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Abstract

High specific-surface-area bulk perovskites (18—Z5gh have been synthesized by ttembustion synthesisethod as catalysts for the
combustion of soot, a major pollutant emitted by diesel engines. The activity order for soot combustion was found to he-LIadFe0; >
LaMnOgs, which is just the reverse of the intrinsic activity toward methane combustion, another major application field for perovskites. On
the grounds of a characterization based on XRD, SEM, TEM, TPD, and TPR analyses as well as on reactive runs, the prevalent activity of
the chromite catalyst could be explained by its higher concentration of suprafacial, weakly chemisorbed oxygen, which contributes actively
to soot combustion bgpillover in the temperature range 300-50D, but negligibly to methane combustion. The best catalyst prepared
(Lag.gKo.1Crp.903_5) could ignite soot combustion well below 40Q, which is inside the range of temperatures reached at the exhaust line
of a diesel engine. Maximization of the concentration of suprafacial oxygen is pointed out as the main pathway to follow for the development
of new, more active catalysts.
0 2003 Elsevier Science (USA). All rights reserved.

Keywords:Lag gKq 1Crg.903_s; Perovskite-type chromites; Catalytic combustion; Diesel particulate; Soot; Suprafacial oxygen

1. Introduction Even more severe limits have been fixed for the year 2005
(0.025 g’km).

Diesel engines power most of the trucks, buses, trains, Diesel particulate filters (DPF) are generally recognized
ships, and off-road machinery such as construction and agri-as the most viable solution to the problem [5]. The filter
cultural equipment. With mounting evidence that diesel ex- durability is closely entailed by the successful control of pe-
haust poses major health hazards, the reduction of diesel polriodic regeneration by combustion of the deposited particu-
lution has become a public priority. Diesel engines emit large late. Frequent regeneration prevents undesired backpressure
quantities of particulate matter (called PM) and nitrogen buildup related to the particulate accumulated in the filter.
oxides (NQ), both precursors of photochemical smog [1]. Since the temperature of the exhaust gases of modern diesel
Particulate irritates the eyes and nose and aggravates respiengines is relatively low (150-40C), well below the ig-
ratory problems. It has also been directly associated with annition temperature of diesel particulate in air (550-6G),
increased risk of premature death by cancer. Researchers eshe oxidation reaction should be supported by a catalyst de-
timate that tens of thousands of people die each year as gosited onto the trap.
result of particulate pollution [2]. The International Agency  The last-generation Common Rail diesel engines enable
for Research on Cancer classifies diesel exhaust as a probahe occasional postinjection of some fuel that gets burned
ble human carcinogen, and the US Environmental Protectionin a specific honeycomb oxidation catalyst placed upstream
Agency has proposed the same classification [3,4]. Espe-of the trap. The consequent temperature rise of the ex-
cially dangerous for human health are particles less thanpayst gases help ignite the catalytic combustion of the soot
2.5 um in size. Starting from January 2000 the highest level trapped, eventually leading to trap regeneration [6].

admitted for Diesel particulate emissions was 0.04&ng. Any catalyst to be placed over the trap should possess
high thermochemical stability and intrinsic activity, to ignite
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cal view point). In this context, large varieties of catalytic After preparation, all catalysts were ground in a ball mill

materials for diesel soot abatement are being developed andit room temperature and submitted to physical and chemical

evaluated [7-10]. Our current research efforts are aimed atcharacterization.

the development of catalytic systems based on perovskite

oxides (A_xA’B1_,B/ 035, where A, A = La or K and 2.2. Catalyst characterization

B, B’ = Mn, Cr, and Fe), because of their good stability and

intrinsic catalytic activity. X-ray diffraction (PW1710 Philips diffractometer equipp-

The work here presented concerns the synthesis, chared with a monochromator for the CusKadiation) was used

acterization, catalytic activity test, and reaction mecha- on all fresh catalyst to examine whether the desired per-

nism assessment of a series of La—Cr perovskites, whoseovskite structure was actually achieved.

performance is compared with that of other perovskites = The BET specific surface areas of the prepared catalysts

(i.e., LaMnG and LaFe@). Some conclusions are then were evaluated from the linear parts of the BET plot of the

drawn concerning either the role of each single constitut- N2 isotherms, using a Micromeritics ASAP 2010 analyzer.

ing element on the activity of the most promising catalyst For bulk and nonporous catalysts as perovskite ones the spe-

(Lap.gK0.1Cro.903_s), or its reaction mechanism and kinet- cific surface area can be directly related to the average crys-

ics pointing out the way to the development of new, more tal size. However, direct observation was also performed by

active catalysts. transmission electron microscopy (TEM, Philips CM 30 T),
employed to analyze in more detail the microstructure of the
different catalyst powders.

