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Abstract

Reduction of nitrogen oxide (NOx) emissions from diesel engines is a major challenge due to their
fuel-lean operating conditions. Selective catalytic reduction (SCR) is a commercial technology
which is widely used in vehicles for the abatement of NOx. The reduction of NOx on a SCR catalyst
occurs by utilizing the NH3 generated by the hydrolysis of urea solution. However, the onboard
storage and regular refilling of the urea solution are the major challenges associated with the
implementation of SCR technology. Alternatively, Lean NOx trap (LNT) catalysts can work
without the requirement of a storage space onboard the vehicle. However, the cost of the LNT
catalyst and the formation of undesired products such as NH3 and N2O during the reduction of
NOx limit the application of the LNT technology. LNT-SCR and hydrocarbon-SCR (HC-SCR) are
alternate non-urea based technologies for the control of NOx from diesel engines, which avoid the

need of an external reductant supply system.

In a combined LNT-SCR catalyst, the LNT and SCR catalysts can be arranged into a single unit
such that the NH3 generated in a LNT can be used as an in-situ reductant in the SCR catalyst. In a
combined LNT-SCR catalyst, LNT and SCR catalysts can be arranged in a sequential, dual-layer,
or mixed configuration. However, there is no agreement between various research groups on the
most effective configuration of the combined LNT-SCR catalysts. In the present work,
mathematical models incorporating diffusional limitations in the washcoat are developed for
various LNT-SCR configurations, and it is shown that the inclusion of NHz-oxidation reactions in
the LNT-SCR kinetic model results in a decrease in the NOx reduction performance of the
combined LNT-SCR configurations. It is highlighted that the NHz oxidation activity of the LNT
catalyst is potentially responsible for the different inferences drawn by various researchers on the
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comparison of LNT-SCR configurations. In addition to NHz, the hydrocarbons and CO present in
the exhaust are potential reductants for NOx over a SCR catalyst. In the present work, kinetic
models are developed for the CO-NO, and C3He-NO: interactions. These models are further
combined with the NH3-SCR kinetic model to predict the effect of CO and CzHes on the NOx
conversion during NH3-SCR reactions on a commercial Cu-CHA SCR catalyst. The developed
model captures the promotional effect of CO and CsHs on NOx conversion at low temperatures
and the inhibiting effect at high temperatures under NO2-SCR conditions. The negligible effect of
the presence of CO and the inhibiting effect of CsHe on the NOx conversion under fast SCR

conditions is also predicted.

Various reactions occurring on the LNT and SCR catalysts exhibit negative rate orders. Numerical
issues are encountered while solving the diffusion-reaction equations for a negative-order reaction
when the kinetic rate constants are high. An algorithm is developed in the present work to solve
these equations for a catalyst slab when the reaction exhibits a negative rate order. It is shown that
the proposed method works for a wide range of Thiele modulus and Biot numbers. The algorithm
successfully captures the multiplicity of solutions as well as the transition from the kinetic/internal-
diffusion controlled regime to the external mass-transfer controlled regime. The developed
algorithm is further used to calculate the concentration profile in a monolith reactor. The developed
algorithm is also used to calculate the concentration profile in a catalyst slab for a multi-component
reaction system wherein the reaction exhibits both positive and negative order with respect to

various species.



NIKS

ATgIo TRIZS (NOx) BT HH! SIoTd SoiH! § ST b SUH-gad STorfeT gRfRufaaf
& BRI TS 981 AT & | TIATHD SORP HH! (SCR) Uh TGS ddb-1db g off gl A
TS TG ¥ NOx S & 1T JUINT BT STl 81 SCR IARD TR NOx BT HHI NH3 &1
ST ISP Bl § Sl JRAT THIYTH & TSI gRT S [T STl g | gTalid, ale- IR
HSRUT 3R gRAT & Od & Faffid Tu § WA SCR Wit & Sriaad ¥ Jot Uqd
AT § | IhfeUd 0 I, LNT SGRS a8 IR Teh HSRUI RIM H1 Al & [o-1 HTH
TR AP & | Taiar, LNT SOR® &1 ANTd 3R 30 WAt H NO, &1 HH & SR Siaifad
IdTe! oY 6 NHs 94T N,O & T3 &1 991 ¥ LNT BT SUTNT W 1 LNT-SCR 3R HC-
SCR (YTl-THRI3R) SioTd ZoiH1 & Sedford NOx & FHa=01 & g desfess TR-gfear snerfed
Mefiferat €, St aredt Reade smyfd yoneh &) sawadmar ¥ s=dt ||

