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Abstract

Abstract

The Pt-BaO/Al,Os catalyst system is a typical NSR catalyst to remove NOx
under the lean-burn conditions. However, the storage mechanism of the NSR catalysts,
especially in thermodynamical aspect, is still unclear. In this dissertation we carry out
systematic DFT calculations of NOy storage mechanism on the BaO surface, and the
main conclusions are summarized as follows:

(1) For NO, storage on the BaO surface, two schemes involving either the
dissociation pathways or molecular adsorption pathways are investigated. It is
found the fast adsorption of NO, into nitrite or NO;” species is probably
accounting for the period without NO releasing observed in experiments, and
initiating further NO; adsorption. With time evolution, the simultaneous formation
of NO, /NO;3™ pairs is most energetically favorable, followed by the direct
oxidation nitrite to nitrate. Eventually, the nitrate pairs are formed on the BaO
surface. The direct dissociation of NO; on the surface anion most probably occurs
at lower NO, concentration, leading to the formation of surface peroxide as the
reaction intermediate.

(2) The dissociation of O; into peroxides on BaO surface can be achieved through
two pathways. I: The adsorbed >0 is firstly flipped into singlet adsorption state on
the surface anion site to give 032_, and the 032_ becomes the intermediate for
further dissociation. II: The direct dissociation of two 302 into peroxide and 3O(ad)
occurs, followed by the 3O(ad) either recombination into O, or flipping into singlet
O(ad)- The mechanism I prefers to take place on the low-coordinated surface sites,
while the mechanism II prefers to occur on the terrace site.

(3) There are two pathways for O, direct participation into the NO, storage. At lower
temperature, O, and NO, are co-adsorbed on BaO surface, the formed O, or 032_
species will serve as active species for NO, further adsorption. At higher
temperature (>400°C), the co-adsorptions of NO, and O, are unfavorable in
thermodynamics. However, the dissociation of O, into peroxide on the BaO

surface will easily occur, and then the peroxide is responsible for NOy oxidization



Abstract

into NOs . Thus, the presence of O, is positive for NOy storage on the NSR
catalyst.

(4) The trapping ability of NO on BaO surface is much weaker than the NO,, and
there is no cooperation effect in the NO storage process. However, NO could be
dissociated into stable hyponitrite (N,O,> ) species at higher coverage, and with
time evolution, the N2022' is converted into gas-phased N,O and 022_ species. The
0,” species will act as oxidant for NO further uptake. This mechanism explains
well the IR spectra.

(5) CO; is adsorbed as stable COs> species, and H,O is dissociative adsorbed as OH",
their adsorption sequence involving NOy is CO,>NO,>NO=H,0. It is speculated
that the BaO surface is covered largely by BaCOs; and Ba(OH),. However, the
NO; cooperation effect is the driving force for the BaCO; and Ba(OH), eventual
conversion into Ba(NOs3);.

Keywords: Lean-burn, NSR, NOy adsorption mechanism

II



BT i

B ik

N WY =AY
FHAEHROE IRy 348, fF5 CO. NOy. A4S HC. SO Pb F14H
WsR A, CRBCAIE T RR EEM A Ty g, Hrh NO, AR . b
P2 o ) BN R . ik, AH S B AN W ) o R el P A YR 2 R VR

1 R R HE bR HE LR 1.1 0 Pl iy HE IR o 1 RO AR W BEAR PR AR e

PRl A e A R PR R R S e B R B AT JE o T3
R 1.1 IREHTRHE(g/kWh)

Tier Date Test CcO NMHC CH,4 NO, PM
Euro III 2000.10 ETC 5.45 0.78 1.6 5.0 0.16,0.21
Euro IV 2005.10 ETC 4.0 0.55 1.1 3.5 0.03
Euro V 2008.10 ETC 4.0 0.55 1.1 2.0 0.03

§1.1 RERSMALFIFIR BN

H—Br B 202070594 TF A Pt-Pd AL EUEALT, FEEH] CO F1 HC
(IHE, NO, 9 /b U T8 1 R A A5 A4 Exhaust Gas Recirculation, EGR)
RS

BB TOHARK NOy [ HEBER HI ™A%, 5 EGR CANREHG L4
il NOx Mk, TR T Pt-Rh A4 —Id SR B A0 7], AECO A A7 AN L A
, HA% Pb Wisefl, PRIGAESE RN sz 2] 1 — g BRI

e

100
_____—_‘___—_"“» '/:-__,’-_’-—_:
ao - Rich operation ‘;’::H" Lean operalion
£ 60
c
i)
2]
5 40
: .
Q k
Q 20e
0 1
14 14.5 15

Air-fuel ratio

El1.1 KM EMRR



L

H=FrB: Pt-Pd—Rh =467 (Three-way catalyst, TWC) P71, 20fH40
SOAFAR Y], SR IS P IR R S R G R, mI LURE B Ve R AL 444
e (A/F) 7E14.6:0 Y5, R4, TWC aTBAFE 588 HC. CO. NOx —
Py Je it s 2, DL 1.1 .