2. Experimental Scanning electron microscopy (SEM) and energy disper-

sion spectroscopy (EDS) (Philips, Model 515 SEM equipped

2.1. Catalyst preparation with EDAX PV9900 EDS) were used to investigate the mor-

phology as well as the elemental composition and distribu-

A series of perovskite samples (LaMgOLaFeQ, tion of all the catalyst. Compositional analysis (dissolution
LaCrO;s, LaCro.gO3_s, and La gKo.1Cro.9O3_s) were pre- in HNOs/HCI followed by atomic absorption analysis with

pared via a highly exothermic and self-sustaining reaction, & Perkin-Elmer 1100B spectrometer), performed an all pre-
the so-called ¢ombustion synthedisnethod [11,12]. This ~ Pared samples, confirmed that the overall amount of the
technique is particularly suited to produce nanosized parti- various elements of interest (La, K, Cr, Mn, Fe, O) was con-
cles of catalyst. A nanostructured catalyst coating over the Sistent with that used in the precursors and was compatible
trap could effectively improve the local catalyst-soot contact With the phases detected by X-ray diffraction withta%
conditions, a critical issue in this field as discussed in the deviation.
introduction. . .

The synthesis process can be formally split into two steps 2-3. Catalytic activity tests

(the preparation of lanthanum manganate is here considered ) o
as an example) The catalytic activity of the prepared catalysts was tested

in a temperature-programmed combustion (TPC) apparatus.
La(NO3)3 + Mn(NO3)> — LaMnO3 + %Nz + 60, () A detailed description of the TPC equipment has been re-
4CONH2)3 + 605 — 4CO, + 8H20 + 4N, @) por'ted in a previous paper of ours [13]. This equment

mainly consists of a fixed bed inserted in a quartz microre-

The first one is endothermic and represents the real per-actor (i.d.: 4 mm). The fixed bed was prepared by mixing
ovskite synthesis starting from the metal nitrate precur- 50 mg of a 1:9 by weight mixture of carbon and powdered
sors (1), while the second is exothermic and accounts for catalyst with 150 mg of silica pellets (0.3-0.7 mm in size);
the reaction between oxygen derived from nitrates decom-this inert material was adopted to reduce the specific pres-
position and urea (2). Some direct combustion of urea with sure drops across the reactor and to prevent thermal runaway.
atmospheric oxygen cannot of course be excluded as theAmorphous carbon particles by Cabot Ltd. of about 45 nm
preparation is carried out in air within an electric oven kept in diameter, with BET specific surface area of 208/m
at 500°C hosting the precursors mixture placed in a porce- with 0.34% of ashes after calcination at 8@and 12.2wt%
lain vessel (see [12] for more details). of adsorbed water moisture, without adsorbed hydrocarbons
The overall set of reactions is markedly exothermic, and sulfates, were used for the sample preparation. Amor-

