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Abstract

A series of Fe-based perovskites with high specific surface area was prepared by a hew method, reactive grinding, and characgerized by N
adsorption, XRD, SEM, b+ TPR, TPD of @, TPD of NO+ O,, TPD of G3Hg, and TPSR of NG- Oo under GHg/He flow. These materials were
then subjected to activity tests in the selective catalytic reduction of NO by propene. The catalytic performance ovglid pechut can be
improved significantly by incorporating Cu into its lattice, resulting ipyields over LaFg gCup 203 of 81% at 450 C and 97% at 700C with a
reactant mixture containing 3000 ppm NO, 3000 ppgiig, and 1% Q in helium at a space velocity of 50,000+ The enhanced NO reduction
after Cu substitution is attributed to the easy formation of nitrate species, which have high reactivity taigrdAGnechanism was proposed
with the formation of nitrate species as the first step and organo nitrogen compounds as important intermediates. Great catalytic performance
low temperature was also achieved over Lag#dh 9303 with a N, yield of 67% and GHg conversion of 68% at 350C corresponding to
the outstanding redox properties of this catalyst.dan act as a promoter to oxidize NO into strongly adsorbed nitrate species, and also can
accelerate the transformation of organo nitrogen compounds and isocyanate to get the desired products. In contrast, at higher congentrations
has a detrimental effect, leading to consumption of the reducing agent by the complete oxidatbtgof C
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1. Introduction by CsHg in the presence of £over perovskites, aiming to sat-
isfy the requirements for their practical application.

Perovskite oxides, promising alternatives to supported noble It is well known that the catalytic characteristics of per-
metals, have attracted much attention for exhaust gas depollgvskites for various reactions and their redox properties de-
tion because of their low cost, thermal stability at rather highpend primarily on the preparation procedure. The conven-
temperatures, great versatility, and excellent redox propertiesional method of perovskite preparation, the so-called “ceramic
Most previous studies on the use of perovskites for the purificamethod,” involves a calcination step with a temperature of at
tion of motor vehicles exhaust gas from N@ave involved the  |east 800 C. As a result, large grain size and low specific sur-
reaction between NO and C[@-3]. Much less work has been face area are usually obtained with a value of severfdignor
reported on NO reduction using propene as a reducing agent #ven lesg6]. Some other methods for preparing perovskites,
the presence of oxygen over perovskite-type oxides. Moreovefncluding microemulsior{7], spray-drying[8], freeze-drying
the limited data related to N® CgHg + O3 reaction over per- 9], citrate complexatioff10], co-precipitation[11], and the
ovskites shows poor catalytic performance, with maximal NOsp|—gel proces§l2], were developed to increase the specific
conversion to M of <25%[4,5]. Consequently, new efforts are gyrface area of perovskites by means of synthesis and calci-
needed to improve the catalytic activity toward NO reductionpation at relatively low temperatures (500-6@). The spe-

cific surface areas of perovskites generated by the foregoing
* Corresponding author. Fax: +1 418 656 3810. methods can reach 10—302/@. Recently, a new method for
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by our group, generating a wide variety of perovskites at room The specific surface area of the samples calcined atG00
temperature with extraordinarily high specific surface areas (ofor 5 h was determined using an automated gas sorption sys-
the order of 100 rfyg) when grinding additives are us¢tB—  tem (NOVA 2000; Quantachrome) through nitrogen adsorption
15]. equilibrium at—196°C. Before measurements were done, sam-

