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for NO reduction by propene
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Abstract

Effect of additives, 1803, SnG, CoO, CuO and Ag, on the catalytic performance 0pG#-Al,O3 prepared by sol—gel
method for the selective reduction of NO with propene in the presence of oxygen was studied. As for the reaction in the absence
of H,0, CoO, CuO and Ag showed good additive effect. Whe®Hvas added to the reaction gas, the activity of CoO-,
CuO- and Ag-doped G&3—Al,03 was depressed considerably, while an intensifying effect@ tWas observed for hOs-
and SnQ@-doped GaO3—Al,03. Of several metal oxide additives,l@3-doped GaO3—Al,O3 showed the highest activity
for NO reduction by propene in the presence eftHKinetic studies on NO reduction overD;—Gg03—Al,O3 revealed
that the rate-determining step in the absence gD ks the reaction of N@formed on GaOz—Al,0O3 with C3Hg-derived
species, whereas that in the presence gDhk the formation of @Hg-derived species. We presumed the reason for the
promotional effect of HO as follows: the rate for the formation o§Bs-derived species in the presence ofiHs sufficiently
fast compared with that for the reaction of N@ith C3Hg-derived species in the absence oftH Although the retarding
effect of SQ on the activity was observed for all of the catalysts, $#Gg03—Al,0O3 showed still relatively high activity
in the lower temperature region. ©1999 Elsevier Science B.V. All rights reserved.
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1. Introduction under hydrothermal conditions due to dealumina-
tion from the framework is a serious problem from
The selective catalytic reduction of NO with hydro- a practical viewpoint [14-16]. On the other hand,
carbons in the presence of oxygen has been studiedalumina-based catalysts are attracting attention be-
extensively as a practical measure to remove, NO cause of their high stability. However, coexisting®
in diesel and lean burn engine exhausts [1,2]. A lot and SQ often inhibit the selective reduction of NO
of effective catalysts, such as metal ion-exchanged over alumina-based catalysts. Hence, development of
zeolites [3-6], noble metals [7-9], alumina [10] and novel catalysts showing high activity and durability
transition metal supported alumina [11-13], have in the presence of $O and SQ is required.
been reported so far. Exhaust gases usually contain Recently, we reported that @az—Al>Os catalyst
H,O and SQ affecting the catalytic performance. prepared by sol-gel method showed quite high ac-
Although zeolite-based catalysts show high catalytic tivity for NO reduction by propene in the presence
activity at high space velocities, their deactivation of oxygen, HO and SQ [17]. However, the effec-
tive temperature window for NO reduction was rel-
* Corresponding author. Fax: +81-298-54-4487 atively narrow and was located in the high tempera-
E-mail addresshane@nimc.go.jp (M. Haneda) ture region. In the present study, we investigated the
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effect of metal oxide additives on @az—Al,O3 for
the selective reduction of NO with propene, in order
to promote the NO reduction activity in the presence
of H,O and SQ at low temperatures. In the course
of our study, we found that coexistingB® promoted

considerably NO reduction over some catalysts, es-

pecially In,Os-doped GaOs—Al,O3. Therefore, we
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ance gas. The gas flow rate was fixed at 68 orim—1
(W/F=0.18gscm?3, SV=10000h1). In some ex-
periments, HO and SQ were introduced into the
reaction gas mixture at a concentration of 9.1% and
90 ppm, respectively. $O0 was introduced with mi-
cropump. Prior to the activity measurement in the
presence of S the catalyst was treated at 773K for

made some kinetic studies on this catalyst. We also 12h in a flowing gas containing 900 ppm NO, 10%

studied the influence of coexisting $0n the activity
of the metal oxide-doped catalysts.

2. Experimental
2.1. Catalysts

Metal oxide-doped G#s—Al,03 catalysts were
prepared by coprecipitation through sol—gel process.
In, Sn, Co, Cu and Ag were selected as the addi-
tives. Aluminium boehmite sol was first prepared by
hydrolysis of aluminium(lll) tri-isopropoxide in hot
water (363 K) with a small amount of nitric acid,
and then mixed with a solution of gallium(lll) ni-
trate and metal nitrate of the doped metal oxide,
except for Sn for which tin chloride was used, in
ethylene glycol. After the sol solution was stirred for
1 day, the solvents were eliminated by heating under

02, 300 ppm S@ and 9.1% HO diluted in He with

a gas flow rate of 66 chmin—1, in order to stabilize

the catalyst. In these cases, the feed gas flow rate and
the concentrations of the other gas components were
not changed by controlling the helium flow rate. The
reaction temperature was changed from 873 to 523K
with a step of 50 K. The effluent gas was analyzed by
gas chromatography.

