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Abstract

Effect of cerium ions on the activity of La,CeSrNiO, (0 <x<0.3) for NO decomposition was investigated both in the absence and
presence of oxygen. The amount of Ce in the frame reached 30at®%3) in the present case without destroying the matrix structure.
The Ce-substituted samples showed high activity for NO decomposition not only in the absencbubfal3o in the presence of,Cand
the specific activity reached 1.59nol s m~2 even 6.0%@ was fed to the reactant gas ¢#& sSrNiO,, T=1123K), indicating that the
Ce addition can enhance the oxygen forbearance of catalyst. In addition, a new highly active site, which facilitates oxygen mobilization and
desorption, might be formed in the sample due to the Ce addition, which thus resulted in the high activity for NO decomposition.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction low temperatures~773K) [6,7]. But the shortcomings of
Cu-ZSM-5 are the narrow temperature range with high ac-
Nitrogen oxides (NG), one of the serious pollutantsinthe tivity and the unstable structure at high temperatures. When
earth’s atmosphere, have been received much attention evei®, and/or BO, especially SQ coexisted in the reactant,
a century ago because of the harm to environment and humarthe activity of NO decomposition decreased abruptly. An-
body. Theirremoval from all sources remains great challenge, other sort of interesting catalysts for NO decomposition are
in spite of all progress made over the yedrs3]. Catalytic perovskite(-like) mixed oxides with AB§or A;BO;4 struc-
NO decomposition is the most desirable way of removing ture[2], in which the valence of B-site transition metal, as
NOy from exhaust gas streams since it does not involve the well as the number of oxygen vacancies are controllable by
addition of a supplemental reductant and the products of the partial substitution of A- and/or B-sites ions, without destroy-
reaction (N and @) are nontoxid4]. However, it is known ing the matrix structure. Here, the active site is thought to be
that in the process of NO decomposition, the oxygen pro- F-center, described as: [[M< [e"]M™1[8].
duced from NO dissociation is often strongly bonded to the  Recently, cerium received much attention in designing
catalyst surface, poisoning NO dissociation site and prevent-catalyst for NO decomposition because of its excellent
ing NO dissociation furthgb]. Hence, to promote the oxygen  performance for oxygen storing/scavenging. Delmon and
desorbing from the active site is one of the effective ways to co-workers[9] found that the activity of LaCo® was
improve the activity of NO decomposition. significantly improved when CeOdoping in LaCoQ.
Among the catalysts for NO decomposition, Cu-ZSM-5 Pomonis and co-workef40,11]found that the NO decom-
is the most excellent one and exhibits high activity even at position rate accelerated with the increase of ge@ntent
in La—Sr—Ce—Fe—0 system. Misono and co-work&ps13]
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the Ce-substituted samples showed improving property for keep W/F = 1.2 g s mt1). The gas composition was analyzed
oxygen mobility. All these results showed that catalytic per- before and after the reaction by an online gas chromatogra-
formance of catalyst could be improved by cerium addition. phy, using molecular sieve 5 A column for separating N@, N

In this paper, based on our previous wofkg-16] we and G. N>O was not analyzed here because it was difficult
investigated the transformation of active site as well as to form between 773 and 1123[K8]. Before the data were
the effect of Ce content on the catalytic performance of obtained, reactions were maintained for a period-gf at
Lag—xCeSrNiOs. The high activity of La xCeSrNiOs each temperature to ensure the steady-state conditions. The

(x<0.3) for NO decomposition suggests that a new highly activity of NO decomposition was evaluated by the following
active site, which facilitates oxygen mobilization and desorp- equation:

tion, is formed due to the Ce addition.

. ip . 1 2[NZ]out
N> yield (specific activit — x 100
yield (sp )= s [NOI,
2. Experiment whereAg represented the specific surface areas of catalyst;
_ [NOJin and [Nb]oyt Were the concentration of NO and, N
2.1. Preparation measured before and after the reaction, respectively.