which leads within the reacting solid mixture to a thermal phous carbon was used for such investigations because it
peak well exceeding 100@ for a few seconds. To em- burns at temperatures close to those characteristic of diesel
phasize this sudden heat release, somaNbg was added particulates. The cataly&tarbory SiO, mixture was inserted
on purpose to the precursor mixture, as indicated in [12]. in the reactor and confined between two layers of quartz
Under these conditions nucleation of perovskite crystals is wool. The reactor was placed in a PID-regulated oven and
induced, their growth is limited, and nanosized grains can a K-type thermocouple was inserted in the packed bed. The
be obtained, as earlier anticipated. tests were carried out by heating the sample up to°@00
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(heating rate 8C/min) with a mass flow meter deliveringan same weight of alumina as a reference) during a tempera-
air flow toward the microreactor (100 pmhin). The carbon  ture scan from 50 to 720C (heating rates 5, 10, 20, 30,
conversion was monitored with a NDIR analyzer (Hartman and 50°C/min). An air flow (100 mJmin) provided the
and Braun URAS 10E) measuring the carbon dioxide con- oxygen required for carbon combustion. DSC patterns were
centration in the reactor outlet gases. A computer recordsprocessed, thus obtaining the onset and the maximum tem-
both the fixed bed temperature and the Gfdtlet concen- peratures of the exothermic combustion peak. The tempera-
tration as a function of time. The GQoutlet concentra-  tures corresponding to the cumulative combustion of both 25
tion increases starting from the carbon ignition temperature, and 50 wt% of the total carbon put in the sample holder were
reaches a maximum, and then decreases as a consequencealso calculated on the grounds of simple calculations. DSC
carbon consumption. The temperature corresponding to thescans were also performed (in the experimental conditions
CO; peak (Ip) can be taken as an index of the activity of reported above) on an alumif@arbon mixture, so as to es-
each tested catalyst. The lower tfig value, the more ac-  timate the activation energy of the noncatalyzed combustion
tive the catalyst. The runs were in any case repeated threeof carbon.
times and the averagh value was assumed for each cata- The activation energy can be evaluated through the so-
lyst. The maximum deviation between tifigvalues derived  called Ozawa procedure [15,16] by proper interpretation of
in twin runs never exceeded 2G. Moreover, some balance thermal analysis data. According to this method, the follow-
point measurements on a diesel engine apparatus to evaluing relationship links the values of the heating rate with the
ate the stability of the catalysts over 5 operating hours were corresponding values of temperatuf ) at which a fixed
performed in a previous paper of ours [14]. These studies fractiona of carbon is burned during each run
confirmed that the activity of these materials remain almost E
unaffected under practical operating conditions. INn® =B — 0.4567( 2 )

Some comparative tests were also performed on all the o
prepared catalysts to check their activity toward methane where B is a constant lumping-dependent terms. If the
combustion in the same apparatus described above and acheat released by the combustion is assumed to be propor-
cording to the procedures, carefully described in [13]. After tional to the fractiornx of converted carbon, once a reference
a 30-min stay in air flow as a common pretreatment, a gasa value (e.g., 50%) is closen, th&, value corresponding
flow rate (1.2 cm/s of the following composition: Chi= to such value can be easily derived from the DSC curves
1.5%, @ = 18%, He= balance) was fed to a fixed bed of by evaluating, via a simple integration, the amount of heat
1 g of catalyst particles (obtained by pressing the perovskite released by combustion. By least-square fitting of th-n
powders into tablets and then crushing int@ & 0.5-mm vs-1/T, data series, estimates of the activation energy can
granules). The fixed bed was enclosed in a quartz tube (in-be obtained from the slope of the best-fitting line.
ternal diameter: 4 mm) and sandwiched between two quartz
wool layers. The reactor temperature was then lowered at a2.5. TPD-TPR analysis
38°C/min rate down to 300C, meanwhile methane con-
version was monitored by analyzing the outlet concentration ~ Some further analyzes were performed on all the pre-
of COy (the only carbon oxidation product) by use of the pared perovskites in a Termoquest TPD/R/O 1100 ana-
same NDIR analyzer introduced above. From typical sigma- lyzer, equipped with a thermal conductibility (TCD) detec-
shaped curves obtained, methane half-conversion temperator. A fixed bed of catalyst was enclosed in a quartz tube and
tures ([50) were estimated as an index of catalytic activity sandwiched between two quartz wool layers; prior to each
toward methane combustion. As for soot combustion, eachtemperature-programmed desorption (TPD) run, the catalyst
data point was obtained as the average of three twin runswas heated under an,Glow (40 ml/min) up to 750C.
performed on different samples of the same material. The After a 30-min stay in @ flow at this temperature as a com-
deviation between the conversion measured at the same temmon pretreatment, the reactor temperature was then lowered
perature in such runs was always less thahC.5 down to room temperature by keeping the same flow rate