A molecular-sieve 5A column was used for the
analysis of N and CO and a Porapak Q column for
that of O, CO; and GHg. The catalytic activity
was evaluated in terms of NO conversion te ahd
that of propene to CQ(CO + CQ). The formation of
N2O was found negligible in the present study.

2.2.2. Kinetic studies

For InoO3—Ga03—Al»03, the reaction rate of N
formation was evaluated by changing the catalyst
weight from 0.03 to 0.1 g to obtain a conversion level

reduced pressure. All the catalyst precursors were of NO in the range of 10-30%. The kinetic param-

dried at 383K, followed by calcination at 873K for

5hin flowing air. Some catalyst samples were further
calcined at 1073 K for 5h in air. The loading of metal
oxide and GgO3 was fixed at 5 and 30 wt.%, respec-
tively. In the case of Ag, the loading was calculated
as Ag-metal. AJO3 and GaOs—Al,03 with Ga 03

eters for N and CQ formation were determined at
623K in the presence and absence eOHy chang-

ing the concentrations of the reactants in the range of
200-1500 ppm for NO, 200-1500 ppm foglds and
3-10% for Q. The total flow rate was 66 chmin=—1.

The standard reaction conditions were 900 ppm NO,

loading of 30wt.% were also prepared as reference 900 ppm GHg, 10% oxygen and O or 9.1% J@.
samples by the same sol-gel method. The resulting The activation energy was calculated at temperatures

powders were calcined finally at 873K for 5h in
flowing air.

2.2. Catalytic reaction

2.2.1. Activity measurements
The catalytic activity was measured by using a
fixed-bed flow reactor. 0.2g of a catalyst sample

ranging from 623 to 723 K under the standard reaction
conditions.

2.3. Catalyst characterization

BET surface area was measured by nitrogen ad-
sorption at 77 K with a conventional flow type appara-
tus (Micromeritics, Flowsorb 11 2300). The crystallite

was used, unless otherwise specified. The feed gasstructure was identified by XRD measurements (Shi-

mixture contained 900 ppm NO, 900 ppmHtd as a
reducing agent, 10% oxygen and helium as the bal-

madzu XD-D1) by using Cu K radiation at 40kV
and 40 mA.
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Temperature programmed desorption (TPD) exper- EQ 100

iments of NQ were carried out by using 50mg of a z 0L

sample. The sample was pretreated in a flow of 10% ]

O,/He at 873K for 1 h and then cooled to room tem- % 60 F

perature. NQ adsorption was performed by passing S

a gas mixture containing 1000 ppm NO and 10% O g W0r

diluted in He through the sample bed at room tem- £ 20}

perature for 2 h. After the adsorption gas was purged %

with He until no NO was detected in the effluent, the o 0 : : : :

; . 473 573 673 773 873 973
TPD measurement was carried out up to 873 K with Temperature / K

a heating rate of 5Kmint in flowing He. The gas
flow rate was fixed at 60 chmin~1. The desorbed
species with a mass number of 30 (NO), 32)Y@nd
46 (NO,) were monitored continuously by a quadru-
ple mass spectrometer (ANELVA M-QA200TS) as a
function of temperature.

