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Abstract

This study evaluated the NO, adsorption and desorption performance as well as the casual relationship underlying a Mn-
incorporated catalyst (Pt/Ba/Ce/xMn/y-Al,O3). NO, adsorption and desorption are regarded as a prominent index for the NO,
removal performance of NOy storage and reduction; we utilized NO, storage experiments with various inlet NO and O,
concentrations and cycling adsorption/desorption experiments with a couple of adsorption time protocols for performance
evaluation. In-suit DRIFT and NO,-TPD tests were implemented to reveal the instant stored species and their thermal stability.
Eight percent of Mn catalyst at 350 °C was adopted in the described experiments for its desirable NO, adsorption characteristics.
The optimal NO, storage performance was found under 10% O,, deteriorating when the concentration was further increased.
Furthermore, elevating NO concentration impaired the NO, adsorption due to the low NO,/NOj ratio. It was also found that
shorter adsorption time facilitated NO, removal via maintaining an unsaturated state for active storage components in terms of a
fixed desorption time. The stored species existed as nitrites and nitrates with a good low-temperature thermal stability which
however decayed at higher temperatures as exhibited in the DRIFT and NO,-TPD tests. These findings provided invaluable
information for the application of Mn-incorporated catalyst for NO, removal in diesel exhaust purification to relieve the aerial
pollution.

Keywords NO, - NSR - Adsorption/desorption - NO,-TPD - NOj storage efficiency

Introduction

The global quest for safer environment as well as continuous
agitation for the reduction of global warming has initiated
more stringent emission regulatory demands especially to-
wards the reduction of NO, which are considered as heavy
air pollutants (Ting et al. 2018). It is therefore of great neces-
sity to develop and apply novel and more advanced post-
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treatment technologies for the removal of NO, emissions es-
pecially for diesel engines which are known for higher fuel
efficiency and lower greenhouse gas emission, but NO, reduc-
tion is more difficult to achieve due to excessive supply of
oxygen during combustion (Sim et al. 2014).

In order to solve this drawback, the NO, storage and re-
duction (NSR) technology has been employed as one of the
most promising and recognized methods (Constantinou et al.
2013; Ji et al. 2015). It has an excellent NO, removal perfor-
mance under lean fuel condition and at low temperature
(Constantinou et al. 2013; Ji et al. 2015). The NSR functions
through the storage of NOy as nitrites and nitrates during reg-
ular lean conditions and is further reduced to N in the short
rich periods (Du et al. 2018; Shakya et al. 2012). The NSR
catalyst consists of a noble metal component, a storage com-
ponent, and a support (Roy and Baiker 2008), among which
Pt/Ba/y-Al,Oj is currently known for its widespread use (Xu
et al. 2016). Although y-Al,O3 has been extensively utilized
as a support component of the NSR catalyst, a number of
disadvantages have accompanied its usage including
sintering, phase changes at high temperatures, and inferior
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anti-sulfur capacity (Huang et al. 2013). Noble metal is a very
fundamental component of the NSR due to its irreplaceable
role in the NOj storage and reduction, despite its low level in
the NSR catalyst (Gonzalez-Marcos et al. 2013).

Previous studies (Sim et al. 2014; Ryou et al. 2018) have
shown that platinum (Pt) is easily deactivated due to its
sintering effect at high temperatures albeit being the most
effective noble metal when compared with palladium (Pd)
and rhodium (Rh) with a relatively lower cost and better stor-
age characteristics. Barium (Ba) is one of the alkaline-earth
metals widely employed as storage component and it is widely
utilized due to its superior storage capacity and NO, desorp-
tion in contrast to Sr, Ca, and K; however, due to its poor anti-
sulfur ability, barium oxide (BaO) reacts with sulfur dioxide
(SO,) and Pt within the lean and rich fuel conditions, gener-
ating BaSO, and PtS, respectively, which is detrimental to
catalytic activity (Nguyena et al. 2018; Yang et al. 2014,
Corbos et al. 2008). Therefore, improvements on these draw-
backs are urgently needed in order to perfect catalytic proper-
ties and efficiency.

