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o] A
QA Fstel SCR £0NE Ax F, AGA R0 vho] Lz A BHEEEE NOx
[e]

A Ase AT Zul9] EAS Porosimeter, SEM(scanning electron microscope), EDX(energy
dispersive x-ray spectrometer) 2 ICP(inductively coupled plasma), A& 1|7 (Stereomicroscope) 7|
718 olgste] BAstitt. AT A¥ NOx A AL UL/t T7/184E gashiy, whtedt
Hado] @il 35 wte 4 Wl 7FE et Aor SRlsiyinh. ERE, BRelY Hrie] BweaE

= S0 2] 244 47t Biddel oJs) R
o 24 Al WE Aoz wauHd wg wW 79 At B4 Foke] velde] drjeel 2]

Z5o] : SCRET, NOx, 0]2E 428
Abstract © To develop a high performance SCR catalyst which has better specific surface area,

lightness of weight and fast temperature response than those of existing commercial SCR catalyst,
metal foam type SCR catalysts were prepared by washcoating with vanadium, tungsten and binder.
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The de—NOx performance test of the prepared catalysts was carried out on atmospheric micro—test
unit at lab. scale according to space velocity variation and temperature change, and the
characteristics of them were analyzed by Porosimeter, SEM(scanning electron microscope),

EDX(energy dispersive x—ray spectrometer), ICP(inductively coupled plasma) and Stereomicroscope.
The NOx reduction performance decreased as the space velocity increased and was found to be the

best at 3.5 wt.% contents of the vanadium and tungsten. It was found that the larger amount of

binder was added, the worse the NOx reduction performance was, which was considered to be that

the number of active sites of the prepared catalyst surface was occupied by the binder. We found
that the amount of binder to be added to prepare the catalyst should be properly controlled by the

condition of coated catalyt surface.

Keywords * SCR catalyst, NOx, Metal toam, Wash coating
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21, =0 M=

2 A AHEE metal foam AAAE= &Y
ZEAY] metal foam 3,000 wm ©H, T
slurry A&+ Ti0,(99 %, Cristal Global Co.,
Ltd. in Saudi Arabia)®} V,05(99 %, Daejung
Chemical Co., Ltd. in Korea), WO3(99 %,
Sigma—Aldrich Co., Ltd. in Germany), H}ItE]
Silicasol 30 % solution(99 %, S—Chemtech.
Co., Ltd. in Korea), BAHAl dispexA40(83%,
BASF Co., Ltd. in Germany), 714t oxalic
acid(99.5 %, Daejung Chemical Co., Ltd. in
Korea), 7S *}%3]'91‘:} TRl WO
2 60 T2 §AAA goligt =
acidg F7F FYsto] 1/\12} Rt 3 TiOxel
sqlalgitt. 1 & 308 St mutel] g
slurrys AlZRE & oA A Zg A
(dip-sipping) 22 metal foam Z|A|A|e] THES
Tt
NOx A7 Al@E {13t sample> metal foam
2.85 cm X 2.85 cm X 0.45 cmZ & 3670
AFetA, T slurrye= TiOE 7]1F2o2
Vo052t WO 3.0, 3.5, 4.0 wt.%=2 247t Az
g &, ERIEE TiO, 71Fez 10, 15 20
wt.%s F7Fele] 150 g/l Y=oz ZHzh 470
A QAIEE Sttt fAZEHE FuWE 120
TCollA 1AZE B9t AR &, 500 CellA 3A%F
B S Aot EME FHlsklth AlxH

Zujo] AP Table 1o LrERAgITt

i e

Table 1. Notation of processing condition

GYPIAL 282 7 Metal foam SCREM Y FREE9 vl FFo] mE NOx A7 ¥t 47 3

2.2, 2449t

Zu Ist7] Ao s
Ao 7138 Z7%7](Porosimeter, Auto Pore
IV 9520, Micromeritics, in USA)Z 7| 537|&

slurry & &8 MES

24aiqn, BEAR T, V, W 59 siqle
SEM-EDX (MIRA3, TESCAN, in Czech),
ICP(Inductively ~ coupled  plasma  optical
emission spectrometer: [CP-OES, 5300DV,
PerkinElmer, in USA)Z HEAs9HoH, FHH

