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Research on coordination control of N,O and NO, in dual-stage SCR system
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Abstract: A dual-stage selective cataiytic reduction (SCR) system effectively reduces NO, emissions during cold
start-up by adding a close-coupled SCR in the upstream position. However, copper-based SCR produces more N,O
in the low temperature section. In order to reduce N,O emission, a vanadium-based SCR catalyst is selected for the
close-coupled SCR, and a copper-based SCR catalyst is selected for the downstream position. This selected after-
treatment system can not only reduce NO, emissions at low temperatures, but also limit N,O emission to lower lev-
els. In this paper, vanadium-based and copper-based SCR catalyst models were built using AVL CruiseM simula-
tion software, and N,O chemical reaction kinetics equations were added to the models. The influence of urea injec-
tion amount and NO, ratio on NO, and N,0 emissions was studied by simulation, and coordination control of N,O
and NO, was verified by experiment. The results show that the co-control of NO, and N,O emission can be achieved
by selecting the vanadium-based SCR catalyst at the front and the copper-based SCR catalyst in the downstream SCR.
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WAL, BRAE N 0.135g/ (kW « h), 3T 2014 4EJF IR
SCHt. 2023 AR S A AT R TR PR 37 37,
HNO, B/ IARIES 0.2 g/ (kW - h) , ELER VBT
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Tab.1 Surface reactions on SCR catalyst

B g et
ElRea

R1 NH; Wi NH; + S—NH; (S)
R2 NH; i b NH;(S) >NH; + S
R3 NO &k NO + 0.50,3NO,

R4 NH;EALAM N,  2NH;(S) + 1.50,—N, + 3H,0 + 28
R5 NH;EAfLAENO  4NH;(S) + 50,—4NO + 6H,0 + 4S
R6 NH; & LAEM N,O  4NH;(S) +40,-2N,0 + 6H,0 + 48

R7 FRUE SCR - 4NH;(S) +4NO + 0,—4N, + 6H,0 + 4S
R8 HE SCR 2NH;(S) + NO + NO,—2N, + 3H,0 + 28
R9 123 SCR 4NH;(S) +3N0,—3.5N; + 6H,0 + 4S
RI0 NH; 5 NO 4 i 2NH;(S) +2NO + 1.50,—2N,0 +
N,O 3H,0 + 28
R NH; 55 NO, 2B/, 2NH;(S) + 2NO,—N, + N,O +
N,O 3H,0 +2S

RI2 NH;NO 4,
RI3 NH;NO 43

NH; (S) + NO—-NH;NO(S)
4NH;NO(S) +30,—4N,0 + 6H,0 +4S
R14 NH.NOs 4 it 2NH;(S) + 2NO,—»NH,NO;(S) + N, +
H,O + 28
NH,NO;(S) -»N,0 + 2H,0 + S
NH;(S) + NO + NO,—1.5N,0 +
1.5H,0 + S

R15 NH,NO; 73+

NH; 5 NO.NO,
R16 .
A N,O

1RO B’Jli WAL S Suaw il )

Ratel = K, exp(— 7 )cNH3Z 1
E(-¢eZy )
Rate2 =K, exp(—% i, (2)

S

E
Rate3 = K,T" exp(—73)~

S

C2
5 o, _
{ Ko)WY
Rate4 =K, exp(— T )ZNH3CO2 )
E5 n2
Rate5 = K, exp(——2)Zy, c! (5)
T; 3 2
E6 n3
Rate 6 = K, exp(——2)Zy,, ¢ (6)
T; 3 2
Rate7., = K; , exp(— Fre )CNOZNH3 Cgi (7)
_ E7, N4
Rate 7V = K7,V CXP(_ T )CNOZmax :

