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Abstract : A control oriented model of the Lean NOy trap (LNT) was developed to determine the timing of NOy
regeneration. The LNT model consists of NOy storage and reduction model. Once NOy is stored (NOy storage model), at
the right timing NOy should be released and then reduced (NOy reduction model) with reductants on the catalyst active
sites, called regeneration. The NOy storage model simulates the degree of stored NOy in the LNT. It is structured by an
instantaneous NO, storage efficiency and the NOj storage capacity model. The NO, storge capacity model was modeled
to have a Gaussian distribution with a function of exhaust gas temperature. NOy release and reduction reactions for the
NOx reduction model were modeled as Arrhenius equations. The parameter identification was optimally performed by
the data of the bench flow reactor test results at space velocity 50,000/hr, 80,000/hr, and temperature of 250 - 500°C.
The LNT model state, storage fraction indicates the degree of stored NOy in the LNT and thus, the timing of the
regeneration can be determined based on it. For practical purpose, this model will be verified more completely by
engine test data which simulate the NEDC transient mode.

Key words : Lean NO, Trap (LNT, 5743 NO, Z1l), Regeneration(#] A), NO, storage model(NOx &7 =), NO
reduction model(NO, 9] 2.2), NOj storage fraction(NO, &4 &)

Nomenclature .M E
C, vy total NOy capacity [mol] 7H&Ed <l gin] g fo] Eal o]ikalekA
Cynyp : time rate of C,,; [mol/s] Fo] A& T AR A 0.5 A Ak (nitrogen

oxides, NOy) #} QA4 & A (particulate matter, PM)<-
@ol g gt @A) PM A A S $ste] mid D
(diesel particulate filter) %]-8-2 AWF4olt}, &8 2}
2kol| T 3}e] 2014 H-E] 285 EURO-6 W} 7] 7
Viand Vo) 1] A2l 79 @A) Euro-5 741} ] ste] PME 555
Shut oF45% B = NOE o] A 7R A oF ghrt,

NO, A 7HE flete] 2] 7= st v 7] 7k
A} <=2 (exhaust gas recirculation, EGR)¥} Tj&] A

x : NOy storage fraction, 0 < z < 1

7, : instantaneous NOj storage efficiency [-]

hwo.;;,m : NOy inflow rate to LNT [mol/s]

Sv : space velocity (=
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Fig. 1 Experimental set-up for bench flow reactor test'”
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Table 1 Inlet gas concentrations for an LNT catalyst bench
flow test for lean and rich phase

Gas Lean phase Rich phase
(storage phase) (Reduction phase)
650 ppm (SV 50k 0 ppm (SV 25k
NO(pm) |5 ggm Esv 801(; 0 iim Esv 40k;
N, (%) Balanced Balanced
0, (%) 8% 0%
CH,4 1200 ppm
THC (ppm) 0 ppm
C,H4 600 ppm
CO (ppm) 0 ppm 3600 ppm
CO; (ppm) 0 ppm 2670 ppm
H; (ppm) 0 ppm 2450 ppm

o

3. LNT &2 2 &hel mEl
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e o o ro Y
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2
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S LNT® 9552 N0, & 49} %5 NO,
4 % o] Aol w oA AT 5 ST,

nAVOT,,sf,nrﬁd = nAVOT,,in - nNOT,,mﬂ‘, (2)
ojuf =7F NOx &7 && 1, (instantaneous NOx

storage efficiency) = Tha-2} 2o] & 4= gt}
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n/\'()r.,in

g EE, A (2)9 4 ) R2HEH S dS
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LNTOﬂ TX]—E] NO T nAQx stored L— N
FAEEF Coyr & %%}%(storage fraction) z 2] 2.

2 x9Y 5
NOp stored = Crnr ® (%)

Table 2 Main kinetic reactions for the LNT

Reaction Reactions
No.
NO oxidation reaction
R1 NO+0.50, = N0,
NO, storage reactions
R2 BaCOs + 2NO; + 0.50; — Ba(NO3), + CO2
R3 BaCO; + 2NO + 1.50, — Ba(NOs), + CO,
NOj release reactions
R4 Ba(NO3), + 3CO — BaCO; + 2CO, + 2NO
R5 Ba(NOs), + 3H, + CO; — BaCO; + 3H,0 + 2NO
R6 Ba(NOs), + %5C5Hs — BaCO; + H,0 + 2NO
NO reduction reactions
R7 CO+NO — CO; + 0.5N,
R8 H, + NO — H,0 + 0.5N,
R9 C3;Hg + 9NO — 3H,0 + 3CO; + 4.5N,

TS U= Zﬂii g A 9ok gubA o 2 No,
57 852 9F300~400°Co A FH & Ro]al o] K
S e B BE 2R E AREHE T RS

(bell shape)2] 7}-9-22 3 (Gaussian distribution) =

§]_61— 2= 0] ljf'
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5
Convr= Ce ' (6)
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Fig. 3 LNT simulation results at SV 50k, 80k, and temperature 250, 350, 450°C
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