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The catalytic behavior of Ag-loaded fumed SiO, has been investigated for diesel soot oxidation. The diesel
soot generated by burning pure Mexican diesel in laboratory was oxidized under air flow in presence
of the catalyst inside a tubular quartz reactor in between 25 and 600 °C. UV-vis optical spectroscopy
was utilized to study the electronic state of silver in Ag/SiO, catalysts. The soot oxidation was seen to
be strongly enhanced by the presence of metallic silver on the catalyst surface, probably due to the

formation of superoxide ion O, . During the catalytic process, the Ag,0 species on the catalyst acts as a
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strong oxidizing agent which gets reduced readily by the soot carbon to metallic Ag. The Ag/SiO, catalysts
exhibited strong performance for diesel soot oxidation below 300 °C. Mechanical mixing of extra SiO,
with 3% Ag loaded SiO, resulted a further increase of soot oxidation rate, probably due to the increased
interactions of O,~ and soot particles through the highly porous surface of SiO,.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The most effective and widely applied after-treatment technol-
ogy for the control of particulate matter (PM) is based on diesel
particulate filter (DPF) [1-3]. These devices perform the filtration
of exhaust gases by removing a significant fraction of PM, which
adheres to the filter walls, needing a periodic regeneration of DPF
to remove the entrapped soot to avoid increased pressure drop at
the exhaust.

The regeneration process can be carried out by the injection of
extra fuel during the combustion of PM. However, this implies an
extra fuel consumption and reduction of engine efficiency. More-
over, excessive heating caused by extra fuel consumption can
damage the filter and other after treatment devices. Thus, sev-
eral efforts have been made to find alternative solutions for filter
regeneration at lower temperature. In one approach, an oxidation
catalyst is deposited on the filter which allows its regeneration in
a continuous or periodic manner during the regular operation of
the system [4]. The catalyst accelerates the oxidation of diesel PM
at the exhaust temperatures (typically in the 300-400°C range)
during the regular operation of the engine. In absence of the cata-
lyst, particulates can be oxidized at appreciable rates only in the
temperature range of 550-650°C, which can occur only at full
load conditions. However, the catalytic approach also has several
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drawbacks: catalytic filter regeneration is very complex because
of the complexity of reaction conditions. Moreover, the process
is very slow because of the poor soot/catalyst contact. Another
operative problem arises from the wide variation of temperature
(200-600°C) of the exhaust gases, depending upon the engine load.
Thus, the selection of the catalyst is trivial as it should have high
thermal stability and operate efficiently at lower temperatures.

For the above purpose, a wide variety of catalytic materials of
distinct characteristics has been studied, targeting to increase the
contact area between the soot particle and the catalyst, like fuel
borne catalyst additives or molten salts catalysts, which can wet
the soot surface and therefore decrease the oxidation temperature
[5-7]. The use of NO, as oxidant has also been observed to decrease
the soot combustion temperature [8-10].

Silver is known to be an efficient partial oxidation catalyst which
has been used industrially for epoxidation of ethylene [11,12] and
oxi-dehydrogenation of methanol to formaldehyde [13-15]. Other
applications in which silver has shown high performances are the
NOy abatement [16,17], and oxidation of methane, carbon monox-
ide and organic volatile compounds [18-20]. Ag deposited over
CeO, has higher carbon gasification efficiency in comparison with
other noble metals [21,22]. The potentiality of silver deposited on
Al, 03 for the carbon particle oxidation in the presence of NO, and
oxygen has been demonstrated recently [23]. Silver-based cata-
lysts appear to be the most promising but are relatively inactive
at temperatures below 350°C [24].