Zrjo] I WIS gothr] flote] HAA|dnN|A
(ST 43, Microscopes Inc, in USA)eg EAS

Ptk 712E =L 0~ 60000 psia HE
]*1 2519, AA dnE2 60HieE ME
< Zstart

sttt ‘?_% Ao AH8HE FA= A4 &
Al et HeT1EA Az Edo] Fols 14.63
1, RE 71~9] 552 MFC (Mass Flow
Controller, F-100C, Bronkhorst Co., Ltd. in
UK)Z AolE stgoern, 2% PID controller
£ Apgslel @uEuds Jawrle] LEus
Ql 270~310 T2 #Hel=z At vhHertA
9] A2 Gas analyzer(Greenline D max. II,
9000, Eurotron Co., Ltd. in UK)E AFE &4
sttt NO gas(10 % in Ny,
specaility gas, in Korea)= 50 ppm (v/v)& &
FHoz ZFon, NH; gas(10 % in Ny,
Sung kang specaility gas, in Korea)= NO9| &
Lot Y EH|E MFCE o|&sty fYAIZ

cm’o]1l

Sung kang

Catalyst notation

conditions

MVW3-A V205 3
MVW3-B V,0s5 3
MVW3-C V205 3
MVW3.5-A V205 3.5
MVW3.5-B V,0s 3.5
MVW3.5-C V205 3.5
MVW4-A
MVW4-B
MVW4-C

wt.%, WOs3 3 wt.%, Binder 10 wt.%
wt.%, WO3 3 wt.%, Binder 15 wt.%
wt.%, WO3 3 wt.%, Binder 20 wt.%
wt.%, WO3 3.5 wt.%, Binder 10 wt.%
wt.%, WO; 3.5 wt.%, Binder 15 wt.%
wt.%, WO; 3.5 wt.%, Binder 20 wt.%
V05 4 wt.%, WO3 4 wt.%, Binder 10 wt.%
V205 4 wt.%, WO3 4 wt. %, Binder 15 wt.%
V.05 4 wt.%, WO3 4 wt.%, Binder 20 wt.%
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Fig. 1. Schematic diagram of catalyst performance test unit.

(@)

(d

@ (h) )
Fig. 2. Prepared metal foam catalysts.
(@) MVW3-A, (b) MVW3-B, () MVW3-C, (d) MVW3.5-A, (e)
MVW3.5-B, () MVW3.5-C, (g9 MVW4-A, (h) MVW4-B, () MVW4-C

0, gas(99.9 %, Sung kang specaility gas, in Tk 4 £rg 52 3 &
Korea)®| s=v 12 % (v/VE FASALH, A ol 2 B o] QHgst

=
N, gas(99.9 %, Sung kang specaility gas, in 52 =451 B AY 2742 Table 29 4
) -

=2
KoredZ % o] fAHEE stott. 325 Ehfolm Ag® Sujs
EZ 30,000~70,000 hr'! o2 HAsty, 7+ &
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Table 2. Experimental conditions of NOx reduction measurement

Conditions
Catalyst Volume(cm®) 14.63
S.V(hr) 30,000 50,000 70,000
NO(ppm) 50
0,(%) 12
NH3/NO mole ratio 1
N, balance
Temperature(C) 270~310
3. Zm ¥ n# Z . :
H " 1
3.1, MIEE S0el waEs ot . =
V,059 WO; SHFS 3~4 we%2 dEjste]  Z wf
A ZSE metal foam ZU|E tAtor ZF =uof9] ; S.V : 30,000hr !
ghole] gt SV 27 W NOx A% 4% 5 T Binder : 10wt%
=74 ATE Fig. 3~11o Uetligith Fig. 3~5 S Ll [ MVW3-A
£ SV 30,000~70,000 hrlefld wpelge] g C L MvwaA
o] 10 Wt‘% (?-:]l‘ tq1 VZOSQ- WOSQ/] @-%}%q] II}- (llfifl 2'}(} H;iﬂ 25.}0 :i(‘)(l 3;() 320
=

NOx A# Aesg TFHez Hws,
SV7b Z7kgtel wl NOx A7 e #A4st
Fom, MVW3.5-A E1j7F 7 =2 NOx A
7 A5 HoFot Fig. 6~82 HRelg e ¢
2ol 15 wt.% & W S.V 7] w2 NOx A
# Aes FHHCR Hustgla, HRRIY 10
wt.% A} o] MVW3.5-B Zuj7} o2 =
mfEot NOx A Aol 7 =A Uitk
Fig. 9~11+ BRQIH 9] geFo] 20 wt.% & o<
NOx ## Aeg Huwstelem, =HRIH 10
wt.% ¢t 15 wt.% 4 wjet o] MVW3.5-C &
w7} 7 43 NOx A7 AsS B3]
9 Fig.  12~14 ¢ o]  MVW3.5-A,
MVW3.5-B Eo} 7 W2 NOx A HeS
el ol#dt Axtg BE 270~310 C =&
ZPGoAs V,0s8F WOs sHdeo] 3.5 wt.%
Adnf 7 £2 NOx AL A5 BHoFes A
< 3ol o £ oy, A AR o] &
HEte HijIH 9] dtefo] Wopyo] whal NOx #

[e] [e] 2~
7 A5 Folsk 2L B 4 At

TEMPERATURE (T)

