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Abstract

NO, storage/reduction (NSR) catalysts are a potential solution for meeting the upcoming, diesel engine exhaust emissions regulations. A
single-site adsorption kinetic mechanism for Nstorage on NSRs is commonly accepted in the literature; however, there is growing evidence
that more than one type of active site or reaction pathway is involved. Bench reactor data described in this work using a modgDR MXEA|
catalyst provide additional evidence in support of a more complex kinetic model pbiEage. This issue has direct practical significance
for optimization of the NSR catalyst operation, and for controlled design of more efficient NSR catalyst formulations. First, the impacts of
CGO, and HO on NQ. adsorption were investigated, since these species are believed to be competing for the same adsorption sites as NO
These two components were found to strongly influence the &tf3orption process, although in very different manners and to different
extents depending on the operating conditions. The resulting phenomenological picture is complex and cannot be described using a single
type of adsorption site. Additional, NGspeciation experiments showed that the commonly accepteddiéproportionation mechanism
clearly dominates at the later stages of the adsorption process, such that a satisfactory N-balance can be obtained using this mechanisn
alone. However, at the early stages of adsorption the stoichiometric relationships for this mechanism are not observed. Experimental evidence
strongly suggests that this is due to presence of two distinct types of storage sites, most likely based on the proximity of Ba and Pt components.
© 2004 Elsevier B.V. All rights reserved.

Keywords: NOy trap; NO; storage/reduction; Pt/Ba/#Ds; Diesel emissions

1. Introduction engine use has recently received more attention. Upcoming
legislation, again due to increasing environmental concerns,
Most gasoline-burning engines are run with a stoichio- also sets emissions limits on Nparticulate, hydrocarbon
metric mixture of air and gasoline so that the exhaust gasand CO emissions from diesel enging3. The inherent
contains little or no @. Three-way catalytic (TWC) con-  problem in reducing the NOemissions from lean-burn en-
verters are used in these conditions to meet the,NTD gines is the need to reduce ppm levels of NO N> in the
and hydrocarbon emissions regulations. Lean-burn enginespresence of percentage levels of. Qurrent TWC technol-
where diesel engines are a common example, can result inogy has not practically led to the necessary emissions reduc-
improved fuel economy and reduced £émissions incom-  tions from lean-burn engines with this excess This is not
parison to engines run in the stoichiometric regime. As there unexpected since these catalysts were designed to operate
has been increased focus on these two qualities, lean-burrwith little or no O, present in the exhaust gas.
NO, storage/reduction (NSR) catalysts, which are also
sometimes referred to as N@dsorption catalysts and lean
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Therefore, lean-burn engines or their exhaust will have to in terms of the mechanisms that might be involved at the
be adapted to supply this periodic pulse of rich gas which surface during sorption.
unfortunately also results in an associated fuel penalty.
The NSR reaction sequence can be separated into fivey Experimental
general reactions and these are:

NO oxidation to NG,

NO, storage on the catalyst surface,
reductant evolution,

NO, release from the trapping site,
NO, reduction to N.

Pt/Ba/AbO3 is the standard formulation for an NSR
catalyst in literature studies and this same formulation was
used in the current study. First, the Bag® washcoat was
prepared by mixing a high surface argd\l 03 (160 n?/g)
with Ba acetate in an aqueous solution. The resulting Ba
content of the Ba/AlO3 mixture, on a dry basis, was

Although this sequence of reactions is generally agreed 8.3wt.%. The cordierite honeycomb monolith core sam-
upon, each step consists of multiple reactions resulting in aples were dipped into the slurry, removed and drained. The
more complex reaction scheme and some of the steps listedsample was dried and calcined at 3@) The Pt was then
above may also be coupled. added by dipping the core samples into an aqueous solution

