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A Study on the Low Temperature SCR Catalyst Wash-coated on
Metal Corrugated Substrate for Application of Steel Mill De-NOx
Process
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2 2 E Ao AEA 24 Y9 di 2 & AHH] AE fsto] 7]& A& SCR FHijEtt EHZo| =1
25 SAo] 243t SCR &1l /LS EZ 02 5T WOs2 V059 =S &85t metal corrugated FEfY
AR Ao ZE5F] SCR WS A 23t &, APA ;F19] nfo]a 2 A2 7|4 oA NOx A7 A5S é_xqol_oﬂq_
Zujj9] E4-& BET, EDX(energy dispersive x-ray spectrometer), XRF(x-ray fluorescence spectrometry) 717
£ ol-&sto] BA5tE. A 2, V2059 Fol F1Rtel wek NOx A7 sk F7FHAAT V2059 °]'%°]
1.5wt.% & W Bt 1.2wt.% € o 7P 53 NOx A7 A%5S YeErdt. E3t, V,059] o] 1.2wt.% 1=
SO20 ATt =& MRS ARol® NOx A 450l fAEE AoE YUegon AdaoA AEHI = 48
honeycomb Zuj2} NOx AZ A% vlw 23 220C o4 NOx A Adsol 2¥] =4 Yvebdo] weh metal
corrugated XA YAZEHE SCR S Ada 24 FHY A2 FIolA ol 7HedhE &l sttt

Abstract To develop a catalyst superior to conventional commercial extruded SCR catalysts by using a
metal corrugated substrate with a high bulk surface area and excellent thermal response to reduce
catalytic raw materials and steel mill de-NOx operating costs. A catalytic slurry was wash-coated on a
corrugated metal substrate in the conventional manner. The de-NOx performances of prepared
catalysts were investigated using a laboratory scale atmospheric micro-test unit and by BET,
EDX(energy dispersive x-ray spectrometer), and XRF(x-ray fluorescence spectrometry). de-NOx
performance increased as V20s content increased, but best de-NOx performance was obtained at a
V205 content of 1.2 wt.%. Furthermore, de-NOx performance was maintained despite exposure to SO;
for 100 hr. In addition, when the catalyst(V20s 1.2 wt.%) was compared with a commercial extruded
honeycomb catalyst used in a steel mill, the de-NOx performance of the prepared catalyst exceeded
that of the commercial catalyst at 220C. The study shows that the devised wash-coated SCR catalyst

could be used in the low-temperature region of steel mill de-NOx processes.
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1. M&2 ™. metal corrugated A A= 7144 A 9 SAE

= 7] o] < 104 Ate] - 43} =of 7]
LA0R QIF APIA M Eofut 18,2000 o2
g FAAFGNL7|HOECD)Z A=t FollA Hote] =&
o= yeit itk 19 YAEAR BERE vAHAY
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At RN E HAHA T FHHYES Bt
20229714 ARARRS] AEE wiEH 5 43%(52,7918)
£ &0l HHE HE587ES AEStartllL

AEE] AFHANN= &2, ZIA, dA 5Y
T4 NOxE Hi&sta oH, & A% 7|&
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Reduction, SCR)°] A&=|o] SIth2-6]. @A 483t
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(Honeycomb type), 3 (Plate type) FE] Zufj7}t
AoH(7], 4EAHF SCR Sii= EHTFTHL 2 &
717, et AoA giiE AR RAVE B
A1 2= S0l 1 ©hdo] 9ltH8-10]. E3t, &
g SCR Fi= vi7tA F dustZt B2 gt 3 oA
F2 AMEEAN Suie] FREAF0] TE SujE 2
2 dHE 7L Qo] L= HirtAE A stE
T g o] Hief 22 i @ §2 S 44
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o ALEE 24 2= 280C HeIZ bag filter T4
227} olHH W2 ARolA= SCR 349 WS
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+QHY F7HE 2 eeH12]. olof met AP A=
d= 9 24 7Av d7E 9e A2 SCR &&= Al=st
A Fskar Qi

wha] B AoAE A48 SCR SHEt ZEHE
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T E/Jo] 95510, AR & $go] ik FuiE AAIR
o wfolk o RAX7E 7hsste]l MR AEeR
TABHA] ot == F AHAA ool SItH13].

£ AolAs ALY AER Hi7RA A AL
Pl 160~260 T 2= #jollA NOx A Aol
5%t SCREW Q] M-S EZHOoZ V,05-WOs/TiO;
FH=E F) S2HE AXSIe™, SCREMY =5
QA V205 9F Z=1|9l WO; TFE Z4EsF metal
corrugated A/ A Al YA St} 9] NOx A
352 lab. scale?] AATS7IE Bl ERIsIAL,

Az 2ule] 24e SsAA et

s

Al
=

2.