L e L

3. Results and discussion

Conversion of C;H, to COx/ %

473 573 673 773 873 973

. . Temperature / K
3.1. Additive effect of metal oxides

Fig. 1. Additive effect of metal oxides on the catalytic activity
Fig. 1 shows the activity of WO3-, SNG-, CoO-, of Gg03—-Al;03 calcined at 873K for NO reduction by propene
B _ - . in the absence of $D. Conditions: NO=900ppm, 4Hg=
CuO- and Ag .doped GOs3 AI2.03 calcined at 873K 900ppm.  Q=10%. HO=0%, catalyst weight=0.2g,
for NO reduction by propene in the absence ofH W/F=0.18gscm® (O) GaOs—Al,0s (@) IN;05-GaOs—
Although Ga03—Al,O3 catalyzed effectively the NO  aAl,05, () SnO-Ga0s-Al,0;, (M) CoO-GaOs—Al,0s,
reduction by propene with high NO conversion more (2) CuO-GaOs-Al»0s, (A) Ag-Ga03-Al>0s.
than 90% in the temperature range of 673-823K, the
addition of CoO, CuO and Ag enhanced further the Table 1
activity of GEQO3—A|203 in the lower temperature re- BET surface area of metal oxide-doped,Gag-Al,03 calcined at
. . . 873 or 1073K
gion below 623 K. The maximum NO conversion on

—1
CuO- and Ag—Gg03—Al,03, however, was much less ~ Catalyst BET surface area (thg™?)
than that on GgO3—Al»03. This is because propene Calcination temperature (K)
oxidation by oxygen, which is a side reaction consum- 873 1073
ing propene, proceeds predominantly because of the
too high oxidation activity of CuO and Ag. In the case ?3283‘(?'283 LG igg Eg
: N203-Gg03-Al203

of In,O3 and _SnQ, NO redu_ctlo_n was gl§o decreased, SNOy-G&0s-Al,05 200 140
a!though their propene oxidation activity was not so  co0_ga0,s-Al,0; 175 125
high. CuO-Ga03-Al,03 175 120

Ag-Ga03-Al,03 180 135

3.2. Characterization of catalysts
non-doped GgO3—Al,0s3. For all the catalysts, the
As summarized in Table 1, no great differ- diffraction peaks assigned t¢-Al,O3 and GaAlQ
ence in BET surface area was observed among were detected. As for the catalysts containingQ#
the catalysts prepared here. Fig. 2 shows the SnG and CoO, no peaks ascribed to each metal ox-
XRD patterns of 1803-, SnG-, CoO-, CuO- and  ide additive were observed, meaning the presence of
Ag-doped GaO3—-Al,03 calcined at 873 K along with  highly dispersed metal oxides. On the other hand, as
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Fig. 3. Effect of BO on the catalytic activity of metal
oxide-doped  GgDO3—Al,O3 calcined at 873K for
NO reduction by propene. Conditions: NO=900ppm,
C3Heg =900 ppm, @=10%, HO=9.1%, catalyst weight=0.2g,
W/F:0.18gscm3.(O) Gap03-Al,03, (@) In,03-GaOs—
Al;03, () SNG-Gg03-Al;03, (l) CoO-GaO3z-Al,03, (A)
CuO-Ga03-Al,03, (A) Ag—G@O3—A|203.

Fig. 2. XRD patterns of (a) G&®3—Al;03, (b) INO3-GaO0s3—
Al;03, () SNQ-Gg03—Al,03, (d) CoO-GaOs—Al,03, (e)
CuO-Ga03-Al,03 and (f) Ag-GaO3—Al,03 calcined at 873 K.
(A) for y-Al,03, (@) for GaAlO;, (¢) for CuO, () for Ag.

can be seen in Fig. 2, CuO- and Ag—-@a—-Al,03
gave the diffraction peaks assigned to CuO and Ag, obhserved for 1n03- and SNnG—Ga03-Al»03, espe-
respectively, indicating the presence of large CuO and cially in the lower temperature region below 623 K.
Ag crystals. It has been reported that highly dispersed NO conversion at 623 K on the former catalyst was in-
Cu such as in the form of a spinel phase like Ci2d creased considerably from 42 to 91% and that on the
[18] and partially oxidized Ag [19-21] are active for |atter one was increased from 26 to 63%.

the present reaction. Therefore, the presence of large

CuO and Ag particles is one of the reasons for their 3 4 |nfluence of high-temperature calcination
low NO reduction and high propene oxidation activity.