Fig. 3. Conversion of NOx at different V,0s
& WO; amounts of prepared catalyst.
(Binder : 10wt.%, S.V : 30,000hr ")

100

- -
B
_ : - y
= Bo0f -
z
v B0
o
= S.V : 50,000hr "
Z a0t
5 Binder : 10wt%
S b [ MVW3—A
z - «— MVW3.5—-A
|2 MVWA-A
0 1 L L 1 1
260 270 280 290 300 310 320

TEMPERATURE (G)
Fig. 4. Conversion of NOx at different V,0s
& WOs; amounts of prepared catalyst.
(Binder : 10wt.%, S.V : 50,000hr™)

- 157 -



6 Ul - a7
100

‘é? ao b e ——— e k&

Z

: o

; ol S.V 1 70,000hr !

5 Binder : 10wt%

S .l = MVW3—A

= 2 —e MVW3.5-A

—a MVW4-A
0 1 L 1 1 1
260 270 280 290 300 alo 320
TEMPERATURE (©)

Fig. 5. Conversion of NOx at different V,0s
& WO3 amounts of prepared catalyst.
(Binder : 10wt.%, S.V : 70,000hr™)
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Fig. 6. Conversion of NOx at different V;0s
& WO;3 amounts of prepared catalyst.
(Binder : 15wt.%, S.V : 30,000hr™)
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Z wof
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Fig. 7. Conversion of NOx at different V;,0s

& WO;3 amounts of prepared catalyst.
(Binder @ 15wt.%, S.V : 50,000hr™")
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= — e sl - -
§ 80 I - - s = .;_— o B —*
= . N
=4
wi B0
= % 5.V © 70,000hs !
Gl
s Binder : 15wt%
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TEMPERATURE (%)
Fig. 8. Conversion of NOx at different V,0s
& WO;3; amounts of prepared catalyst.
(Binder : 15wt.%, S.V : 70,000hr ™)

100
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= 80 e . -
=
=
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ol
s Binder : 20wt%
S ol —=— MVW3-C
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TEMPERATURE (T)
Fig. 9. Conversion of NOx at different V,0s
& WOs3; amounts of prepared catalyst.
(Binder : 20wt.%, S.V : 30,000hr™)

100
E S ——
= sof S e A
P G
=
7 60
= % S.V : 50,000hr !
ol
s Binder : 20wt%
S Ll —a— MVW3-C
z o— MVW3.5—-C
Ao MVWA4-C
o : i \ " :
260 290 280 290 300 310 320

TEMPERATURE (tT)
Fig. 10. Conversion of NOx at different V,0s
& WO3 amounts of prepared catalyst.
(Binder : 20wt.%, S.V : 50,000hr ")
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Fig. 11. Conversion of NOx at different V;0s
& WO3 amounts of prepared catalyst.

(Binder : 20wt.%, S.V : 70,000hr™")
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Fig. 12. Conversion of NOx at different binder
amounts of prepared catalyst. (V,0s:

3.5 wt%, WOs: 3.5 wt%, SV
30,000hr 1)
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B
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TEMPERATURE (1)
Fig. 13. Conversion of NOx at different binder
(V20s:
3.5 wt.%, S.V

amount of prepared catalyst.
3.5 wt%, WOs:
50,000hr ™)

QPIAL 282 7 Metal foam SCREM Y 3AEE9 vl FFo] mE NOx A7 ¥t 47 7

100
]
Lo -y -
g 80 | i
=
F 60
[~
g
Z a}
[ 5.V 1 70,000hr ™!
= Bl - ALl
S ——
g L = MVW3.5-A |
0 « MVW3.5-B
4 MVW3.5-C
0 1 L L 1 1
260 270 280 290 300 310 320

TEMPERATURE ()
Fig. 14. Conversion of NOx at different binder
amounts of prepared catalyst. (V,Os:
3.5 wt%, WOs: 35 wt%, SV
70,000hr ")

3.2, E0ie| 7|13 24

Zujj9] 7] 382 Porosimeter® =%$t ATE
Table 3¢ YerfSIct. Table 3914 He A}
ol Zuj9 7|3E&2 ‘ﬂ}‘?lﬁﬂﬁ A7) A&
7okt V.05 2 WOs kel #AISL
MVW-AZS Ho}tﬂ MVW-C9] 7]8&<
o] H3lE HGlow, ol HIIYS] M7l
Z718H-2 Znjj9] V|Ho] Fox:= Aoz
maEy, 2 Ao &g NOx A 45
A Aot BEEHS &2l okglth

le rli O ru o _II-ﬂJ

Table 3. Porosimeter analysis results of the
prepared catalyst

Items Porosity(%)
MVW3-A 73.23
MVW3-B 71.04
MVW3-C 68.51

MVW3.5-A 74.61
MVW3.5-B 72.24
MVW3.5-C 69.68
MVW4-A 73.14
MVW4-B 70.85
MVW4-C 67.72

3.4. S0fe] ERME 24

V.05 B WOso| G vhele Wil ot
o Axg Zulo] ¥R WsE pASH $stel
SEM B4 st 1, Fig. 159 et
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MVW4-A

MVW4-B

Fig. 15. SEM analysis results of the prepared catalysts.

