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<A series of PUMz-ALO catalysts with different MgdAL momic ratios wene prepared, The MO storape
of these catalysts were measured by isothermal storage al 350°C, 1t was found that the NO, storage capacity
with increasing Ma/Al aromic ratios. The catalytc hehaviors of PL%g-Al-0 and PedizO were studied with
dunction cyeles at 400 °C. Under oxidizing comditions, MO, concentraion in the outlet gas sradually incressed
which indicated the catalysts could siore NO, effectively, Afier a switch from oxidizing conditions
conditions, NO, desorption peak emerged immediately due o the incomplete reduction of stored NO,, which
k the tolal MO, conversion. With increasing Meg/Al alomic ratio in the eatalysts, NO, conversion increases. Py

0 s Lhe highest MO, conversion because of its best activity in the reduction of KO, by CH,. I seerns that with
g amoonl of MO in the catalysts, the self-posoning of Prsites by adsorbed species during the reaction

fitate of Chemical Physics, Chinese Academy of Sciences, 437 Fhongshan Road, Dalian 116023, China

JuU

age-Reduction over PtMg-Al-O Catalysts with Different Mg/Al Atomic Ratios

th C.H, may be inbilvited ellectively.

INTRODUCTION

lugm for gasoline and diesel engines are attrac-
iproved fuel efficiency and low emission of CO,.
io reduce the NOy emission effectively in a large
e hauunwwh"lilmgng research topic, Unler
lition. the traditional three-way catalysts will
gir MO, comversion abilities, so DeMNO, caalysts
. in the presence of oxygen are of particular in-
Festablished selective catalytic reduction (SCR)
Praserthcam et al., 2003], & new solution 1o this

N featores and have proven Lo be a very proin-
(o reduce the MO, emission [Liett et al,, 2001 |, Ac-

Ahese short periods, the MO, stored s released
moble metal surfaces [Takahashi et al,, 1996],

R catalysis based on Pt and Ba have been studied
iricus oxides such s BaCr [Fridell ot al., 1999,
d, 2002; Mahzoul et al., 1999], BaALD, [Hodjai
I:l.EI, [Hodja e al., 20007 waene used as the stor-
c]lmng thee lean stage, NO was oxidized o NO,
o stered in the storge component, while in the
DO was rebessed and reduced on platinum
'Ihen.: is, bowever, 1 problem which should be
this Kind of catalysts is sensiive lo 80,, The
enhenist com make the catalvst lose is activity
f BaSO),, which cannet be decompesed in
e on the catalvst surfuces [Matsumelo o

dence shonbd be addressed.

95

s Lean-burn, MO, Storge-reduction, PIELiinun1.dl-I—}'dml-'.duilc. it )

al., 20000,

M is also an alkaline-canth clement. Compared with Ba, My
has a lower hasicity. From the thermadynamic point of view, using
Mg as the storage component in the catalysts can obtain a beter
regeneration ahility and @ resistance to poisoning by S0, Recemtly,
Fornasart et al. have reported thar a catalyst derived from Mg-Al
hvdrotalcite (Me™ - AT=2: 1) showed interesting chamcterstics
as novel NMSR catalyst, with improvved low-temperature setivity and
a hewer resistance 10 deactivation by 80, [Fomasan et al., 2002;
Centi ef al., 2002],

The purpose of this study is to examine the effect of MgfAl atome-
ic rtos on the performance of Prflz-AlO) catalysts. A seres of
Pridg-A1-Cr catalysts with different atomic ratios of MgfAl were
prepared and characterzed by XRD, N -BET-surfice arca and TPD,
anel their catabaic activites were evaluated by MO, tsothenmal stor-
age as well as dynamic storsge-reducton experiments.

