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Abstract

The different Ag and K substituted perovskite catalysts including base catalyst were LaMnQO3s by the
solid state method and the diesel soot was prepared in the laboratory. Their structures and physico-
chemical properties were characterized by X-ray diffraction (XRD), BET, SEM, H2-TPR, and XPS tech-
niques. The Ag Substituted at A-site perovskite structured catalysts are more active than other type of
catalysts for the simultaneous soot-NOx reaction, When Ag and K are simultaneously introduced into
LaMnOs catalyst, soot combustion is largely accelerated, with the temperature (7) for maximal soot
conversion lowered by at least 50 °C, moreover, NOx reduction by soot is also facilitated. The high ac-
tivity of Lao.esAgo.3sMnOs perovskite catalyst is attributed to presence of metallic silver in the catalyst.
The activity order of Ag doped LaMnOs is as follows LaoesAgossMnOs > LaossAgoeMnOs >
LaoesAgosMnOs > LaoesAgoiMnOs. The dual substitution of silver and potassium in place of La in
LaMnOs gives better activity than only silver doped catalyst. In a series of Lao.csAg:KixMnOs, the opti-
mum substitution amount of K is for x=0.25. The single and doubled substituted perovskite catalyst
proved to be effective in the simultaneous removal of NOx and soot particulate, the two prevalent pol-
lutants in diesel exhaust gases in the temperature range 350-480 °C. Copyright © 2018 BCREC Group.
All rights reserved
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1. Introduction and high engine efficiency [1-3]. The main con-
taminants emitted by this type of engine are
NOx and soot particles. The NOx formation by
the internal combustion due the high ignition
temperature is well understood but the forma-
tion soot 1s more complicated and difficult to ex-
amine [4,5]. It is a big challenge to control these
two pollutants with the fulfillment of exhausts
emission regulation without affecting the fuel
economy of diesel engines [6,7].

Over the last decades, with growing urbani-
zation and increasing the numbers of automo-
biles, the increase of road traffic, and exhaust
gas emissions started to cause were accompa-
nied by a negative impact on the air quality, the
environment, and human health. Mostly the
diesel engines are more popular due to low cost

Catalytic combustion can be carried out in a
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trolling NOx and soot simultaneously [8-10]. It
is big a challenge to develop suitable catalytic
materials for application in the field of environ-
mentally hazardous emissions safety.
Perovskite-type oxides perform to be a promis-
ing alternative to noble metal catalysts in per-
spective of their low cost, thermochemical sta-
bility at relatively high temperatures and cata-
Iytic activity [11]. Many perovskite-oxides can
be considered, given that the general ABOs
structure, where a rare-earth metal A and a
transition metal B are in the +3 oxidation state
is compatible with a number of different combi-
nations [12]. Any A and/or B replacement with
non-equivalent ions is likely to stabilize an un-
usual oxidation state or a mixed valence state
in the transition metal ions in the B site, thus
changing the electronic properties and there-
fore modifying the catalytic performance of the
so-formed perovskite [13,15].

Previous studies on LaCri-xMgxO3 and
LaMni-xMgxOs [15] have shown a promoting ef-
fect of the substitution on the catalytic activity
of the resulting perovskite. The objective of the
present paper is to enhance the catalytic activi-
ties of LaMnOscatalyst for simultaneouscon-
trol of Soot and NOx in diesel engine by double
substitution with Ag and K which bring down
the catalytic activity of LaMnOs within the ex-
haust temperature (>500 °C).

2. Materials and Methods
2.1 Catalyst preparation

Various catalysts including the base catalyst
LaMnOs were prepared by the solid-state
method as reported by Wang et al. [16]. The
precursor salts like La(NOs)s6H20, and
Mn(CH3COOQ)2:4H20 powders were mixed in a
stoichiometric ratio and grinded continuously
for 20 min in a mortar to make a uniform mix-
ture. Compared with the theoretical weight, 20
% excessive NaOH was added into the mortar
and solid was grinded thoroughly to react com-
pletely. Then the as-synthesized sample was
washed with deionized water by the filter to re-
move the extra NaOH. The solid product was
collected from the filter and dried at 100 °C for
24 h, followed by calcination at 600 °C for 10 h
in air. After grinding the calcined product, the
catalyst powder was obtained.

