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Abstract

The Co,Ba,K/Ce@system is a potential candidate to be used under the simultaneous abatement of soot andiégel exhausts. In this
work, we study the interactions of NQwith the said solid. N@is strongly adsorbed on the Ba,K/Cg8urface through the formation of Ba
and K nitrate species which are stable under He atmosphere up t&48dwever, when Co is incorporated to the system (Co,Ba,K{LeO
catalyst), Ba nitrates become unstable at ca.°&Qnder both NG- Oo and He atmosphere. DRX, FTIR, and LRS characterization shows
that potassium favors the formation of the BaGef@perovskite in the Co,Ba,K/CefZatalyst calcined at 40CC. This perovskite structure is
not detected when K is absent (Co,Ba/Ge®stem). FTIR spectra of Co,Ba,K/Ce®eated with NGO+ O, indicate the formation of surface
N-bound nitrate species (O—Ba--MQD where NG acts as a Lewis base. Since the said species are not detected in the samples without
BaCoQ g3, it is suggested that they are related to the Ba atoms of the perovskite structure. Microbalance experiments combined with FTIR
and mass spectroscopy characterization show that the nitrate species formed in the Co,Bagdf@gl® can be readily decomposed to N
under a reducing atmosphere, making this system very interesting to be used asatdl@ic trap. On the other hand, under He atmosphere
the decomposition of nitrates only produces gaseoug.NiDaddition, when the Co,Ba,K/Ce@atalyst previously treated under NOO,
atmosphere is intimately mixed with the soot and then heated in He up t4G}30e soot particulates are partially oxidized by the surface
nitrate species.
0 2003 Elsevier Inc. All rights reserved.
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1. Introduction future norms, and most of the studies have been performed
with barium-supported catalysts [3-5].

The main pollutants emitted for diesel engines are soot  Inprevious works [6,7] we reported that both Co,K¢0a
particles and nitrogen oxides. The combination of traps and and Co,K/Ce@ are very active and stable catalysts for the
oxidation catalysts appears to be the most plausible after-combustion of soot with oxygen. In the case of the ceria sup-
treatment technique to eliminate soot particles [1]. port, a reaction mechanism involving redox sites from both

NO, adsorbers (traps) constitute a new Néantrol tech- Co and Ce oxides plus surface-carbonate species takes place
nology, which is being developed for partial lean-burn gaso- on this catalyst. Potassium favors the surface mobility, thus
line engines and for diesel engines [2]. The adsorbers, whichimproving the soot-catalyst contact and increasing the sur-
are incorporated into the catalyst washcoat, chemically bind face basicity. Moreover, the addition of NO to the gas phase
nitrogen oxides during lean engine operation. After the ad- results in a strong increase of the activity for soot combus-
sorber capacity is saturated, the system is regenerated, anglon (reaction starts at ca. 28G and a maximum in TPO is
released NQis catalytically reduced during a period of rich  gptained at ca. 35W). In this case, the soot combustion
engine operation [3]. In the case of diesel engines, sinceprohaply occurs via adsorbed NGpecies as intermedi-
arich operat|qn is r.10t' feasible, periodic fuel injections are 4iag Also, a key role of the catalyst surface was found to
necessary. This topic is a challenge to meet the demands OBe the oxidation of NO to N@ The oxidation of soot with

NO> has been widely studied by other research teams and
~* Corresponding author. ours [8-11], and it is the basis of the Continuously Regener-
E-mail address: mulla@figus.unl.edu.ar (M.A. Ulla). ating Trap (CRT) developed by Johnson Matthey.
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In this work we explore the effect of the addition of Ba
to the Co,K/Ce@ system, with the aim of improving the in-
teraction with NQ molecules. In this way, we are seeking
two benefits: (i) to improve the catalytic activity for the soot
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2.2.2. Microbalance studies

Microbalance studies were performed in a Cahn 2000
equipment with the objective of studying the interaction of
the catalyst with NO and N& Oz. The sample was dried

combustion reaction by increasing the formation of surface for 2 h at 400°C in He and then it was stabilized at 70,

NO, intermediates, and (ii) to develop a bifunctional cata-

at which point the sample weight was determined)( Af-

lyst, which eliminates soot particles and is also able to store ter this, a mixture of NO (4%) or NO (4%j}) Oz (18%) (He

NO, molecules, thus acting as a catalytic trap.
To this end, we characterized different solids (Co,Ba,K/
CeQ) using several techniques. The amount of N&fored

balance) was fed, and the sample was stabilized &C7f
this stream. When a constant weight value was obtained, the
sample was heated up to 490 at 5°C/min; then, it was

was measured through thermogravimetric analysis and themaintained at this temperature for 10 min after which it was
surface species formed during these experiments were charcooled to 70C. At this temperature, the feeding mixture
were applied to study the phase transformations occurringS@mple was weighed. Then the procedure was repeated with

after different treatments of the solids.