EXPERIMENTAL

L. Preparation of Catalytic Materials

Me-Al hydrotalciles were prepared by co-precipitation at pH=: 10
and 6070 under vigorous stindng, A solution (Mg Fe[AT]=1.23 M)}
containing Mg™NO, ) 6H,0 and AKNO,,-9H,0 in a certain aiomic
ratic and a mixed solution of NaOH and NaCO, ((OH [COT )=
L6} were added dropwise simullaneously 1o a theee-necked round-
bottcm Task containing 200 mil of distlled water, The resulting pre-
cipitate was aged in the mother liguor ot 703'C for 10N, and then
[Mered and washed with distilled water lor six Gimes. Afler wash-
ingz, the precipitate was collected by centrifugation and dried over-
might at 110, The dricd samples were caleined for 51 oat 600°C
tor ke them decompose into the BMe-AlLO mixed oxide, In this
papen the Ma-AC mixed oxice with dilferent atomic mtios is des-
igmtted as Mg-Al L where x indicates e value of atormic ratio of
M/ AL The resulls of X-Tuorescence analysis showed that no so-
divon oaiele existod, Pure MO was proparcd by using the same meth-
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oil. sd pare 2 ALDY, was obtained [rom the Shandong Aluminum
Corporation of China, witly a swface area of about 120 m™g . For
convenience, in the fizures amd tables of this paper, the value x for
AL aed MeO is designated as O and o=, The calcined samples
were crushied and granules with a stze mnge of 05 w 025 mm
wiere collected o prepare the catalysts. PFuMe-Al . PuM2O and Py
ALCK catabysts were prepared by incipient welness Impregnation
ol the comesponding supports with a PUNEL L (OH), aqueous solu-
tiom, ancd the Prcontent was | wie. The caleination wmperature of
the catalysis was S0 °C,

2, Catalyst Characterization

Surface areas of the samples were measured by N adsorption at
liguict mirrogen temperature (77 K by using the BET methed, The
K-ray dilfraction (XRD) patterns of the hydmtaleites and the mixed
oxide formed by their thermal decomposition were obtained with a
Rigaku DysMAX-1B diffractometer using Cok, mdistion. The pat-
tems were recorded over 28 angles ranging from 5" o 70
3. Catalyst Tests

Al cotalyst tests were performed in g verical Gow fixed-bed quart:
resctor, The gas How me wis setal | bmins' (STP), N, was used
o the carrier gas. The mass ol the catalyst was 0.75 g and the gas
howarly spece velocity was aboul 55,000 10" Thi total NO, concen-
tration in the cutllow of the reactor was analyzed with a chemilu-
minescence NO-NO, analveer {Model 44, manufictured by Thenno
Electron Corporagon}, Another analyzer specially designed for au-
wmobile gas analysis (Model FGAN S, manufactured by the Fos-
hun Xinyu Instrument Ce., China) was used w analyze the concen-
teations of O, C.H, and NO on-line.

The ameunt of NCY, stored in all caalysts at satusition was wesied
al 350 Before eoch test, the canalyst was pretreated in si in the
pesctor by the following procedure: the catalysts were reduced in
B Ha ot S00C for | b, and then stabilized in 85 O, for | b Afier
the pretreatment. the temperature of the catalyst bed was lowered
from 400°C w 350°C, and the reaction feed (858 O, 550 ppm NO,
M. balancey was oiroduced inte the reactor. The amount of NO,
stowecd @t saburation (A,) inthe cutalyst was cateulated by using the
Tollowwing Eo. (14

(INO], %~ =] NG|, dtyxy

22 4%m,,

A, {11

where |NO, ., NG, are the inlet and ouler KO, concentraition:
L, wndl 4, awe the fime ol the beginning and the ending of storage pro-
cess: v 15 the 2as fow rote and m,, is the moss of the catalyst.

NO-TPL experiments were camied oul in the smne reactor, and
e anadyses of the pases NO, NCL and MO o the reactor outlet
wene performed by FT-IR specuoscopy (Nicolet Nexus 470, with
OMNIC QuantPad soltware). The catalysts were pretreated in the
sarne method s mentioned above. Afier the pretreatment, the sam-
ples were cooled down o 350°C, and then exposcd 1o the Feed gas
(R85 O, 350 ppm NO, N, balance) until satoration. Adier being sat-
urated with MO, the catalysts were cooled down o 30°C in nito-
gen, and followed by desorpiions. All TPD experiments were per-
formed under pure M., with o flow rate of 2 fmin”' and a heating
rate of 200°C min '

