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Abstract

Selective Catalytic Reduction (SCR) catalysts and Lean NOy Traps are used to reduce the NOx
emissions from the exhaust of diesel and lean-burn gasoline engines. However, they operate
efficiently only above a temperature of ~200 °C, and hence cannot reduce the cold-start
emissions. Passive NOx adsorbers (PNAs) have been touted to address the low-temperature
NOx emissions. However, most of the studied PNA materials include expensive Pt and Pd, and

there are only a limited number of studies on the development of non-PGM PNA materials.

This work is focused on studying the NOx adsorption, desorption, and reduction characteristics
of Ag/MgO/AlLOs. The NOx storage activity over Ag/MgO/AlLOs is comparable to that
obtained by Pd-based PNAs, and is hypothesized to occur through a spillover mechanism.
Mechanistic insights into the adsorption sites, the role of Ag and MgO, and the potential surface
species formed during NOx exposure to the PNA are obtained. It is deduced that the facile
conversion of nitrites to nitrates occurs in the presence of H». The role of NO oxidation in NOx
storage is studied, and it is inferred that NOx storage can take place even without the occurrence
of NO oxidation. In addition, the contribution of NO oxidation and decomposition of stored
NOx species towards the NOx release profiles is studied at various temperatures. In addition to
the low-temperature NOx adsorption characteristics, the catalyst is found to be active for NOx
reduction as well. The effect of various species such as H>, NH3, C3Hs, CO>, and H>O on the
NOx adsorption, desorption, and reduction behaviour of the developed catalyst is studied for a
wide temperature range. A significantly high NH3-SCR activity with negligible N>O formation
is measured at 150 °C, while C3Hs-SCR activity is exhibited at higher temperatures. The
presence of H> remarkably increases the low-temperature NOy adsorption and binding strength,
and is attributed to the significant formation of nitrates as opposed to the predominant

formation of nitrites in the absence of Ha. CO» exhibits a strong inhibiting effect on the low-



temperature NOx adsorption, which is explained by the reduced rates of NOx spillover due to
the formation of bicarbonates. The effect of H>, CO», and H>O on the NH3-SCR activity is
studied as well. Further, the effect of Ag and MgO loading on the structural characteristics as
well as the activity of the catalyst towards C3Hg oxidation, NO oxidation, C3Hs-SCR, NH3-

SCR, and NHj3; oxidation is studied.

Due to the combined NOx adsorption/desorption and reduction activity, Ag/MgO/Al,O3 has
the potential to significantly reduce NOx emissions. An aftertreatment system consisting of
Ag/MgO/ALlO; and a commercial Cu/SSZ-13 catalyst is shown to achieve high NOx
conversions over a wide temperature range of 115-495 °C. Thus, the Ag-based catalyst
developed in this work can be coupled to an SCR or LNT catalyst, so as to lower the PGM
loadings of these catalysts in aftertreatment systems. Moreover, the catalyst has the potential
to be used in various industrial sectors where NOx emissions need to be reduced over a wide
temperature range. Further, the mechanistic insights obtained can be used to design more

efficient dual-functional catalysts for NOx adsorption and reduction.



ARIT

TTATHE 3k AT (SCR) 39 3R Lean NOy trap 3sfel 3R lean-burn

AT SofT & fAsrd 8 NOy 3c8aid & FH el & T 39er fhar Sar gl

gTlifeh, @ ahdol ~ 200 °C & dTIHTT I FW f%lﬂ?lﬂ\?ﬁ? FIH A &, 3R sgfeT

FIes-TTTE 3cToled T HHF JAal X Thd &l kT NO, adsorbers (PNAs) &I &

a9\ NOy 3cHolel &l FAIST el & ToIT gl 31T 1 gTelifsh, 37eIqT=T fhU v

IAHY Nuar FEFET & JAgar I 3R G anfaer €, 3k R-dehvw dreave

AT & TP W had AAT &I H 37ETIT &

Ig &1 NO, dr@ar, desorption, 3R Ag/MgO/Al,O3 & T TAANATHT &1 eI

A W Higd &1 Ag/MgO/AlL,O3 T Ta3NTad HeROT Afafafr diEk-3mnRa froaw

CART YTed &1 a8 Jolell H Jolelld 8, AR Teh FUei3iery o7 & Aegq 4§ g
aReredstr $T ATl &1 AIE=T wgel # Iaad Haeise, ve AR uHSE i qfAe,