2.2 Soot preparation

The soot was prepared by partial combus-
tion of commercial diesel (HP) in a lamp with
the limited supply of air and collected on the
inner walls of an inverted beaker Figure 1. The

soot was collected from the recipient walls and
then dried in an oven an overnight at 120 °C
[17].

2.3 Catalyst characterization

X-ray measurement of the catalyst was car-
ried out using Rigaku Ultima IV X-ray diffrac-
tometer (Germany) for phase identification.
The patterns were run with Cu-Ka radiation at
40 kV and 40 mA. The mean crystallite size (d)
of the phase was calculated from the line
broadening of the most intense reflection using
the Scherrer in Equation (1).

d- 0.894
pcosé

1)

Where d is the mean crystallite diameter, 0.89
is the Scherrer constant, [ is the X-ray wave
length (1.54056 A), and b the effective line
width of the observed X-ray reflection, calcu-
lated by the expression b2 = B2-b2 (where B is
the full width at half maximum (FWHM), b is
the instrumental broadening) determined
through the FWHM of the X-ray reflection at
20 of crystalline SiOa.

Fourier transform infrared spectroscopy
(FTIR) of the prepared catalyst was recorded in
the range of 400—4000 cm-! on Shimadzu 8400
FTIR spectrometer with KBr pellets at room
temperature. Specific surface area (SSA) meas-
urements were performed using Micromeritics
ASAP 2020 analyzer by physical adsorption of
N2 at the temperature of liquid nitrogen (196
°C), using the BET method in the standard
pressure range of 0.05-.30 P/Po.

Scanning electron micrographs (SEM) and
SEM-EDX were recorded on Zeiss EVO 18
scanning electron microscope (SEM) instru-
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Figure 1. Preparation of soot
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ment. An accelerating voltage of 15 kV and
magnification of 1000X was applied. Particle
size analysis of the samples were measured us-
ing the Laser diffraction (Helium-Neon Laser, 5
Milliwat maximum output) based particle size
analyser (ANKERSMID, CIS-50, U.S.A.) relies
on the fact that particles passing through a la-
ser beam will scatter light at an angle that is
directly related to their size.

X-ray photoelectron spectroscopy (XPS) was
used to monitor the surface compositions and
chemical states of the constituent elements and
performed on an Amicus spectrometer
equipped with Mg Ka X-ray radiation. For typi-
cal analysis, the source was operated at a volt-
age of 15 kV and current of 12 mA. The binding
energy scale was calibrated by setting the main
C 1s line of adventitious impurities at 284.7 eV,
giving an uncertainty in peak positions of 0.2
eV.

Brunauer-Emmett-Teller (BET) surface ar-
eas were measured at -196 °C using a Micro-
meritics ASAP 2020 analyzer in present case.
Samples were degassed at 300 °C under vac-
uum prior to the measurement. The calculation
was performed using the adsorption data in the
relative pressure (P/P,) range from 0.05 to 0.35,
and the total volumes were determined from
the amounts adsorbed at P/P, = 0.99.

Temperature programmed reduction (TPR)
analysis was carried out on a Micromeriticsplus
chemisorb 2705 instrument and NO reduction
was measured by Portable NO Analyzers
(TECHNOVATION, series-89). Simultaneously
measured the both soot oxidation and NO re-
duction in single flow conditions: NO-Ar mix-
ture flow rate = 30 mL.min-!, oxygen flow rate
=10 mL.min"1, air flow rate = 60 mL.min-1, 0.2-
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0.5 g sample weight (soot/cat=1/20), heating
rate 10 °C min-l, and temperature range from
150-600 °C.

2.4 Experimental setup

The details of the experimental setup for
the simultaneous reduction of NOx and Soot to
measure activities has shown in Figure 2. The
reactant and product gases were analyzed by
an on-line gas chromatograph (GC) equipped
with Porapack Q-column, methanizer and FID
detector for LPG, CO and CO2 and TCD detec-
tor for O2 and N2 analysis.