The reactivity of the NSR catalyst is greatly influenced
by the interaction between the three components of the
NSR catalyst (noble metal components, storage compo-
nents, and support). MnO,, CeOy, and CoOy acts on ele-
vating the NO, storage capacity and anti-sulfur ability
(Bai et al. 2017; Wang et al. 2017), while CeO, enhances
the removal of NOj by facilitating hydrocarbon reforming
and water-gas shift (WGS) reactions (Wang et al. 2011).
Some studies (Ji et al. 2018; Xiao et al. 2008; Tang et al.
2006) have demonstrated that Mn significantly improved
the oxidation of NO to NO,, thus facilitating the storage
and removal of NO,. Furthermore, it has been reported
that Pd/Mn/Ba/Al catalytic system displayed a stronger
NO oxidation and NO, removal capability than Pd/Ba/
Al, suggesting the function of Mn in the reduction of
NO, in NSR catalyst (Zhang et al. 2015). Notably, the
inhibitory effect of H,O and CO, on NO, adsorption
and desorption can be alleviated by Mn as a result of
the decomposition of MnCO; at low temperature (Guo
et al. 2009). Therefore, the application of a Pt/Ce/Ba/y-
Al,O5 catalyst which incorporates Mn would be a suitable
and promising catalytic model for the removal of NO,.

To the best of our knowledge, the conversion of NO to NO,
is beneficial to NO, storage as NO, is readily stored. Thus,
NO conversion is significantly influenced by the dosages of
NO and O, as well as the adsorption time. An increase of NO
and O, has been suggested to facilitate the generation of more
stable nitrates based on the fact that NO adsorption would
proceed as a result of the weak bond between surface oxygen
species and Mn (Liang et al., 2017; Guo et al. 2017). Besides,
NOy storage/reduction performance has been reported to be
closely related to temperature, since NO oxidation is retarded
at low temperature and stored species would decompose at

relatively high temperature (Andonova et al. 2017; Liu et al.
2017).

Despite the advantages of Mn as a component of NSR
catalysts, the effect of internal/external factors on the NOy
removal performance as well as the NO, adsorption and de-
sorption mechanism under various conditions has not been
fully understood and explored and thus requires further inves-
tigation. In this study, the NO, adsorption and desorption
characteristics were investigated as a function of various NO
and O, concentrations, temperature, and storage time in order
to investigate the NO, adsorption/desorption performance
over a Mn-incorporated NSR catalyst (Pt/15Ba/15Ce/xMn/
v-AlL,O3). These findings combined with in-suit DRIFT and
NO,-TPD results carry a thorough and profound implication
for the NOy adsorption and desorption performance over Mn-
incorporated NSR catalysts and potential application in ad-
vanced post-treatment technology.

Experimental
Catalyst preparation

The NSR catalyst Pt/15Ba/15Ce/xMn/y-Al,O5 was prepared
as follows.

Ba, Ce, and Mn nanoparticles were deposited onto y-
Al,O5 by the sol-gel method. Briefly, a so-gel solution was
prepared by dissolving stoichiometric ratio of barium acetate,
cerium acetate, and manganese acetate aqueous solution into
v-Al,O5 turbid liquid, followed by the addition of citric acid
and polyethylene glycol at 80 °C under continuous stirring.
The reaction solution was dried at 110 °C for 24 h and cal-
cined at 500 °C for 5 h in the muffle furnace. Pt was incorpo-
rated using a wetness impregnation method. The Ba/Ce/Mn/
v-Al,O5 sample was impregnated with an aqueous solution of
chloroplatinic acid, dried at 110 °C for 24 h, and calcined at
500 °C for 5 h. The different Mn loadings (6, 8, and 10 wt.%)
were loaded using the same method.

In-suit DRIFT and NO,-TPD tests

The in-suit DRIFT test was performed on a Nicolet 6700
(Thermo Fisher Scientific) at a wavelength range of 400—
4000 cm™' with 32 scans. Before the test, pretreatment was
conducted by flushing the sample with nitrogen at 450 °C for
45 min. The spectrum was recorded during NO adsorption
(500 ppm NO, 10% O, and N,) consecutively for 30 min.
The thermal stability of the adsorbed NO, species was mea-
sured using NO, temperature-programmed desorption (TPD)
carried out on a two-zone furnace. The NO, adsorption was
conducted at temperature from 100 to 450 °C and kept at
450 °C in 500 ppm NO, 10% O,, and balance N, for some
period of time. After cooling down the temperature of the
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sample to 100 °C, the catalysts was heated from 100 to 600 °C
in a linear temperature ramp of 10 °C/min within N,.