La;_xCeSrNiO4 with xfrom 0 to 0.7 was prepared by the
conventional citrate methdd7]. Briefly, to an aqueous solu-
tion of La®*, Cé*, S+ and N#* nitrates (all are in A.R. pure
grade) with appropriate stoichiometry, a solution of citricacid 5 ¢ Study of powder X-ray diffraction
50% in excess of stoichiometry was added. The resulting so-
lution was evaporated to dryness, and then the precursors Fig. 1(a) shows the XRD patterns of LaCeSrNiOy
obtained were decomposed in air at 573K, calcined at 873K ith 'x from 0 to 0.7 (also sedable ). All the sam-
for 1 h and finally pelletized and calcined at 1173 K in air for ples have the perovskite-like structure withBO4 type.

6 h, the synthesized pellets were pulverized to 40-80-meshtq peak at 2=~28 (characteristic diffraction peak of

size to be used. CeQ phase) increased with the increase of Ce content,
which might imply the appearance of CePhase, but this
peak was also the reflection peak ofiLgCeSrNiO, (see

) . . XRD patterns of sample=0). Hence, in order to clar-
Powder X-ray diffraction (XRD) data were obtained from ify whether this peak contains the contribution of GeO

an X-ray diffractometer (type D/IMAX B, Rigaku) ope_ra_ted at ihe intensity ratio of Ce@(20 = ~28) to Lay_xCeSINiOy
40kV and 10 mA at room temperature, using Guidédiation (20 =~31.8) was plotted9]. The results irFig. 1(b) shows

combined with nickel filter. The diffraction angled Zalls that this ratio (curve I) was almost unvaried at the begin-

between 20and 80. ning (0< x < 0.3), then increased abruptly after 0.3, sug-
Specific surface areas (SSA) of catalyst were measuredgesting that the peak ¢2~28°) appeared in the sample

by N> adsorption at 77 K with a Micromeritics ASAP2010 x < 0.3 does not include the contribution of C@CNamely,
Instrument. Ce occupied the La-site of La,CeSrNiOs completely at

Infrared spectra (IR) in the range 1800-400¢nwere , _ g3 without destroying the matrix structure. After 0.3,
recorded on a Nicolet-5DX FT-IR spectrometer with a TGS he aprupt increase of the ratio indicated that Ce cannot oc-
detector. Samples were produced in thg form of KBr pellets. cupy the La-site of LaSrNipcompletely and Ce©phase

Temperature programmed desorption of oxygen-(O  gpneared. Besides, a minor evidence obtained from XRD
TPD) was carried out on conventional apparatus equippedpaterns also supported the result that Ce can occupy the
with a therm_al conductlylty detector (TCD). The samples | o _site of La_xCeSrNiOs completely ak=0.3 (here, “mi-
(0.2g) were firsttreated inf£at 1073 K for 1hand cooled o 5» means that the peak analyzed is not the first strongest

room temperature in the same atmosphere, then swept Withpeak of Ce®, but the fourth one). Frorfig. 1(c), which
helium at a rate of 11.8 mL/min until the base line on the ’ ’

recorder remained unchanged. Finally, the sample was heatedrable 1
at a rate of 20 K/min in helium to record the TPD profile.

3. Results and discussion

2.2. Characterization

Crystal structure and specific surface area (SSA) of the used catalysts

. L Catalysts Crystal structure BET surface ared/
2.3. Catalytic activity measurement y, Y o
LaSrNiOy P-l 6.5
e . Lag 9Cep.1SrNiOs P-l 7.0
' Steady-state activities of catalysts were evalugted uSing & 5, ey 5SNIO; Pl 50
single-pass flow micro-reactor made of quartz, with an inter- |a, <Ce sSrNiO4 P-l+CeQ 4.8
nal diameter of 6 mm. The reactant gas was passed throughao sCen.7SrNiOy P-1+CeQ +P 4.5

0.5 g catalysts (1%NO/He) at a rate of 25mL/min or 0.8 g P-I: perovskite-like structure (l3axCeSrNiOs); P: other perovskite
catalysts (1%NO + 1-6%fIHe) at a rate of 40mL/min (to  phase(s).
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