The Gas Chromatograph (NUCON, Series
5765) is modular, Solid State Instrument de-
signed for a variety of analytical and non-
analytical applications. It comprise of the basic
unit to which a broad range of optional mod-
ules may be added. Options available permit
isothermal or temperature programmed opera-
tion, use of thermal conductivity or flame ioni-
zation detectors, syringe or valve sample intro-
duction.

A large oven with a removal front opening
door is standard. Each heated zone- Injectors,
Detectors, Column oven is insulated to mini-
mize heat transfer between zones, the tem-
perature of each one of which can be controlled
and read independently. Flow, pressure con-
trols of the carrier gas, air are housed on the
top towards the back of the oven. Top mounted
injectors allow vertical sample injection.

2.5 Reaction conditions

The catalytic activities of the prepared cata-
lyst samples were evaluated by passing NO
and air over the soot — catalyst mixture. The
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Figure 2. Reactor setup for the simultaneous reduction of NOx and Soot
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reaction temperature varied from 150 °C to 600
°C. Soot particulates (lab synthesized) and
catalyst was carefully mixed, in the weight ra-
tio of 1/20 for a “loose” contact and “tight” con-
tact as well, between the soot particulates and
the catalyst, and then placed onto the glass
wool bed in the reactor. The catalytic activity
was evaluated by recording the variation in NO
ppm being observed in the NO analyser and
evolution of CO2 gas as a result of soot combus-
tion by analyzing the outlet gasses with the
help of GC as discussed previously [21-26].

2.6 Parameters for activity measurement

The activity parameters considered for soot-
oxidation were light-off-temperature character-
istics defined as follows: (1). Soot-ignition tem-
perature (7%); (2). Temperature for 50% soot
oxidation (Ts0); (3). Temperature for complete
soot oxidation (700); (4). Temperature for maxi-
mum rate of soot oxidation known as peak tem-
perature (7}); (5). Percent soot conversion (%
}(soot).

The parameters considered for NO reduction
were as follows: (1). Temperature for maximum
NO reduction (Twma-no); and (2). Percent NO

= X
Ggrel A = 561 Oste & Apr 2018

Meg* 1500KX (CIFC) NT-8 0

k ‘ WO = 85mm Mags 000KX cro Nty

conversion (% Xno). The NO and soot conver-
sions were calculated by formulas (Equations
(2-3)), respectively.

Croi - C
% NO Conversion, Xyg = NO tntet Nooutlet 100 (2)

c NO inlet

r_oArea CO, x AT,
Yk-oArea CO, LI 100 (3)

% Soot Conversion,Xgoor =
ooty Area CO, X ATy

3. Result and Discussion

3.1 Scanning Electron Microscope (SEM)
analysis

To study the morphology of the catalysts,
SEM micrographs of LaossAgo.ssMnOs and soot
were taken at different magnifications (500X,
1000X, 2000X, 5000X, 10000X, 20000X). The
micrographs of Lao.esAgossMnOs are shown in
the Figure 3(a) and (b) the lower magnification
images showed that the prepared catalyst sur-
face consists of lumped and spherical grains
and exhibits largely open porous structure. The
pores are indicated by the black spots. The
higher magnification images Figure 3(c) and
(d) showed that the single aggregate particle
consists of numerous smaller particles with

Do A ST Dute & Agr 2018
Meg* 1500KX CHC) 1T

Sgret A = 501 Dute & Agr 2018 ZEISN

Figure 3. SEM micrographs of soot and Lao.ssAgo.ssMnQOs catalyst
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highly intra-particle porosity. XRD analysis
confirmed the presence of metallic silver as a
discrete phase which is indicated by the bright
spots in the SEM micrographs. The distribution
of silver is however not very uniform. This
might be attributed to the manual mixing dur-
ing the catalyst preparation. Although the pore
distribution is not uniform, the catalyst has
high BET surface area which is favorable for
the activity of the catalyst.