In order to fully appreciate the catalytic effect of the per- of oxygen, thereby allowing complete oxygen adsorption
ovskites, blank runs in the absence of the catalyst and just inover the catalyst. Afterward, helium was fed to the reactor
the presence of the inert Si@vere carried out for both soot  at 10 mymin flow rate and kept for 1 h at room temperature
and methane combustion cases. in order to purge out any excess oxygen molecule. The cata-

lyst was then heated to 110G at a constant heating rate of
2.4. Activation energy assessment by the Ozawa method 10°C/min using helium under a flow rate of 10 fnhin of
helium. The Q desorbed during the heating was detected by

The activation energy of soot combustion over the pre- the TCD detector.
pared catalysts was measured according the Ozawa method Temperature-programmed reduction (TPR) experiments
described below on the grounds of DSC runs carried out in were then carried out in the same apparatus. After the same
a Perkin—Elmer DSC-Pyris equipment. Ten milligrams of a pretreatment adopted for the TPD runs, the sample was re-
9/1 by weight catalystcarbon mixture was analyzed (the duced with a 4.95% by Ar mixture (10 mymin) meanwhile
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heating 10C/min up to 1100C. Once again via the TCD
detector the amount of theoHeacted away could be moni-
tored.

X-ray diffraction was employed on the catalysts which
underwent each TPD or TPR analysis, to check whether the
perovskite structure had been retained or not, and to detec
the possible appearance of new phases.

2.6. Compatibility with wall-flow trap materials

Two different ceramic supports have been selected in &
order to evaluate the stability and the eventual reactiv- F4*
ity between the perovskite catalysts and the ceramic sup-
port: a cordierite (2MgO2AI»03 - 5SiOy) filter produced
by CORNING and a silicon carbide (SiC) filter industrial- 1ym301kVU 18PE4 ©9298-81 DIPSHIC
ized by Ibiden (for both monoliths: cell structute14/200—

300, diametee= 30 mm, length= 6-12 inch; pore diam-  Fig. 2. SEM microstructure LaMn§(calcination temperature, 60C;
eter of channel walls= 9 um, porosity of channel walls  10,000x).
= 42%). Powders of both wall-flow materials were obtained
from trap samples by crushing and ball milling. Such pow- bustion synthesis. Its microstructure appears foamy. During
ders were then mixed with the most promising catalyst, combustion synthesis, the decomposition/combustion of re-
Lag.9K.1Crp.903_s (weight ratio of 1:1), and kept for 24  acting precursors generates a large amount of gaseous prod-
h at 90C°C in air. The mixed powders were then charac- ucts in a very short period of time, which leads to a spongy
terized by XRD analysis in order to investigate the possible catalyst morphology. This feature represents a great advan-
formation of new crystalline species by chemical reaction tage, as it favors the formation of rough interfaces for the
with the catalyst. Finally, this ceramic material-catalyst mix- catalyst powder agglomerates, which in turn intensify the
ture was added to carbon to obtain samples for TPC analysiscontact conditions between the catalyst and the soot that
and assess the change of catalytic activity that eventually oc-accumulates over them. In the present context, perovskite
curred. crystals having a size of the same order of magnitude as
that of the particulate are expected to provide the highest
specific number of contact points between the soot directly
3. Resultsand discussion captured over the catalyst layer and the crystals constitut-
ing such a layer. The TEM pictures in Fig. 3, and the one

All perovskite samples were found to be well crystal- in Fig. 3b in particular, show that most of the perovskite
lized by XRD analysis. No secondary phases could be de-crystals have a size ranging between 10 and 20 nm, which
tected by this technique (X-ray diffraction hast&% pre- satisfies the above requirement. Moreover, this particle size
cision). Fig. 1 illustrates the diffraction spectrum recorded is perfectly in line with the later-discussed BET surface ar-
for the most important perovskite synthesized for this study, €as of the various prepared catalysts (15-Z3gh Once
the Lay.gKo.1Cro.903—s catalyst: it confirms the presence of assumed that the average density of the catalyst particles
a perfectly pure and crystalline phase. Fig. 2 shows SEM equals to 6500 kgm?® [17], an average value for the per-

pictures of LaMnQ@ perovskite Cata|y3t produced via com- ovskites tested, and a Spherical Shape for the particles them-
selves, it can be easily calculated that the above range size

should correspond approximately to specific surface areas in
. ¢ POF 831328 LagusCrOsems the range 23-46 fig. This slight discrepancy could be as-
cribed to the fact that perovskite crystals are not spherical
(Fig. 3b).

