speed 5
mm/minys ARSI UFAEE AU, dHEH

=

geel 13 9 S uE 2EY 28 9 A
2y gRzAe) GE VAT meb) e 73
A% g AR F714el S BEE AxY
=¥ Bee]

s HeiTh AxE dE= 718E 58 %, 717
%= 10 MPa, <42 1,200 Pa(AS5%= S cm/
sec, 400°C)2 SAEUT WEEI} S A AL
o] EEALe oF 150 PaolA|RE %7t FU1stel u)
g FEEAE wEbA] FRsh o] @42 1A A
Eo] 2% oS AWk Darcy’s law=E5E AW
g 4 Ut} Darcy’s lawoll o8l 27} F7ghol| o}
2t 71A19] A B3t SR HaL uebd gESdE
Z7Yel= ZAo|th8]. dukzlo g 3.& - At F
£ 7Fsst ZE9] HEHe B o Ada A3 =4
I U AL oF 3,000 Pa o]alo]H 2 go] 7psa}
oty ByEy lomg[9] AlxE e EAL Unt
ARl 27k A3t FAANA AREsl7ell A esichar
dekEch
ZElS] A g 0 28 54 2 NO AlA
TS Y] Y5k oxalic acidE ©]83k] 2z
£ SI3lth. Table 29} Fig. 19 AbA2] Akl wig 2
o] v EHA D uATERE 298 435 e
AP E 517] el Heje] HEHZF ] 0.48 m’/ge] AL
L}, 458 59t 222 & FollE 521 mYgE oF 100
ol Tkl AS & & Ao, HEHEA FT
oJsled Zwj7} TE 713 FHol| Hul U IHE
o=z e Yo FAEUT v,00 A4S A=

7] =
o7t At} Table 195 £ AFoA AzxH
Z_-]]

Table 2
Specific surface area of cordierite filter with acid treatment
(unit: m*/g)
Acid treatment (Oxalic acid) Specific surface area
In-situ 0.48
15 min 0.59
30 min 3.64
45 min 5.21
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Fig. 1. SEM images of acid treated filter with different treatment
time; (a) 15 min, (b) 30 min, (c) 45 min.
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Table 3
Compositions of cordierite filtr non-treated and acid treated (45
minutes) (unit: wt%)
Compound Non-treated Acid treated
AlO; 33.56 27.26
MgO 10.65 8.29
SiO, 47.99 55.99
Others 7.8 8.46
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Fig. 2. NO, removal efficiency of V,05 impregnated cordierite
filter after acid treatment.
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Fig. 3. FT-IR spectra of V,Os/cordierite after ammonia adsorp-

tion; (a) before acid treatment, (b) after acid treatment.
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Fig. 4. NO, removal efficiency with variation of V,0O; concen-
tration and temperature.

5 dS F Ao, HY == 9F 370~380°C
1]
AA

o= et

B Ao M w77k Foll £3HE ulA|ux| e} fal
7WEE SL2OM FA] AAT F e AL2E Al
gy Ax3a, 8 EHA7E S 2&e vXe=
A 2 ho1e BAEATE Az vy Ftojglo]
E ZH<9| 7FES 8%, $=7EE 10 MPa, 400°C,
5cm/sec®] F5olA 4EHEHE 1,200 PaclRlT). ol
8 88, &A= 5 e, A FHNA WA sl
7t SAIAAEG FujAE] AlgtdE R A8 7Fse 7t
olt}. V,0, 12| 7% NOol thsll 80 % o]4e] 217
BES YERNRIA, Al og HE] HEHA F
712 Bal AYass of 10% NAgeER SCR 34
oA 83l e V,04/Ti0, E7e] NO, AAZE
I st 2345 48 T UATh o= TEHO| H|EH
A F71E Bl ZEE Fuje] EAME PN OEA
o] 9ol FTUEHN7] W0z wkEh

Al 2
B d7e asFplerREdsAd 7R AT

21419] (No. ROA-2003-000-10320)F 20073 % Akt st
AR A7EEE) AdoR £ =HIAFU

3

m
o
rot

i

[1] G Saracco, “Coupling catalysts and high-temperature
resistant filters”, High Temperature Gas Cleaning 2
(1999) 627.

[2] Y. Sawada, K. Hiramatsu and H. kawamoto, “Evalua-
tion on fundamental properties of filter materials a high
temperature”, High Temperature Gas Cleaning 2 (1999)
393.

[3] M.A. Alvin, “Advanced ceramic materials for use in
high-temperature particulate removal systems”, Ind.
Eng. Chem. Res. 35 (1996) 3384.

[4] M.A. Alvin, et al., “Assessment of porous ceramic
materials for hot gas filtration applications”, Am.
Ceram. Soc. Bull. 70 (1991) 1491.

[5] S. Berbner, et al., “Characterization of the filtration and
regeneration behaviour of rigid ceramic barrier filters at
high temperatures”, Powder Tech. 86 (1996) 103.

[6] LE. Wachs, G. Deo and B.M. Weckhuysen, “Selective
catalytic reduction of NO with NH; over supported
vanadia catalysts™, J. of Catalysis 161 (1996) 221.

[7]1 V.I. Parvulescu, P. Grange and B. Delmon, “Catalytic
removal of NO”, Catalysis Today 46 (1998) 233.

[8] J.D. Chung, “Experimental results of high temperature
bench scaled dust removal system using ceramic candle
filter”, Environ. Eng. Res. 2 (1997) 33.

[9] S. Ito et al., “Changes in pressure loss and face veloc-



Efficiency of catalyst-coated ceramic filter with acid treatment 95

ity of ceramic candle filters caused by reverse cleaning [11] N. Economidis, R.F. Coil and P.G. Smirniots, “Catalytic
in hot coal gas filtration”, Powder Tech. 100 (1998) 32. performance of Al,0,/SiO,/TiO, loaded with V,0; for

[10] A.M. Shingapov and G.W. Graham and R. W. McCabe, the selective catalytic reduction of NO, with ammo-
“Preparation of high surface-area cordierite monolith by nia”, Cat. Today 40 (1998) 27.

acid treatment”, Appl. Cat. A. 182 (1999) 137.