2. Experimental

2.1. Soot and catalysts preparation

The soot used in this work was prepared by burning
commercial diesel fuel (Repsol-YPF, Argentina) in a glass
vessel. After being collected from the vessel walls, it was
dried in a stove for 24 h at 12€. The soot thus ob-

tained contained 70 ppm of sulfur. Its specific surface area

was 55 n g—1. Temperature-programmed experiments per-

formed using helium as carrier gas provided information re-

garding the amount of partially oxidized groups of the soot

He (or 10% h in He) feed, and the sample was weighed at
the end of this treatment at 7Q in a He stream.

Equation (A) was used for the calculation of the N\&Dor-
age capacity percentages as ratios between the stored NO
(as Ba(NQ)2) and the maximum N@storage capacity of
Ba (b = 0.0146 mol NG/g Ba).

a(w(T)/w° —1)100
b )

% NO; storage capacity: (A)

where
2
0.16(MWByNO,), — MWBaco,)
=0.1953 mol NQ/g Ba

a =

The constantz involves the molecular weights (MW)
of BaCQ; and Ba(NQ@)2 and it was calculated considering
that: (i) all the barium (16 wt%) was as Bagr fresh cat-

surface and the amount of hydrocarbons that could remaingyysts, and (i) the incorporation of NCled to Ba(NQ)»
adsorbed after the diesel combustion. In this way, the amo“”taccording to

of carbon released as CO, g@nd hydrocarbons represents
9.3% of the soot [12].

The Ba,K/CeQ@ catalysts were prepared from a CeO
(Merck, p.a., specific surface area 10 n?g~1) support
suspension in water, to which a solution containing KINO

BaCOs(s) + 2NO2(g) + 302(g) — Ba(NOs)2(s) + CO(9),

(B)
w(T)/w® is relative mass (i.e., sample weight at any temper-
atureT divided by the initial weight obtained at 7C after

and/or barium acetate was added, in order to obtain a load ofthe He treatment for 2 h at 40C).

7 wt% of K and/or 16 wt% of Ba. The mixture was heated
while being vigorously stirred until a paste was achieved,
which was dried in a stove for 24 h at 120 and calcined
at 400°C for 2 h. In the case of the cobalt-containing solids
(Co,Ba,K/CeQ@ and Co,Ba/Ceg), a Co(NQ), solution was

Some of the experiments described above were per-
formed in a flow-type reactor in order to analyze the gases
evolved with (i) a Leybold quadrupole mass spectrometer
able to monitor 10 components simultaneously as a function
of temperature/time, and (ii) a IR gas cell (length: 15 cm)

added to the catalysts (prepared as described above) in ordewith KBr windows. These IR spectra were recorded by
to obtain 12 wt% of Co. The soot and the different catalysts a Thermo Mattson Genesis Il FTIR (scan, 20; resolution,
were mechanically mixed in an agate mortar so as to obtain1 cm ).

a soofcatalyst= 1/20 (wt/wt) ratio.

2.2. Catalyst characterization

2.2.1. X-ray diffraction (XRD)

The X-ray diffractograms were obtained with a Shimadzu
XD-D1 instrument with monochromator using Cy-Kadi-
ation at a scan rate of Imin, from 2 = 10 to 60.

In order to study the soot reaction with the adsorbed NO
species, two different experiments were performed. (1) The
Co,Ba,K/CeQ catalyst was pretreated with NO (4%)0O>
(18%) up to 370C with a heating rate of 5C min—?1, and
maintained at this temperature until a constant weight value
was obtained. Then, the solid was mixed with soot in the pro-
portion 2Q/1, and the weight changes during the heating in
He in the microbalance up to 49Q were recorded (as previ-
ously described). After this, a similar sequence was followed
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but with &, (18%) in He. (2) The Co,Ba,K/Cefcatalyst
mixed with soot was treated first with He and then with O
(18%) in He with the corresponding heating sequences (as
described in 1), the only difference being that the pretreat-
ment of the catalyst in N@- Oz was not performed.