Table 4. EDX analysis results of the prepared catalyst (unit : wt.%)
Catalyst . )
@) Si Ti \Y W
Element
MVW3-A 48.22~61.74  531~6.24  26.41~30.23 1.44~2.89 1.28~3.09
MVW3-B 46.71~60.83  4.98~5.75  26.18~31.62  1.59~3.05 1.39~2.88
MVW3-C 4785~61.48 5.09~6.21 25.81~30.84 1.68~2.97 1.49~3.04
MVW3.5-A 40.52~55.42  6.48~8.09  27.52~3552 1.84~3.45 2.04~3.52
MVW3.5-B 39.84~53.74  7.10~8.34  27.19~34.67 1.96~3.59 2.11~3.40
MVW3.5-C 39.96~56.85  7.32~857  28.22~3498  2.21~3.47 1.95~3.61
MVW4-A 33.07~49.84 10.86~12.11 29.42~42.13  2.65~4.09 2.71~4.19
MVW4-B 33.81~50.31 10.54~12.26 27.85~41.67 2.49~3.92 2.64~4.11
MVW4-C 34.19~48.92 10.61~12.69 29.91~40.96  2.74~4.10 2.82~4.04

Zuje] #H AREAL flote] EFu IEsH
Aol slurrys 42430l FHE AES o
EDX¢} ICP E4& 43fste] 1 HIHE Table 4
~50] YeRQIth. SEM 443 vl o] H7t
ZFol| stErE 29 AR 2717 Ade &
ISR, F R VO S MVWA-A

07t 7R E=A UsEAT NOx A7 4% 4
e Elehd Vel shEEF @Agle
MVW3.5-A Z0ij7} NOx A3 4dsol 7 =
A ot MVW3.5-B 2 MVW3.5-C &)
= MVW3.5-A ZujEth NOx A7 Akl 2
24 A gt ol & go] wat Zuj
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Table 5. ICP analysis results of the prepared catalyst (unit : wt.%)
Catalyst ) )
Si Ti \Y% W
Element
MVW3-A 11.04 49.32 2.88 3.29
MVW3-B 14.98 47.62 291 3.14
MVW3-C 20.93 43,94 2.99 3.17
MVW3.5-A 10.85 48.78 3.49 3.59
MVW3.5-B 15.12 47.26 3.52 3.62
MVW3.5-C 20.42 43.39 3.55 3.54
MVW4-A 11.24 49.19 4.01 3.95
MVW4-B 15.09 47.09 3.91 4.02
MVW4-C 19.98 43.02 3.97 4.09
el ol oAl aTHAY ge Fo U NOx A A5e FUTLAL wps 24
o SAZolete Hield e Hrkgol F7kst oM &L wet SElgomH ool Z2
W o) mwlo] wlide] ofs) AfHo] Wgs AR =AW & g
L @449 47 Zolsel NOx A% Aol
qFe & Zlow wolm B AFold SuWd 1) EDXe} I0pe] AT F THHEQ Vel
NOx A% A% 24 Ansls ngEe sk FAHE MVWA SoiSo] 7b 57 s
sk, Agt NOx Az A 2ie seisha v
o gHere] BAglo] B el Lxae]
3.5. Eoie| H#A#H0|Z 24 1 270~310 C oA MVW3.5 Fujso]

HRIE ArigE=R 29d Sule] 2¥ A O
HSLE FAder WS flste] AR
A4S #¥sta, 1 23E Fig. 16 o Yehd
ot NOx A ol &dd MVW-A =nj
Hi 3do] EwdsH | A
, M AdEel BolA U A
Foto
dol Eolfer Aol S5
NOx Ad A&l 247t 2 4 v MVW-C
= W AE7L e gdstA 29 HA
ARE NOx A Adsol g Fujol Bls =i
2 A7l ERlski.
MVW-B ZFul= MVW-AZFuHEtt NOx A7
g mlnsHAl BojA ARt ol Y AJEi7t
MVW-A ZFujiot ehgaolnz Zuje] vt
¥ NOx A 52 THA717] AsidE vkl

o A7k 24= daste & 5 Adh

Ay

F

N
tlo

4. 2 B

Metal foam A|AAS AFEst] V,05 E WO,
= BRI HUbEe] o Ewie] 2480t

2)
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