Catalyst performance evaluation through a reactor
system

The catalyst performance as the function of different parame-
ters was carried out through a continuous flow quartz reactor
as previously described in the literature (Ji et al. 2017). The
catalyst powder was sustained with quartz wool in a reactor
tube with an inner diameter of 7 mm. Four gas cylinders and a
mass flow controller enabled the simulation of the composi-
tion and concentrations of various gas components for the
supplied gas model. An electric furnace was used to control
the reaction temperature. The NO, concentration was deter-
mined by a specific Fourier transform infrared spectroscope
(FTIR) with the help of a combination of analysis software.
All flow conditions were operated at a gas hourly space ve-
locity (GHSV) of 52,000 h™' and a total flow rate of 30 mL/
min. The catalyst was pretreated at 450 °C for 1 h in a feed-
stream composed of 1% H, in N so as to ascertain the purity
of the catalyst.

The lean feed consisting of 500 ppm NO, 10% O,, and
N, as balance gas was introduced into the reactor and
adsorbed until saturated in NO, storage experiments.
Alteration of the temperature and reaction atmosphere was
allowed in order to evaluate its impacts on various param-
eters. The significance of NO and O, during the NO, ad-
sorption and desorption was investigated by NO, storage
experiments at 350 °C with various inlet O, (0, 5, 10, and
15%) and NO (500, 700, and 1000 ppm) concentrations. A
fixed NO concentration of 500 ppm was employed for the
evaluation of O, effect, while 10% was used for NO effect.
The cycling storage/reduction experiment was performed
using different time protocols of 60 s/60 s, 120 s/60 s, and
180 s/60 s (lean/rich or adsorption/desorption) employing a
rich feed composed of 1% H, in N, which was admitted
after a time-restricted adsorption.

The NO, storage capacity and NO storage efficiency are
computed using the following formulae which act as an index
of NO, adsorption/desorption performance:

H 1
(Pl Ftar) x v

V Xm

NSC =

(1)

inlet , _ [ Routlet
_ oz lo FRiowdt

inlet
FoxiL

INo. x 100% (2)

where F}f}gi and Fﬁ}’gft represent the NOy concentration at the
inlet (500 ppm) and outlet; #; denotes the storage time (s); m is
the catalyst mass (g); and Vis the molar volume of gas taken as
22.4 mol/L.
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The average NO,/NOy ratio is defined with the formula
below:

173
SRS e
RnoyNox =———

[FSe 1, dt

x 100% (3)

where FO and FRg represent the NO, and NO, concen-
trations at the outlet; and #, denotes the storage time (s).

Results and discussion
Performance evaluation in temperature experiment

The effect of temperature was evaluated via NOy stor-
age experiment. Figure la illustrates a lucid comparison
of the storage efficiency for the Mn-incorporated cata-
lyst with 6%, 8%, and 10% Mn loading. As clearly
seen, 8% Mn-incorporated catalyst displayed a higher
storage efficiency at 350 °C as compared with 6% and
10% Mn loadings. Therefore, the catalyst with 8% Mn
loading was tested on its adsorption performance under
various temperatures so as to obtain a deeper under-
standing of the mechanism involved in NO, storage
and reduction.

As shown in Fig. 1b, the outlet NO, yield was almost
not detected during the first few minutes indicating a
desirable adsorption. Specifically, the breakthrough time
and saturation time were defined as the time required for
NOy to be detected and get saturated within the effluent,
respectively; longer duration is representative of better
NO, storage performance. It was observed that the
breakthrough time increased with increase in temperature
from 250 to 350 °C, while a downward trend was ob-
served as the temperature was further increased to
450 °C. The saturation time was also observed to follow
the same trend as the temperature was increased as
shown in Table 1.

The NO, storage efficiency of 8% Mn catalyst de-
scribed in Fig. 1a was also validated based on the results
obtained from the foregoing breakthrough time and satu-
ration time; the 8% Mn catalyst displayed the best adsorp-
tion characteristic at 350 °C. This may be probably caused
by the inhibition of NO oxidation at low temperature like
250 °C and the thermal stability decay of stored species
(such as nitrites and nitrates) surpassing the enhancement
of catalytic reactivity at high temperature like 450 °C. As
a result, 8% Mn catalyst was tested upon its adsorption
and desorption performance at 350 °C in the experiments
illustrated below.
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Fig. 1 a NOj storage efficiency
of the target Mn-containing cata-
lyst at various temperatures. (b)
NOy adsorption performance of
8% Mn catalysts at different
temperatures
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Performance evaluation under various O,
concentrations