TP YGad LNT-SCR SAR® H, LNT 3R SCR SOR P! Ueh Thdl SH1e H areyd faar off
Tl § difes LNT & SUd NHs &1 SUINT SCR SoR® ¥ g4-dg Reade & w0 # fasar o
&l 81 Th Tgad LNT-SCR IR H, LNT 3R SCR IIR® U HiHd, GIel-ud Il
Af3d SIRPTRIA § AT 8 Tohd gl gTdiid, ¥gad LNT-SCR IOR® & &y THd!
o W fafts srIdu™ Tl & &9 &5 JHgdl el ¢l aaaH s § dRkeie o
faTerue sl 1 2Mfie H3A arel Tirda Aisd fafia LNT-SCR fa=aml & fore fawfd
fpu MU B, 3R g fammar T § fo NH, Sifefiaxur ufafsrarsfi &I LNT-SCR Hisd nfad
FR Y UGFT LNT-SCR BIRBTRRA Bt NOx S | HHT BT 5| g X@ifdhd ol 7 §
b LNT SER® W NH; TRITHRr ffafy TUTfdd =0 ¥ LNT-SCR fa=am &t ga1 R
fafirs Mydmafell gRT AR fHT MU SierT-srerT s & fou forPER 81 NH; & SfardT,
e T A g8sidme- (HC) 3R co Ht Td SCR IAR® W NO, I+ & fow duifaa
REaced § | aaH B H, CO-NO, 3R CsHe-NO, Tl Ared &1 fawRid favam T g1 39
HISEl Y 3T NHa-SCR HISd & 1Y Ygad far a1 g dfs T a1foifisde Cu-CHA SCR
JERF TR NOx TUIARUT & GRM CO 3R CsHe & UHTT Bt Hiawrarolt fasar o Favar g




faeRia ATed NOx TUIARUI R CO 3R CsHe & TR UG &1 HH dT9qH TR Higsgaroft
HRAT & 3R I ATTHH TR NO,-SCR & GRM NOy TUTARUT TR 3(aR1Yd THTE P ThSdl g
Fast-SCR & SR NOx TUIaRUI TR CO Pt IJUfRFA &7 10T YHT 3R CsHe &b FARIUTEHS
TUTd &7 U S TAM T T B |

LNT 3fR SCR SBR® WR g araht fafid Ufafehan Bumered e & eIl &1 UG- Hdl g
Sd Fefed ¢ RRIF 3ifd gid §, O BUTHASG-HH Ufdfhar & oy yoR-ufafear
THIHRUN ! B B T GRATHS g T AT {1 ST § | T IARSD id o forg 34
TN DI A A & (AU TaaH BRI T Th TN fadbRia fvam g o ufafohan te
THRIAD & AT TefRid FHet 7|1 I8 fezarar wan § for yranfad fafd fyue Amdie oik smdte
TReAT B U A 4RI & U B Bt § | TENREH qhadigdes THILT &1 agerdl Bl
HER HAT & IR Y Bl T8I GAF-RIFIAR HaHd IRE &1 Tfas/siidie- TR
A A & AHH0 Il ¢ | faHRid TEReT o Te 3res Ruger & THra Wwed
&1 TTUMT HRA & Torg IuanT foram Tam § | fasRid T@nier &1 SudinT Ush ag-9cdh ufaishd
IR & foIT IARS T H THIUAT WHTsd & 701 6 & e off fovan &, o
yfaferar fafira gonfaat & ey § YeRIe® 3R THRIAS aHl HH @ 3
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