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A BaMnCe ternary catalyst was prepared by impregnating barium acetate on MnO,—CeO, mixed oxides,
with the monoxide supported catalysts and the solid solution support as references. The activities of
the catalysts for soot oxidation were evaluated in the presence of NO under an energy transference
controlled regime. BaMnCe presented the lowest maximal soot oxidation rate temperature at 393 °C
among the catalysts investigated. Although BaMnCe experienced a loss in the specific surface area and
low-temperature redox property due to blocking of the support pores by barium carbonate, its superior
soot oxidation activity highlighted the importance of relatively stable bidentate/monodentate nitrates
coordinated to Mn** and Ce** sites and more stable ionic barium nitrate. About half of the nitrates stored
on this catalyst decomposed within the temperature interval of 350-450°C, and the ignition temperature
of soot decreased significantly with involvement of the nitrates or NO; released.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The removal of soot in diesel exhaust is a topic of ongoing
researches due to the environmental and health impacts of these
carbon nanoparticles [1]. To develop suitable catalysts capable of
promoting soot oxidation by NOy is an efficient way for removal
of soot at relative low temperatures. Among the catalysts investi-
gated, novel metals such as platinum are one of the most active
kinds as they can effectively catalyze oxidation of NO to NO, [2,3].

However, the soot oxidation rate would be limited by the
reduced NOy concentration in exhaust gas from modern engines.
The NOy storage feature of alkali and alkaline earth metals can
provide additional desorbed NO, at moderate temperatures and
thus make them a promising component in soot oxidation cata-
lysts. Potassium has been widely introduced to catalysts to reduce
the maximal soot oxidation temperature (Ty) to 350°C or even
lower owing to the high NOy storage capacity and low molten
point of potassium salts [4-10]. Recently, barium has received
more and more attention in simultaneous removal of soot and
NOy by Pt—containing NSR (NOy storage reduction) catalysts [11,12]
and catalytic oxidation of soot by potassium-copromoted catalysts
(Ba,K/CeO, [13,14], Co,Ba,K/CeO, [15], Co,Ba,K/ZrO, [16,17] and
Co,Ba,K/Al, 05 [18]).

The strong oxidative property of manganese oxides in combina-
tion with the oxygen storage property of ceria makes MnOx-CeO,
mixed oxides catalyst as one group of cheap and efficient candi-
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date catalysts for soot oxidation, which can be traced to its ability
to store NOy at low temperatures in form of nitrates followed by
a release of NO, as a strong oxidizing agent at high temperatures
[19]. The addition of Cs to MnOx-CeO, has been found to further
promote the soot oxidation, and the adsorbed nitrate species are
considered to act as an oxidizing agent to promote soot ignition
[20].

The exothermic oxidation of soot can damage the cordierite fil-
ters used in virtually heavy-duty continuously regenerating trap
[21,22]. The occurrence of this uncontrolled regeneration of soot
depends upon the technique being used. The reaction mechanism
is very complex and that there are many factors to be taken into
account, such as low catalyst/soot weight ratio, low heat conduc-
tivity and low oxygen pressure [7,23,24]. In the present work, Ba
was impregnated on the MnOx-CeO,, MnOy and CeO, supports
to modify the NOy storage behavior of the catalysts. The obtained
catalysts were characterized by XRD, BET, H,—TPR, NOx-TPD and
in situ DRIFTS. A reaction runaway was likely to take place when
the heat generation rate was above a threshold for the undiluted
soot-catalyst system. The objective was to analyze the contribution
of the stored nitrates on the catalysts to soot oxidation with heat
transfer limitations.