3R fivaAT & fOT TaA3TEFd TFEUoR & eI 1fed AHAd Tdg TSI Ired

1 S F1 TE A o T ¥ B AGECH H AR FT A FART Hy

&1 3ufeafa #F giar g1 NOk #SRUuT  NO 3ifareitentor $r siffe & reads fama

ST 8, 3 Fg 3TATT ofeTmT STl § f& NO, $i8RUT NO ifereieyor 1 el &



a7 off 81 T §1 3TF 3TaTar, TI3vad Rellsl WHEd $ 3R TaeId AT

JATfaal & AT HTFeoT 3R 39ged & AIET T AR AT 9T AeTId

I S1aT &1 HH argAHTT NOy TG FAVAr3 & 37amar, 3o NO, aT & faw

ofr gfera arar Srar &1 ARRa 399 & NO, @@HT, desorption, 3R ##T cagR

W Hy, NH3, C3Hg, CO,, 3R H,0 Y [3ffesT Tafadl & UHTT ol 7eTIT Teh

faEqa d9AsT AT & v fhar Sirer g1 J90T N,O 16 & 81 Teh Hhr 3T

NH3-SCR arfafafer &t 150 °C 9 &A1 1T &, Sefeh C3He-SCR arfafafer & 3=w
AT W yeiRia forar Smar g1 Hy fr 3ufeafa Iea@ea &9 I A argdAT NO,

AT 3R SIHRYT dlehed @ deTcdl 8, 3R H, $T Uieafa & Aggse & 999

ST & A9l ASeeH & HAgcaqul aTee & fav SIFACR S8 Sirar g1 CO, A

drgHTT NOy HIET U Ush HASled a1 TTd YSfRd &aT g, S aigehraisie & I3

& HROT NO, Feqarsfiar & &d & garT FHSMAT 17 g1 NH3-SCR aifafafer

Hz, CO, 3R H,O & wara &r #ff eyl fhar STar g1 §8ch 37arar, TXascds

FATar3t W v 3 THSN NS & UHIT & TU-TTA CsHg, AT TaraeoT,

C3Hs-HCR, NH3-SCR 31X NH; 3ferdieior Y 30T 3ae fr aafafafer =1 reaaea

foram STar B
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¥gFd NO, Hi@=A/desorption 3R T arfafafer & &ror, Ag/MgO/Al,Os H NO,

3colel @Y FIT A It I &TH7TT &1 Ag/MgO/AlLOs 3R Ter ariftifsas Cu/SSz-

13 3cRe @ AT T aftertreatment YOTTell @1 115-495 °C &T s fa&qgd

d9AT AT W 3Td NO, FITARUT IIed el o folv fG@mm - g1 38 96R, 38
H1A A [Gefd Ag-3maiRd 3R &l Teh THHIR AT TeUaAdl 3cUReh o AT ST

ST HehdT &, difeh 3UUR & &1 T Junfadr & g 3R & PGM ST Fr &

frar ST || 3EF 3emar, 3ce # Affed 3ica@s a&Er A 3o e &

AT & 5181 NO, 3cHolel 1 Teh Taeqd ATTATT HAT W HA Hlel Sl ITaTehdl

g1 3T 3cITal, 9Ied AifAeh 3ideise &l 3919 NO, Argar 3R et & fovw 318

el ATEL-PIATCHD I Bolget el & foIv fohar S FeheTr B
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NOx desorption efficiency (%)

passive NOx adsorber

selective catalytic reduction

selectivity towards N2 (%)

total volumetric flow rate (m?/s)

time (s)

NOx storage time (s)

time at which temperature T, is achieved (s)

time at which temperature T is achieved (s)

initial temperature considered for evaluating cumulative NO2/NOy ratio (°C)
final temperature considered for evaluating cumulative NO2/NOx ratio (°C)
steady-state NOx conversion (%)

fraction of the total NOx desorbed till a particular temperature

cumulative NOy adsorption and reduction efficiency (%)

cumulative NO»/NOx ratio
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