These catalysts are typically composed of a Pt-group containing an amine-based Pt precursor. The target catalyst
metal component and an alkali or alkaline-earth compo- Pt content level was 50 or 100 g P¥/fif monolith sample.
nent, supported on a high surface area oxide support, e.g. These cores were then wrapped in fiber glass insulation
v-Al203. Such catalyst formulations are typically further tape or matting and inserted into the reactor tube. The tape or
supported on honeycomb substrates which offer the me-matting eliminates gas bypass around the sample during the
chanical and flow properties required for engine exhaust ap-tests. The reactor tube was positioned in a furnace such that
plications. The Pt-group component is believed to play a key the catalyst core was located towards the outlet end of the re-
role in the red-ox processes involved in all five steps of NSR actor tube. Furthermore, all entering gas lines were preheated
catalyst operation; the alkali or alkaline-earth component in an attempt to maintain a uniform catalyst temperature.
provides NQ storage capacity. To date, most of the research The gas mixture was introduced using mass-flow controllers,
surrounding these catalysts has been directed at step 2, andxcept for HO which was introduced into a heated zone
indeed this study is as well. A mechanistic understanding is using a high-precision liquid metering pump. The reactor is
warranted since increasing the trapping ability of the catalyst equipped with a bypass line so that both the entering and ex-
can result in improved performance and understanding thisiting gases can be analyzed. The inlet gas was periodically
step is necessary for controls and diagnostic development. analyzed to ensure the target concentrations were being met.

In many cases, single-site sorption models have been usedsas analysis included NQCO, CQ and Q concentration
to explain the observed chemistry or trends in data. A com- measurements using California Analytical Instruments ana-
prehensive kinetic model of NOCadsorption on NSR cata-  lyzers. BHO was removed prior to gas analysis with a mem-
lysts has been developed at Chalmers University, which is brane dryer. Also, during the NOspeciation experiments
based on a single type of NGstorage sitd2]. Under the each test was performed twice, once while allowing the. NO
specific conditions of the tests perform@d, the model per- analyzer to monitor NO only and once to measure totalNO
formed well. However, multiple types of sites for sorption so that NO/NQ speciation could be performed. The NO
have been proposed and these vary in their literature descrip-concentration was calculated from the analyzer readings us-
tion. For example, a geometric proximity effect has been ing: (total NO, signaNO only signa) /converter efficiency
proposed where sites near Pt versus those further away diffactor. This conversion efficiency factor was close to 85%
fer in reactivity[3-5]. Different sorption precursor species for the instrument used and was measured before and after
have also been observed and include hydroxide, carbonatehe testing using calibrated gas mixtures.
and oxide site§5,7]. Furthermore, data have been explained  In order to gain a better understanding of the phenomena
by invoking bulk versus surface sorption sites and the ef- occurring during the sorption phase, a consistently regener-
fects of diffusion on their reactivitief8—10]. Throughout ated catalyst needs to be used. To achieve consistent initial
the remainder of this paper, “site” will refer to chemically surface conditions, excess reductant and regeneration time
or energetically distinct sorption sites, or sites that can be were always used during the rich phase of the cycle. The
differentiated by the mechanism of adsorption that leads to data associated with the effects of £énd HO were ob-
the final product, Ba(Ng)». tained after at least three lean/rich cycles had elapsed. In

In this study, two experimental approaches were used in each case, enough cycles were run so that the data presented
an attempt to identify the presence of and to differentiate are no different than the data obtained in the prior cycle.
between these proposed sites. The effects @ kdnd CQ In the experiments where the effects of®land CQ were
on the sorption performance were evaluated and used toevaluated, the lean phase of the cycle contained 250 ppm
develop a better understanding of the reaction process. AlsoNO, 8% &, 0 or 8% HO, 0 or 8% CQ and a balance of
NO, speciation during sorption was monitored, while adding N». The rich phase consisted of 1500 ppm B or 8% HO,

NO; as the NQ source, and the results will be discussed 0 or 8% CQ and a balance of N The NO/NQ speciation

agrwNE
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experiments described in the second part of the paper wereto saturate, the amount of NGlipping through the cata-
performed at a relatively low temperature (2@). In or- lyst quickly exceeds the normally strict application limits.
der to ensure complete regeneration at the end of each testiHowever, it is very difficult to characterize the behavior of
the catalyst was cycled in lean/rich environments at°@25  the catalyst based solely on the region where complete up-
but with no NQ. in the lean phase. The catalyst was then take is occurring. In this study, longer sorption times were
cooled to 200C and exposed for 10 min to 1500 ppm,H  therefore used in an attempt to resolve and characterize the
8% H,O, 10% CQ and a balance of N Under the con- reaction pathways. Unfortunately, due to the integral nature
ditions of these NQ speciation tests, the deep regeneration of operation of this catalyst, kinetic studies using differen-

phases resulted in a complete removal of N@m the cat- tial analysis are not possible in this type of test.
alyst surface. Although not shown, this was verified through
multiple experiment repetitions. 3.1. The effects of H,O and CO, on sorption