2. Experimental
2.1. Catalyst preparation
MnOx-CeO, mixed oxides (MnCe) were prepared by a sol-gel

method. The nitrate precursors Ce(NOs3)3-6H,0 (99.0 wt.%, Beijing
Yili) and Mn(NO3), (50wt.% water solution, Yili) were mixed in
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deionized water according to the molar ratio of Mn:Ce=1:9. The
citric acid was added as the complexing agent with a 2:1 ratio of
the acid to metal ions including Ce3* and Mn2*. Polyglycol was
followed with the weight of 10% citric acid added. The solution
was sufficiently stirred and heated at 80°C till a gel was formed.
The gel was dried at 110°C overnight followed by decomposition
at 300°C for 1h and calcination at 500 °C for 3 h. The monoxides
MnOy and CeO, were prepared by a similar method as the reference
supports.

The acetate Ba(Ac), was loaded on MnOx-CeO, mixed oxides
by a wetness impregnation method according to the ratio of
BaO/(BaO +Mn,03 +Ce0;,)=10wt.%. The mixture was dried at
110°C for 2 h and calcined at 550 °C for 1 h. The resulting catalyst
was referred to as BaMnCe. The monoxide supported catalysts BaCe
and BaMn were prepared by impregnating barium acetate on CeO,
and MnOy, respectively, with a given BaO content of 10 wt.%.

2.2. Catalyst characterization

The powder X-ray diffraction (XRD) patterns were determined
by aJapan Science D/max-RB diffractometer employing Cu Ka radi-
ation (A=0.15418 nm). The X-ray tube was operated at 40kV and
120 mA. The X-ray diffractograms were recorded at 0.02° intervals
in the range of 20° <26 <80° with a scanning velocity of 6°/min.
The lattice constants and mean crystallite sizes of ceria in the sam-
ples were calculated from Cohen’s method and Debye-Scherrer
equation, respectively.

The specific surface areas of the samples were mea-
sured using the N, adsorption at-196°C by the four-point
Brunauer-Emmett-Teller (BET) method using an automatic surface
analyzer (F-Sorb 3400, Gold APP Instrument). The samples were
degassed in flowing N, at 200 °C for 2 h.

The H, temperature-programmed reduction (TPR) tests were
carried out in a fixed-bed reactor with the effluent gases monitored
by a mass spectrometer (OmniStar TM). Twenty five milligrams of
the sample was sandwiched by quartz wool and placed in a tubular
quartz reactor. The reactor temperature was raised up to 900°C at
a heating rate of 10°C/min in 5% H,/He (50 ml/min).

The diffuse reflectance infrared Fourier transformed spectra
(DRIFTS) were recorded on a Nicolet 6700 spectrometer. The sam-
ple powders were purged in situ in a N, stream (100 ml/min) at
450°C for 30 min. The background spectrum was taken from 50 to
450°Catan interval of 50 °C. After then, a gas mixture of 1000 ppm
NO/10% 03/N, was fed at a flow rate of 100 ml/min. The spec-
tra were determined by accumulating 100 scans at a resolution of
4cm! as a function of temperature at a heating rate of 10 °C/min.

The NOy temperature-programmed desorption (TPD) tests were
performed in a fixed-bed reactor with the emission monitored by
an infrared spectrometer (Thermo Nicolet 380). Prior to the test,
the sample powders were exposed in 1000 ppm NO/10% O,/N,
(500 ml/min) at 350°C for 30 min, cooled down to room temper-
ature (RT) in the same atmosphere and flushed by N; (100 ml/min)
for 10 min. After then, the NO and NO, desorption profiles were
obtained by ramping the reactor from RT to 600 °C at a heating rate
of 10°C/min in a N, stream. The infra-red bands at 1855.1-1851.2
and 1599.8-1597.4cm~! were applied for detecting NO and NO,,
respectively.

Fig. 1. XRD patterns of the samples.