The effect of the concentration of O, investigated in NOy
storage experiments as well as its impacts on NO, adsorption
is shown in Fig. 2. The results with 0% O, in Fig. 2a were
twofold. NO, was not observed throughout the whole storage
process and outlet NOy yield surged during the first 10 min;
the former suggested the absence of NO oxidation while the
latter implied inferior NO, storage performance. Table 2 pro-
vides a systematic analysis on the comparison of NO, adsorp-
tion performance in the presence of varying O, concentra-
tions. The NOy storage curves (observed in Figs. 1b and 2b)
became those typical ones as analyzed in the “Performance
evaluation in temperature experiment” section once O, was
admitted and ascribed to NO, oxidization by NO in an atmo-
sphere containing O,. As clearly observed, NO,/NOy ratio
was low at 5% O, but higher with increased O, concentration.
At 10% O, concentration, an optimal adsorption capacity of
690 pmol/g.,; was achieved as compared with 15% O, where
the adsorption capacity was only 450 umol/g.,. (Table 2).
Figure 2c illustrates the storage efficiency of NO; as a func-
tion of time; NOy storage efficiency reduced with time and
enhanced with increasing O, concentration until 10% O, was
achieved. The storage efficiency under 10% O, was sustained
at a relatively high level (above 95%) over the first 20 min but
decreased as the concentration of O, was increased to 15%.
Furthermore, the results indicated that O, is essential for NO,
storage for its function to increase the NO,/NOj ratio within a

Table 1  Breakthrough time and saturation time for 8% Mn loading
under various temperatures

Temperature (°C)  Breakthrough time (min) Saturation time (min)

250 3 34
300 4 43
350 6 70
400 4 44
450 3 35

T
400 450 0 50 60

Time (min)

b

certain range facilitating NO, storage, since NO, acts as the
main force in the NO, adsorption as nitrites and nitrates,
whereas the poor storage capacity at 15% O, might majorly
be caused by superfluous NO,, which could not be adsorbed
by limited active sites in spite of the increase in average NO,/
NOy ratio from 48 to 50% (Table 2). The adsorption mecha-
nism could be explained with the help of the following reac-
tions:

2NO + 0,—2NO, (4)
BaCOs + 2NO + 3/20,—Ba(NOs), + CO, (5)
BaCO3 + 3NO,—Ba(NO3), + NO (6)

Similar experiments were carried out with 8% O, (Zhang
et al. 2015); a NOy storage capacity of 255.4 pmol/g.,; was
also found over 5Mn/10Ba/Al,0; catalyst according to
(Zhang et al. 2017), which is less than half of 690 umol/g .
over Pt/15Ba/15Ce/10Mn/Al,0O;5 catalyst, as shown in
Table 2. It indicated that the components Pt and Ce remark-
ably promoted the NO, storage capacity over NSR catalyst.

Performance evaluation under various NO
concentrations

Figure 3 compares the NOy storage performance over Pt/Ba/
Ce/8Mn/y-Al,O5 at 10% O, and at various NO concentra-
tions. It was observed that the outlet NO yield and the growth
rate were both enhanced when inlet NO proportion was in-
creased from 500 to 1000 ppm. This finding suggested an
inhibition of the NO, storage process as supported by a de-
cline in the breakthrough time from 8 to 2.5 min, saturation
time from 64 to 36 min (Fig. 3), NO, storage capacity from
690 to 418 umol/g.,, and NOy storage efficiency from 64 to
31% (Table 3). These may be as a result of the decrease in
NO,/NOy ratio from 48 to 36% in average with NO concen-
tration from 500 to 1000 ppm, as visibly illustrated in Table 3.
There are two possible reasons for the decreased NO,/NO,
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storage experiments at 350 °C

ratio; the oxidizing capability of the active storage compo-
nents, such as Mn and Ce, may not be able to sustain the
excessive amount of NO, resulting in the exhaustion of NO
at the effluents. In spite of the increase in NO, oxidation from
NO, the NO, storage as nitrates was limited by a limited
amount of active sites on the catalyst surface as stated in the
“Performance evaluation under various O, concentrations”
section. Therefore, an increase in NO concentration would
impair NOy storage and NOy removal by downregulating the
NO, proportion in NO,. As shown in Fig. 3d, for the NO,
storage efficiency at 500 ppm, NO remained high after 40 min
at about 80% and was much higher and steadier when com-
pared with the NO, storage efficiency at 750 ppm and
1000 ppm. This results suggest that 500 ppm NO would pro-
duce an excellent NO, storage performance.