The dynamic storage-reduction experiments were perfonmed by
using o senes of perodic opertions from lesn conditions {190 5
2% 0, 5350 ppm MO, N, balance) w mch conditons (1105 800
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ppm CH,, 550 ppm MO, N, balancey at 400C, namely, there o

12 eyeles in one hour After 5-7 cyeles, o steady state of the e

alyst was established. The total NO, conversion was caleulaled b

using the following equations:
MO, total conversion

INO, |, =1) = INO, Lyt
i [NO L -}

T
I s

where [N, and NGy ], ane the infet and oudet MO, concenns
tons; 1, and 4, are the time at the beginning and the ending dmee
cach cvele, respectavely,

RESULTS AND IHSCUSSION

L. Catalyst Characterization

The XRD pattems of the caleined samples ane presented in Fig !
From the patems of the calcined samples, it can be seen that pa
MO has sharp and symnetric peaks, while Mg-Al,, Mg-Al o
Mla- AL, have weak and broad pesks, resembling oo metal onide sl
solution (MOSS) of the constituwem oxides [Adcare et al., 199§
The diffraction peaks of Ma-Al. and Mg-Ad,., ae very wai
implying very poor crystallinity of these samples.

The suarfiace aress of Mg-Ad-Or supports with different atomic ni
are shown compartively in Table 1, Compared with pure hg
thee Mg-Al miseel oxides Tawe higher surface areas and for Mg-Al

the influence of MafAl atomic ratio (1) s not significant, th
2. Catalyst Tests [t
2-1. N0, Isothermal Storage Iy

The isothermal storage of NO, wos performed e 3500°C TE T
outlet concentrations of N, wene plotsd versus time in Fig 10 M
is shown that at the beginning of the storage process, there is 1 th
riod churing which NO, is adsorbed over the catalysts mmph:te& Ix
This period with zero NO, concentration is defined as the hred:

L
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2
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Fig. 1. XRD patterns of Mg-Al, support with different Mgl -

alomic ratio.

Table 1. BET results of Mg-AL, support with dilferent MgfAlatm
ic ratio

Mef Al atomic ratio (x)
o= 033 05 I 2 I 0=

Sgodm®g™ 121 249 238 228 237 122 (U

#a kind of commercial AL,
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Fig. 2. Outlet MO, concentrations profile during the storage pro-
cess over the eatalysts at 350°C (550 ppm N0, 8% 0, N,
balance).

Table 2. Amount of KO, stored af saturation over catabysts with dif-
ferent MgfAl atomic ratios at 350 °C

M_Ef;.-"u.l atonmle ralio (x)
0.5 I > 3 o

401 469 474

n 033
24

A (pmolgs Al s 05

through time of the NSR catalysts, When the ciualysts were sani-
rafed o 350°C, 0 significant fraction of the waal amown of injected
MO wis comverted o MO, The concentration of NO, was ealeu-
Lt by the difference of the concentration of NO, wwd WO, For P
M-l and PO, the fraction of MO in e tolal NOY, varied in
the mange of 0,0 o 0,68, The NOLWMNO, mtio over PUALD, was fow,
being abow 0,39, PUbe-AL . and PUMeO, compuared with PYALD,,
cold atalve the oxidimtion reaction of NO maore elfectively, The
amount of NG, stored inevery catalyst w sataraoon is lstec in Table
20 A8 shawn in Table 2, the amount of NO, stored in PYalO, is
very bow, implving thar Mg s the main storage component in the
catalyst, For Pihe-Al,, with increasmg Mg/Al atoimie satio in the
cafalysts, an increased amount of MO, stored in the caalyst was
ahservid, The surface areas of the catalysts could also influence
(e O, storape capacity, but in this stucdy, this offect was less sig-
miticant than that of the Mg/Ad atomic catio. The amount of MO,
stored in the PYMg-AL, is slightly higher than that in PUhgO b
e breakthiough time of Pudvg-Ad is less than PubvleO, The break-
thecigh time, @ more important porameter for MSE catalyst. is al-
ways prolonged with the increasing of the Mg/Al stommc rmtio al
30T, Increasing the Mg/al atomic ratio is more prefemble o the
NO, starage,