2.2.3. IR spectroscopy (FTIR)

Infrared spectra were obtained using a Shimadzu 8101M
spectrometer. Samples were prepared in the form of pressed
wafers (ca. 1% sample in KBr). All spectra involved the ac-
cumulation of 80 scans at 4 crhresolution.

2.2.4. Laser Raman spectroscopy (LRS)

The Raman spectra were recorded with a TRS-600-SZ-P
Jasco laser Raman instrument, equipped with a CCD (charge
coupled device) with the detector cooled to about 153 K us-
ing liquid N2. The excitation source was the 514.5-nm line
of a Spectra 9000 Photometrics Ar ion laser, whereas the

Intensity (a.u.)
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laser power was set at 30 mW.

3. Resultsand discussion
3.1. Catalyst characterization

The XRD patterns indicate that Ba/Cgénd Ba,K/Ce@
are composed of Cetand BaCQ crystalline phases (Ta-
ble 1). In the case of Co,Ba,K/CeQOthe main reflexion
signals were those of the Ce@upport. The low-intensity
reflexions associated with BaCegs perovskite, BaC@
and CaO4 compounds were also detected. However, for
Co,Ba/CeQ, the perovskite structure was not detected,
Co304 and Ba(NQ)2 being present instead. These results
could indicate that potassium would favor the perovskite
structure formation, which was also previously observed in
the Co,K/LaO3 system [13].

In order to obtain further insight into this aspect, Ra-

CeO

X 1/100
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Raman Shift (cm™)

Fig. 1. Raman spectra of the Co-containing catalysts, including the support
signal for comparison.

imply a higher dispersion and smaller size of thesQp
crystals compared with the Co,Ba/Cgéblid. This is con-
sistent with the XRD results: Co,Ba/Ce@resents Cg04
as a segregated phase whereas Co,Ba,KiQe€sents the
cobalt oxide only at traces level.

3.2. NO, interaction with the catalysts

In order to study the NQ storage capacity of the ob-

man spectra of Co-containing catalysts were recorded. Fig. 1tained catalysts, gravimetric studies were carried out. After

shows that the Co,Ba/CeGolid presents the three char-
acteristic vibrational signals of G@4: the sharp band at
693 cnt! and the two bands at 523 and 486 thi14],

in addition to a small signal at 464 crh corresponding

to the support (see the Ce@pectrum which was also in-
cluded for comparison). However, in the K-containing solid
(Co,Ba,K/CeQ), although the CgO;4 vibrational bands ap-
pear, the support signal is magnified. This would probably

Table 1

XRD phases

Catalyst Crystalline phases
Ba/CeQ CeOy, BaCQy

Ba,K/CeQ CeO, BaCGQ3

Co,Ba/CeQ CeQ, Ba(NQ3),, Co3042
Co,Ba,K/CeQ CeOy, BaCoQ g3,P Coz04,P BaCOsP

@ Confirmed by laser Raman spectroscopy.
b Traces.

saturation in NO+ O, at 70°C, several steps were taken:
(1) the sample was heated in the same flow up to°49at
5°C/min, (2) it was cooled in the same flow to 70, (3) it
was heated in He until 49, and (4) it was cooled to A

in He.

Figs. 2 and 3 display the changes of weight due to the
NO+ O, adsorption for all the solids. The dotted line divides
each graph into two sections: the left section corresponds to
the heating in the NG- O, stream (step 1), and the right one
to the heating in the He stream (step 3). Note that neither the
cooling in the NO+ O, stream (step 2) nor the cooling in
the He flow (step 4) are represented. The discontinuity in
weight observed for each curve before and after the dotted
line is due to the cooling in the N& O, stream.