As the fumed SiO, presents a very high surface area
(550m?2 g~1), it can increase the residence time and deposition rate
of carbon particles over the catalyst surface, thereby increasing
the probability of interaction between the carbon particles and the
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active sites of the catalyst, and with the active oxygen species pro-
duced on Ag surface. Therefore, a catalyst consisting Ag and fumed
silica (Ag/SiO;) is expected to present high oxidation activity at
temperatures below 300 °C. The above mentioned characteristics of
silver and fumed SiO, lead us to investigate the behavior of Ag/SiO,
catalyst on the oxidation of diesel soot particles.

UV-vis absorption spectroscopy is a useful technique for study-
ing electronic properties of heterogeneous catalysts [25-29]. The
technique can be used to detect the atomic, ionic, and cluster states
of silver, which exhibit characteristic absorption bands in UV-vis
spectral range [30], present in a solution or in a supported catalyst
[31]. While Ag* ions reveal their characteristic absorption bands
in the 190-230 nm spectral range, silver atoms (Ag®) reveal their
characteristic bands in between 250 and 330 nm. On the other hand,
small Ag, clusters generally reveal their characteristic absorption
bands in the 330-360 nm and 440-540 nm spectral ranges. Light
absorption by large silver clusters (>10 nm), crystallites or aggre-
gates manifest pronounced resonance bands in between 400 and
500 nm due to collective oscillation of their conduction electrons,
known as surface plasmon resonances (SPRs), with features provid-
ing the information about their size, shape, and, interactions with
the surrounding ambient [30,32-39].

In this study we have investigated the role of electronic state of
silver in Ag/SiO, catalyst on the oxidation of diesel soot particles.
Diffuse reflectance spectroscopy (DRS), has been utilized to deter-
mine the oxidation state of the catalyst. Ag-loaded fumed SiO, has
been demonstrated as a stable, effective catalyst for diesel soot oxi-
dation. The catalytic behavior of Ag/SiO, has been correlated to the
electronic state of the loaded silver.

2. Experimental
2.1. Catalysts preparation

The fumed SiO, supplied by Aldrich (99.9%) was used as a sup-
port material for the preparation of Ag/SiO, catalyst. The catalyst
was prepared by impregnation using an aqueous solution of silver
nitrate (3 wt%). After impregnation, the catalyst was dried at 50°C
overnight, and then calcined in air for 6 h at 450°C, after which it
is called as calcined 3%Ag/SiO,. A reference SiO, support was pre-
pared in the same way using only distilled water, this support is
called as calcined SiO,. A part of the calcined 3%Ag/SiO, catalyst
was reduced in pure hydrogen flow for 4 h at 500 °C, and named as
reduced 3%Ag/SiO-.

2.2. Catalysts characterization

The elemental composition of the calcined 3%Ag/SiO, and
reduced 3%Ag/SiO, catalysts was analyzed using energy dispersive
X-ray spectroscopy (EDS) (NORAN) in a scanning electron micro-
scope (JEOL, model JSM-6300). Adsorption measurements were
performed using a Quantachrome Nova-1000 sorptometer. Specific
surface areas were measured by N, physisorption at 77 K using BET
analysis methods.

The UV-vis absorption spectra of the catalysts were obtained
for the dry-pressed disk samples using a Varian Cary 500 UV-Vis
spectrophotometer with DRA-CA-30I diffuse reflectance accessory
using BaSOy4 as standard reflectance sample.

The crystallinity and structural phase of the catalysts were ver-
ified through powder X-ray diffraction (XRD) technique using the
Cu Ka source (A =1.5406 A) of a Bruker D8 Discover diffractometer.