Effect of adsorption time on NO,
adsorption/desorption

In order to investigate the effect imposed by adsorption time
on catalytic performance, 10% O, and 500 ppm NO were
utilized in the cycling storage/reduction experiments with dif-
ferent adsorption time protocols as displayed in Fig. 4. A peak
yield of NO, occurred when H, was introduced into the reac-
tor, which was attributed to the decomposition of stored spe-
cies and their further aggravation as a result of the heat gen-
erated during the reduction. It was observed that the peak yield
of NO, kept increasing until a steady state was achieved at the
start of the cycles and the stable peak also increased when the
adsorption time increased from 60 to 180 s, indicating excess

NO spilling-off due to limited active storage sites (Table 4).
The steady value of NO, concentration was also found to
increase when the adsorption time was increased, which im-
plied an unsaturated storage under an adsorption time of 60 s,
120 s, and probably 180 s. Notably at the beginning of storage,
NO, split off prior to NO, suggesting an excellent oxidation
capability of Mn to convert NO into NO,.

Table 4 elaborated the NO, storage and removal perfor-
mance by providing a quantitative analysis. As observed, the
NO, storage and removal efficiency both exceeded 70%, im-
plying favorable catalyst characteristics of Pt/15Ba/15Ce/
8Mn/y-Al,O5. However, the NO, removal performance de-
creased as the adsorption time increased. An optimal NOy
desorption efficiency occurred at an adsorption time of 60 s;
however, the NO, desorption efficiency was decreased from
82 to 75% when the adsorption time was increased from 60 to
180 s. This may possibly be due to the alleviation of adsorp-
tion burden as a result of low concentration/proportion of NO,
in the limited active sites which could be kept in a smooth
working state without saturation under a shorter adsorption
time. Interestingly, the desorption peak was increased from
153 to 226 ppm, which was probably due to the presence of
a major part of NO in the desorption peak during the NOy
storage and reduction. These results were quite the opposite
under longer duration of adsorption time. A large amount of
NOy was discharged directly without storage, resulting in
higher NO, emission and lower NO, removal efficiency.
Therefore, it is reasonable to suggest that a relatively shorter
adsorption time (under a specific desorption time) is essential
for the enhancement of NO, removal performance.

Table 2 Related parameters upon NO, storage performance with various O, concentrations
O, concentration ~ NOj storage efficiency  NO, storage capacity Average NO,/NOy ratio  Breakthrough time Saturation time
(%) (%) (Hmol/geay) (%) (min) (min)
18 115 0 1 29
23 167 37 2 34
10 90 690 48 9 64
15 40 450 50 4 50
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350 °C
In-suit DRIFT and NO,-TPD results

An in-suit DRIFT test was performed at 250 °C to provide an
insight into the intermediate species formed during the NO,
adsorption. A spectra of absorbance against time was obtained
as shown in Fig. 5. The spectra exhibited various absorption
bands at 1122, 1250, 1332, 1530, 1624, and 1762 cm ', and
NO,~ adsorption peaks were observed at 1380-1320 cm ',
1250-1230 cm ', and 840-800 cm ', while NO;~ was ob-
served at 1380-1350 cm ™' and 840815 cm ™' according to
previous literature (Zheng et al. 2017; Say et al. 2016).
Accordingly, the peaks in Fig. 5 correspond to a variety of
nitrogen oxide species, including bidentate nitrate
(1122 cm™ "), nitrate adsorbed on Ba (1332 cm ™ '), and bridg-
ing nitro-nitrito (1624 cm™"). Notably, an adsorption peak of
N,O,4 was also observed at 1762 c¢cm '. From the

Table 3

transformation of stored species, it was observed that NOy
was initially stored as nitrites (1122 cm ') and then together
with nitrate peaks as the intensity of nitrite peaks increased,
thus suggesting that the stored species were mostly in the form
of nitrites and partly as nitrates. Interestingly, the occurrence
of nitrates at 250 °C conflicted with the findings in literatures
(Castoldia et al. 2018). It was assumed that the incorporation
of Mn and Ce into the NSR catalyst facilitated the oxidization
of NOy species to stable nitrates at low temperature, promot-
ing the NO, adsorption.