Itis known that calcination temperature is one of the
3.3. Effect of HO factors affecting the catalytic performance [22-25].
For example, the activity of Co/ADs with high cobalt
Fig. 3 shows the activity of the metal oxide-doped loading was reported to increase with increasing cal-
Ga03—-Al,03 for NO reduction by propene in the cination temperature up to 1073 K [22]. Accordingly,
presence of BHO. As can be seen by comparing Figs. we examined the effect of calcination temperature on
1 and 3, the activity of G#D3—Al,O3 was depressed the activity of metal oxide-doped G@s—Al,O3 for
considerably by coexisting #D and the temperature  NO reduction by propene in the presence gfHThe
window became narrow and shifted to higher temper- activities of the catalysts calcined at 1073 K are shown
ature region. A similar retarding effect of,@ was in Fig. 4. As can be seen by comparing Figs. 3 and
observed for CoO-, CuO- and Ag—&23—Al203. On 4, NO conversion as well as propene conversion on
the other hand, a considerable promotional effect was all the catalysts was hardly affected by calcination at
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Fig. 4. Catalytic activity of metal oxide-doped @2s—Al,O3 26 (CuKo) / degree
calcined at 1073K for NO reduction by propene in the pres-
ence of BO. The reaction conditions are the same as for Fig. 5. XRD patterns of (a) G&®3—Al>03, (b) IN,03-Gg03—

Fig. 3. O) Ga03-Al,03 (@) IN;03-Ga03-Al,03, () Al203, (c) SnGQ-Ga03-Al;03, (d) CoO-GaOsz—Al,03, (e)
SnG-Ga03-Al;03, (l) CoO-Ga03-Al;03, (A) CuO-GaOs— CuO-Ga0s-Al,03 and (f) Ag—-GaO3—Al,03 calcined at 1073 K.
Al;03, (A) Ag-Ga03-Al,03. (A7) for y-Al,03, (@) for GaAlO;.

3.5. Kinetic parameters of NO reduction by

1073 K. This indicates that the catalysts tested here propene over |pO3—GaOz—-AlLOs3
possess high thermal stability. However, the BET sur-
face area summarized in Table 1 was found to decrease As described above, 303—Ga0O3-Al,0O3 showed
to almost 70% by calcination at 1073 K. the most remarkable activity enhancement by co-

The dispersion of active species is sometimes im- existing HO. In order to examine the influence
proved by high-temperature calcination [22,23,25]. of H2O in the reaction mechanism, we performed
Fig. 5 shows XRD patterns of the metal oxide-doped kinetic studies for 1pO3—Gg0O3—Al,0O3 at 623K.
Ga03—-Al,03 calcined at 1073K along with Here, InOs—Ga03-Al,03 calcined at 873K was
non-doped GgO3—Al>03. Although an increase in  employed. Fig. 6 shows In—In plots of ;Nand
the intensity of XRD peaks assigned to GaAl®@as CO, (CO+CQ) formation rates against the partial
recognized for all the catalysts, the peaks ascribed pressure of NO, €Hg or O (Pno. PczHg OF Poy,).
to metal oxide additives were still not observed. In Apparently, linear correlation was observed within
particular, the diffraction peaks assigned to CuO and experimental error. The N formation rate in the
Ag were diminished completely after the calcination presence of BHO was higher than that in its absence
at 1073 K. These results suggest that the dispersionat NO and GHg concentrations more than 520 and
of the additives was not lowered but was almost the 480 ppm, respectively. Similar results were obtained
same before and after the calcination at 1073 K. We for CQ, formation rate. Fig. 7 shows the Arrhenius
think that this is one of the reasons for no activity plots for N, and CQ formation rates in the presence
depression by calcination at 1073 K. and absence of ¥D.
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Fig. 6. Dependence of the formation rate of {©,®) and CQ (C1,M) in NO-GHg-O; reaction system over #03-Ga03—Al,03 on

the partial pressure of (a) NO (200-1500 ppm), (BHE (200—1500 ppm) and (c) (3—10%). Solid symbols@ M) indicate the results
obtained in the presence of,8 and open symbols(d,[]J) in its absence. Standard reaction conditions: NO =900 ppshig€ 900 ppm,
0,=10%, HO =0 or 9.1%, catalyst weight=0.03-0.1g, reaction temperature =623K, gas flow rate 266rcrh.
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Fig. 7. Arrhenius plots for N (O,®) and CQ (CJ ,H) formation
rates in NO-@Hg—O; reaction system over 03—-GaO03—Al,03.