In the first set of experiments, the impacts ofHand CQ
3. Results and discussion on the sorption chemistry of a 50 g/fPt/Ba/AbOs catalyst
were evaluated. It was expected that these two gases will
A typical NO, breakthrough profile from a NSR catalyst have an effect on the catalyst surface and therefore on the
is shown inFig. 1 This profile can be broken into three areas reaction chemistry. The presence of £&nhd HO should
for descriptive purposes. For some period of time, complete lead to the formation of Ba carbonate and hydroxide species,
uptake of the entering NOcan be attained. This is one of respectively. Indeed, calculations and experimental evidence
the primary attractions of NSR technology for N@mission have shown that both of these exist on an NSR catalyst sur-
control applications. After breakthrough or slip begins, there face[6,7,11] Since the stability of these species, relative to
is still a period of time where a rapid uptake of N@G each other, differs depending on reaction or operating con-
occurring. However, as the trapping sites slowly fill, the rate ditions, nitrate formation from these precursor species will
of trapping decreases, but does not quickly reach zero. Atthevary as well. The NQ breakthrough data during sorption
latest stages of adsorption, for some period of time, which with and without CQ and/or HO at a catalyst inlet tem-
can extend as long as 3-10 h depending on test conditionsperature of 200C are shown irFig. 2 When the sorption
a slow but measurable uptake of N@ay occur. This is inlet gas contains no GOnor HO, but only NO, GQ and
not due to selective catalytic reduction of NQean-NQ. N>, the catalyst does not allow NQGlip until approximately
catalysis) as no reductant is being added to the inlet gas105s has elapsed. With the addition of both,.Gfad H0,
stream and no reductant formation should occur from the the time before the observed slip drops to approximately
entering gas components. 40s. Actually, the addition of either Gr H,O individu-
The initial part of the sorption process, where N@p- ally decreases this time. However, it is apparent that these
take occurs with a very high rate, is the acceptable operatingtwo components have different effects on the breakthrough
range for most applications. Once the NSR catalyst beginsprofile and therefore the sorption chemistry. Their individ-
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Fig. 1. A typical NQ breakthrough profile. The data were obtained atZD@nd an SV of 25,0001, with an inlet gas composition of 250 ppm NO,
8% H,O, 8% CQ, 8% O, and a balance of N The catalyst was cleaned or regenerated prior to this run with 1500 ppré%l H,O, 8% CQ and a
balance of N for 5min.
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Fig. 2. The effects of C®and KO on NQ. sorption performance. The data were obtained at°Z0@nd an SV of 25,0001, with an inlet gas
composition of 250 ppm NO, 0 or 8%, 0 or 8% CQ, 8% O, and a balance of N The catalyst was cleaned or regenerated prior to this run with

1500 ppm H, 0 or 8% HO, 0 or 8% CQ and a balance of Nfor 5min.

ual effects are not the same nor are their effects additive. H,O and CQ have different impacts on the NGorption

The presence of CfOhas a greater impact on the time for
complete capture than does®. And although the effect

performance and chemistry,B shows a very similar effect
both quantitatively and qualitatively at 40Q as it does at

of H20 in the complete uptake portion of the breakthrough 200°C indicating that its mechanism of change or influence

profile is less in comparison to GOonce breakthrough or
slip does begin, KO has a stronger negative impact. At the
end of 5min, the N@slip is greater due to the presence of
H>O in comparison to C®and their combined effect ex-
ceeds those of the two individually.

is not necessarily a function of the temperature. These data
also indicate that at these elevated temperatures, when both
CO, and KO are present, Cfhas a greater influence and
basically minimizes the observed influence of thegHThe
combined effect of C@ and HO was very similar to the

The data obtained under identical conditions, but at a cat- impact of CQ alone and in this case was less than the sum

alyst inlet temperature of 40@ and for a longer sorption

of the individual components. This could be caused by the

time, are shown ifrig. 3. These data again demonstrate that carbonate species ability to displace hydroxide species on the
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Fig. 3. The effects of C®and KO on NQ. sorption performance. The data were obtained at°@@nd an SV of 25,0001, with an inlet gas
composition of 250 ppm NO, 0 or 8%, 0 or 8% CQ, 8% O, and a balance of N The catalyst was cleaned or regenerated prior to this run with