§1.2 TR RS

90FFAR LUS 15 24 e Y5 AR /D == A IR HE I A TN 2 DG (1 4 BRER B5%
I 850, A REE AR G S T AT IR IR DR o BT IR R 3] W LTE ALK T2
VR LI AT R AT, AEXM A o) LU s ORI R %, b O,y IR
Bl s PR i 14.7 3] 22, AP AREL 15%, [FIRHESRH CO ke
R FFAG, HC Al NOy 7 —@ a3y H P, 0 O, MikJET . Bk
Pk S5 M5 0V ZE R L, SRR SR P AR (VAR & AT BT ASIR], M
SRR B AR AAM A . R AR T, RS Co
LI SR SR RIR S EBUR, Oy HIUREEARRS AL A2 v B R Uiy, PRI I R
BASMET NOK 35k 2 RS R IR Ok

HHT, TERRRVARAE IR T A B, 42 K IR 2 b R J A A7)
(selective catalytic reduction, SCR) B I NO, WL 5L 7] ( NOy Storage
Reduction, NSR ) .

§1.2. 1 BEFEILJF (SCR) fALF)
NO fi#EZ54 Ny M1 Oy MR MR F
NO(g)—1/2 N, + 1/20,  AG®=-86kJ / mol™
F T BT 7 B RS AL RE i 364 kI/mol™), T LA 6 KR 52 BRARG S T Ak i
T DGR
(1) DA E PR FR IR B AL . (NH3-SCR) fEAL
FEBATIR SR -
4NO + 4NH; + O, — 4N, + 6H,0
6NO, + 8NH; — 7N, + 12H,0
1115 B4R S5 825 A3 4 B A 2k«



4NH; + 30, = 2N, + 6H,0

XAMEAL SN B AT B EA AR R S8 (AN TiO,, AL Os, SiO; ) H# V2Os
R R, A AT BE N R IRV SRR SRR R I S B R A
WA AT PR RS B fE 473~823 K 2 1], HYRAERIMIRERA L, JIF
H Oy WAFLEXS NO MR ZARIN . B2, T NHs AEA R #HAERAR
s MBI BOEAEVRZE NS, i R TR ) NOk IR ER.

(2) DUMERAEIR S PR (HC-SCR) it fk 1]

XA AR AT A, SRR BT s, o,
WA T L4)E (EERLESE .

HC-SCR AL S SALEE A 2 — o W A AL, B NO 7R
JETEPEF IR Nag + Oaar Oaa 5 HC RNVAFH] COy, RIS Nog 45
BN Ny, PR NHIE— AR SR Cu-ZSM-5 FRAE. 5 — MR A biE R
PFLEE, H) NO ESE%MN NO, &FiE ik, NO, 5 HC KMNAFE| N
# Ag/ALO; Ei# Fe-, Co-, Mn-, Pd-ZSM-5 bk b KA HLEE .

§1.2.2 NO, WeffHiEJ5 (NSR) i fk 71 16]

NO, W JfHif J§i3%: (NO, Storage-Reduction, NSR) J& 5 E4& L B TH M T,
Jeks NOx FHURCH (3= B ek 4 JE A+ 428 S A Wolke, LA IR 4k 58I firg
MR R M AR R U T s AE il 2 A, AR 2R 20 R RETECHE NO,
5 COMC BV Nyo Wb A R A S13HE ALOs EINTiE)E S
B4z e (g LA E) MIRAY, R AL T 12 foR. B2
W UUE AR EAMMAAE T, NO 78 Pt MM LVER FH#%E A NO,, NO, #E—
A G BaO VEHZERL Ba(NOs), M#AHISE; 242 #4568
s B4 T (RIZEED , Ba(NOs), MR NOy, 76 Rh [HEL/ER T HC
H# CO iBJi NOx A Npo 7ETAS &AL EL T, Ba 73 4ILL BaO
g BaCOs;. Ba(NO;), HMIJESAFLE, A MHARIR NOK MIEH.