2.3. Catalyst activity measurement

Printex-U (Degussa) was used as a model soot. Its particle
size was 25nm and the specific surface area was 100 m2/g. The
activities of the catalysts for soot oxidation were evaluated in
a temperature-programmed oxidation (TPO) reaction apparatus.
Ten milligrams of soot and one hundred milligrams of catalyst
powders were mixed by a spatula for 2 min for “loose contact”
conditions. The catalyst-soot mixture was placed in a tubular
quartz reactor, and the oxidation test was carried out from RT
to 600°C at a heating rate of 15°C/min. The inlet gas mix-
ture was 1000 ppm NO/10% O,/N, or 10% O,/N, (500 ml/min).
The outlet CO,, CO, NO and O, concentrations were determined
online by a five-component analyzer FGA4015. The downstream
C0,/(CO, +CO)ratio during soot oxidation was defined as the selec-
tivity to CO,.

3. Results
3.1. XRD and BET

The powder XRD patterns of the samples are shown in Fig. 1.
The structural properties of the samples based on the XRD data and
BET method are listed in Table 1. Typical diffraction peaks of cubic
ceria are obviously broadened on MnCe and BaMnCe in comparison
with BaCe. Barium exists in the form of the orthorhombic carbonate
on the Ba-containing samples. The weakened intensities of BaCO3
peaks on BaMnCe indicate a low crystallization degree of the car-
bonate crystallites on the mixed oxides support. The Mn species in
BaMn exist in the form of cubic Mn,03 and tetragonal Mn30,4 in
+3 and +2 oxidation states. However, no diffraction peaks of man-
ganese oxides are detected in the patterns of MnCe and BaMnCe.
As listed in Table 1, the mean lattice constants of ceria in MnCe
and BaMnCe are smaller than that in BaCe, indicating the incorpo-
ration of Mn** cations into the ceria lattice due to the smaller ionic
radii of Mn3* (0.065nm) and Mn?* (0.083 nm) than those of Ce%*

Table 1

Structural properties of the samples.
Catalyst Lattice constant of CeO, (nm) Crystallite size of CeO, (nm) Sger (M2/g)
BaCe 0.5416 +0.0003 8.2+0.1 58
BaMnCe 0.5407 +0.0006 44+0.1 81
MnCe 0.5406 + 0.0004 44+0.1 153
BaMn - - 12
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(0.097 nm) and Ce3* (0.114 nm). No nitrates seem to residue in the
samples after calcination since no NOy species are released by heat-
ing the catalysts in N, up to 650°C (not shown). The feasibility of
decomposition of the related nitrates at 500 °C is confirmed by the
NO,-TPD results in section 3.4.

The formation of MnOx-CeO, solid solutions facilitates the
MnCe sample to present a specific surface area larger than 150 m?/g
since the doped manganese oxide inhibits the sintering of ceria as
reflected by the crystallite size of CeO,. Although the BET surface
area of BaMnCe decreases to some extent due to blocking of the
support pores by loading the barium salt, it is still larger than those
of the monoxide supported catalysts.

3.2, H,-TPR

The H,-TPR tests were applied to estimate the reducibility of
the catalysts since the oxidation of soot involves chemisorbed oxy-
gen and especially lattice oxygen at high temperatures, and the
results are shown in Fig. 2. Several reduction peaks are found at
217, 285 and 362°C on MnCe, which result from two types of
oxygen species. One is the surface chemisorbed oxygen associ-
ated with the low-temperature peak and the other is the lattice
oxygen from the reduction of Mn,03—Mn304 and Mn304—MnO

Fig. 2. H,-TPR profiles of the catalysts.

strongly interacted with ceria at the two high-temperature peaks
[25]. After introducing Ba to the mixed oxides, the low-temperature
peak shifts to 240°C and decreases in intensity. The two high-
temperature peaks shift to 325 and 412 °C, respectively. These shifts

Fig. 3. DFIRT spectra obtained on (a) BaCe, (b) BaMn, (c) MnCe and (d) BaMnCe in NO + O,.
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Fig. 4. (a) NOz-and (b) NO-TPD profiles of the catalysts.

to higher temperatures by 20-50°C may be caused by the par-
tial coverage with barium which impedes the reduction of surface
and lattice oxygens from MnOx-CeO, mixed oxides as well as the
reduced surface area. The reduction of lattice oxygen from CeO,
also seems to be retarded by the barium coverage with a shift of
the peak temperature from 710 to 860 °C.