1500 ppm H, 0 or 8% HO, 0 or 8% CQ and a balance of Nfor 10 min.
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Fig. 4. Integral trapping efficiencies of a 50 §/fPt/Ba/AbO3 NSR catalyst as a function of temperature. The inlet gas compositions are identical to

those listed inFig. 3

Ba sorber component when both €énd HO are present,
which would minimize the HO effects on Ba(Ng)» for-
mation. This possibility is further discussed below.

The results of a number of analogous experiments per-

at 200°C was specific to the lower concentration of water,
or was due to some other reasons, as this phenomenon was
not explained.

Unlike H20O, the impact of C@ noticeably increased

formed at different temperature points are summarized in with increasing temperaturéig. 4). In a mixture contain-
Fig. 4in the form of integrated adsorption efficiencies over a ing both CQ and KO, the former eventually completely

10 min period. Remarkably, the presence gfHeduced the

overrides the effect of the latter. This is consistent with

adsorption efficiency by virtually a constant margin across computational and experimental results reported in the liter-
the entire studied temperature range. Given the roughly sim-ature, regarding the relative stability of the respective alkali
ilar overall shapes of the two NObreakthrough curves or alkaline-earth hydroxide and carbonate spef3es,10}
(Figs. 2 and B with H>O and without both HO and CG, For example, when Ba carbonates, hydroxides and oxides
the same relationship is retained even if the,Nsorption co-exist on a NSR catalyst, the order of decomposition to
efficiency is integrated over a shorter sorption time. If the form the nitrate is oxide then hydroxide then carbonate
NO, adsorption sites were homogeneous, the presence 0f5,6] and thermodynamic calculations support this trend if
H>O may have impacted the NGtorage efficiency in two  bulk attributes are assum¢gto].

major ways: by reducing the total number of sites available To summarize the above observationgCHappears to

for adsorption, e.g. based on the thermodynamic equilibrium have a fixed impact on NOstorage, while the effect of GO
between the respective surface nitrates and hydroxides, oris consistent with an increasing relative stability of surface
by reducing the overall reaction rates. It is difficult to imag- Ba carbonates compared to Ba nitrates, or hydroxides, with
ine that either of the above possibilities may result in such a temperature, based on thermodynamic equilibrium consider-
constant reduction of the NCadsorption efficiency across ations. We would like to propose the following reasoning to
such a broad range of temperatures. Rather, this observatiorescribe the experimental phenomenology discussed above:

would be consistent with the hypothesis that several types

of storage sites exist, one of which essentially becomes un-e In the presence of 0, adsorption of NQ on y-Al,03

available for NQ adsorption in the presence ob@. This
formalism allows us to explain the lack of a temperature de-
pendence, since the number of these different, unavailable,
sites would be constant.

It should be noted that a somewhat different effect of
water vapor on N@adsorption on NSR catalysts has previ-
ously been reportef]. At 300 and 400C, the presence of
merely 1% BO negatively impacted the sorption character-
istics of a Pt/Ba/AJOs catalyst6], which is consistent with
the data collected for this work. However, at 2@ the
presence of 1% pO was shown to positively influence the
sorption of NQ [6]. It is not clear if such different behavior

becomes significantly less or even essentially impossible
due to the formation of respective hydroxyl groups. Recent
in situ IR datg[12] provide an unambiguous, independent
confirmation of this effect. Under the conditions exam-
ined in the IR study, the addition of 3@ to the reactant
stream reduced the amount of Al nitrates formed by 90%.
At the same time, the hydroxyl groups associated with the
alkali- or alkali-earth adsorption sites, are known to be
much less stable than respective surface nitrates. Thus, the
presence of KO probably has less effect on the ability of
the catalyst to store NQOon these sites. The combination
of these two factors would explain why the presence of
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H>0 renders a certain fixed number of sites inaccessible temperatures hinder storage and may aggravate the existing
for NO, storage regardless of the temperature (the siteshigh-temperature NQcapacity problems.

associated withy-Al>03), while the remaining major-

ity of sites, associated with the alkali- or alkaline-earth 3.2. NOy adsorption experiments

component, are not significantly or substantially affected.
e Surface carbonates formed on the alkali-or alkaline-earth
component in the presence of ghave a much higher

An additional series of experiments was undertaken with

the objective of further investigating the nature of the ad-

stability than the respective hydroxyl groups. Also, their sorption sites but more specifically those associated with the
stability compared to the respective nitrates increasesalkali/alkaline-earth component of the catalyst:

with temperature. This explains why the impact of £0
increases with temperature. At the same time, based on
IR data[12], CO, had essentially no impact on NO
storage ony-Al>0s.