Fig. 2 shows the microbalance experiments for Ba/geO
K/CeO,, Ba,K/CeQ, and the support for comparison. Un-
loaded Ce@ adsorbs some NQat 70°C and the addition
of Ba to the said support increases the amount of;, @G-
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Fig. 2. NO, adsorption in microbalance for the Ba,K/Ce8ystem. Gaseous feed: NO (4%) angl (@8%) (He balance).
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Fig. 3. Effect of the cobalt addition in the microbalance experiments. Gaseous feed: NO (4%) €ri&%6) (He balance).

sorbed at this low temperature. Probably, the effect of Ba is effective in catalyzing the oxidation of NO to NOOnN this
to increase the surface basicity. The presence of K provokesparticular occasion, the amount of N&tored and the profile
the opposite effect. K seems to cover the @asOrface, thus  of the weight changes were comparable to those obtained for
preventing the NQ adsorption. the NO+ O stream (Table 2). These results suggest that ad-
The Ba/Ce@ sample presents a significant increase in sorbed NQ was the NQ species which would react with Ba
weight during the heating in the N@ O, stream and the  to give stable nitrate species. Ce@ould act as oxidation
final weight remains almost constant during the treatment in catalyst promoting the N&formation for NO+ O, stream.
He (Fig. 2), suggesting a nonreversible N corporation In this trend, the downstream NMIO ratio was 1300.
to the solid. Its storage capacity is 63.1% at the end of the  The potassium-containing sample (Ba,K/Ge¢Mas a
treatment. However, as the composition of the stream is NO, similar but not so pronounced behavior (Fig. 2). Its storage
its storage capacity is insignificant (Table 2). capacity is below the one observed for the Ba/ges@m-
In order to consider the effect of NOQa NO+ Oz mixture ple (Table 2). Both potassium and barium are able to react
was passed through a bed of Pt(1wt%)®4 before enter-  with NO» forming nitrate species. But for the K-containing
ing the microbalance. It is well known that Pt catalysts are sample, K was added as KN@nd this substance was not
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Table 2
NO, storage capacities of different barium-containing matetials
Catalyst NQ NO2 % storage NG % storage NQ % storage
feed (NGQ treatment, (after cooling (after cooling
300°C)°  in NOy, 70°C)P in He, 70°C)P
Ba/CeQ NO + O2 191 726 631
Ba/CeQ NO, 320 618 594
Ba/CeQ NO 44 37 0
Ba,K/Ce@ NO+ Oy 132 447 447
Ba,K/ICe@ NO 10 42 22
Co,Ba,K/Ce@ NO + O, 27.1 391 10
Co,Ba,K/CeGQ NO 6.8 59 0
Co,Ba/Ce@Q NO+ Oy 75 123 0
Pt,Ba/ALO3¢ NO + Oy 26.8 - -

@ For the NQ % storage capacities equation, see Section 2.2.
b NO, and He treatments are described in Section 3.2.
¢ [16].

decomposed during the calcination treatment. In fact, pre-

vious studies with K/LaO3 catalysts showed that KNO
decomposes above 600 during TGA experiments [15].
For K/CeQ, KNO3 was used as a source of K; therefore,
weight changes during the treatment in NOD»2 were neg-
ligible (Fig. 2). On the other hand, in the absence of fart

of NO is irreversibly adsorbed on Ba,K/Ce(However, its
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Fig. 4. Infrared spectra on Ba/Ce((a) fresh solid and (b) after the mi-
crobalance experiment (N® O, followed by He treatments with heatings
up to 49C°C, i.e., steps 1-4). See experimental section for more details.

storage capacity is notably smaller than in the presence of

NO + Oz (Table 2).

The presence of Penhances the NQadsorption due to
the formation of NQ which is adsorbed on the O---M sur-
face leading to nitrate species formation. Besides; kiauld
diffuse through the catalyst particle producing bulk nitrate
compound.

In order to study the effect of the addition of cobalt to Ba-
containing catalysts and its relationship with N@terac-
tion, microbalance studies were performed on Co,BalCeO
and Co,Ba,K/Ce@ (12 wt% Co). Resulting profiles are
shown in Fig. 3, in comparison with that obtained for
Ba,K/CeQ.

Similarly to the one observed in Fig. 2, Co,Ba/GeO
presents some adsorption at°f@ probably on the support,
which decreased with the addition of K. When tempera-
ture was increased, practically null adsorption of N@n
Co,Ba/CeQ@ during the NO+ O treatment was observed.
Note that the weight change curve is flat (Fig. 3). This is
because barium is mainly as Ba(i)@ in the fresh solid.
Furthermore, since G@4 is a crystalline structure identi-
fied by XRD for this sample (Table 1), this would imply that
the NO, trap capacity of this spinel is negligible.

in weight during the cooling in NG+ Oz (represented by
the discontinuity of the curve in Fig. 3), the instability of
the nitrate species is also observed in the He stream. In
this way, the presence of the transition metal reduces the
stability of nitrates at high temperatures. Note that the stor-
age capacity of this sample at 300 is comparable to that

of Pt,Ba/AbOs3 reported by Laurent et al. [16] (Table 2).
Probably, the surface interaction between Co and Ba in the
perovskite structure prevents the formation of stable nitrate
species. FTIR experiments contributed to elucidate this as-
pect.

