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Abstract : A numerical simulation of selective catalytic reduction (SCR) for NO with NH; is conducted over the
V205/Ti02 and WO;-V20s/TiO; catalysts. The governing NHs and NO transport equations are considered by using the
time-dependent FCT (Flux-Corrected Transport) algorithm. After a validating simulation for NHjs step feed and shut-off
experiments is analyzed, transient behavior of NH; and NO concentration in a SCR catalyst is investigated by changing
such parameters as inflow NHj3 concentration, temperature of the catalyst, and NH3/NOx ratios.
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Table 1 Kinetics constants for the SCR reaction over V,0s/
TiO, and WO3-V>0s/TiO; catalysts

Constant Unit WO;-V,0+/TiO0; | V,04/Ti0,
kY m*/(mol s) 0.487 0.820
kL 1/s 2.67x10° 3.67x10°
E} keal/mol 229 258

2 - 0.405 0310
2 mol/m* 270.0 209.0
k% | mmols) 7.19x10° 1.08x10°
E xo keal/mol 14.2 16.0
6 Nu, - 0.121 0.076
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Fig. 1 Comparison of NH; and NO concentration with ex-
periment of NH; step-feed (t=0s) and shutoff (t=
1,250s) over the WO;-V,04/TiO> catalyst at T=493 K
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Fig. 2 Comparison of NH; and NO concentration with ex-
periment of NH; step-feed (t=0s) and shutoff (t=
1,250s) over the WO;-V-0s/TiO; catalyst at T=553 K
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Fig. 3 Comparison of NH; and NO concentration with
experiment of NH; step-feed (t=0s) and shutoff

(t=1,000s) over the V,0s/TiO; catalysts at 553K
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Fig. 4 Effect of temperature on NO concentration for over
the V>04/TiO; catalysts with 700 ppm NH; injection
every 1,000s
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Fig. 5 Effect of temperature on NO concentration for over
the V20s/TiO, catalysts with 350 ppm NH; injection
every 1,000s
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Fig. 6 Effect of temperature on NO conversion for NH/
NO=1.0 and 0.9 over the WO;-V,0s/TiO, and
V>0s/TiO: catalysts

&2 2F81%2A] 700 K 3] ol A LFeFLFR] BF WOs-
V205/Ti0; Zv 2] 79650 K ZHholl 4] 2f 94%o0] T
g, NHy/NO H]&-0) 1.00)1 4 0.9 7-2 513 27}%)
Fof 25 dghgo] st gich

4. 4 =2

B AT 4= A NOx A 78 918 SCR A&
gl 7] da A2 A 7] o] 2ol A3t SCR
HES-ofl 9]¢ NO % NH; 9| A5 & #443817] 93 =
2aHg EsIET E 22 a3 H435e] o
AN HEE = NOxo] A& 918 SCR
DeNOx A)~®] #J21-& 9Jale] 7]& A8 2 3}9)e)
HIWLE Fste] #x|e] HE5S AX F SCRAI-
Ho fF9Ee N9 55, Fofe) &%, a8z

NHyNO ¥l &2 sh A2 & chofet sl e 59
o

o ok
B

st b5 22 225 ¢ AT

1) WOs-V,05/TiO; Z 1l & V,05/TiO, & & tA}
2 8 NH3¢| @2 £Aol] 12 NO 3 NH:; &) AF &
A A} 2 AT

2) Y 279 A WOs-V,05/TiO; &2l NO &
&2 V204/TiO; F vl 2] NO H&#-& 1 T} =1}

3) NHy/NO H|&©] Z7}&=% SCRel 2% NO
HEE2 F7Heint

4) 227} F7HETE NO AgE
A 2= o] el M Aagitt

oN

7Fa}A| ek

flo

References

1) R. M. Heck, R. J. Farrauto, Catalytic Air
Pollution Control Commercial Technology, pp.
166-170, John Wiley & Sons, 1995,

2) C. Havenith, “Transient Performance of Urea
Catalyst System for Low Emission HD Diesel
Engines,” SAE 970185, 1997.

3) N. Fritz, W. Mathes, J. Zuerbig, R. Mueller,
“On-Road Demonstration of NOx Emission
Control for Diesel Trucks with SiNOx Urea
SCR System,” SAE 1999-01-0111, 1999.

4) S.-M. Choi, Y.-K. Yoon, S.-J. Kim, G.-K. Yeo,
H.-S. Han, “Development of Urea-SCR System
for Light-Duty Diesel Passenger Car,” SAE
2001-01-0519, 2001.

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 3, 2003 75



N
e

5) M. Khair, J. Lemaire, S. Fischer, “Integration
of Exhaust Gas Recirculation, Selective Cataly-
tic Reduction, Diesel Particulate Filters, and
Fuel-Borne Catalyst for NOx/PM Reduction,”
SAE 2000-01-1933, 2000.

J. Gieshoff, A. Schafer-Sindlingger, P. C.
Spurk, J. A. A. van den Tillaart, G. Garr, “Im-
proved SCR System for Heavy Duty Applica-
tions,” SAE 2000-01-0189, 2000.

G. R. Chandler, B. I. Cooper, J. P. Harris, J. E.
Thoss, A. Uusimaki, A. P. Walker, J. P. War-
ren, “An Integrated SCR and Continuously Re-
gene-rating Trap System to Meet Future NOx
and PM Legislation,” SAE 2000-01-0188,
2000.

M. Koebel, M. Elsener, G. Madia, “Recent
Advances in the Development of Urea-SCR for
Automotive Applications,” SAE 2001-01-3625,

6)

7

8)

76 FIIXNSAIEHI=2E M1IA H3S, 2003

2001.

9) W.R. Miller, J. T. Klein, R. Mueller, W. Doel-
ling, J. Zuerbig, “The Development of Urea-
SCR Technology for US Heavy Duty Trucks,”
SAE 2000-01-0190, 2000.

10) L. Lietti, 1. Nova, S. Camurri, E. Tronconi, P.
Forzatti, “Dynamics of the SCR-DeNOx Reac-
tion by the Transient-Response Method,”
AIChE Journal, Vol.43, No.10, pp.2559-2570,
1997.

11) E. S. Oran, J. P. Boris, Numerical Simulation of
Reactive Flow, Elsevier, New York, 1987.

12) M. Y. Kim, S. W. Baek, “Numerical Simula-
tions of the Flow Field in a Cylindrical Com-
bustor with Backward-Facing Step,” Trans.
KSAS, Vol.22, No.3, pp.15-24, 1994.

13) L. Dodge, Private Communication, Southwest
Research Institute, USA, 2002.