0%

2.1 &0 M=

B Ao A8E XRA= metal corrugated(100cpsi,
YIDA Inc., China)olH, 28 &8 A&E Ti02(99
%, Cristal Global Co., Ltd. in Saudi Arabia)2:
V205099 %, Daejung Chemical CO., Ltd.
Korea), WO3(99 %, Sigma-Aldrich CO., Ltd. in
Germany), BFQIH Silicasol 30 % solution(99 %,
S-Chemtech. CO., Ltd. in Korea), 714} oxalic

in

acid(99.5 %, Daejung Chemical Co., Ltd. in
Korea), 3FFE ARSI SRl WO3E 2%

60 CTE FAAA &aigt &, V2058 oxalic acidE
F7F Fdsto] 1A17F muket = Tio29] st 1
F 308 wytelo] 9 &HE AxT & BHAAU 9
A FE "Fl(dip-sipping) 2 & metal corrugated A|A]
Aol ZFstATt.

NOx A A& 938t metal corrugated= 3 cm
X 3 cm x 3 cm® FHISIAL, F¥ &89 150g/L

Table 1. Notation of prepared catalysts

Catalyst notation conditions
MVW-A V205 0.3 wt.%, WO3 2.0 wt.%
MVW-B V205 0.6 wt.%, WO3 2.0 wt.%
MVW-C V205 0.9 wt.%, WO3 2.0 wt.%
MVW-D V205 1.2 wt.%, WO3 2.0 wt.%
MVW-E V205 1.5 wt.%, WO3 2.0 wt.%
MVW-F V205 1.2 wt.%, WO3 1.0 wt.%
MVW-G V205 1.2 wt.%, WO3 3.0 wt.%
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2.2 2887t
Bo7] Aol &g &% BES e
2 BET(TriStarll 3020, Micromeritics, in USA)Z H]
BEAZ SR, AR 945e  XRF(X-ray
Fluorescence, ZSX primus, Rigaku Co., Ltd. in
Japan)g & EAstglon, #UHE Ti, V, W 59
21912 SEM(Scanning Electron Microscope)-EDX
(Energy Dispersive X-ray spectrometer, Hitachi
SUSOOO Hitachi high technology Co., Ltd., Japan)
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NOx A% 5 Al¥ A= Fig. 13 Zo] 747
At ¥ Ado ’\1’%?1_ AR E A E%’l. et
87124 AzE £0jo] B3t 27 cm’o]1, BE 7}
29 352 MFC (Mass Flow Controller, F 100C,
Bronkhorst Co., Ltd. in UK)Z A|0]& 3}¥on, &

L= PID controllerE AR5 160~260 T2 Hel=
ZA51¥ . HWRSUMAS]  RAL Gas  analyzer
(NOVA9K, MRU, Co., Ltd. in Germany)Z A& &
A3ttt NO gas(10 %
speciality gas, in Korea)= 300 ppm (v/v)& J
Hog Z#HFYOoH, SO, gas(2 % in Nz, Sung
kang speciality gas, in Korea)s Z7°f Wt 100
9 400 ppm(v/v), NH; gas(10 % in N,, Sung kang
speciality gas, in Korea)= NO9| 5=¢ 5Y EH]
& MFCE ol&ste fdAHTE. 02 gas(99.9 %,
Sung kang speciality gas, in Korea)?] 55X+ 15
% (v/v)E FA8F9L2H, N, gas(99.9 %, Sung kang
speciality gas, in Korea)& & {%°] SAFHEE
sttt 74 EE 5,000 2 10,000hr ™ 22 443}
I, 7 257 9 FER S22 T & 30H4 4
3t A7HE Fo 2% 9 {3l M H T 4
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Fig. 1. Schematic diagram of catalyst performance
test unit.

MVW-G

MVW-F

Fig. 2. Prepared metal corrugated catalysts.

Table 2. Experimental condition of de-NOx

measurement
Conditions
Catalyst Volume(cm®) 27
S.V(hr) 5,000, 10,000
NO(ppm) 300
SOx(ppm) 100, 400
02(%) 15
NH3/NO mole ratio 1
N2 balance
Temperature(C) 160~260
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3. Zo Y I

3.1 HX= =0j9 Ht2&tM Tyt

WO39] S 1Asta V2059 §HFE 9
oto] |23t metal corrugated EME S 2 NOx
A S AL 2R H7kA RA F7g5tod
71 Z3E Fig. 301 YEIgIeh S.V 5,000hr-12710]
A V2059] g w2 NOx A AsS SFZez
H| W5k, V2059 dtgo] F71gl wat NOx A%
g50] AA8] F7FetRen, MVW-C 958 NOx
At Aol F43] F7IsHAE E3E, V2053l 7t
2 =3%d MVW-E S92 ct MVW-D 17t 7Fg =2
NOx A% 5= HAFrh olagt du=Re A2
oA NOx A% d5= UEtl7] Hsixe L8 ol
9] V,057F 8783 g1 &= slen, # A+ 24
A9 V.05 FF2 1.2wt% F=7t Fojof & & 4=
UL
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Fig. 3. Conversion of NOx according to changes in
vanadium content of prepared catalysts.(S.V
5,000hr™")
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Fig. 4. Conversion of NOx according to changes in
vanadium content of prepared catalysts.(S.V
10,000hr™)
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Fig. 5. Conversion of NOx according to changes in