Solid symbols @,H) indicate the results obtained in the pres-
ence of BO and open symbols(,[]) in its absence. Reaction

conditions: NO =900 ppm, £§Hg =900 ppm, @ =10%, HO =0 or
9.1%, catalyst weight=0.03g, gas flow rate = 66enin—1.

3.6. NQ~-TPD profiles

Fig. 8 shows the N@-TPD profiles of a mass
number of 30 (NO), 32 (&) and 46 (NQ) on
A|203, GE@O3—A|203 and |m03—G@03—A|203
after NO+Q adsorption. In this measurement, no
desorption peak ascribed to® was observed. Since
NO; is known to decompose into NO inside the
ionization chamber of the mass spectrometer, the
desorption peak with a mass number of 30 is due
to the sum of the parent mass of NO and the frag-
ment mass of N@ Taking into account the ratio of
the parent and fragment mass of @he amounts
of NO, (NO +NGQy) desorption integrated from the
TPD measurements were calculated to be 129.4,
180.4 and 103.imol g—l for Al,03, Ga0O3—Al>,03
and In0O3—-Ga03-Al>03, respectively. Apparently,
the amount of NQ desorbed from G#D3—Al,03
was decreased by addition of2[@3, whereas its

The kinetic parameters and the activation energies loading is relatively low (5wt.%). We think the rea-

for N» and CQ formation obtained are summarized in
Table 2. The reaction orders with respect to NgHg
and @ for N> and CQ formation increased by the
presence of HO. However, the activation energy was
almost the same irrespective of coexistingH These
results suggest that coexisting® does not affect the

son for the depression of NGdsorption ability of
Ga03—Al>03 by In,O3 as follows: (1) BET surface
area of GaO3—Al,03 was decreased ca. 10% by ad-
dition of InpO3. (2) Since IRO3—Ga03-Al,03 was
prepared by sol-gel method»[@3 is presumed to be
interacted strongly with G®3 and AbOs. We can

total reaction steps but does affect several unit stepsconsider that a large portion of NGpecies seems to
such as NO oxidation into NOand reaction of N@

with propene to form .

be adsorbed predominantly on £&—Al,O3 but not
on InpOs.
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Table 2

397

Kinetic parameters of the selective reduction of NO with propene ov#d3rGa03-Al,032

Reaction system Product 28 (%) Reaction ordérwith respect to Activation ener§y(kJ mol-1)
NO CsHg Oy
NO—-GHg—O2 N2 0 0.0 0.2 0.7 81
9.1 0.7 0.7 0.9 82
CO 0 -0.4 0.5 0.7 98
9.1 0.5 0.8 1.0 97

aStandard reaction conditions: NO =900 ppmsHg =900 ppm; Q=10%; H,O=0 or 9.1%; reaction temperature =623K; gas flow

rate =66 crAmin—1.

b Reaction conditions: NO =200-1500 ppm;H = 2001500 ppm; ©=3-10%; catalyst weight=0.03-0.1g.
¢ Activation energies were calculated by varying the temperatures from 623 to 723 K.
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Fig. 8. TPD profiles of (a) NO (mass number: 30), () 32) and

(C) NO, (46) on A|203, G8203—A|203 and |I’QO3—GEQO3—A|203.

The samples were pretreated in flowing 10%/ie at 873K for

1h, followed by NO adsorption in flowing 1000 ppm NO/10%
Oy/He at room temperature for 2h. TPD measurements were
carried out up to 873K with a heating rate of 5Kminin
flowing He (60cnimin—1). (A) Al,Os, (@) Ga0s-Al,03, (O)
|n203—G@03—A|203.

3.7. Influence of KO on reaction pathway

A lot of reaction mechanisms have been pro-
posed so far concerning the selective NO reduction
by hydrocarbons. Concerning alumina-based cat-
alysts, a mechanism that NO is first oxidized to
NO, and subsequently the resulting B@acts with
hydrocarbon-derived species to form ldnd CQ is
supported by many researchers [22,23,26,27]. In the
present work, we think that NO reduction by propene
over InpO3—Gg03—Al,03 proceeds through a similar
reaction pathway. NO-TPD profiles given in Fig. 8
shows that a lot of NQspecies, probably N§ ad-
species, are still adsorbed onp@s—Ga03—Al,03 in
the temperature range between 573 and 773K, where
NO reduction takes place effectively. Propene is
known to be easily converted into allyl species, which
is one of the candidates of;8s-derived species, by
H-abstraction [28,29]. Therefore, we propose a re-
action pathway that N& probably adsorbed N
species, reacts with fElg-derived species like allyl
species to produceNand CQ.