3.2 X-Ray Diffraction (XRD) analysis

The XRD patterns of various perovskite type
prepared catalysts were studied and detailed
description is given below. Crystallite size of
the samples prepared by various methods is
summarized in Table 1.

3.2.1 XRD pattern of LaMnO; and
LaeraAgo.:stsMnO?}

X-Ray diffractograms of LaMnOs and
Lao.e5Ag0.3sMn0Os3 are shown in Figure 4. The 2-
theta values for LaMnQO3s shows that the cata-
lyst has rhombohedral perovskite phase
(JCPDS 89-8775). On comparing the XRD pat-
tern of Lao.esAgossMnOswith that of LaMnOs, it
was found that the perovskite structure re-

Table 1. Crystallite size of various catalyst
prepared by Scherrer’s method

S.N. Catalyst Csri}z, thél)lte
1. LaMnOs 3.5945
2. Lao.ssAg0.3sMnO3 3.9318
3. Lao.e5Ago.1Ko.2sMnO 3.7467

v
T v LaossAgo3sMnOs
3 \ v
= |
| | v v
o
3 o
E & ' .l ® LaMnO;
i ° | °©
30 40 50 60 70 $0

2-Theta (deg)

Figure 4. XRD patterns of LaMnOs and
Lao.esAgo.3sMnOs

mained intact even after the substitution of sil-
ver at A-site. However, some additional peaks
at 20 values of 38.116° (111), 44.300° (200),
64.445° (220) and 77.393° (311) were also ob-
tained which confirms the presence of metallic
Ag (JCPDS 65-2871).

3.2.2 XRD pattern of Lao.ssAgo.3sMnOs and
Lao.esAgo.1Ko.2sMnOs

From the XRD diffractogram comparison of
Lao,65Ago,35Mn03 and Lao,65Ag0,1K0.25M1’103 is
shown in Figure 5, it is clear that intensity of
the peaks corresponding to metallic silver in
Lao.s5Ago.3sMnOs has decreased and three addi-
tional peaks corresponding to KMnOs at
39.509° (411), KeMnOsat 48.593° (131) and
55.477° (125) were obtained.

3.3 Surface area and textural properties

Low temperature (-196 °C) nitrogen adsorp-
tion isotherms were used for the determination
of the textural properties of the catalysts syn-
thesized. The textural parameters including
BET surface area, total pore volume and pore
diameter of the catalysts are summarized in
Table 2. The typical isotherm of
Lao.65Ago.3sMnOs 1s shown in Figure 6, which 1s

Table 2. Textural characterization of prepared cata-

lyst
Surface Pore Ave;r:ege
S.N. Catalyst Area Volume p
(m¥g)  (cmig) A
ter (A)
1. LaMnOs 10.8995 0.009066 46.71
2. Lao.ssAgo.3sMnOs 13.6920  0.010912 48.21
3. Lao.esAgo.1Ko.2sMnOs 10.5762 0.007579 49.64
® Ag 7 K
Laos5Ago.15K020MnO3
3
z
z

30 40 30 60 70 80
2-Theta (deg)

Figure 5. XRD patterns of
Lao.esAgo.15K0.2MnOs and Lao.esAgo.ssMnOs
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of type IV of IUPAC classification 1984. This
type of isotherm occurs on porous adsorbent
with pores in the range of 1.5-100 nm. The av-
erage pore diameter obtained by BET analysis
suggests that catalyst was mesoporous. The ini-
tial part of the isotherm 1is attributed to
monolayer adsorption. At higher pressures the
slope shows increased uptake of adsorbate as
the pores become filled, inflection point typi-
cally occurs near the completion of the first
monolayer. In the mesoporous materials, due to
larger pores, the greater number of molecules
interacts with each other and displays better
catalytic activity. Hysteresis loops occur at low
relative pressures (around 0.4) and the area
within the loop is very small suggesting open
cylindrical pores of the catalyst.