3.3. Characterization of NO, species after NO + Oz
treatment

Figs. 4—6 show the IR spectra of the catalysts after being
used on gravimetric studies. For comparison, fresh catalyst
spectra are also reported.

The fresh Ba/Ce@spectrum (Fig. 4a) revealed the four
characteristic vibrational frequencies of Bag;@ strong
band at 1437 cmt, a small one at 1059 cn}, and two sharp
bands at 858 and 694 crhin agreement with XRD results

It should be noted that the only fresh, calcined sample (Table 1). Whereas, in the IR spectrum after the N@-

which shows barium nitrate XRD peaks is Co,Ba/Gé€ee

treatment (Fig. 4b), Ba(N§). was identified as the main

Table 1). The source of the nitrates is the cobalt nitrate in the compound (1416 (s), 1358 (s), 818 (m), and 730 (my&m
solution used for the impregnation method. Either during the The presence of two small peaks at 858 and 694 csug-

solution stirring or during the calcination step, barium nitrate
is formed which in this sample is stable up to 49D

For the Co,Ba,K/Ce®solid, the nitrate species formed
during the heating in NG- O, partially decompose at high
temperatures (ca. 370-490), although there is an increase

gested that some BaG®@emained on the support. The heat-
ing in the NO+ Oz stream makes N@replace CQ and

the phase transformation occurs: BaS Ba(NQs)2 (re-
action (B), Section 2.2). The observed increase in weight
is due to the difference in the gravimetric factors between
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Fig. 6. Infrared spectra on Co,Ba,K/Cgda) fresh solid, (b) after the mi-
crobalance experiment (N® O, with a heating up to 490C, steps 1 and
2 only) and (c) after the microbalance experiment (M@D, followed by
He treatments with heatings up to 490, steps 1-4).

Table 3
Characteristic IR vibrational frequencies

Species IR vibrational frequencies (cf)
BaCO; 1437 (s), 1059 (w), 858 (M), 694 (m) tively). The main vibrational signals of Ba(N were not
Ez(g%)z igg ES)h,)ligg iS(),)B?—Lg 5(;“2 ;)301(2”%( . 826 (m) better resolved after the N® O, treatment (Fig. 6¢) in com-
3 sh), s), sh), sh), m ; ; ;
0-Ba. NG, 1405 (s), 1352 (sh) parison with those of the fresh sample (Fig. 6a). However,

a new band at 1405 cm and a shoulder at 1352 cthap-
peared, and they would be associated to surface N-bound
BaCQ; and Ba(NQ)». This final compound is stable during nitrate species (O—-Ba--N) where NQ would act as a
the heating in He (Fig. 4b). Lewis base [18,19]. Ba would be chemically bound to either

The IR spectrum of the fresh K/CeCcatalyst (not  Co or Ce forming a mixed oxide so that the reaction between
shown) confirmed that KN@is present on the surface caus- BaO and NQ to produce Ba(Ng)2 would not be allowed.
ing a negligible adsorption of N As K was added to  According to the XRD results, BaCa@s was presentin the
Ba/CeQ, BaCQ; and KNQG; were the main compounds fresh solid and this phase would be responsible for this inter-
identified by IR (Fig. 5, Table 3). After the gravimetric action. Moreover, the IR spectrum of this sample after steps
studies, the IR spectrum indicated the presence of threel and 2 (Fig. 6b), which means just after the treatment in
compounds: KN@, Ba(NG)2, and BaCQ (Fig. 5b). A sig- NO + O, showed that the relative intensity of the band at
nificant portion of BaC@seems to be occluded by K species 1405 cnt? associated to the N-bounded N@pecies was
during the NO+ O treatment, this being the cause for higher than that of the Co,Ba,K/Ce@fter the complete mi-
the smaller increase of weight in comparison with Ba/geO crobalance experiment (steps 1-4) (Fig. 6¢).
(Fig. 2). This phenomenon should be favored by the high
mobility of potassium on the catalyst surface [17]. 3.4. Sability of the nitrate species under reducing