As can be seen in Table 2, the activation energy
was not changed by 40, suggesting that coexist-
ing H2O does not change the total reaction steps but
change the rate-determining step. If the reaction of
NO, with C3Hg-derived species is sufficiently fast,
the reaction order with respect tosldg for N> for-
mation and that to NO for COformation should be
nearly unity. When the reaction was carried out in the
absence of KO, the former value was 0.2 and the
latter one was —0.4. This suggests that the reaction of
NO, with CzHg-derived species is sufficiently slow,
probably the rate-determining step, meaning that
C3Hg-derived species are gradually accumulated on
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the catalyst surface. This is consistent with our previ-
ous report [30] that carbonaceous materials deposited
on IR0O3—-Ga03—Al>,03 during NO reduction by
propene in the absence o%@ inhibit the reaction.

With respect to the reaction in the presence gOH
on the other hand, the reaction orders for all the re-
actants were increased considerably and were brought
close to nearly unity. This suggests that adsorption of . ‘ . :
NOX and CéHG Iea.ding to NQ7 and QHG'deriVed (31_73 573 673 773 873 973
species, respectively, takes place competitively on the Temperature / K
catalyst surface. We also reported that coexistin@H
efficiently acts to remove the surface carbonaceous
materials [30]. Therefore, we suppose that the reac-
tion of NO, with C3Hg-derived species as precursors
of carbonaceous materials is fast and that the forma-
tion of CgHg-derived species is slow, probably the
rate-determining step. We observed that propene con-
version on 1R03—Gg03—Al»03 in the reaction sys-
tem of NO + GHg + Oz was intensified considerably
by the presence of ¥ (Fig. 3). The formation rate of
C3Hg-derived species in the presence ofGHmight
be sufficiently fast compared with the reaction rate rig. 9. Effect of SQ on the catalytic activity of metal
of NO2 with C3Hg or CsHeg-derived species in the  oxide-doped GgOs—Al,03 calcined at 873K for NO reduction

absence of BO. This is probably the reason for the by propene in the presence of,®. Conditions: NO =900 ppm,
promotional effect of HO. CgH5=9_OO ppm, @=10%, HO=9.1%, SQ@=90ppm, cata-
lyst weight=0.2 g, W/F=0.18gscm. (O) Ga03-Al,0s,
L. L @) In03-Ga03-Al,03, () SNG-Ga0s3-Al,03, (H
3.8. Influence of coexisting S@n the activity of E:O)O_G;O;Alzoj_ 205 (1) 3 A0s (W)

metal oxide-doped G&®3—AlLO3

[©9)
o
T

20 |

Conversion of NO to N,/ %
D
S

L L L

Conversion of C3H6 to COx/ %

473 573 673 773 873 973
Temperature / K

Table 3
Summary of BET surface area of the fresh and spent catalysts

The catalytic activity of metal oxide-doped

Ga03-Al,03 for NO reduction by propene in  Catalyst BET surface area g
the presence of $0 and SQ was next examined. Fresh catalyst Spent catalyst
Here, we chose Q@g—_AIgOg, IN2O3-, S_nQ- and Ga03—Al1205 200 163
Co0-Ga03—-Al,03 calcined at 873 K, which showed IN;03—G303-Al,03 185 162
excellent activity in the presence of,8 as indi- SNQ-Ga03-Al203 200 175
cated in Fig. 3. The results are given in Fig. 9. As Co0-Ga03-Al203 175 162

can be seen by comparing Figs. 3 and 9, the NO

reduction activity of all the catalysts was decreased In order to examine the effect of $©n the physical

by the presence of SOIn particular, a considerable properties of the catalysts, we performed characteri-
retarding effect of S@was observed for fO3- and zation of the catalysts before (fresh) and after (spent)
Co0-Ga03-Al,03 on which the maximum NO thereaction in the presence of S®@ET surface areas
conversion was dropped from 93% at 673K to 68% of the fresh and the spent catalysts are summarized
at 723K and from 84% at 723K to 49% at 773K, in Table 3. Although decreases of BET surface area
respectively. Of the catalysts tested here, a maximum due to SQ were recognized for all the catalysts, rel-
NO conversion of 77% was attained onfGa—Al,03 atively high surface area more than 160gn! was

at 773 K. It is noted that Sn®>Ga0O3—Al>03 showed still maintained. It was also found from XRD measure-
the most excellent activity at lower temperatures than ments that the crystallite structure did not change at
723 K. all. This fact indicates that SOwvas not incorporated
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3.9. Effect of S@concentration on the activity of
SnO-Ga03—-Alb0O3