S
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Za BT R Oy PBL n BUEZS WICHR[T, 117,
[1_6"1{_ Z J]/G(l) ®) =06, =06, 0, =0.6,n=05;n,, =
0,n,,=0,n,, =1; K_(T) N NO %K NO, ) )i
Rate8, = K, exp(—" T 00Zwto, O R, RIRIE G G() .GQ R GB) N
g LA SCR H NO, b S v 5 B 2 S A H ] ot
Rate8y = Ky exp(==5)en06v0, Zon FeA AN (20) B, IR B8 450 °C
7 DL b i B SCR 2 A LIAB AT R T B .
ll—exp{— e J]/G(Z) (10) ) E,
Z G(j)=1+K,,, exp[— T ! JZNH3 (20)
Ratedy, = Ko, exp- 297 o (1) kef1: G(j) JoBLIE SCR HEHHy RRANGIIL 01 7
£ AL BT R K, =4 x 107, B, =
Rate9y = K,y exp(- ZV)CNozZmax 18800 K., = 6x 10", E,, =20000; K, =5 x
Zul 10", E,, =31500.
ll_eXp (_ Z.. ﬂ/ ) 12 1o mesen
P i 15 5 0L i 45l 1B X 5], @ AL AR A
Rate10 = K, exp(——%)cyo Zuy, (13) 1D+ 1D PR, BB G 32 B 5 PN .
P RS 73 0B E N
Ratel1= K, exp(- ]lsl )Zxit,Exo, (14) 3(p,v)/0z=0 1)
E, e z AR AL 5 p, S SN i A A
Ratel2 =K, exp(—Ts)cNOZNH3 (15) (IBERE v ] B .
- SR P ) 7
Rate13 = K, exp(——)Z i no (16) dw. .
L~ &V azg” =k, S(w, -,) (22)
Rm”=ﬁwwwf?W%ﬁwZ e e WHALFIFLBRR ; &, WHLSY i fEHTh 1
E, FRH S SR AR LR R TR o, IR 2
Ko exp(==7 52 n0, U pye sy i WA @, T SHI TR AL4y £ 10t
E, vige
B MR i (18) Bl 0 R
1+ 75250, 8a—p+sp va—=——Sfp v? (23)
0z £ oz
Ratel6 = K, exp(— )cNOZNH3 o, (19) L p RIEST; £ B T
Al KWL RIET o=, 16 B, A2 IRARE SR
RE x MOTEACIRLEE s T, LRI s ¢ kel v 95 [A j hS(T, 1)
IYBEIREARE s Z WISAERLAZS s Z,, ) NH; & o o
R R R R S 5 Zyg,, 7 NHs BRI ZAH r+— +h S(7.-T) (24)

WL 5 Zyy o, H NHINOs 1 3R 1B 3 % 2
Zyuno MR ) NHNO B9 36 1 B 5 2 X
2= Za = Zyn, = Zynpno ~Znuyo, 3 MIHE SCR NH Jhi
B K T FE Rate2 M4 REL eco (M 0.4; 1
3 SCR H ey fHl 0.2; NO AL #2575 Rate3
HA RN AR B R L Acy T Ay 4398 -0.75 F1I
0. W5 AXT Rated ~ Rate7 H1 Oy HEX n i1 1H5E , X

ﬁ*:m%%%Jmﬁﬂﬂa;tﬁﬁwﬂﬁﬁﬁﬁ
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G 5 BB A AR TR T, Ry 5h
.



2025 4 5 f HRSENISE . A% SCR R4 N,O F1 NO, HE+ AR5 - 235 -
SAHRER TRV RN R
or, 2 GRS
[;‘ngCngZhS(TS—Tg) (25)

K e, AU RIS,
1.3 #EBESH
F 2 T e MR AT 0 A5 1) AR A S
MBH ML SCR MIFLIE SCR WF5HT A TG L AE
FREgE A ange 3 Fisk 4 iR,
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Tab.2 Parameters of catalyst and reactor