2.2 TPD Measurement

3

PUALO.. PuMe-Al | and PUN20 were selected o cary oul e
TPD experiments, The TP results are summiarized in Table 3. The
stored MO, is weleased i the form of NO and NCYL and only one
peak for MO, NCL and NOy, is observed. The amount of desorted
N, NOy and MO, was also caleulated, As isted in Table 3, the NO),
desorption peaks for PUALDY, PUMg-AL, and PFUMeO ane Tocmed
at 428 °C, 451 °C and 506 °C, respectively. The NO, desorption peak
at this temperature range can be assigned 1o he decomposition of
pitraes on the catalyvst [Sedimair e al., 2003]. 50 1 can be con-
Cludied that the presence of Al lowered the stability of nitrzies on
the catalyst surfaces.

2-3. Dynamic NO, Stomge-reduction

Fig. 3 shows the NO, concentration profiles ever cach siwmple
charing the cyclic reaction. The reaction temperaiure was st al J00°C,
and whien the conditions were switched from lean to rich, there was
a Muctuation in temperature of abouwt 7C, Totd NO, conversion is
showan in Table 4.

As shown in Fig, 3, for PUALO, and PUMg-AL, there are three
N0, breakihrough peaks in a somge-reduction eyele, The highest
prak 15 located at the beginning of the reduction stage afler swilch-
i from lean conditions w rich conditions. The second highest peak
15t 230-240 s of each cycle, and the ihind one is at the beginning
of the stormge stage after switching Trom rich conditions o Jean con-
ditions. The breakihrough peak ot the switching point from lean o
rich was observed amd discussed by Fridell et al, | 1999, Bogner el
al | 1995], and Huang etal, [2000 ], Huang of al, atmiboted this break-
through peak W two reasons, One was that the rate of stomge of
NO, decreased when oxygen was cut off? the other was that in the
first few secondds of the nch plase, 3 cenain amount of oxygen wis
remaining on the noble metal sites, which impeded the redoction
ol MO, by noble metals, Bigner et al. copsidered that reduction of
the neshle metal sites was relatvely slow, as compeared with the de-
composition of the nivates, Fradell o al, believed that this peak was
caused by a rapid reduction of the noble metal sies and the ad-
sorption propertics of NO, on the noble metal surface changed nd-
ically, In our study, companad with the NO, concentration, CH, was
in large exeess, but during the period Trom the switching point 1o
the emergence point of the second NO, peak, the CH, concentra-
tion was alwarys zero, So in our opinion, al the initial period of the
reduction stage, the mte of siorgee of N decrensed and CH, was
also consumed by the oxyeen adsorbed on the catalyst surfices al
the storage stage. This coused the e of reduction of NO, o be
bess than the e of decomposition of the nitrates formed at the stor-
ape stige, amnd resulted inthe lagest breakthrough peak, It seemed
that the amount of oxyzen adsorbed on the catalyst surface was an
impantant factor affecting the reduction of NG, By CH,. At the ini-
tial period of the reduction stage. oxygen inhibited the reduction of
WO, bt when e smount of oxyoen adsorbed on the catalyst sur

Table 3. Summary of the TPD results over PUALD,, PUYMg-AL, and PUMg0), after storage up to saturation at 350°C

Dresorption peaks [or

ML O

1

NO,
Piial0, M, 2 umelg!
Publg-Al_, S el g
PrMa0 AR 122 pmaol-g!

463 °C, 2% tmal g
5127, 356 el

431 °C, 44 pmod- g A28 70, 05 wimol g
431 °C. 405 ol -

S069C, 478 pmel g7
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Fig. 3. NO, concentrution profile over catalysts in the storage-reduction excle at 400 °C (storage stage: 190 5, 8% (,, 550 ppm NO,K
balance; reduction stage: 110 s, 800 ppm C.H,, 550 ppm MO, N, balance).