The BET surface area and pore volume of
LaoesAgossMnOs are (13.6920 m2gl) and
(0.010912 cm3.g'l) which is higher than the
above prepared catalysts. It is believed that the
exothermic heat of decomposition of the precur-
sor at 300 °C in stagnant-air does not dissipate
quickly, causing rise in local temperature, sub-

Quantity Adsorbed (cm¥/g STP)

0.1 02 03 04 0.5 0.6 0.7 08 09
Relative Pressure (P/P;)

Figure 6. Nitrogen adsorption- desorption iso-

therm for the Lao.ssAgo.ssMnOs catalyst

..................................................

sequently sintering the freshly generated
nanocrystallites. Meanwhile, during flowing
air the heat of decomposition under same con-
ditions dissipate to some extent preventing lit-
tle sintering.

3.4 Catalytic activity measurement

As per the literature review the substituted
perovskite type of catalyst are found to be
highly active for the simultaneous soot-NOx re-
duction. As discussed before in perovskite
structure (ABOs), A and B sites have their indi-
vidual influence on the catalyst properties. The
A site metal has a strong effect on stability
whereas the B-site is responsible for the cata-
Iytic activity. Generally, the A site is lantha-
num and the B-site is a transition metal like
Co, Mn, Cu, etc. Catalysts with Mn at B-site
have been reported with considerable activity
for the simultaneous soot-NOx reaction [20].
Also, as reported by Wang et al. [16], silver
substitution at A site enhances the activity of
LaMnOs by lowering the soot ignition tempera-
ture (T;), the temperature for maximum soot
combustion (7,) and increasing the %NOx re-
duction.

Researchers have also reported that alkali
metal substitution at A site improves the activ-
ity of the catalyst. Thus, the study of the silver
and alkali substituted catalyst has been per-
formed in this work. For further enhancement
in activity, the B-site substitution with various
transition metals viz. Fe, Co, Cu, and Ni 1is
done and comparative study on the activity pa-
rameters was performed. Thus, the prepared
catalysts were tested for their activity and the
results obtained are tabulated as shown in Ta-
ble 3.

3.5. Effect of A-site substitution

3.5.1 Silver substitution

The metallic Ag can efficiently adsorb NO
and Ogz, and oxidize NO to NOzand as NOz be-
ing a better oxidizer for soot than NO or Os, en-

Table 3. Different catalysts activity

Soot oxidation

NO reduction

No Catalyst Ti Ts0 T100 Tp Tmax-NO Conversion
. (4Y) (4Y) ) O 4] (%)
1. LaMnOs 205 307.2 533 380 386 45.3
2. Lao.esAgo.3sMnOs 152 256.5 490 300 301 53.2
3. Lao.esAgo.1Ko.2sMnOs3 135 328.27 452 355 368 64.4
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hances the activity for both soot-oxidation and
NOx reduction [27,28]. Also, the O2-TPD and
H2-TPR study performed by Ag-substituted
over LaMnOs confirmed the presence of mass
oxygen vacancies and over-stoichiometric oxy-
gen due to substitution [29-32]. Silver substitu-
tion enhances the oxidation state of Mn*3 ion
and creates oxygen vacancies. It has confirmed
that the oxygen vacancy concentration directly
relates to adsorption of NO which is significant
to the activation of NO molecule and hence the
catalytic activity [33].

The experimental results are in accordance
with the above-stated theories. From the Table
3, it can be easily deduced that the silver sub-
stituted Lao.esAgo.3sMnOshas better catalyst ac-
tivity than pure LaMnOs. Both 7, and Tmax-no
occurred at a temperature lower than that for
the pure LaMnOs confirming Lao.esAgo.3sMnOs
a better catalyst (Figures 7 and 8). The pres-
ence of metallic Ag is confirmed by XRD analy-
sis. The soot ignition temperature was found to
be reduced by 50 °C as compared to the un-
substituted LaMnOswith an increase of 17% in
the NO reduction efficiency of the catalyst.
Also, the soot oxidation is more rapid for Ag-
substituted catalyst as compared to un-
substituted one. The temperature values for
maximum soot oxidation and maximum NO re-
duction matched perfectly confirming the si-
multaneous soot-NOx reaction.