While not exhaustive, this analysis is consistent with the

entire set of experimental observations. The above data sup-

port that different adsorption sites for N@xist, associated
with the different components of the catalyst. However, they
do not allow us to determine if multiple adsorption sites as-
sociated with the alkali/alkaline-earth component exist.
From the experimental perspective, one of the major im-
plications of this work in combination with previously re-
ported datg12,13]is that NQ, adsorption experiments on
NSR catalysts, performed in the absence gOHand CQ,
should lead to an overestimated N&torage capacity via
different mechanisms. 40 and CQ are always present in

substantial amounts in real diesel exhaust gas (at least sev-
eral percent) and these data show that they need to be ac-

counted for in any model or mechanistic development. Also,
this information has some implications for the practical ap-
plication of NSR catalysts. For example, high temperature
points in the operation of diesel engines are typically asso-
ciated with high concentrations of G@and HO), due to
a high fuel consumption rate. High levels of €@t high

e In this series, HO was always present in the reaction gas

mixture, in order to minimize NQ storage on the sites
associated withy-Al20s.

CO, was also present in all the experiments, since it rep-
resents an inevitable component of the exhaust gas and,
as found above, has a strong effect on the,@rage.

NO, was introduced in the form of N in an attempt

to decouple the NQstorage process from the NO oxida-
tion reaction. In order to illustrate the extent of limitations
imposed by the NO— NO; oxidation process on NO
storage, adsorption curves for inlet gas mixtures contain-
ing NO, or NO (the reactant gas mixture being otherwise
identical) are presented Fig. 5. As one can see, N©>

NO» oxidation limitations can significantly reduce per-
formance at 200C on a 100 g/ft Pt/Ba/AbOs catalyst.

It is difficult to directly measure NG NO», oxidation

on Pt/Ba/alumina since oxidation and storage effects are
coupled. The literature indicates that under similar condi-
tions, NO oxidation on Pt/AlO3 achieves less than 20%
efficiency at 200C [14—-16] Addition of Ba to such a cat-
alyst to produce a Pt/Ba/ADs NSR catalyst similar to the
one used in this study, reduced the red-ox efficiency of Pt
~15 times[16]. Thus, for NO produced by disproportion-
ation, we expect re-oxidation to be significantly limited.
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Fig. 5. Comparing the effect of NO vs. NGis the NQ source on sorption performance. The data were obtained &tC@dd an SV of 15,0001,
with an inlet gas composition of 250 ppm NO or N@B% H,0, 10% CQ, 8% O, and a balance of N The catalyst was cleaned or regenerated prior
to this run with 1500 ppm b 8% H,O, 10% CQ and a balance of Nfor 10 min.
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Fig. 6. The evolution of NO and N©Oduring a sorption run, with N@as the NQ source. The data were obtained at 200and an SV of 15,0001,
with an inlet gas composition of: (a) 125 ppm BQb) 250 ppm NG, or (c) 500 ppm N@, 8% H,O, 10% CQ, 8% O, and a balance of N The
catalyst was cleaned or regenerated prior to this run with 1500 ppn8¥ H,O, 10% CQ and a balance of Nfor 10min. The N “imbalance” curve
is the discrepancy in attempting a mass balance solely based on using the entering and exitiegeléQwith the disproportionation mechanism. This
is referred to asx-site in the text.
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NO, storage in the form of nitrate requires further ox- Initial Stages of Sorption Process
idation of NG to the respective nitrate species. The oxy- tion Zone  “Fresh” Catalyst Zone
gen atom required for this oxidation may be provided by INO; + NO a
either of the two oxidants present in the gas streamof o o

. . NO. NO, NO NO
NO,. The O atom subsequently takes place in the reaction NO broduced due to NO. 21 bzd' - p 2{.