The bands associated with KNQ@re present in the IR atmosphere
spectrum of the fresh Co,Ba,K/Ce@Fig. 6) and a small
contribution of Ba(NQ@)2 species would be expected due A working trap should be able to adsorb N@nder an
to the signal at 730 cml. The other three characteristic oxidizing atmosphere and to release it gsduring the en-
bands, 1416, 1358, and 818 th are occluded by KN@ gine excursions under reducing conditions. Accordingly, the
signals (Fig. 6a). In agreement with XRD results, a shoul- storage capacity of the solid and its ability to desorb and
der at 1437 cm! can be assigned to a small amount of decompose the trapped N@re important [6]. In order to
BaCG;. The weight reached after the Microbalance exper- study our catalyst under such conditions, an experiment was
iment (steps 1-4) was essentially the same as that of theperformed first by adsorbing NOunder an oxygen excess
starting solid (Fig. 3), which would lead one to expect no atmosphere at 37 and then changing the atmosphere to
significant differences between the IR spectra before andreducing conditions (10% of Hin helium), analyzing the
after the microbalance experiences (Figs. 6a and 6c, respeceomposition of the gas phase with an on-line mass spec-
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Fig. 7. Mass spectrometer analysis of products during heating in He stream (A)-a(D¥%)/He (B). Catalyst: Co,Ba,K/CeQ(previously treated with
NO + O, at 370°C).

trometer. Results are shown in Fig. 7. It can be inferred that As the Co,Ba,K/Ce@ catalyst previously pretreated
Co,Ba,K/CeQ behaves as a NQtrap, retaining the NQin with NO + Oz (370°C) was carefully mixed with soot

an oxidizing atmosphere and reducing Nt© Nz in diluted (catalysfsoot= 20), placed in the microbalance, and heated
H> flow. The released Nis clearly observed through the 28 in He flow up to 490C, the burning of the soot occurs in
and the 14 mass fragments, besides the absence ofisl@ one step (Fig. 8A, solid line). In the absence of e soot

ments (30 mass). In this view, the N@apped on Ba sites  particulates would be oxidized by reaction with the surface
was reduced by hydrogen, as reported by Balcon et al. [20]. nitrate species. The main gaseous products in this case were
For comparison, the evolution under He atmosphere wasNO and CQ. Only trace amounts of N£ N2O, and N
also recorded (left part of Fig. 7). This result shows that were detected, where the latter product was determined us-
(i) the release of NQ (30 mass profile) started around ing a mass spectrometer analyzer. This result suggested that
350°C, in clear concordance with the microbalance exper- nitrate species decomposed toward AN@hich underwent
iment (Fig. 3) and (ii) a flat curve was observed for a 28 to NO after reaction with soot particles in the absencenf O
mass profile, indicating that there was ng &volution when as reported by Luré et al. [28].

heating under a nonreducing atmosphere. Even though a contribution of the lattice oxygen could not
be excluded, some unburnt soot remained after this treatment
3.5. Soot reaction with adsorbed NO, species in He. The mechanistic nature of soot oxidation where the
catalyst acts as a source of active oxidant agents demands
As a tight contact mixture of fresh Co,Ba,K/CgCata- a greater number of contact points between soot particu-

lyst and soot (catalyssoot= 20) was heated in He up to lates and catalyst particles, specifically surface oxidant sites.
490°C in the microbalance, soot particulates were partially These sites are reduced during the soot burning in the ab-
burnt (Fig. 8A: dashed line). The reactant oxygen would sence of @, and physical phenomena like mass and heat
be supplied by the catalyst surface taking into account the transfer become very important, thus decreasing the overall
relevant characteristics of ceria-based materials: the oxy-reaction rate.

gen storage ability of the ceria lattice and the high oxidiz- In the presence of £ the burning of the remaining soot
ing power of Cé+ (Ce*t/4* redox couple) [21,22]. The is completed at lower temperatures than in the fresh catalyst
burning of the soot occurs in two steps (as can be clearly (Fig. 8B, solid line). This lower burning temperature was
seen in the derivative of the curve, shown in the bottom of around 280C, suggesting that some active oxygen remains
Fig. 8A, dashed line), similar to that observed during TPO on the catalyst surface.