BET surface area results also confirmed an
increase in the specific surface area of the sub-
stituted catalyst 1.e. more surface area is avail-
able for adsorption of the reactants. Thus, we
can conclude that addition of silver to LaMnOs3
catalyst is beneficial for simultaneous soot-NOx
reaction.

0.6
o 1,20 65A8035MnO3

0.5
wmcme LaMnO3

04

03

Xxo
0.2
0.1 \1
0
0 200 400 600 800

Temp (°C)

Figure 7. Effect of Ag substitution on NO con-
version (Xno) in LaMnQOs catalyst

3.5.2 Optimization of the amount of silver sub-
stitution

To optimize the amount of silver substitu-
tion at the A-site, the catalyst with varying
compositions with respect to the A-site compo-
nent were prepared with general formula
LaixAg<MnOswhere x = 0.15, 0.25, 0.35, and
0.4. The activities of the four catalysts for soot
oxidation were recorded as shown in Figure 9,
it is clear that the catalyst Lai.<Ag:MnOs with
x = 0.35 has lowest soot ignition temperature.
Also, the soot oxidation completed below 500
°C, unlike the other catalysts. It is clear that
initially with the increase in the value of x up
to 0.35, the soot ignition temperature and the
temperature for complete soot oxidation de-
creased but for the value of x greater than 0.35,
both the temperatures started increasing. The
NOx reduction curve in Figure 10 also shows
that the catalyst with x = 0.35 has the highest
NOx reduction of 53.28% at 300 °C only. Thus,

1.2

1
0.8
0.6

XSm
0.4 e 1. aMnO3
=== 1 .20.65A80.35MnO;3

0.2

0

0 200 400 600 800

Temp (°C)

Figure 8. Effect of Ag substitution on soot con-
version (Xseor) in LaMnOs catalyst

12, Activity of La1.xAg<MnOs catalysts for soot oxidation
1
0.8
Xsoot 0.6
04
0.2 /

0 100 200 300 400 500 600 700
Temp (°C)

Figure 9. Effect of varying amount of Ag sub-
stitution on soot conversion in LaixAg:MnOs
catalyst
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it can be concluded that LaoesAgo.3sMnQs is the
optimum substitution concentration for the
LaMnOs catalyst.

3.5.3 Alkali metal substitution

The partial substitution of A-site cation
(Lat*3) with lower valence potassium ions (K*)
increases the oxidation state of the B-site ion
(i.e. Mn*3 to Mn*4) or creates some oxygen va-
cancies to maintain the electrical neutrality
[33-37]. The higher oxidation state ions are
usually known to possess higher catalytic activ-
ity whereas the oxygen vacancies enhance the
surface oxygen and oxygen mobility in the lat-
tice and both of these factors lead to increase in
the catalytic activity [38-41].

Thus, a catalyst Lao.esAgo.1Ko2sMnOs with
the combination of Ag and K ion at the A-site
was prepared. The simultaneous effect of Ag
and K substitutions at the A-site on soot con-
version and NO reduction is shown in Figures

06 Activity of La1.xAgxMnO; catalysts for NO reduction

0.5 &
A

A

= X=0.15
s NN -t X=0.25
Xyo 03 '// \\\ -t x=0.35
Y /4
0.2 /, ; \ x=04
g4 A\
.y | \
0.1 X/
/’) / RN
1}
/ 2\
0 ‘ =
0 100 200 300 400 500 600 700
Temp (°C)

Figure 10. Effect of varying amount of Ag sub-
stitution on NO conversion in Lai1xAg:MnOs3
catalyst

1.2

=== LaMnO3
o 1.2065A8035MnO3
w—re L.20.65A80.1K025MnO3

0 100 200 300 400 500 600 700
Temp (°C)

Figure 11. Effect of Ag and K substitutions on
soot conversion in LaMnOs3 catalyst