A desorption curve as a function of temperature in Fig. 6
was obtained via the NO,-TPD technology as a means of
elucidating the thermal stability of the catalyst. It is clearly
observed that the major NO, species desorped were NO and
NO,, and the desorption peaks were found around 580 ppm at
450 °C and 60 ppm at 380 °C, respectively. Interestingly, the

Related parameters of NO, storage performance with various NO concentrations

NO concentration (10°®  NOj storage efficiency NOj storage capacity

Average NO,/NOy ratio  Breakthrough time Saturation time

v/v) (%) (HmOV/gcar) (%) (min) (min)
500 64 690 48 8 64
750 36 517 39 3.5 42
1000 31 418 36 2.5 36
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Fig. 4 Impact of adsorption time on NOy storage and reduction with duration of 60 s (a), 120 s (b), and 180 s (¢) for storage and 60 s for reduction

temperature of NO exceeded that of NO, by 70 °C at the
desorption peak, suggesting a better thermal stability for ni-
trites; and NO, desorption was rather lower than NO, at least
partly attributed to NO being favored compared with NO,
during the thermal dynamic equilibrium at high temperature.
It is noteworthy to say that the catalyst oxidizing ability could
get enhanced at higher temperature promoting NO, generation
and the conversion of Mn to Mn>* and Mn** at high temper-
ature also contributed to the oxidation of NO to NO,, thus
facilitating NO, storage as nitrites and nitrates. It is assumed
that the adsorption of NO, was weakened and eventually ter-
minated after 380 °C due to the increase in oxygen consump-
tion stored on storage components Ba and Ce. Due to the

thermometric impact, NO, (NO and NO,) desorption began
at around 300 °C and declined due to temperature elevation
after the desorption peak, suggesting fine and weaken thermal
stability at low temperature and higher temperature, respec-
tively. Presumably, the NO desorption peak at 450 °C was
induced by nitrite and nitrate decomposition and NO, adsorp-
tion and desorption were inhibited by the absence of stored
oxygen to oxidize NO at high temperature. It could be de-
duced that NO, desorption arose from the weak bond between
stored species and the active sites at low temperature and
decomposition of stored nitrites and nitrates at high tempera-
ture, which is in line with the literature (Tamm et al. 2014).
Evidently, a favorable thermal stability was achieved at low

Table 4 Related parameters on NOy storage and reduction performance at different time protocols

Lean/rich periods (s) NOj storage efficiency (%)

Desorption peak (x 1076 v/v)

NO storage capacity (umol/g.,) NO, removal efficiency (%)

60/60 87 153
120/60 83 182
180/60 72 226

58 82
56 82
59 75
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Fig. 5 DRIFT spectra of Pt/15Ba/
15Ce/8Mn/y-Al,O5 catalyst at
250 °C

30min

8Mn-250C

0.001

1332,

25min

Absorbance (a.u.)

20min

15min

10min

6min

2min

2000

temperature, deteriorating at higher temperature which would
assist in explaining the results in Fig. 1b. The desorption
mechanism at high temperature can be illustrated by the fol-
lowing equations:

T
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Conclusions

This study provides a deeper insight into the NO, adsorption and
desorption performance as well as the underlying mechanism.
The temperature experiments indicated that Pt/15Ba/15Ce/
8Mn/y-AlLO; presented a satisfactory NO, adsorption perfor-
mance at 350 °C. Under various NO and O, concentrations in
the NOj storage experiments, the NO, adsorption performance
was found to be optimal under 10% O, in this study and was
decreased when O, concentration was further increased owing to
the surplus NO, and limited active sites. In addition, elevation of
NO concentration impaired the NO, adsorption probably due to

. 450°C

Ba(NO,),—BaO + 2NO + 1/20, (7)
Ba(NO3),—BaO + 2NO + 3 /20, (8)
Ba(NOs3),—BaO +2NO, + O, 9)
Fig. 6 NO, desorption curves as
a function of temperature in NO,- 600 —
TPD experiments |
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the low NO,/NOj ratio. The results obtained from the cycling
NO, storage/reduction experiment showed priority to the shorter
adsorption time for NO, removal as it could help maintain an
unsaturated state over active storage components. Notably, the
stored species existed mainly as nitrites and partly nitrates at
250 °C in the DRIFT measurements implying that Mn facilitated
the oxidation of NO species to stable nitrates at a low tempera-
ture. NO,-TPD experiments demonstrated that the stored species
displayed excellent low-temperature thermal stability promoted
probably by Mn, albeit the degradation arising from decomposi-
tion of stored nitrites and nitrates at high temperature.
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