Fig. 4 summarizes the methane half conversion temper-
atures, the carbon combustion peak temperatures, the BET

Counts [a.u.]

. . specific surface area, and the activation energies of all the
* . perovskite catalysts investigated.
ﬁ o ¢ In line with literature information [18—20] the following
* A activity order for methane combustion is followed between
1 ] %0 0 50 o0 7 the perovskites containing Mn, Fe, and Cr: LaMn®

LaFeQ > LaCrCs. The use of substoichiometric chromium
Fig. 1. XRD diffraction pattern of the lgggK g 1Crg gO3_; catalyst; mark- amount seems to improve slightly the catalytic activity, de-
ers are located according to the PDF 83-1328 4&CrO; g775card. spite the very moderate loss of specific surface area (SSA)
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Fig. 4. Results of the screening tests on the acti?ity, half-conversion
temperature of methane, aifg, peak temperature of GQproduction dur-

ing soot combustion), BET specific surface area and activation energy of the
various perovskite catalysts developed. Data concerning the noncatalytic
carbon combustion are also shown for a comparison.
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Fig. 3. TEM micrographs of the lgggK 1Crg gO3_s catalyst crystals. (a) 2000 1

Overall view (30,00 ); (b) particular (200,008).

CO; outlet concentration [ppmv]

measured when shifting from LaCg@ LaCr ¢Oz_;. Par- 2%

tial substitution of lanthanum with potassium seems to re-
duce the catalytic activity. Such a loss is more pronounced Fig. 5. TPC runs performed with all selected perovskite catalysts; that of
than the parallel loss of SSA registered. As a consequencehe noncatalytic carbon combustion is also drawn for a comparison.
such lower activity might not only be due to loss of ac-
tive sites but to a change in the reactivity of the oxygen superior activities of LaGrgOs_s and Lay gKg.1Crp.903_s
chemisorbed on the perovskite surface oxygen. All catalysts perovskites can clearly be seenglgi.1Crg.9O3_s in par-
guarantee much lowdiso values than the one related to non-  ticular shows a C@peak temperaturelf) at only 455°C.
catalytic combustion (78CC). Nevertheless, it is surprising how the catalysts belong-
Shifting the soot combustion, the key application pur- ing to the chromite class are more active than LaMnO
sued in the present paper, according to the data plotted inand LaFe@ catalysts, which, as emphasized above were
Figs. 4 and 5, the catalysts show TPC peak temperatures sigfound to be much better catalysts for the combustion of
nificantly lower than 650C (noncatalytic combustion). The methane [18-20].

Temperature (°C)
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N i 5w on of oxygen vacancies of by shift of the B metal toward higher

15 valences (e.g., & — Cr*t). According to the above lit-
13 erature information, this substitution might actually result in
= an increase of botlh andg types of oxygen.

0o The presence of ¢ was demonstrated to promote an in-

o crease of catalytic activity toward methane combustion [18].

o e — The most likely explanation is that the perovskite can act as

105 14 B ey 125 13 an oxygen pump toward the methane molecule. Oxygen can

indeed be made available to the combustion in combination

Fig. 6. Ozawa plots of the LaCrOcatalyst for the determination of the ~ with a temporary shift of Cr valence fronvt4back to 3t.

activation energy £a) at different levels of carbon conversiom)( Oxygen molecules coming from the gaseous atmosphere can
reoxidize the perovskite and set back*Crspecies. Such

The values of activation energy for carbon combus- an intrafacial mechanism was first proposed by Voorhoeve
tion, calculated for the various prepared perovskites via the et al. [28] and should mostly regagdtype oxygen species.
Ozawa method (see typical Ozawa plots in Fig. 6), are not  The TPD results shown in Fig. 7a seem thus to suggest
very different from one another, which seems to entail that thata-type oxygen and ngs-type should be responsible for
the different perovskites are capable of delivering oxygen the superior activity of chromites toward soot combustion.
species of similar nature to the reacting carbon particulate.  If attention is focused on the temperature range 400-
The same type of reaction oxygen species should in fact500°C, where the most active perovskite tested displayed
lower the activation energy of noncatalytic soot combustion their best soot combustion activities (see the,Q@aks
to a constant extent for all perovskites. in Fig. 5), Fig. 7a shows that only chromite-based per-