2.3. Soot generation

Soot used in this study was generated by burning pure diesel fuel
purchased from Mexican market in a glass vessel with an externally
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Fig. 1. Schematic diagram of the system used for monitoring the combustion pro-
cess: (1) Na; (2) Oz; (3) switch valve; (4) flow meter; (5) mixer; (6) diesel burner;
(7) reactor; (8) four; (9) temperature controller; (10) gas chromatograph.

controlled air flow recirculation for 1h (Fig. 1). The exhaust gas
of the vessel was directed to the catalyst sample (200 mg) placed
inside a tubular quartz reactor (inner diameter 7 mm) in a pro-
grammable furnace. The process was performed using an air feed
volume flow rate of 100 cm3 min~! consisting of 20 vol% of O, and
80vol% of N,. The soot generated from the exhaust gas of the vessel,
was accumulated on the catalyst in the tubular reactor. After 1 h of
diesel combustion, the total amount of soot retained by the catalyst
or by the quartz wool was 8.45 mg (measured in a Shimadzu AX200
balance), attaining a soot/catalyst ratio of 0.042.

In order to verify that combustion of the diesel took place in
lean conditions, oxygen feed volume flow in the vessel exhaust was
monitored by gas chromatography. Oxygen flow remained higher
than 10cm3 min~! during the combustion process. These results
revealed that excess oxygen was present during the diesel com-
bustion.

2.4. Soot oxidation at programmed temperature experiments

After 1h accumulation of diesel soot over the catalyst sur-
face, air was purged for 15min to perform soot oxidation. The
air (20vol% of O, and 80vol% of N,) feeding or flow rate was
100 cm3 min~!. The mixture was heated in the 25-600°C temper-
ature range with 10°Cmin~! heating rate, and then cooled down
to 25°C. The process comprising soot accumulation on the catalyst
at room temperature for 1h, its subsequent oxidation at increas-
ing temperature and the cooling down process to 25°C is called a
cycle. The duration of each cycle was about 2.5 h. Fig. 2 shows the
temperature-time profile of a complete cycle. After this first cycle,
five similar cycles were performed over the same catalyst sample.

Emission from the reactor was analyzed using a Shimadzu
gas chromatograph provided with a thermo-conductivity detector
(TCD). The chromatograph used a Porapak column to analyze CO,
evolutions.

3. Results and discussion
3.1. Catalysts characterization

The catalyst characterization data is summarized in Table 1. It
can be seen from the table that during catalyst preparation, the high

temperature process in presence of Ag resulted in a strong decrease
in specific surface area of calcined SiO,. In Table 2 the pore volumes
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Fig. 2. Temperature-time profile of a complete cycle.

Catalysts characterization data.

Catalyst

Silver content (wt%)

Specific surface area (m? g~1)

Calcined SiO;
Calcined 3%Ag/SiO,
Reduced 3%Ag/SiO,

3.1
3.1

550
210
190

Table 2
Pore size distribution (rp) and pore volume (Ay/Ap) of the fresh catalysts.
Calcined SiO, Calcined 3%Ag/SiO, Reduced 3%Ag/SiO,
rp (nm) Av[Ayp rp (Nm) Ay[Ayp 1p (nm) Av[Awp
0.75 5.02 0.75 1.93 0.75 1.74
0.85 10.73 0.85 411 0.85 3.72
0.95 11.98 0.95 4.60 0.95 4.16
1.12 21.55 1.12 8.26 1.12 7.48
137 21.95 137 8.42 137 7.62
1.62 22.18 1.62 8.51 1.62 7.70
1.87 18.19 1.87 6.98 1.87 6.31
2.12 15.01 2.12 5.76 2.12 5.21
2.37 12.53 2.37 4.80 2.37 435
2.75 9.59 2.75 3.68 2.75 333
3.25 6.74 3.25 2.58 3.25 2.34
3.75 493 3.75 1.89 3.75 1.71
4.25 3.77 4.25 1.45 4.25 1.31
4.75 2.80 4.75 1.07 4.75 0.97
5.25 2.65 5.25 1.02 5.25 0.92
5.72 2.29 5.72 0.88 5.72 0.79
6.25 1.61 6.25 0.62 6.25 0.56
6.72 1.37 6.72 0.52 6.72 0.47
7.25 1.24 7.25 0.47 7.25 0.43
7.75 1.11 7.75 0.43 7.75 039
8.25 0.88 8.25 0.34 8.25 0.30
8.75 0.65 8.75 0.25 8.75 0.23
9.25 0.65 9.25 0.25 9.25 0.23
9.75 0.64 9.75 0.25 9.75 0.22
10.25 0.94 10.25 0.36 10.25 033
10.75 0.53 10.75 0.20 10.75 0.18
11.25 0.42 11.25 0.16 11.25 0.15
11.75 0.41 11.75 0.16 11.75 0.14
12.25 0.31 12.25 0.12 12.25 0.11
12.75 0.31 12.75 0.12 12.75 0.11
13.25 0.31 13.25 0.12 13.25 0.11
13.75 0.20 13.75 0.08 13.75 0.07
14.25 0.30 14.25 0.12 14.25 0.11
14.75 0.20 14.75 0.08 14.75 0.07
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Fig. 3. UV-vis absorption spectra of samples: (1) calcined 3%Ag/SiO>; (2) calcined
3%Ag/Si0; after 6 oxidation cycles; (3) reduced 3%Ag/SiO,; (4) reduced 3%Ag/SiO;
after 6 oxidation cycles.