The selection of B-site cations is of essential importance irples of about 200 mg were outgassed at 3D@nder vacuum
designing perovskite catalysts as well as in modifying their catfor 6 h to remove any remaining humidity. The chemical com-
alytic properties, because the catalytic properties of perovskitgosition (Fe, Cu, Pd) of the catalysts was established by atomic
type oxides are practically determined by the nature of theiabsorption spectroscopy (AAS) using a Perkin-Elmer 1100B
B-site cationg16,17] Fe-based perovskites were thought to bespectrometer after the samples were dissolved in a mixture
suitable catalysts for air pollution control because of their greabf 25 ml of 10% HCI and 2 ml of concentrated HF at 6D
performance in interactions between CO and N despite  for 24 h. The amount of La in the perovskites was measured
the scarcity of investigations into selective catalytic reductionusing an inductively coupled plasma (ICP) spectrometer (Op-
of NO by GsHg in the presence of £ Moreover, B-site sub- tima 4300DV; Perkin-Elmer) with the same pretreatment before
stitution of perovskites was also considered an effective wawnalysis as used for AAS. The final products were characterized
to improve their catalytic properties due to the generation oby XRD using a Siemens D5000 diffractometer with Cy#&-
new lattice defects, mixed valence states, and nonstoichiometriiation (. = 1.5406 A) in a range 20< 20 < 70° with steps
oxygen[18]. Copper-containing catalysts are of special inter-of 0.05°(20) each for 2.4 s. Crystallite sizes were determined
est because they are active in the transformation of nitrogensing Scherrer’s equation after considering the instrumental
oxides[19], with the low-coordination isolated Cu ions as ac- broadening, whereas the crystal phases were identified via the
tive sites[20,21] In addition, the activity of Pd-substituted JCPDS reference. The morphology of the mixed oxides after
lanthanum cuprates was found to be comparable to that afalcination at 500C for 5 h was recorded at 10@0x magni-
Pt-Rh/CeQ-Al 03 for NO reduction and higher for CO and fication by scanning electron microscopy (SEM), using a JEOL
C3Hg oxidation[22]. A special self-regeneration character on JSM 840A at 110 kV.
Pd-containing perovskite was also described by Nishihata etal., Ho-TPR and TPD of @, NO + O», and GHg were con-
who showed that Pd can move back and forth between the B-sithucted in a fixed-bed continuous-flow reactor. Before perform-
in the perovskite and the metal oxide when exposed to fluctuang the H-TPR study, the sample (about 50 mg) was heated
tions in the redox characteristics of the emission exh|@8t  to 500°C and maintained at this temperature for 1 h under
Cu and Pd ions, with valence states different from those of F&0% . Before performing the TPD of £ NO + O, and
ions in a perovskite lattice, thus may be interesting candidateS3Hg-TPD, the sample was pretreated in 10%, G000 ppm
for partial B-site substitution in LaFeQ NO + 1% O, and 3000 ppm €Hg, respectively, balanced by

In the present study, a parent LaFgeénd its correspond- He, at 500°C for 1 h, followed by cooling to room temperature
ing Cu- or Pd-substituted perovskites (LagEuUp 203 and under the same atmosphere and purging with He for 40 min.
LaFe) 97Pth.0303), synthesized by reactive grinding, were char- The sample was heated again from room temperature t6@00
acterized by X-ray diffraction (XRD), temperature-programmedat a rate of 3C/min with a 20 mJmin 5% Hy/Ar flow in the
reduction by hydrogen (HTPR), temperature-programmed TPR study, and the effluent gases were monitored on-line using
desorption (TPD) of @ NO+ O, and GHg, and temperature- a thermal conductivity detector (TCD). A cold trap was used
programmed surface reduction (TPSR) of NOO, under to remove the water from effluent gas before it went through
C3He/He flow. The samples were also tested in a fixed-bed rethe TCD. The sample was flushed with 20/min of He at
actor for NO reduction with propene in the presence or absenca rising temperature up to 50C€ (800°C for O,-TPD) at a
of 1% O,. This research was carried out to identify the differentrate of 10°C/min in the TPD analysis. The QHNO, N,O, and
physicochemical properties of LaFg®efore and after Cu or Ny desorbed during @TPD and NO+ O2-TPD experiments
Pd substitution, as well as to illustrate the correlation betweemwere simultaneously detected and recorded on-line by mass
the modification of their structure and their catalytic behaviorsspectrometry (MS) with mass numbers of 32, 30, 44, and 14,
Another objective of this work was to propose a reaction mechrespectively. Moreover, §Hg, CO, and CQ desorbed during

anism for NO reduction over Fe-based perovskites. C3Hg-TPD experiments were monitored with the mass num-
bers of 41, 28 and 44, respectively.
2. Experimental TPSR of NO+ O, under GHg/He flow over LaFg gCup 203

was performed with the same sample pretreatment used for

A series of Fe-based mixed oxides was synthesized by reFPD of NO+ O, but the thermodesorption was performed in
active grinding in a manner similar to that reported previ-1000 ppm of GHg/He instead of He. The desorbedhls, NO,
ously [13-15] Desired amounts of L®3 (Alfa, 99.99%), and Q together with generated GON», and HO were moni-
Fe0O3 (Baker & Adamson, 97.49%), CuO (Aldrich, 99%), or tored by MS with mass numbers of 41, 30, 32, 44, 14, and 18,
PdO (Aldrich, 99.98%) were fully mixed and milled inside a respectively.
tempered-steel vial using three tempered-steel balls under an The selective catalytic reduction (SCR) of NO byHg was
air atmosphere. Grinding was conducted in two steps of 8 h foconducted in a tubular fixed bed reactor at atmospheric pres-
synthesis and 10 h for refining, with ZnO as the grinding addisure. A gas mixture of 3000 ppm of NO, 3000 ppm aiHsg,
tive. with or without 1% @, and the balance He, passed through
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