A distinct peak centered at 484°C is observed on BaMn
attributed to two overlapped strong reduction peaks of
Mn,03—Mn304 and Mn3O04—MnO. Its peak intensity is about
10 times of those obtained on the other samples owing to the
dominant content of manganese. The reduction of amorphous
MnO, in trace to Mn;03 may be responsible for the small peak
centered at 295 °C [26]. Two reduction peaks are observed on BaCe
at 473 and 740°C, which are ascribed to the reduction of surface
and bulk oxygen from ceria, respectively.

3.3. Insitu DRIFTS

The DRIFT spectra of adsorbed species on the catalysts aris-
ing from contact of NO+0O, were recorded to gain insight into
the types of stored NOy species as a function of temperature,
and the results are shown in Fig. 3. At low temperatures (<
250°C), the adsorbed species on BaCe in Fig. 3a are mainly nitrites
(1200 and 1090 cm~1) accompanied by some weakly adsorbed NO,
(1620cm~1) [27,28]. The nitrite bands diminish from 100°C and
are completely replaced by those assigned to the bidentate nitrate
(1550, 1288 and 1020cm~!) and monodentate nitrate (1520 and
1235cm~1) mostly coordinated to CeX* sites at 300°C. The nitrate
bands increase in intensity with temperature. Bands at 1407 and
1317cm! are associated to nitro compounds. The minus bands
at 1063 and 870 cm~! are ascribed to the decomposition of BaCO3
[13]. It is a pity that the upper limit of permitted temperature in
this case is 450°C, although the band at 817 cm~! may imply the
formation of ionic barium nitrate at high temperatures.

Comparatively, the adsorption of nitrites (1228 cm~1!) and NO,
(1620 cm~1)atlow temperatures is much less pronounced on BaMn
in Fig. 3b. The main adsorbed species turn to be nitro compounds
(1407 and 1317 cm~1) at 200-250°C. The ionic nitrate (1356 and
817 cm~!) becomes predominant at the temperatures above 300 °C
due to the strong oxidation ability of manganese oxide and high
basicity of barium salt. The simultaneous appearance of minus
bands (1450, 1063 and 860 cm~!) indicates the transformation of
barium carbonate to ionic nitrates.

The adsorption of NOy is quite strong on MnCe as shown
in Fig. 3c. The low-temperature adsorbed species are complex,
including weakly adsorbed NO, (1610 cm~1!), nitrites (1178 cm™1),
nitro-nitrite (1540 cm~1) and nitro compounds (1430, 1260 and
1317cm1). These less stable NOy—derived species are quickly
transformed to the nitrates species including monodentate nitrates
(1527, 1235 and 1008 cm~1), bidentate nitrates (1555, 1288 and
1030 cm~1) and bridging nitrates (1596, 1234 and 1008 cm~!) from
200°C. These nitrate bands reach the maximum at 300°C. The
bands ascribed to stable ionic nitrates (1356 and 806 cm™1) are
quite weak since the catalyst does not contain any high basic com-
ponents such as barium.

By introduction of barium carbonate onto MnOyx-CeO, mixed
oxides, the nitrite bands (1218, 1170 and 1084cm™!) reach the
maximum at 100°C in Fig. 3d. When the temperature rises to
250°C, the nitrite bands are replaced by those assigned to biden-
tate nitrates (1558, 1288 and 1010 cm~!) and monodentate nitrates
(1520, 1250 and 1010 cm~1). Therefore, it is deduced that the tem-
perature for transformation of nitrites to nitrates on MnOx-CeO,
mixed oxides is elevated by loading of barium. In addition to the
bidentate/monodentate nitrates, the stable ionic nitrates (1356 and
814 cm~1) start to form from 300 °C and keep increasing with tem-
perature. The minus bands at 1456, 1065 and 862cm~! are also
observed due to the transformation of barium carbonate to the
nitrate.