and pore size distribution of calcined SiO,, calcined 3%Ag/SiO, and
reduced 3%Ag/SiO, are reported.

Fig. 3 presents the UV-vis absorption spectra for the
calcined 3%Ag/SiO, and reduced 3%Ag/SiO, before and after per-
forming 6 soot oxidation cycles.

The main features that can be identified from the reduced
3%Ag/SiO, absorption spectra are: A broad signal spreading
through 320 and 600 nm, which can be ascribed to the overlap-
ping of silver SPR signal (400-550nm) with the o-¢~ and n-o°
transition signals of Agy, clusters appear in the 330-360 nm and
440-540 nm spectral range, respectively [40,41]. 1t can be seen that
there are no appreciable differences between the absorption spec-
tra of the reduced 3%Ag/SiO, sample before (spectrum 3) and after
diesel soot oxidation cycles (spectrum 4). The result suggests that
the electronic state of silver in reduced 3%Ag/SiO, remained the
same even after six diesel soot oxidation cycles.

The small hump appeared at about 310 nm for the calcined
3%Ag/Si0, sample (spectrum 1) is associated with the absorp-
tion of Ag® (250-320 nm). For this catalyst, presence of an intense
absorption band in the 190 and 230 nm spectral range (peaked
at about 215 nm), indicates the presence of Ag* ions on the sur-
face of the catalyst [42]. The band disappeared almost completely
after the diesel soot oxidation cycles (spectrum 2). However, the
signals in between 250 and 320 nm, characteristic of Ag®, the sig-
nals characteristic of Agy clusters (330-360 nm), and of silver SPR
(400-550 nm) increased after performing the diesel soot oxidation
cycles, suggesting a reduction of Ag* ions present in the calcined
3%Ag/Si0, to Ag® during diesel soot oxidation process.

In Fig. 4, the XRD patterns of the calcined 3%Ag/SiO, sample
before and after its use in soot oxidation process (6 cycles) are pre-
sented. The calcined 3%Ag/SiO, sample revealed only two weak
diffraction peaks correspond to the (200) and (1 10) lattice planes
of cubic Ag;05 (JCPDS # 72-0607) and hexagonal Ag,O (JCPDS #
72-2108), respectively. There appeared no diffraction peak associ-
ated to metallic Ag in this sample. After its use in soot oxidation
process, the sample revealed four clear diffraction peaks of metal-
lic Ag (JCPDS # 87-0717) of hexagonal phase, along with a weak
peak associated to cubic Ag,0. Evolution of XRD peaks of metallic
silver in the sample after its use in soot oxidation process clearly
indicates the reduction of silver ions during the catalytic process,
as has also been observed in its optical absorption study.
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Fig. 4. XRD patterns of the calcined 3%Ag/SiO, catalyst before and after 6 cycles of
soot oxidation process.