If the SSA values reported in Fig. 4 are now consid- ovskites display significant oxygen desorption in this tem-
ered, it is worth noting that perovskites with quite high val- perature range. Suahtype weakly chemisorbed “suprafa-
ues of specific surface area can be obtained (compared taial” species should likely be those responsible for soot com-
a lower specific surface area achievable by the “citrates” pustion. It is perhaps possible that thest/pe oxygen could
method; i.e. a few fyg [18,19]). Unfortunately, the value  undergaspillover[6] over the carbon agglomerates in touch
related to chromite is lower than those of the manganate
and the ferrite perovskites, which does not help to explain  °
the superior soot combustion activity of chromites and of o
the L&y gKo.1Cro.903_5 pervoskite in particular, compared to
their counterparts. The main reason for the superior activity
of chromites should thus lie in a significantly higher specific &
surface concentration of active oxygen species compared to_‘_g, 250
that of the ferrite or the manganate. As declared earlier, tran-g o
sient studies (TPD/TPR) were carried out to better elucidate ™
this point.

It is well known that, when a perovskite is heated at
high temperature, oxygen vacancies can be formed. As thor- o
oughly discussed in a review by Seyama [20] and reported in o0
anumber of papers (e.g., [21-27]), two types of chemisorbed ————
oxygen species are noted accompanied by related desorp- — — Lareo,
tion peaks: a low-temperature species, named hereafter ] | - wcno,
desorbed in the 300-60C range, and a high-temperature & ™| | Z°= W%
one, named in the following, desorbed at 600-900. The -
a peak is not always observable and strongly depends on2

® 5000

the concentration of surface oxygen vacancies. In particularg
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6000
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its onset and intensity depend in part on the nature of the e VA o e

metal B of the ABQ structure, but mainly on the degree of 3000 / (I -~
substitution of the A ion with ions of lower valence [22]. 2000 /'

The B peak, characterized by a higher onset temperature, is VAR IRNN |

strictly related to the nature of the B ion and its occurrence P A <= . —

is strictly linked to redox transitions of the valence state of ‘00 0 a0 a0 mo e 70w mo 100 0o

this ion. When the A ion is partially substituted with an ion Tre

of different oxidation state (as for the ¢.8K0.1Cro.903—s Fig. 7. Results of the temperature-programmed desorption (a) and reduc-

catalyst) a charge compensation is required so as to achieveon (b) tests on all selected perovskite catalysts; low-temperature oxygen
electroneutrality. This can either be achieved by formation speciesy; high-temperature oxygen species
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»*

with the catalyst. This would result in an increase of the

&  PDF 83-1328 Lay 455CrOs 0775

number of sites in which the carbon particles are simulta- * o« o PDF 861550 Coriente
neously attacked by the oxygen, to the benefit of reaction * |
kinetics. >

The higher surface concentrationetype oxygen should
also explain why, despite a similar activation energy and
an even lower BET surface area, chromite perovskites do
burn out soot at temperatures lower than lanthanum man-
ganate. This last perovskite shows indeed negligible oxygen
desorption unless temperatures are higher thart650he - ‘ , / v
B-type oxygen desorbed at such high temperatures is ac- v ©  PDF 831328 LagassCrOyems
tually associated to intrafacial species, less easy to desorb }  PoF720018 SiC
by thermal means [29-32]. In earlier studies of ours [19],
it was demonstrated how thg-type oxygen could be re-
sponsible for ignition of natural gas combustion, through an
Elay—Rideal mechanism. Such a mechanism leads, as a firs
step, to hydrogen abstraction from the methane molecule by
reaction with monoatomic intrafacial oxygen. Such a reac-

Intensity [a.u.]

fMtbnsity [a.u.]

tion step, quite accelerated by lanthanum manganate, seems .

to be of minor importance for soot combustion for which [ o : ,
. . . 10 20 30

suprafacial oxygen, present in large amounts on chromite- 2

type perovskites, seems to be the key player.