. ! . ) produced due to NO, storage by disproportionation
via one or another mechanism, e.g. involving the product may get partially re-oxidized even at low temperature
of the dissociative adsorption ofon Pt or formation of
barium peroxideg2]. If the oxidation of a N@ molecule
to a nitrate species occurs with the participation of another
NO, molecule, disproportionation stoichiometry should be
observed; 3N@+ BaO — Ba(NOsz), + NO [17,18] This
stoichiometry implies that for every two molecules of NO
stored on the surface, one molecule is released in the form of
NO. The tests described below were all performed in such a _ _ _ ' ' '
way o alcaie the presence of he disproportonaton reac- 75,1, P senetin ot e st oo ot
Flon and to determine if other mechanisms exist. The exper- NOiJ sorption vsould notybe possible. This was firs?t p?esented at the 18th
iments were done at lower temperatures, around’20@ Meeting of the North American Catalysts Society, June 2003.
minimize the re-distribution of NO and NOn the products
of the reaction. Although at such low temperatures;N©
thermodynamically favored over NO, the process of estab- iments performed at different inlet concentrations of NO
lishing the NO<«> NO; equilibrium is kinetically slow. For  are reported irFig. 6a and c. The maximum of the respec-
example, as will be shown below, at 200 the concentra-  tive ordinate scales represent the inlet Nédncentrations
tion of NO in the NSR catalyst outflow can substantially ex- for the given experiment. As the inlet NQtoncentration
ceed the equilibrium values for this temperature and partial or flux increases, the disproportionation mechanism can ac-
pressure of @ At 325°C the ratio of NO and N@in the count for the N balance at earlier sorption times. Several
catalyst outflow is consistently close to the equilibrium val- possible explanations of this behavior are given below.
ues and therefore results at these higher temperatures were First of all, it should be noted that deviation from the
not used in this evaluation and are not shown. disproportionation stoichiometry does not necessarily imply

The data shown irFig. 6 depict the NO and N@slip the dominance of a different reaction pathway at the early
through a 100 g/ft Pt/Ba/ALbOz sample at 200C during stages of adsorption. A reaction schematic reflecting a the-
a lean phase of a cycle. Three different inlet Nédncen- oretical possibility explaining the entire adsorption process
trations, with all other parameters constant, were used inusing the disproportionation mechanism only, but invoking
the tests. The disproportionation mechanism was applied tothe integral nature of this device, is shownFHig. 7. Ac-
these results as follows. The amount of NSored on the  cording to this logic, at early stages of the sorption period,
catalyst was assumed to be two times the amount of NO NO, is being sorbed via disproportionation on the front sec-
released. The dashed lines kiig. 6 reflect the difference  tion of the NSR catalyst. This allows a higher probability
between the inlet NQ concentration and the sum of the of the released NO to oxidize to NQlownstream. As the
instantaneous amount of N(eing trapped as accounted trapping sites begin to fill, the adsorption zone moves closer
for by the disproportionation mechanism and the measuredto the catalyst outlet. Now, there is less opportunity for the
NO, slip (dashed line= inlet NO, concentration- NO, NO to oxidize to NQ and the mass balance using just the
slip — 2 x NO, slip). disproportionation mechanism can be closed. This proposed

As shown inFig. 6o, for example, there is a significant scheme implies that essentially all of the NO molecules re-
amount of time before breakthrough is observed under theleased during the initial several minutes of adsorption, when
conditions of this test and once breakthrough begins, atno NO is slipping through the catalyst, are re-oxidized to
~7 min after NQ is introduced, both NO and NCare de- NO, and scavenged by the catalyst. Realistically, however,
tected. NO evolution reaches a maximum value after 16 min we expect very limited conversion of NO to N@t 200°C
of sorption and then the amount of NO evolving begins since as mentioned above at this temperature the NO oxi-
to decrease. Importantly, the concentration of NO during dation efficiency of the catalyst is poor and such complete
this period of time substantially exceeds the thermodynamic conversion of released NO to NQOleading to zero slip of
equilibrium value (3 ppm) for this temperature and oxygen NO, is very unlikely.
concentration. The concentration of W@etected continu- Another possible explanation involves a different type of
ously increases throughout the test. The amount of nitrogenBa site that does not obey disproportionation stoichiome-
not accounted for by disproportionation approaches zero af-try, and which dominates at the early stages of adsorption.
ter approximately 80 min. For the remainingl20 min of In this case, the amount of nitrogen not accounted for by
the experiment, the nitrogen balance could be closed solelythe disproportionation mechanism should be related to this
based on the disproportionation mechanism. Similar exper-different type of site (hereafter referred to assites). A