3.2. Soot oxidation on quartz wool

Fig. 5 shows the effect of temperature on soot oxidation over
quartz wool. As can be seen, CO, evolution as a function of temper-
ature revealed two well resolved peaks. The first peak appeared at
about 450°C and the second peak at higher temperature (>700°C).

From Fig. 5, we can observe that in the absence of an oxidation
catalyst, very low amounts of CO, could be detected during the soot
oxidation reaction at temperatures in between 25 and 600 °C. The
total area under the CO, evolution curve in between 25 and 800°C
[CO3 |ref determined over quartz wool is taken as a measure of the
total amount of carbon in the soot generated from the exhaust gas
of the vessel and accumulated for 1 h. The catalytic efficiency of the
catalyst was calculated from the estimated [CO,] evolved during
the catalytic process and the same while using only quartz wool
as:

: [CO2]cat
Catalyst efficiency = ===
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Fig. 5. Effect of temperature on the diesel soot oxidation over quartz wool. Feed:
20vol% of O,, and 80vol% of N,.

Table 3
Total areas and Tnyax values from diesel soot oxidation experiments (from 25 to
600 °C) for the 1st, 2nd, and 6th oxidation cycles on the catalysts.

Catalyst Area (CO, molecules Tmax (°C)

E+18°C)

1st  2nd 6th 1st  2nd 6th
Calcined SiO, 92 111 94 362 365 379
Calcined 3%Ag/SiO; 228 339 305 330 222 250
Reduced 3%Ag/SiO, 321 349 365 237 205 216

Calcined SiO; +calcined 3%Ag/SiO, 408 361 429 250 240 251

Table 4
Catalyst efficiency values of the catalysts during the 1st, 2nd, and 6th oxidation
cycles.

Catalyst Catalyst efficiency

1st 2nd 6th
Calcined SiO, 0.02 0.02 0.02
Calcined 3%Ag/SiO> 0.50 0.75 0.65
Reduced 3%Ag/SiO> 0.71 0.77 0.80
Calcined SiO; + calcined 3%Ag/SiO, 0.90 0.80 0.95

where [CO;]cat is the area under CO, curve (soot oxidation evo-
lution in between 25 and 600 °C) measured over the catalyst, and
[CO; ]gef is the area under CO, curve (soot oxidation evolution from
25 to 800°C) measured over the quartz wool (=451 x 10'8 CO,
molecules °C). The [CO;]ca: and calculated catalytic efficiency val-
ues of both the calcined and reduced catalysts are presented in
Tables 3 and 4.

3.3. Soot oxidation over calcined SiO,

The results of soot oxidation experiments over calcined SiO;
are presented in Fig. 6. As can be seen, for all the oxidation cycles,
CO, evolution curves revealed a small signal at about 350°C, and
the intensity of this signal did not vary appreciably from cycle to
cycle. In order to investigate if this low amount of detected CO,
was due to the poor oxidation activity of calcined SiO;, or due to
a low amount of retained soot, the first soot oxidation cycle was
performed from 25 to 800 °C. As can be seen in Fig. 6, the CO, evo-
lution curve corresponding to this first diesel soot oxidation cycle
presents a similar behavior as that of the diesel soot oxidation over
quartz wool (Fig. 5). However, the first signal detected at about

3.0+

2.5

2.0

CO, molecules /10"

0.5 A, \

0.0 —— T T T T T 1
0 100 200 300 400 500 600 700 800 900

Temperature/°C

Fig. 6. Evolution of CO, molecules/g cat. as a function of the soot oxidation temper-
ature over calcined SiO,.
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Fig. 7. Evolution of CO, molecules/g cat. as a function of the soot oxidation temper-
ature, over the calcined 3%Ag/SiO, catalyst.