B{1.2 NSR R B3 J5 = N R AL

NSR f#ALFIRT NO, [ bR mik 70%~90%! 723, sk HW B il £ AL BE
IBFFTSIR T AR 4R . Epling!" e 2554 T S S . AURZE 7 . gk
UL 24X NO, WP sema, FigH NO. WP IFFE bl Ny (S5 R A
350~380°C; CO, 1 H,O *f NO MWL AT R IKI 520 : NSR fEALFI Ba [
FEMN 0 BINE 10% SRR, HiEEE 10% WX NOx b &

SN, X BE AL BaO S A7 2L O R SCHRIGE. NO, 2
NSR AT 1 3 A AR, B NO 9 267E Pt OMEAL/E T R 44 de
NO,, NO, Bk NOy MJERAE BaO LFWLEH, FRZ A NOs &4, @il 1.3 (ID)/(110)
Fis. B4 Pt MEAGAERTTR, NO 1 n] Be B AR AR R TR NO,, 4k
MG TE O T4kl NOy, Bzl NOy #4203, w131 fis. X
Pt/BaO 2 [AJ R4 HbAGHT, AT REMZE Pt _EAREIAERIM O JET#iH (Spillover)

AT MBa0 b, JlA RN ST .

Pt
R1:NO+0.50, =-—= NO,

/Pt,BaO,fh ISy Be0
5

Nitrite pathway Nitrate pathway
SI: BaO + 0.5 0, ﬁ"' BaOy--_ S5: Ba0 + NO; = BaONO,
$2: Ba0,+NO 4 BaONO, §6: BaONO, =—= Ba0,+NO

$3: BaONO, + NO L Ba(NO,) “S7: Ba0, + NO, == BaO-NO;
S$4: Ba(NO,), + 0, R Ba(NO3), S8: BaO-NO; + NO; =—= Ba(NO;),

R2: BaO +2NO + 1.5 0, £La Ba(NO), R3:BaO + 3NO, =—= Ba(NOy), + NO

R4: BaO + 2NO, + 05 0, +t= Ba(NO3),

K1.3 NO, WHLE



L

FIFT, %) NSR HEALFIRIR AL IAAAEIR 2 418 (1) NOy HIBHLER,
Olsson Z:P2HRIE T NO, MW HLE, WE13MFIR, 47 S5-S8 1543
Ba(NOs),; 1fi Hess ZFPPIUIACH NO, 7£ BaO FKIH 14 %W i L NOy, 4k
NO, # NO, Al NOy B H NO, FAEMMNIE. (2) 0, EHK
AT REAEAER U, EROGMAAE Pt KEN T A RE R S8R Z 5 RV,
S EAMREA TIPS P (3) NO RIFERAM BBy, B A Pt
IEAVE ] R4k NO, A REAR BRI ?  (4) H,O J& CO, WAl NOx
(K9 B 7 A i 2

PR TAEE XS NOx WAL O R 2 4RIE, (HEZAET AR 771,
FHR [R5 71 24 LB e/

§ 1.3 ARSI RH TAE
RICAE B2 R BRIAESE R, SRATIRBA R B B AR &5 & Ik, R4

BT NOx 76 BaO RIS AVHLHE, F2AT LR PRS-

(D FHFHHNT NOy 7E BaO RIHM RN, JFHHKT NO, 1£ BaO
-6 AL SARPEC A 2R 181 52 N PE

(2) N Oy X NO, WEFHRISEmT, (E28 =3P IAIWI9 T O, /£ BaO %
TP LB, Jf HAR SR DU BARIE T NO»/O, MFLI R HLEE .

(3) FBRIEMFT NO £ BaO HIWFIHLEL, % T NO 7 NSR fEALA L
HIL LA

(4)  FE/NEMIT CO/H,0/NO/NO, 7E BaO I 5 4+ b -

B EIRHR T
§2.1 HEEZREIR(DFT )R EZ K B3LYP Jiik
HLAE 1927 42 ) Thomas-Fermi FE 8 & 55— MV HE T35 (1) vy 7 Bp P,
{5 Thomas-Fermi #8445 (K1 IT A 70114 28 LU LR R A BEANVERUE , BRI A5
Hh AT R A2 B A AN AEAE
A DFT HHig8hT-19644F, Kohn 5 Hohenberg ilFH] 744 % ) Hamilton
AT UL ST e M U R LS o B A 00, N R B BRI B T R



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