Later Stages of Sorption Process
Sorption Zone |“Fresh”

e Zone (NO
3NO,—2NO; + >

M
NO,

Low probability of NO re-oxidation
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Fig. 8. The N “imbalance” curve is the discrepancy in attempting a mass balance solely based on using the entering and eXiwvesN@th the
disproportionation mechanism. This is referred tooasite in the text. These two sets of data were obtained aP@0énd an SV of 15,0001, with

an inlet gas composition of 250 ppm NB% H,O, 8% CQ, 0.5 or 8% Q and a balance of N The catalyst was cleaned or regenerated prior to this
run with 1500 ppm H, 8% H,O, 8% CQ and a balance of Nfor 10 min.

fixed number of suclu-sites should translate into a fixed the disproportionation pathway. There is no doubt that some
amount of NQ stored on these sites regardless of the ex- Ba atoms on the surface exist in close contact with Pt atoms,
perimental details. Remarkably, integration of the instanta- since substantial modification of the Pt catalytic properties
neous NQ imbalance omr-site curves irFig. 6a—c for the has been observed for such catalysts. For example, previous
three different NQ concentrations indeed produced nearly research has shown a substantial reduction in red-ox effi-
identical values of NQ stored on this different type of site  ciency of Pt/ApOs catalysts with the addition of Bd6,19].

(Table 1. The amount of NQ stored on these-sites rep- The logical implication of this proposed explanation is that
resents about one third of the total N&torage capacity of  substantially lower oxygen concentrations should reduce the
this catalyst. amount of NQ stored on these-sites. An additional exper-

Within the scope of this approach, all the characteristics iment was performed, for verification, with a lowp©oncen-
of thesex-sites are consistent with the hypothesis that their tration (0.5% compared to 8% used above) and as expected,
distinction is based on a close proximity to Pt, as follows. the amount sorbed on theaesites was much lower in this
NO, adsorption on the-sites does not obey the dispropor- case Fig. 8). The exact pathway of Nstorage on these
tionation stoichiometry. Dissociative adsorption of @ Pt, proximal sites with the participation of Thowever cannot
instead of NQ@, could provide the proximale-sites with be directly determined from the above data, only what re-
a ready source of oxygen atoms for the reaction process.actants are participating. Overall, these data are consistent
Therefore, @ serves as a source of oxygen atoms for the with a previously proposed model, based on in situ FT-IR
final oxidation step to nitrate (N§Y), and the more potent  evidencd6,20], where nitrites formed at the early stages of
oxidant, NQ, appears to have no advantage overaDsites NO, adsorption processes and were progressively oxidized
that involve Pt chemistry. For the other sites not located in as the sorption time elapsed. The current data set suggests
the immediate proximity of Pt, N©molecules provide a that the nitrites formed at “proximal” sites are oxidized to
much more preferable source of oxygen, i.e. would lead to nitrates with the participation of oxygen atoms, available via

dissociation of @ on the adjacent Pt sites.

Table 1

Amount of NO; stored ona sites during each experiment 4. Conclusions

Inlet NO, Amount of NO, not accounted for by

concentration (ppm) the disproportionation reactioru.nol) The resolution of several different aspects of N@sorp-

125 0.560 tion on NSR catalysts and a proposed way to de-convolute
ggg g-g;‘? different types of NQ storage sites via two types of ex-

periments are reported in this work. The first distinction
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was observed in the experiments with and withoyOH
and CQ. The results suggested that in the absence-@,H
NO, can effectively adsorb of-Al,O3 and Ba sites. The
presence of KO essentially eliminated NQOadsorption on
the sites associated witltAl2,03. This is consistent with
the recent in situ FT-IR work by Toops et §1.2]. There-

fore, the storage of NQon vy-Al>03 has limited relevance

to the practical application of NSR catalysts, since the pres-

ence of HO in diesel combustion exhaust gas is inevitable.
The presence of C£ which is another inevitable compo-
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