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Abstract

Mechanism of NO decomposition over perovskite(-like) oxides was explored through investigating the experimert$0f &nd the
activity of NO decomposition. It was found that the mechanism of NO decomposition over perovskite(-like) oxides was performed in a
‘recycle’ way, in which the recycle of N&its formation and dissociation) plays an important role in the reaction and relates greatly with the
activity. Because N@dissociation reaction (2N&= 2NO + Q) is an important step in the process of NO decomposition, catalytic activity of
NO decomposition over perovskite(-like) mixed oxides achieved only at high temperatures, at whichthis$¢@iation reaction occurs.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction strongly adsorbed on catalyst surface after passing of NO,
[8-14] indicating that NQ(ayNOsz(s) species might be an
For NO decomposition reaction (2NO M O,) over intermediate in NO decomposition. According to this fact,

the non-noble catalysts (i.e., M-ZSM5, mixed or com- Iglesia and co-workerd 1] suggested a new mechanism for
pound oxides, etc.), it is traditionally accepted that the NO decomposition (over Cu-ZSM5), in whichoMind G
formation of N and @ occurred through reactions of were formed through the dissociation 0§®a) and NQ(a)
2NOQ(g) — N2O(a)— N2(g) and Qa)+O@@)=0z(), respec-  species, respectively. However, the results of their work
tively [1-9]. Accordingly, the under-stoichiometric oxygen were obtained from Cu-ZSM-5 catalyst system and at low
(compared with nitrogen) observed in the experiments was temperatures, which might not be applied to the case (for
ascribed to the reason of N@ormation in the cool region  example, perovskite(-like) oxides) occurred at high tempera-
downstream from the reactor, by the reaction: NG tures.
105(g) = NOy(g) [5-9]. However, this widely accepted inter- In this work, based on our previous worfd5] we ex-
pretation (especially for the way ofGand NG formation) plored the mechanism of NO decomposition occurred on
was neither approved by theoretical deduction nor confirmed perovskite(-like) catalyst through investigating the formation
by experimental data in literatures to our knowledge. Hence, way of NG, and @, both of which were products of NO de-
its authenticity is uncertain although it seemed reasonable. composition reaction. It was found that both N@nd G
Recently, based on the technique of spectroscopy (i.e., IRwere mainly formed on the catalyst surface by the way of
and DRIFTS), it was found that NyNOgz(a) species were  NO +Qa) < NO2(a) and 2NQg) < 2NQ(g) + O2(g), respec-
tively. The mechanism of NO decomposition, then, was sup-
posed to occur in a recycle way, in which the recycle obNO
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2. Experimental 3. Results and discussion