Tahle 4. NO, total conversion over catalysts with different Mg/Al
alomic ratios in Dynamic NO, storage-reduction at 00
"C

Mg/A] atomic o ()
0.5 ! 32 1
542 656 THL B9

s

943

0
X (%) 36,

.33
52.8

firce wins consumied W a certain exient, the presence of oxygen could
pronmiale the reduction of MO, by CH,. [t can be seen that NO, con-
centration always dropped Drst © a cenain value, then increased
again in 230240 5 of each evele, which led w the second NO, peak.

May, 24

This MO, peak was always accompanicd by a rapid increase of d
C H, concentration. It is possible that the axypen adsorbed on
catalyst surface ut the storage stage was used up and the reducty
of NO3, proceeded 1 the absence of oxyvgen at this time, The N
breakthrongh peab ol the beginning of the slomge stage wis m
pronounced for PuMe-Al ., Pubdg-Al, and PubigO. This relli
similar w0 that obtsined by Salasc et al, [Salasc et al., 2002], sh
found et this peak was mest significant for PUALG,, bl vl
and just as an indicaon for PUBaOMALO,. They sugzested i s
peak originates from the desorption of the WO adsorbed on P ds
ing the rich phase. As for the samples thal comained storage oo
ponents, this peak was weakened by the sorage of NO when [l

aly

K1y

o RZEERy

Ld e

ra



wis introdueed into the catalyst surface,

Putvip wielded the best NO, conversion ar 400°C. We atirib-
uted this result 10 two reasons, First, fom the TPD experimental
resuilts, the mte of decomposition of the nirates formed on the PY
MaO surface was power than that over Pudvle-Al | and PALCK,
Second, the rte of NO, reduction by C.H, on the PUMg(0 surface
was e fstest of all catalysts in this study. For the PeboO), in the
s with profonged reduction time, the final NO, concentration
wias 53 ppm, while For Prbig-Al , and Prig-Al ., the NO, con-
centration was stabilized st 120 ppm and 140 ppm, respectively.
and for PUALC, and PuMp-AL, (x<1), the reduction of N, was
more icomplete, 1t was believed that in the absence of oxyeen,
the reduction of NOy, by C;H, was a sell-poisoning reaction because
the noble metal sites were occupied by NO or by propylene or pro-
pylene derived species [Salasc et al, 2002]. Therefore, it can be
eoncluded that Medd can inhihit the seli-poisoning of the reaction.
Simdlar results have been obtained by Sulase et al [Salasc et al,,
2002]. They pointed out that in PYBaC/ALQ,, barium oxide could
prevent seli-poisoning in the reduction of NO,. The reason given
by them was that NO, erginating from te decomposition of bar-
T nitrake and hydrocarbons that adsorbed on BaO could migrate
i the noble metal sites via spill-over. and these migrating species
iy then react with adsorbed species on the noble metal sites.

CONCLUSIONS

In this paper a series of Prdg-AlO and PrMg0 catalysts for
the removal of MO, were prepared, The performance of these cat-
lysts was evalwated and summarized as follows;

AL 330°C, the stored amount of NO, al sswration and break-
fugh time inreise with the increase of the Me/Al atomic mtio in
the catalyst. NO, is stored in the form of nitmites, and nitrates formed
aver Pihg0 are more stable than thal over PdMg-A)-0. During
the dynamic stoepe-recuction expeniments, three MO, breskthrough
peaks could be observed, which lowered MO, conversion. Ohveen
adsorbed over the catalyst surface can influence the reduction of
WO by CH,. With increasing Mg/Al atomic rato in the catalysts,
MO, conversion increases. PyMe0) has the highest tot) NO, con-
wersion due [0 its high activity in the reduction of NO, by C/H,. MaO
coubd inhibit sclf-poisoning of the reaction of NO, and CH,,
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NOMENCLATURE

A, the amount of MO, stored 1o satwration over the catalyst
[mol-g | )

m,, @ mass of the catdyst [z

[ML): NO, concentration [ppim|

¥ feed gas flow rate [L-min']

Ry, MO, total conversion in storage-reduction cycles [%]

Subscripts
i cinlet

.. ..3,

N, Stewuge-Reduction over Pyhg-ALLO Catalysts with Different Mg/Al Atomic Ratios

2

oul  : outlet
X : Mg/fAl atomic ratio of the catalyst
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