B i3 SCR 3L SCR
AR K /mm 76.2 76.2
AR H A/ mm 254 25.4
WAFLAITCE R (4 - m™) 6.2 % 10° 6.2 % 10°
FAARREE /mm 0.101 6 0.101 6
AL R (kg - m ) 157.8 445.0
5 /Mh! 40 000 ~ 100 000 40 000 ~ 100 000
IR/ C 180 ~ 550 180 ~ 550
x=3 AE SCREINZESH
Tab.3 Kinetic parameters of Cu-SCR
SN i) SHIAF K TG1EEE £/ (K - mol™)
R1 1 000.00 0.00
R2 2.00 x 10° 104.65
R3 1.00x 10" 56.12
R4 2.13 77.73
R5 64.00 137.00
R6 5.30% 107 44.48
R7 1.60 x 10° 87.30
RS 3.00x 10" 99.77
R9 3.00 x 10 99.77
R10 1.20x 10" 141.09
R11 6.00 x 10° 141.34
R12 5.00% 107 0.00
RI3 0.10 41.57
R14 + 1.60 x 10° 0.00
R14 - 500.00 33.26
RI15 5.00 71.50
R16 2.00 x 10" 99.77
R4 PLESCRIINFESHY
Tab.4 Kinetic parameters of V-SCR
JE3NE i3 FREIET K IALEE £/ (K) - mol™)
R1 1.00 x 10" 0.00
R2 4.00 x 10° 99.77
R3 1.50 x 10° 51.96
R4 1.80 x 10° 141.34
R5 3.00 x 10" 290.99
R6 8.00x 10" 252.75
R7 1.45 x 10* 54.04
RS 2.00 x 10’ 24.94
R9 3.50x 10° 49.88
R10 1.00 x 10’ 130.95
R11 4.50 x 10° 154.22

2.1 BAFINERDE

WISPRE SCR R VAFFTHIFEFIEIE SCR fiEfk
FIFERA NO BEAFNRET NO, M bk, At
WRITAERRUE SCR SRR NoO HIAE ALEL. /NFE
IR T UG SeiE A H,O Ny Al O,, HE SCR # AR
JERGE H. SCR H T H,0 MWK B FA2E. Filn) SCR
H13# A NH;.NO, SCR 11 NH; 5 NO MHE{E# T
FaE 2 /0 5 min, R B TR O
A, 5 C/min) , HERE F—LPR, HEI5EM 4T
TR BEA R0 H 1 ARFR A B0

Kl 1 7~ H & % H (ammonia-nitrogen ratio, ANR)
1.2 .NO, 5 NO, BT R 0 Z544F M4 %L SCR #1
LA SCR AYMEREEEXT . AT WAREERY NO, F41k3k
FRTHUEE, JCHAEARIR B (<300 C) Fry il B (>
450 °C) Z=PRATK. NoO A 7RI IR B (<400 °C) 4fi
IR TFHUIE; mEEL (>400 C) HUILIE K T4, H
Bt TR AN TR, ARG NLO A R i i T

HRAE/ INFEBE AT, BTG AL SCR, 2T
YEWLEE BVl 400 CF R IRIR B, 76 R iR A &
SCR %] 300 ‘CHFHTZ SCR I &M IR 2% 245 11
TAE, VAR 1R SR T NoO Ak

80
M TR e,
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Fig.1 Comparison of catalyst performance data
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fdiF AVL CruiseM {/f FLER /LA SCR R GEH
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Tab.5 Main parameters of EAS

S A% SCR DOC DPF SCR
EA&/mm 304.8 304.8 304.8 266.7
K JE/mm 101.6 152.4 203.2 406.4
H %

6.2x10° 6.2x10° 4.7x10° 6.2x10°
A~ m™)
Fm’ 74%x107°  11.1x10°  148x10° 227x107
1200 12
_ 1000t 10
= -
g Soor —noghruin " E
ﬁé 600} — NO R 16 i«?
by o
S 400f 14 Z
Z
200 42
0 V- = 0
0 300 600 900 1200 1500 1800
Bsf 8] /s

(a) ¥ WHTC

150 - 0.8
—NO B 5
I Sa=1
. 120l NO R+
= {0.6
= b
ﬁ 90 | .
& ] =
= 04 5
ﬁ 60 | %
o
“ 30t 0.2
0 0
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I} 18] /s

(b) & WHTC
Bl 6 4/ WHTCEHE NO, HEi
Fig.6 NO, emission from cold and hot WHTC tailpipe
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Fig.7 N:O emission from cold and hot WHTC tailpipe
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Tab.6 Main parameters of engine
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