In line with the literature data [33], it must be stressed Fig- 8. XRD diffraction pattern of the LoKo.1Cro.903-5 catalyst (ac-
that chromite catalysis do lose intraiacial oxygen at high 7 0 he POF S5378 kaofiOn s ) and (@ coere
temperatures. A number of desorption peaks can be note 2-0018 card) wall-flow support powder (weight ratio of 1:1) and calci-
at temperatures higher than 60D, possibly associated with  nated for 24 h at 908C.
different-type oxygen species more and more bound to the
perovskite structure and therefore less and less easy to desfor LaMnQOs. This anticipation leads to a very sharp and
orb. The precise determination of the nature of such oxygenintensive reduction peak, likely lumping, at least for the un-
species goes beyond the scopes of the present paper, espeubstituted chromites, both+ and 8-species. It can be seen
cially because these species should not play a significant rolehow the area of this peak is significantly wider for the sub-

in carbon combustion for the reasons stated above. stoichiometric chromite, which explains its higher activity
As a final consideration, lanthanum ferrite seems to dis- toward methane combustion than LaGrO
play very limited oxygen desorption both in theand in the As for the La 9Kp.1Crg.903-s catalyst, it could be rea-

B-oxygen temperature regions, which confirms the earlier soned that the presence of K stabilizes th&Gpecies and

observations of other authors [34,35]. This is directly related renders its bonding t@-type oxygen stronger than for the

to its average activity either for methane (Fig. 3 and [36]) or other chromites. Hence, the TPR peak of this species ap-

for soot combustion. pears to be shifted to higher temperatures. It can be reasoned
As stated earlier, some further TPR runs were performedthat this is the main reason why this perovskite shows the

to possibly get further information about the reaction mech- lowest catalytic activity toward methane combustion among

anism. The results of such investigations are reported inthose of the catalysts tested. This feature does not seem to

Fig. 7b. The most impressive result concerns lanthanumhave any role in the combustion of soot for whiektype

manganate. The presence of hydrogen seems indeed to antiaxygen should play a prevalent role. It must be underlined

ipate by nearly 300C the loss off-type oxygen compared that at typical methane combustion temperatures (ca. 900 K)

to the TPD case. This is in line with the peculiar attitude LaggKg 1Crp.9O3_5 may become partially reduced in the

of LaMnQO; to burn out hydrocarbons (see Fig. 4 and [20]), CH4/O, stream. As a result @t ions might be formed

for which, as pointed out earlier, hydrogen abstraction is the both at the surface and in the bulk of the perovskite. In such

first, kinetics-controlling step. It can further be noted that a case, the formation of secondary phases (e.gQtar

an hydrogen atmosphere can even lead to destruction of thisK,0) cannot be excluded in the long term.

perovskite material already at 900, which was indicated Finally, Fig. 7b shows how, once again, even in the pres-

by the second large reduction peak observed in Fig. 7b andence of oxygen, the LaFe@hase undergoes rather limited

actually verified by X-ray diffraction analysis (see also [29, reduction.

30,32)). Some final considerations should be made concerning the
As far as chromite catalysts are concerned, the pres-catalysts compatibility with the constituting materials of the
ence of hydrogen also anticipates the loss3etype oxy- traps. A good chemical compatibility between catalysts and

gen compared to the TPD case, but to a lower extent thanceramic materials (see Fig. 8) was in fact assessed by means
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of XRD analysis after a suitable thermal treatment which Greek letters
shows that both SiC and cordierite supports and catalysts do

not react together even at high temperatures @0 Fur- o fraction of converted soot

thermore, the thermal treatment just results in a slight per- s oxygen excess/defect with respect to stoichiometric
ovskite crystal growth (sharper and more intense diffraction amount

peaks). This result was actually confirmed by means of TPC @ heating rate (Ks1)

runs showing that no significant loss of catalytic activity had

occurred during aging. This feature is a necessary prereg-

uisite for the preparation of reliable catalytic traps based on Acknowledgment
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