(temperature-programmed oxidation) experiments [23]. This ~ For comparison, the weight changes when fresh catalyst
behavior would be associated to the contribution of Co sur- soot (catalystsoot = 20) were heated in NGO+ O, are
face species as active sites for soot oxidation [23,24]. Theincluded (Fig. 8C). The temperature at which the weight
remaining soot is then totally burnt wher» @ added to the  change rate became maximum is somehow lower than that of
He feed (Fig. 8B, dashed line). The surface oxygen vacan-the catalyst (previously treated with N® O, at 370°C)+

cies originated during the catalytic oxidation of soot in He soot (compare Figs. 8A and C). However, the tendencies of
are readily regenerated via the incorporation of the gas-phaseboth curves are similar except that the soot was completely
oxygen as lattice oxygen through the formation of super- burntbecause of the presence of the oxidantin the gas phase.
oxides (@) or peroxides (G%~) [25-27] recovering the  After that, an increase in weight was observed due to the
active sites for the reaction. NO; incorporation to the solid (Fig. 8C).
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Fig. 8. Study of the reaction between soot and adsorbed $@cies. (A) He stream, (B)Lq18%) in He, and (C) NO (4%} O» (18%) (He balance). Solid

line: Catalyst pre-treated with NO (4%) O, (18%) up to 370 C and then mixed with soot (2@). Dashed and dashed dotted lines: Catalysts mixed with
soot. The derivative curves are shown at the bottom.

110 less compared with those of the fresh catalyst (Fig. 6a), sug-
gesting that those species could also act as a source af NO
100 Besides, one of the products of this reaction was @GBich
competes with N@for the same storage Ba sites promoting
0 the release of the latter.
8 &
c
S :
] 4. Conclusions
g 70
g
S e Barium oxide, a well-known NQtrap, is incorporated in
= « BaCo, Fhis work to a soot combu.stion catalyst (Co,K/C‘g},CDoqk-
sob s+ KNO, ing for a system for the simultaneous soot combustion and
o A\ Co—O NO, abatement in diesel exhausts.
L NO + Oz strongly interacts with Ba,K/Cefxhrough the
1600 1400 1200 1000 800 600 formation of Ba and K nitrate species which are stable un-
Wavenumber (cm'1) der He atmosphere until 49C. This NQ surface species

migrate inside the solid forming a bulk nitrate compound.
Fig. 9. Infrared spectra of the Co,Ba,K/Cg@fter the combustion of soot ~ When Co is incorporated to the system (Co,Ba,K/ge&®-
iq the absence of oxygen. (a) See dashed line in Fig. 8; (b) see solid line in talyst) nitrates become unstable at ca. 3Z0both under
Fig. 8. NO + O, and He atmosphere.
In the Co,Ba,K/Ce@ catalyst the formation of the
The IR spectra of the Co,Ba,K/CeCatalyst+ soot BaCoQ o3 perovskite was detected, which is not present in
(Fig. 9a) and Co,Ba,K/Cefxatalyst pretreated with N& the Co,Ba/Ce@system, indicating that potassium decreases
02 + soot (Fig. 9b), after the soot combustion, showed the the temperature necessary for the formation of the said struc-
characteristic bands of BaG@nd KNG; in both cases, thus  ture. The perovskite would be responsible for the instability
indicating that during the combustion process there was a re-of nitrate species, due to the formation of surface N-bound
structuring of Ba species and the formation of some bulk Ba nitrate species (O-Ba--Nf) where NQ acts as a Lewis
carbonate. Moreover, the relative intensities of KiN@ere base.
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Nitrate species can be readily decomposed under a re-

ducing atmosphere, making this system very interesting to
be used as a NQcatalytic trap. However, under He at-

mosphere, only nitrogen oxides are released during nitrates[lo]

decomposition.

V.G. Milt et al. / Journal of Catalysis 220 (2003) 424432

[8] V. Duriez, L. Monceaux, P. Courtine, Stud. Surf. Sci. Catal. 96 (1995)
137.

[9] Y. Teraoka, K. Nakano, S. Kagawa, W.F. Shangguan, Appl. Catal. B5

(1995) L181.

W.F. Shangguan, Y. Teraoka, S. Kagawa, Appl. Catal. B 12 (1997) 237.

[11] S. Kureti, W. Weisweiler, K. Hizbullah, Appl. Catal. B 43 (2003) 281.

Soot particles can be oxidized by surface nitrate species[12] C.A. Querini, M.A. Ulla, F. Requejo, J. Soria, U. Sedran, E.E. Mir6,

trapped in the catalyst, this reaction being probably cat-
alyzed by cobalt.