11 and 12, respectively. Dual substitution of Ag
and K improved the activity for the soot oxida-
tion considerably from the LaMnQOs. Although
the soot ignition started a little early (i.e. 130
°C) for the dually substituted catalyst, the trend of
both Lao.esAgo.1Ko.2sMnOs and Lao.esAgo.ssMnOs
for soot oxidation was quite similar. For soot
conversion, the catalytic activity can be rated
as:
Lao.65A20.1Ko0.25Mn0O3 = Lao.esAg0.35Mn0O3 > LaMnOs

It is evident from the Figure 13 that simul-
taneous substitution of Ag and K at the A- site
of LaMnOs3catalyst improved the NO conver-
sion considerably from 45% to 64%. Also, the
NO conversion of the catalyst is better than
only Ag-substituted catalyst (53.28%). How-
ever, the temperature for maximum NO con-
version was higher for K-substituted catalyst
than the only Ag-substituted catalyst. Thus,
the selectivity of the catalyst for NO reduction
can be given as follows: Lao.esAgo.1Ko.2sMnOs >
Lao.esAgo.ssMnOs > LaMnOs

Optimization of the amount of alkali metal
substitution in order to optimize the amount of

S st LaMnO;
0.6 Lao6sAgo.3sMnO3
0.5 wetre 12065A80.1K025MnO3
A
04
x.\'O

03
0.2
0.1

0

0 200 400 600 800
Temp (°C)

Figure 12. Effect of Ag and K substitutions on
NO conversion in LaMnO3 catalyst

Activity of La,«sAgxK;:MnO; catalysts for Soot oxidation

1.2
1
0.8
. 06 i X=0.1
Xsoot 0= X=0.25
0.4
0.2
0
0 100 200 300 400 500 600 700

Temp (°C)

Figure 13. Effect of varying amount of K on
soot conversion in Lao.esAgxK1.xMnOs catalyst
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potash substitution in the place of silver,
LaoesAgxKi.xMnO3s catalysts with x = 0.1, 0.2
were prepared. Experiments were conducted to
evaluate the activity of the catalyst for simulta-
neous soot-NOx reaction as shown in Figures
13 and 14. From the figures it can be easily in-
ferred that the catalyst with x = 0.1 has better
activity than the catalyst with x = 0.2 as it
starts the soot ignition at lower temperature
(130 °C) and completes the reaction much
faster (454 °C) than the other catalyst with T; =
140 °C. Also, the %NO reduction is higher for
the catalyst with x = 0.1 than the other. The
catalyst with x = 0.2 displayed better behavior,
with T; = 140 °C and 52.35% Xwno than the
LaMnOs catalyst with T: = 204 °C and 45.34%
Xno confirming that addition of potassium has
the positive effect on the catalyst activity. The
comparative study is summarized in Table 4.

4. Conclusion

In conclusion, the series of LaMnOs cata-
lysts were prepared by the solid-state method
presented superior NOx reduction activity and
soot oxidation activity over a relatively wide
temperature range (350-480 °C). Moreover, the
LaoesAgossMnOs catalyst displayed highest
conversion activity, which is very promising for
practical applications in simultaneously con-
trolling NOx and Soot emissions. The Silver
substitution at A-site of LaMnOs catalyst im-
proves the catalytic activity for simultaneous
soot-NOyx reduction. The high activity of
Lao.esAgosMnQOs perovskite catalyst is attrib-
uted to the presence of metallic silver in the
catalyst. The activity order of Ag-doped LaM-
nOs is as follows: LaoesAgossMnOs >
Lao.esAgo.esMnOs >  LaoesAgossMnOs >
LaoesAgo1sMnOs. Dual substitution of silver
and potassium in place of La in LaMnO3s gives

Activity of La,AgxK1.MnO; catalysts for NO reduction

06 e X= 0.1
05 ] - X=025
04
Xxo

03

02

0.1

0 p
0 100 200 300 400 500 600 700

Temp (°C)

Figure 14. Effect of varying amount of K on
NO conversion in Lao.s5AgzK1xMnOs catalyst

better activity than the only silver doped cata-
lyst. In a series of Lao.esAgxKi1.xMnOs, the opti-
mum substitution amount of K is for x = 0.25.
The NOx reduction with simultaneous soot oxi-
dation is limited to 64% based on laboratory
studies.
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