3.4. NOx-TPD

To study the NO, storage capacities of the catalysts, the NOx-TPD
tests were carried out in Ny after adsorption in NO+0, at 350°C.
As shown in Fig. 4a, two NO, desorption peaks at 195 and 295°C
are observed on MnCe ascribed to desorption of weakly adsorbed
NO, and decomposition of nitrates, respectively. Considering that
NO oxidation is kinetically favored at the adsorption temperature,
the most stable ad-NOy species, i.e. nitrates, are predominant as
indicated by the DRIFT spectra. Thus, the NO desorption centered
at370°CinFig.4b s likely to arise from the thermodynamic-driven
decomposition of NO, and/or NO, dissociation on reducible metal
sites under N, [29].

The amount and temperature of NOy desorption on BaMnCe
are quite different from those on MnCe. The NO, peak temper-
ature shifts from 295 to 340°C. A low-temperature NO peak
appears at 150°C ascribed to desorption of weakly adsorbed NO
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and/or decomposition of surface nitrites. A bimodal shape of the
nitrate—derived NO desorption is observed with one peak at 385°C
and the other at 480°C. The first high-temperature NO peak is
ascribed to the decomposition/dissociation of NO, arising from
decomposition of bidentate/monodentate nitrates mainly coordi-
nated to Mn** and Ce** sites since it correlates well with that on
MnCe. The latter high-temperature NO peak is ascribed to the
decomposition/dissociation of NO, deriving from decomposition
of barium nitrate.

Almost no NO, is desorbed from BaMn in Fig. 4a, while
two minor NO, peaks are observed at 177 and 400°C on BaCe
ascribed to decomposition of weakly adsorbed NO, and decom-
position of bidentate/monodentate nitrates, respectively. The
low-temperature NO peak at 200 °C on BaCe is ascribed to desorp-
tion of weakly adsorbed NO and/or decomposition of nitrites, which
is not observed on BaMn. A distinct NO desorption peak associated
with the decomposition/dissociation of the nitrate-derived NO,
appears at 460 °C on two monoxide supported catalysts. The above
results are in good accordance with the in situ DRIFT spectra in Fig. 3
except those obtained on BaCe. The adsorbed species on BaCe are
mainly bidentate/monodentate nitrates coordinated to Ce** sites
at 300-450°C according to the DRIFT spectra, while the majority
of NOy desorbed in the TPD test is suggested to originate from the
decomposition of ionic barium nitrate. It probably results from the
transformation of bidendtate/monodentate nitrates to ionic nitrate
on BaCe with exposure to NO + 0O, at 350°C for 30 min.

The total amount of NOy (NO +NO,) desorbed, which was esti-
mated from the desorption profiles, is an effective indicator of NOy
storage capacity of catalysts. The calculated value is 0.31, 0.39, 0.44
and0.97 mmol/g cat. for BaCe, MnCe, BaMn and BaMnCe, respec-
tively. Thus, the efficiency of barium utilization for NO, storage is
38%, 29% and 24% on the MnOy, MnOx-CeO, and CeO, support,
respectively, indicating that the efficiency of NOy storage is related
not only to the dispersion of the NO storage component but also
to the oxidation ability of the support.