[ )
(= -
T

We examined the effect of SOconcentration on
the activity of ShQ—-Ga03—Al,03 for NO reduction
by propene in the presence of®. The W/F was set
at 0.45gscm® (SV=50000 1) and the concentra-

(%)
S
T

Conversion of NO to N, / %
) N
S S
T T

ok tion of S was changed from 270 to 0 ppm. During
0 1 N , the series of experiments changing ;S€ncentra-
473 573 673 773 873 973 tion, the catalyst sample was not replaced to new one.
Temperature / K As shown in Fig. 10, the catalytic activity decreased

) _ _ monotonously with increasing S@oncentration. Re-
Fig. 10. Effect of SQ@ concentration on the catalytic . . .
activity of SnO-GaOs-Al,0s for NO reduction by moving SQ_frp_m the _re_actlon gas mixture restored ca.
propene in the presence of,8. Conditions: NO=900ppm,  90% Of the initial activity. This means that the deacti-
CsHe =900 ppm, Q=10%, HO=9.1%, S@=0-270ppm, cata-  vation by SQ is almost reversible. Since the decom-
lyst weight=0.05 g, W/F =0.045 gscri. (O) SO, =0 ppm (fresh), position of tin sulfate (SnS£) is known to initiate at
(S%)z _52032:2;0z‘)’”;'ozu_)osoi:?;ﬂ‘;‘:’:;;e-rgai’t%:iﬁstﬁgm're%gnce 633K, adsorption and desorption of $@ould be in
of SO»). ppm. PP P equilibrium during the reaction.
Fig. 11(a) shows the change in NO conversion on
SnQ-Ga03—Al,03 against the logarithm of SO
into the bulk. Tabata et al. [31] observed sulfate species concentration at several reaction temperatures. A good
(SOy2~) formed on AbO3 by measuring FT—IR spec-  linear relationship was observed at all the reaction
tra of Al,Oz and Sn/AbO3 used for NO reduction in  temperatures. The slope, abbreviatedrasvhich in-
the presence of $0 and SQ. In the present work, a  dicates the inhibiting effect of SOshows that the ex-
similar phenomenon, namely, the formation of sulfate tent of deactivation by Sfbecomes small at elevated
species on the catalytically active sites in the vicinity temperatures. In Fig. 11(b), the reaction temperature
of the catalyst surface, should take place during NO was plotted against the negative valuexofThe reac-
reduction in the presence of $ONe think that the  tion temperature at which the value@becomes zero
formation of surface sulfate species is one of the rea- was found to be ca. 830K. This means that no deac-
sons for the activity depression by 80O tivation takes place at this temperature. We think that
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Fig. 11. (a) Change in NO conversion on SrGa0s—Al,03 with SO, concentration. The reaction conditions are the same as for Fig.

10. ©) 873K, (@) 823K, () 773K, M) 723K. (b) Relationship between negative value of the slagecalculated in (a) and the
reaction temperature.
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the catalyst deactivated by $@ight be regenerated
by treating at elevated temperatures above 830K.

4. Conclusions

The catalytic performance of several metal
oxide-doped GgO3—Al,03 for the selective reduc-
tion of NO with propene was investigated. Although
the addition of CoO, CuO and Ag into gaz—Al,03
enhanced the activity for NO reduction in the absence
of H20, their activities were depressed considerably
by the presence of #D. On the other hand, a con-
siderable promotional effect of 40 was observed
for In203- and SnQ-Gg0s3—Al,03, especially in
the lower temperature region below 623 K. Accord-
ingly, these two catalysts showed the highest activity
in the presence of $D. Calcination at 1073K did
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