450°C for quartz wool was detected at about 350°C for the cal-
cined SiO,. This shift of signal to lower temperature is probably due
to the catalytic effect of the calcined SiO,. The second peak which
appeared at high temperatures (>700 °C) during diesel soot oxida-
tion over quartz wool is similar to that obtained over the calcined
SiO,. These results suggest the following facts:

e Similar amounts of diesel soot are retained over the quartz wool
and the calcined SiO,.

o Effectively, the calcined SiO, catalyzes only a small fraction of the
deposited diesel soot.

3.4. Soot oxidation over calcined 3%Ag/SiO,

The effect of temperature on soot oxidation over calcined
3%Ag/Si0, is shown in Fig. 7. The CO, evolution curve as a function
of temperature revealed that:

e During the first oxidation cycle, the temperature of maximum
soot oxidation (Tmyax) is 350°C.

e During the subsequent cycles, the Tiax value markedly decreases
from 350 to 230°C.

The above results indicate that during the first oxidation cycle,
a change of the electronic state of Ag might have taken place. It has
been reported that the enthalpy of formation of bulk Ag, O (— AHg) is
very low (7 kcal/mol) [43]. When a metal oxide with low (—AHs) is
once converted to metallic species, its reoxidation is more difficult
than the metal oxides with high (—AHgp). Thus, the metal oxides
with low (—AHs) value cannot act as catalysts for soot oxidation
when the oxide is once thermally decomposed or reduced by car-
bon during soot oxidation. However, in Fig. 7, it can be seen that
during the second and sixth soot oxidation cycles over the calcined
catalyst, the Tax value markedly decreased (from 350 to 230°C)
with anincrease in the surface area. Table 4 shows that the catalytic
efficiency calculated for this catalyst increases during the 2nd to the
6th cycle. These results can be explained assuming that:

¢ During the first cycle, Ag,0 present in calcined 3%Ag/SiO, acted
as a strong stoichiometric oxidant for soot combustion and is
reduced by carbon to metallic AgC.

35
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—*— 4th cycle
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- 24 —e— 6th cycle
e
»
°
=}
o
)
o 14
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0 T T T Nl\_‘ 1
0 200 300 400 500 600

Temperature/°C

Fig. 8. Evolution of CO, molecules/g cat. as a function of the soot oxidation temper-
ature over reduced 3%Ag/SiO, catalyst.

During the subsequent cycles, Ag acts as a metallic catalyst pro-
moting the formation of superoxide ions (O,~), as has been
demonstrated earlier [43-47]. It is well known that metallic sil-
ver is an oxidation catalyst that can form several suboxide species
(oxygen admolecule, superoxide ion, subsurface oxygen, oxygen
adatoms, and oxidydic oxygen adatoms) in oxidation atmosphere
[14,15,19,48-50]. Nakatsuji et al. have studied the mechanism of
silver-catalyzed partial oxidation by theoretical calculations using
the ab initio second order M®ller-Plesset (MP2) method combined
with the dipped adcluster model (DAM) [51,52]. They concluded
that the active species was superoxide ion O, ~, which was molec-
ularly adsorbed in bent end-on geometry on the silver surface.
Moreover, Annegi et al. [22] have pointed out recently that the
superoxide ions generated by metallic silver might assist carbon
oxidation.

e These assumptions are supported by the results obtained both
from the UV-vis absorption spectra and XRD spectra of the cal-
cined 3%Ag/SiO, catalyst before and after 6 diesel soot oxidation
cycles, which confirm the reduction of Ag* to Ag® during the soot
oxidation cycles.