3.5. Soot-TPO

The activities of the catalysts were evaluated by soot-TPO tests
in the presence of 1000ppm NO and 10% O,. The tests were
repeated for three times and the same trend of activities of the
catalysts was obtained. The selectivity to CO, in the products
of soot oxidation with the catalysts follows the order of BaMn
(99%)=BaMnCe (99%)>MnCe (95%)>BaCe (92%), indicating the
partial oxidation of soot is not significant. Thus, Fig. 5 only shows
the evolutions of CO, during the TPO tests for clarity. BaMnCe
exhibits the lowest Ty, at 393 °C among the catalysts investigated.
The Ty, of MnCe, BaMn and BaCe is located at 410, 400 and 478 °C,
respectively. Comparatively, the Ty, value obtained in O, is 537,491,
547 and 540°C for BaMnCe, MnCe, BaMn and BaCe, respectively.
The different sequence of activity obtained in NO-containing and
NO-free atmospheres demonstrates the predominance of BaMnCe
in NOy-assisted soot oxidation. It should be noted that a reaction
runaway may take place since no diluents were applied to the
soot-catalyst mixture. The obtained sharp TPO peaks suggest that
the soot catalytic oxidation occurs under an energy transference
controlled regime in this work.

The evolutions of NO during the soot-TPO tests were also
recorded and the results are shown in Fig. 6. An obvious slip of the
NO concentration is observed for BaMn at low temperatures cen-
tered at 330°C due to NO oxidation to NO,, which can be attributed
to the strong oxidation ability of manganese oxides as the domi-
nant component in this catalyst. Contrarily, the decrease of NO is
not obvious on BaCe because of the mild oxidation ability of ceria
which is further weakened by the coverage with barium carbonate.
The NO drops on MnOx—CeO, mixed oxides and the corresponding

Fig. 5. TPO profiles of the soot-catalyst mixtures obtained in NO + O, under loose
contact conditions.

Ba-supported catalyst are between these two cases. All the catalysts
show a NO rise simultaneously with the ignition of soot. The NO
peak intensity follows the order of BaMnCe >BaMn > MnCe > BaCe.
This NO production is thought to initially arise from the reduction
of the nitrate-and NO-derived NO, by soot. The exothermic soot
oxidation reaction, in turn, accelerates the further decomposition
of nitrates to produce more NOy with heat transfer limitations. Ulti-
mately the extensive oxidation of soot by O; is initiated. Both these
contributions can be considered as NOy-assisted soot oxidation. It
should be demonstrated that oxygen is the major oxidant during
the whole process.

4. Discussion
4.1. Effect of nitrate decomposition temperature

According to the above results, it is important for NOy desorp-
tion to occur within a required temperature interval in which soot
oxidation can be promoted by NO,. M. Makkee’s group got an opti-
mal interval for NOy release between 350 and 450°C based on

Fig. 6. Evolutions of the downstream NO during the soot-TPO tests with the cata-
lysts.
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Fig. 7. Relationship between the Ty, values for nitrate decomposition and those for
soot oxidation.

alkali-earth oxides supported on Al,03 [30]. A similar suggestion
can be attained in this work.

It is known from the NOx-TPD profiles and in situ DRIFT
spectra that the NO desorbed above 300°C arises from the
thermodynamic-driven decomposition of nitrate-derived NO,.
Therefore, it is plausible to refer to the high-temperature NO des-
orption peak temperature as the maximal nitrate decomposition
rate temperature (T, for nitrate decomposition). For simplicity,
only the first high-temperature NO desorption peak was taken
into account for BaMnCe. Fig. 7 compares the Ty, values for nitrate
decomposition and those for soot oxidation.

As shown in the figure, the most efficient soot oxidation is
achieved on BaMnCe for which there is a match between the two
Tm values within the required temperature interval of 350-450°C.
It is known from the H,-TPR profiles that the reducibility of
MnOx-CeO, mixed oxides is weakened to some extent by the cov-
erage with barium salt. Correspondingly, the thermal stability of
bidentate/monodentate nitrates coordinated to Mn** and Ce** sites
is slightly elevated as shown by the in situ DRIFT spectra. The
more stable ionic nitrate Ba(NO3), seems to be less important for
soot oxidation since its decomposition peak temperature is a little
higher than 450°C. That is the case of BaMn and BaCe on which
the effect of stored nitrates on soot oxidation is greatly limited by
equilibrium concentration of NO,.