The samples, LaSrNif and La&.s4Sry.eMng.gNip.203, 3.1. Way of N@formation
were prepared by citric combustion method as described else-
where.[16] Briefly, to an aqueous solution of 5 SP*, According to literatures reported previously, the possible
Mn2* and/or N#* nitrates (all obtained from Beijing Chem-  reaction steps occurred in the process of NO decomposition
ical Co., China) with appropriate stoichiometry, a solution could be summarized as given furth&ctieme 1
of citric acid 50% in excess (molar ratio) was added. The In Scheme lthere are two possible reaction routes, re-
resulting solution was evaporated to dryness, and then theactions (6) and (10), corresponding to Nf@rmation. The
precursors obtained were decomposed in air at 573K, cal-reaction (10) occurred mainly in the cool region downstream
cined at 873K for 1 h and finally pelletized and calcined at from the reactor[9] while the reaction (6) occurred mainly
1173 K in air for 6 h, the synthesized pellets were pulverized on catalyst surface due to the participation of adsorbed oxy-
to 40-80 mesh size to be used. gen (Qg). In order to investigate which one is the main route
O,-TPD experiment was carried out on a conventional of NO, formation, a blank experiment (without catalyst) was
apparatus equipped with a thermal conductivity detector carried out. In this experiment, theo@onversion (which
(TCD). The samples (0.2 g) were first treated ina1073 K can represent the twice amount of N@eld in the reaction,
for 1h and cooled to room temperature in the same atmo- as noted above) measured was 25%. However, when cata-
sphere, then swept with pure He (or 0.5%/Ide) at a rate lyst was loaded in the reactor, the ©@onversion measured
of 11.8mLmirm?® until the base line on the recorder re- reached 80% (also see elsewhf@B, which was far higher
mained unchanged. Finally, the sample was heated at a rate othan 25% that measured in the blank experiment. These two
20 K min~tin He (or 0.5% Q/He) to record the TPD profile.  results implied that N@formation was mainly occurred on
Steady-state activities of catalysts were evaluated using athe catalyst surface by the way of reaction (6).
single-pass flow micro-reactor made of quartz, with an inter-
nal diameter of 6 mm. In the blank experiment, the reactor 3 2. \way of @ formation
was filled with quartz instead of catalyst; the flow rate of the
reactant gas (0.5%NO +0.25%(le) was 25 mL min™; the There are three possible reaction routes, reactions (4), (7)
reaction temperature was kept at 1073 K. ThecOncentra-  and (10°) in Scheme 1corresponding to ©formation. In
tion in the downstream was measured by an on-line gas chro-reaction (4), @ was formed through the simple desorption
matography (in this experiment, because the reaction (10) ingf two vicinal oxygen;[4] in reaction (7), @ was formed
Scheme 1s the only way of Q consumption, the amount of - through the decomposition of N species, which was de-
O consumed can represent the amount oplg@duced, in rived from NQy; [11] while in reaction (10°), @ was formed
the relation of [Q]consumed™ 2[NOz]produced- through the direct dissociation of NGpecies. It should be
In measuring the activity of NO decomposition, the reac- noted that the only difference between reactions (7) and (10°)
tant gas was passed over 0.5 g catalyst (1%NO/He) at a ratgyas whether the oxygen was formed through the direct or in-
of 25mLmin* or 0.8 g (1%NO +1-6%@IHe) catalysts at gjrect dissociation of N@ This is mainly decided by the
arate of 40 mL min* (to keep W/F=1.2gsmt"). Thegas  experimental condition, as discussed below.
composition was analyzed before and after the reaction by an - Ty experiments were performed to clarify the main route
online gas chromatography, using molecular sieve 5A column of O, formation. One is the activity of NO decomposition,
for separating NO, bland G. N2O was not analyzed here  \yhich was performed with and without gaseous oxygen in
because it was difficult to form between 773 and 1123K as the feed gas. The results Fig. 1 showed that the activity
reported by Teraoka et 4] Before the data were obtained,  decreased largely with the increase of oxygen partial pres-
reactions were maintained for a periode2 h at each tem-  gyre, namely, the gaseous oxygen has large impact on the

perature to ensure the steady-state conditions. activity. The other is @ TPD experiment, which was per-
i. Adsorption:
NO (g < NO 4 (1)
ii. Surface rearranged and desorption steps:
NO 2y N5 + O (2) 2N@> N2 (g (3)
20@ = O (g (4) NO @) + N@) > NzO (g) (5)
NO@+O@ & NO = NG (6) NO; )+ O (@) & NOs 5> NO g) + Oz(g) (7)
2NO (5> N2 () + 20 (8) 2NO (@) > N2O g + Ogq) 9)
iii. Gas-phase reaction:
2NO (g) + Oz (g) = 2NO; (g) (10) 2NO; (g & 2NO(g) + Oz (g) (10)
iv. NoO intermediate step: (NoO was not observed in the present case)
N20 (g & N2O q) (11) NzO @ 2> N2 g + O (12)

Scheme 1. Possible reaction routes occurred in the process of NO decomposition.
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50 thermodynamic equilibrium of N@ dissociation reaction
(AG747¢ = 0), it might be deduced that at low temperatures
(T<767K), reaction (7) is the main route o, @ormation,
since NQ dissociation reaction cannot occur spontaneously
at low temperatures. This route was mainly performed on the
catalysts having activity for NO decomposition below 767 K,
for example, M-ZSM5 (M: Cu, Fe, Co, etc[)1-13,17]
While at high temperaturesT & 873 K), because N&k)
species is unstable and difficult to forf8,18] and NG
direct dissociation reaction can occ[i9] it is unnecessary
for NO, converting into NQ(g) species before dissociation
into NO and Q. Thus, reaction (10) becomes the main
route of @ formation at high temperature range. This route
10 : , , . ; . . was mainly performed on these catalysts, of which the

0 2 4 6 activity was exhibited only at high temperatur@s(873 K),

O, partial pressure (%) for example, the perovskite(-like) mixed oxid&s8].