vanadium content of prepared catalysts.(S.V
5,000hr™, SO; : 400ppm)
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V2059] gHFe gstal, 251 WO39| ddge =4

sto] MVW-F, MVW-G &W& AxsI3ch Az &
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Fig. 6. NOx Conversion of MVW-D, MVW-F and
MVW-G catalysts according to run time.(S.V
5,000hr™, SO, : 400ppm)
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Zuf BulE Hast & & Qs Aol Atk wEhA
metal corrugated A|X|Ao| ZH Zuje} A8 SCR
=9 NOx A 52 Blusties 1 230E Fig.
70 eI 48 SCR 1 160THE o9 22
NOx A7 6Z Heiglow 919 AgdxoA 7}
Z =2 NOx A62 UYeligld MVW-D Evi= 34)
=2 NOx A7 62 Uetdeh g, 257 57t
5 MVW-D SHll= NOx A7t Aol 2A F7tst
o] 240TA 99% NOx A 365 UL, 48
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Fig. 7. NOx Conversion of MVW-D catalyst compared
to commercial SCR catalyst.
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Table 3. BET analysis results of the prepared catalyst 4, A=

Item BET surface area(m’g™)
MVW-A 98.92
MVW-B 98.59
MVW-C 97.88
MVW-D 96.47
MVW-E 95.96
MVW-F 96.21
MVW-G 95.19
3.5 B0 4% w2 24
AAA el 5] A AxH S| S2EE Ax &
goto] XRF9H EDX2 Si9] A& g2 245k
B, 1 23S Table 4~50 el 24 Asg

AT EE Frfo] 47

Q1 TiO2, V205, WO3, Si02

AROE FAE0 JSZ & & AL, HAYH |5

YR dEo] 4" AS & 5 Atk

Table 4. XRF analysis results of the prepared catalyst

(unit : wt.%)
Catalyst Al Si S Ca Ti \% w
MVW-A  0.02 6.23 0.40 0.04 5862 0.42 2.66
MVW-B  0.02 5.89 0.38 0.01 59.08 0.76 2.74
MVW-C 0.03 6.64 042 0.03 5892 096 261
MVW-D 0.02 6.31 0.44 0.01 5933 1.28 2.58
MVW-E 0.04 6.71 0.34 0.03 59.11 142 2.80
MVW-F  0.03 598  0.41 0.02 5894 131 1.42
MVW-G  0.04 6.42 0.54 0.01 5872 124 3.49
Table 5. EDX analysis results of the prepared catalyst
(unit : wt%)

Catalyst A% W Ti S Si Al
MVW-A  0.78 3.39 84.67 0.65 9.84 0.67
MVW-B 1.12 3.64 82.38 0.69 10.56 0.51
MVW-C  1.32 3.99 81.96 0.58 10.25 0.64
MVW-D 1.66 3.81 83.22 0.49 11.64 0.48
MVW-E  2.05 4.14 80.98 0.50 11.78 0.54
MVW-F  1.68 2.58 81.15 0.74 11.20 0.71
MVW-F 1.59 4.65 83.14 0.42 10.54 0.57
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metal corrugated AAAE ARESE] V,05 9F
WO3 grgoll w2t ZuiE A|lRste] A2999 Ada
4222 w7kx Z2AqA NOx A% Ay o] 24
& Qo 2N ofFet T2 AES =ET 4 AU
1) SCREH 9] 2 SAJAHEQ] V,059] §Hefo] wat 2
Ao A& 2&9 220ToA MVW-AZU|=
24%, MVW-B&Ul= 40%, MVW-CEZlE= 82%,
MVW-DEWE  96%, MVW-EZdl:E 92%9]
NOx A% 452 Yttt 47 23E B4
V205 o] Z7142 NOx Ag Aso] £of
AA|GE 7+ 2o B389 o] HA sfokd
< < & %t
MVW-D Zul7} 220C o4 SO20f 23t NOx #]
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MVW-G &9iE Xﬂiﬁ}@l 100A17F &<t SO29
ot YiAde AHst A3 MVW-F 1= NOx
x171— /%L‘:_ 7\15]. 3.50] 7]—7(1— ﬁgu:] MVW-G _%UH

£ MVW-D Zmie} Zo] NOx A3t 450l /4
E|glou, MVW-D Eajit} 27| /d50] Rot &
QR Fgo] F8FS & 4 AT
3) XRF 9 EDX #A4Z Foto] Euje] &4 A
V2052t WO39] B4 ZAipr} gl wHA 4
AL RIS, BET £42 Sdto] ZF Zujj9]
NOx 450l S71el wet Eu9] v mHH2 oF
T EolE AL & 5 ASiTh
AF& SCREU|2F MVW-DE1 2] NOx A Al
£ H|wst A /KJ-,Q_ SCR &1 AAFHo=Z
MVW-D *UHEE} 2 NOx A% 462 Yl
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B} 28 =& NOx A7 5= vUehdogn o
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