4.2. Effect of nitrate decomposition amount

The amounts of NOx desorbed within 350-450°C were esti-
mated from the NOyx-TPD profiles, and are related to the
maximal soot oxidation rate temperatures in Fig. 8. The activ-
ity of the catalyst seems to depend on the amount of NOy
releasable within this temperature interval, too. The relatively
stable nitrate storage capacity of catalysts follows the order of BaM-
nCe >BaMn > MnCe >BaCe, which correlates well with the sequence
of soot oxidation activity. This may account for the relatively lower
activity of MnCe than the corresponding Ba-loaded catalyst in the
presence of NO. It also helps to explain the much lower Ty, of BaMn
than BaCe although their nitrate decomposition temperatures are
similar.

It should be noted that the NOx-TPD tests were performed under
N, while the soot-TPO tests were carried out in the presence of NO
and O,. The contribution of NO, produced by catalytic oxidation
of NO can not be neglected especially for soot oxidation with the
powerful oxidative BaMn catalyst. The situation is further compli-
cated by the possibility for desorbed NO to be re-oxidized back to

Fig. 8. Relationship between the amount of nitrate decomposition and T, for soot
oxidation.

NO, on reactive oxygen sites. Again, the existence of carbonaceous
reducing agent makes the interpretation of soot oxidation reac-
tion further complicated. In this sense, further work needs to be
done to obtain a more precise description for relationship between
the readily releasable NOy at mild temperatures and soot oxidation
activity.

4.3. Role of nitrate in soot oxidation

It can be suggested based on the above observations that the
nitrate decomposition within the required temperature interval
(350-450°C) is especially important for NOx—assisted soot oxi-
dation. These relative stable nitrates may react directly with the
adjacent carbon atoms (Eq. (1)) or decompose to release NO, to
react with soot (Egs. (2) and (3)), accompanied by a production of
NO.

C + MX"-NO3 — CO5 +NO + M**-0 (1)
M**-NO3 — M**-0 + NO, (2)
NO, +C — CO, +NO (3)

where M represents the metal active sites including Mn**, Ce**
and Ba?* cations. As discussed above, the ionic barium nitrate is less
important to soot oxidation due to its higher thermal stability.

Another important issue is that the estimated value of NOy
desorbed on BaMnCe is far from the required amount of oxidant
for complete combustion of soot. Fig. 9 shows the evolutions of
the CO,, O, and NO concentrations during the TPO test with the
soot-BaMnCe mixture. It is supported by the fact that the maxi-
mal CO, production is about 4% while the maximal concentration
of NO released is less than 5000 ppm. That is to say, the stored
nitrates (and/or nitrate-derived NO, ) and NO-derived NO, can not
meet the requirement of soot oxidation even they are fully uti-
lized. Some heat produced locally by the reaction between soot and
NO, can initiate the oxidation of soot by oxygen. In this sense, the
nitrates and/or nitrate-derived NO, can be considered as a “trigger”
for the extensive oxidation of soot by oxygen. In turn, the further
decomposition of nitrates is accelerated by the exothermic soot
oxidation reaction and hereby the thermodynamic-driven decom-
position of NO, also contributes to the NO rise. Similar phenomena
are observed on the other catalysts.
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Fig. 9. Evolutions of CO,, O, and NO during the soot-TPO test with the BaMnCe
catalyst.

5. Conclusions

Although MnOx-Ce0, mixed oxides experience a certain loss in
specific surface area and low-temperature reducibility after load-
ing barium, the ternary catalyst shows a superior NOx-assisted
soot oxidation activity under an energy transference controlled
regime. The amount of NOy desorbed from BaMnCe within the tem-
perature interval of 350-450°C is 2.8 times of that from MnCe,
which is extraordinarily important due to a match between the
nitrate decomposition temperature and soot oxidation tempera-
ture with heat transfer limitations. The reaction between soot and
the nitrate/nitrate-derived NO, is suggested to act as a “trigger” for
the extensive oxidation of soot by oxygen.
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