According to the route of ©@formation discussed above,
the decrease of activity in the presence of gaseous oxy-
gen, then, was ascribed to the suppression of gaseous
formed with and without oxygen in helium and the resultwas 0Xxygen on NQ dissociation reaction, by the way of
shown inFig. 2 Itis seen that only a minor difference bothin  2NOz(g)=2NQg) + Oz(g). Furthermore, from the apparent
the two desorption temperatures Tmax < 10K) and in the NO, dissociation equilibrium, it is seen that the rate of
two desorption peak area&fAs = 1.04) was observed when ~ NO dissociation is inversely proportional to the square root

O

oxygen was added. Namely, the impact of gaseous oxygenof oxygen (i.e.;no, = KPN—l/Z, or rNo, = K/#, K =

on oxygen desorption (@ + O = Oz(g)) can be neglected. NOTo, ©2
These two experiments suggested that the oxygen in NO de-K ,LL%Z). This relation will also be exhibited in NO decom-
composition reaction was not formed through the reaction position reaction, since the NQlissociation reaction is the
(4), otherwise, the gaseous oxygen should have no or mi-main route of Q formation as discussed above. Namely, the
nor impact on the activity, since the gaseous oxygen has mi-NO decomposition rate (or NO decomposition activity) was
nor impact on the oxygen desorption as observedTBD inversely proportional to the square root of oxygen. Thisis ba-
experiment. sically true (within the uncertainty of 1% in linear regression
While for the two other ways (reactions (7) and (10’)), analysis) as confirmed by the data showiig. 3, in which
it is difficult to distinguish which one is the main route the activity of NO decomposition was plotted as a function of
of O, formation on the above basis, since both of them square root of oxygen. In all, the above results supported that
involved the NQ species. Therefore, other criteria must the oxygen was formed through N@issociation, reaction
be considered. From the stability of N@ species and the  (10’).
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Fig. 2. @-TPD profiles of LaSrNiQ examined with and without oxygen Fig. 3. Activity of NO decomposition as a function of square root of oxygen.
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Fig. 4. Mass spectrum of LaSrNiGn NO-TPD experiment. Fig. 5 Activity of NQ decomposition over lgaSry sMng gNip 203 as the
function of contact time (W/F).
3.3. NO-TPD experiment in this work were in well accordance with those reported

elsewhere[5] in which the data were obtained from the
NO-TPD was also performed to investigate the process gas-chromatogram.

of NO decomposition. The result fig. 4 showed that NO
was the major desorption species in the experiment. N 3.4. Influence of contact time (W/F)
desorption peak appeared at the range of 673K Z73K
suggested that the dissociation of NO and the formation of  Fig. 5showed the activity of NO decomposition measured
N—N bond were easy to occur. Hence, a transitory activity at different contact time (W/HR1]. The amount of @was
for N2 at T<767K was observed in the experimeft] always lower than that of Nand the difference between them
However, the difficulty of oxygen desorptiofl ¥ 1023 K) kept constant at high NO conversion (% 4 g s mL-1). One
suppressed the NO dissociation reaction to be carried outmay imagine that the under-stoichiometric oxygen was as-
further by occupying the active site. Generally, the O cribed to the formation of N@occurred in the cool region
formed in NO-TPD is ascribed to the following two steps downstream through the reaction (10), but it was expatiated
[8]: BNO+S=N+NO3@ and NGE=NO+O,+S (S: above that reaction (10) was difficult to occur under this con-
surface). However, the over-stoichiometric oxygen (com- dition. Thus, the under-stoichiometric oxygen must be as-
pared with nitrogen) suggested that this is not the only way cribed to the existence of the equilibrium among N®O