3.5. Soot oxidation over reduced 3%Ag/SiO,

Fig. 8 shows the evolution of CO, as a function of the diesel
soot oxidation temperature over the reduced 3%Ag/SiO,. From
the figure, we can see that during the six soot oxidation cycles,
the Tmax remained unaltered (~250°C). Moreover, the surface
area and the catalytic efficiency values calculated for the three
curves are very similar as shown in Tables 3 and 4. Similar
results obtained for the three diesel soot oxidation cycles over
the reduced 3%Ag/SiO, suggest that during soot oxidation pro-
cess, the electronic state of Ag did not change. Thus the active
silver present over the surface of the fresh catalyst (not used
for soot oxidation) remained in its metallic state during the soot
oxidation cycles. The results obtained from the UV-vis absorp-
tion spectra of the reduced 3%Ag/SiO, catalyst before and after
6 diesel soot oxidation cycles (Fig. 3) support this assumption.
The above results indicate that this catalyst is thermally stable
and can operate at the temperatures of diesel engine exhaust
gases.
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Fig. 9. Evolution of CO, molecules/g cat. as a function of the soot oxidation temper-
ature over the mixture calcined 3%Ag/SiO, + calcined SiO5.

3.6. Soot oxidation over calcined 3%Ag/SiO, +SiO»

In order to determine the effect of high specific surface area
of fumed SiO, on the soot particle interactions, the diesel soot
oxidation process was investigated over a mechanical mixture of
0.2 g of calcined 3%Ag/SiO, and 0.2 g of calcined SiO,. Six soot oxi-
dation cycles were performed over the mixture. Results presented
in Fig. 9 show that the temperature evolution of CO; over the cata-
lyst mixture presents similar Trhax as that of the calcined 3%Ag/SiO,
alone. However, the areas under the CO, evolution curves deter-
mined for the six cycles in the 25-600 °C temperature range and the
calculated catalytic efficiency values were higher over the catalyst
mixture than that of the calcined 3%Ag/SiO; alone (Tables 3 and 4).

The enhanced catalytic activity of the mixture can be under-
stood considering that during diesel burning, produced soot was
accumulated in the pores of the catalyst. Table 2 shows the pore
size distribution of the catalysts ranging in between 0.7 and 15 nm.
It is worth noting that the calcined SiO, presents a higher pore vol-
ume than the Ag/SiO; catalysts, which may result in a stronger soot
accumulation. On the other hand, Braun et al. [53], distinguished,
by TEM and SAXS analysis obtained from diesel soots, a soot par-
ticle aggregate size ranging between 70 and 100 nm; a primary
particulate size that was typically 10-20 nm, and the particulate
subunit size which was ~2 nm. The diesel soot particles ranging
from 2 to 15 nm may be deposited in the suitable sized pores of the
3%Ag/Si0,-Si0, mixture.

As the diffusion rate of the produced gases during soot oxidation
process reduces while passing through the pores in calcined SiO,,
the probability of interaction of the soot particles with the O;~
produced by metallic Ag increases greatly, resulting in an increase
of oxidation rate of the soot particles. This increased interaction
between O, and soot particles in the calcined SiO, pores indicates
that the use of a 3%Ag/SiO, + SiO, mixture might be a more suitable
substitute of fuel borne catalyst additives or molten salts catalysts
for diesel soot oxidation.

4. Conclusions

Catalyzed diesel soot filters are regarded as the most promising
solution to reduce the emission of particulate matter from diesel
engines. However, low catalytic activity and poor soot-catalyst con-
tact at lower temperatures are still the problems for their practical
applications. We have developed a 3%Ag/SiO, catalyst which is

an effective catalyst for diesel soot oxidation at low temperatures
(150-300°C), presenting high soot-catalyst contact. The catalyst is
highly stable during several consecutive reaction cycles. The results
obtained over the calcined and reduced samples indicate that
metallic silver is the active species during the oxidation reaction.
Metallic silver can promote the formation of superoxide ions (O, ™)
which play a key role in the diesel soot oxidation process. Increased
soot oxidation rate over the mechanical mixture of 3%Ag/SiO, and
SiO, is due to the increased interactions of O,~ with primary soot
particles and subunits deposited into the porous structure of the
3%Ag/Si0,-Si0, mixture.
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