Acknowledgments

The financial support received from ANPCyT (PICT 14-
6971) and from Universidad Nacional del Litoral (CAID
Program) is acknowledged. Thanks are also given to Prof.
Elsa Grimaldi for the edition of the English manuscript.

References

[1] R.M. Heck, R.J. Farrauto, Catalytic Air Pollution Control, Van Nos-
trand-Reinhold, New York, 1995.

[2] W. Addy Majewski, NO, adsorbers, Diesel Net Technology Guide
2001,www.DieselNet.com

[3] R.M. Heck, R.J. Farrauto, Appl. Catal. A 221 (2001) 443.

[4] L. Lietti, P. Forzatti, |. Nova, E. Tronconi, J. Catal. 204 (2001) 175.

[5] A. Amberntsson, H. Persson, P. Engstrom, B. Kasemo, Appl. Catal.
B 31 (2001) 27.

[6] V.G. Milt, M.L. Pissarello, E.E. Mirg, C.A. Querini, Appl. Catal. B 41
(2003) 397.

[7] M.L. Pissarello, V.G. Milt, M.A. Peralta, C.A. Querini, E.E. Miro,
Catal. Today 75 (2002) 465.

Appl. Catal. B 15 (1998) 5.

[13] J.M. Moggia, V.G. Milt, M.A. Ulla, L.M. Cornaglia, Surf. Interface
Anal. 35 (2003) 216.

[14] M.A. Ulla, R. Spretz, E. Lombardo, W. Daniell, H. Knézinger, Appl.
Catal. B 29 (2001) 217.

[15] V.G. Milt, C.A. Querini, E.E. Mird, Thermochim. Acta, in press.

[16] F. Laurent, C.J. Pope, H. Mahzoul, L. Delfosse, P. Gilot, Chem. Eng.
Sci. 58 (2003) 1793.

[17] G. Mul, F. Kapteijn, J.A. Moulijn, Appl. Catal. B 12 (1997) 33.

[18] S. Hodjati, P. Bernhardt, C. Petit, V. Pitchon, A. Kiennemann, Appl.
Catal. B 19 (1998) 221.

[19] S. Hodjati, K. Vaezzadeh, C. Petit, V. Pitchon, A. Kiennemann, Appl.
Catal. B 26 (2000) 5.

[20] S. Balcon, C. Potvin, L. Salin, J.F. Tempére, G. Djéga-Mariadassou,
Catal. Lett. 60 (1999) 39.

[21] A. Trovarelli, Catal. Rev.-Sci.-Eng. 38 (1996) 439.

[22] S. Bernal, G. Blanco, M.A. Cauqui, G.A. Cifredo, J.M. Pintado, J.M.
Rodriguez-lzquierdo, Catal. Lett. 53 (1998) 51.

[23] E.E. Miro, F. Ravelli, M.A. Ulla, L.M. Cornaglia, C.A. Querini, Catal.
Today 53 (4) (1999) 631.

[24] P.G. Harrison, I.K. Ball, W. Daniell, P. Lukinskas, M. Céspedes, E.E.
Mir6, M.A. Ulla, Chem. Eng. J., in press.

[25] A.S. Sass, V.A. Shvets, G.A. Savel'eva, N.M. Popova, V.B. Kazanskii,
Kinet. Katal. 27 (1986) 894.

[26] J. Soria, A. Martinez-Arias, J.C. Conesa, J. Chem. Soc. Faraday
Trans. 91 (1995) 1669.

[27] C. Li, K. Domen, K. Maruya, T. Onishi, J. Am. Chem. Soc. 111 (1989)
7683.

[28] B.A. Luré, A.V. Mikhno, Kinet. Katal. 38 (1997) 490.


http://www.DieselNet.com

	Abatement of diesel exhaust pollutants: NOx adsorption on Co,Ba,K/CeO2 catalysts
	Introduction
	Experimental
	Soot and catalysts preparation
	Catalyst characterization
	X-ray diffraction (XRD)
	Microbalance studies
	IR spectroscopy (FTIR)
	Laser Raman spectroscopy (LRS)


	Results and discussion
	Catalyst characterization
	NOx interaction with the catalysts
	Characterization of NOx species after NO + O2 treatment
	Stability of the nitrate species under reducing atmosphere
	Soot reaction with adsorbed NOx species

	Conclusions
	Acknowledgments
	References