of O, formation; otherwise the amount ob@hould be lower  and G (see reaction (10")), since N@annot be dissociated
than that of N. Hence, some of oxygen must be originated

from the desorption of two vicinal oxygen as that ip-OPD 100
experiment, namely, @+ O < O2(g). The species with
M.N.=44 (M.N.: mass number) were detected, which |
might means the appearance gfdNand/or CQ. However, —— e *
according td2], itis known that NO is unstable and difficult
to form atT>900 K. Thus, this species is mainly attributed
to CO, formed from the decomposition of carbonates (i.e.,
SrCQ;) [20]. The low quantity of N@ suggested that the
formation of NG was difficult to occur or the formed NO
(NO(a)+ O@) =NO2(g) was dissociated into NO and 0
before elution. According to the facts that NE/NO3(y)
species is easy to form after passing of [(12,14]and lots
amount of NQ will be formed when catalyst was loaded in
the reactor (see Sectidhl), it might be concluded that the
low quantity of NG was mainly ascribe to the reason that the
formed NG was dissociated into NO and®efore elution.

In all, the above results indicated that fdrmation is easy to
occur, while Q@ formation is difficult and the @was formed Fig. 6. Ratio of [Q]/[N ] as a function of contact time (W/F). Data obtained
through the way of N@ dissociation. The data obtained fromFig. 5.
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Scheme 2. The ‘recycle’ mechanism of NO decomposition over perovskite(-like) oxides.

into NO and G completely due to the restriction of thermo-
dynamics.

Besides, from the correlation betweerp]N 2] and W/F
shown inFig. 6, itis seen that the ratio of [£)/[N ] increased
with W/F at first, then kept constant at % 4 gsml=1. The
increasing ratio of [@)/[N»] at W/F<4gsmL ! might be
that, with the increase of contact time, the time for Nstay-

tively, and thus suggested that the mechanism of NO decom-
position over perovskite(-like) oxides was performed in a
‘recycle’ way, in which NQ plays an important role in the
reaction. This is confirmed by the results of NO decomposi-
tion activity and [Q]/[N 2] ratio measured at different contact
time. Because N&dissociation reaction (2N£= 2NO + Q)

is an important step in the process of NO decomposition, cat-

ing on the catalyst surface is longer and there were morealytic activity of NO decomposition over perovskite(-like)

opportunities for N@ formation and dissociation reaction
to occur over the catalyst. As a result, more amount of
O2 was produced and the pP[N ] ratio increased. When
NO, dissociation reaction reached thermodynamic equilib-
rium (W/F>4gsmlY), it cannot be carried out further,
the ratio of [Q]/[N2], then, kept constant. The constant
of [O2])/[N2] ratio measured in our experiment i§95%
(1073 K), which is in compliance with the percent of NO
being dissociated in thermodynamics (96% at 1100K in re-
action: NQ = NO + %Oz). This result supported that,0O
was indeed produced from the dissociation ofNG® the ex-

perimental value was in well accordance with that calculated

from thermodynamics. Hence, it is confident that in NO de-
composition reaction, the oxygen was mainly formed through
NO, dissociation, as shown iBcheme 2

In Scheme 2the gaseous NO was first adsorbed and dis-
sociated into M and atomic oxygen, which then reacted with
another NO to form the adsorbed NCafter that, the ad-
sorbed NQ desorbed and dissociated into NO angl
this process, N@acted as an intermediate of @rmation.
Besides, it should be noted that in the cool region down-
stream of the reactor, the detected N€pecies was mainly
ascribed to the N©formed in the catalyst surface but were
not dissociated before emitting, i.e., reaction (63aheme 1
NO(a) + Oa) & NO2(a) < NO2(g).

4. Conclusions

By investigating the formation way of NCand G, both
of which were main products of NO decomposition reac-
tion, we found that they are formed through the way of
NO) + O(a) = NOz(a) and 2NQg) = 2NQg) + Oz(g), respec-

mixed oxides achieved only at high temperatures, at which
the NG dissociation reaction occurs.
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