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ABSTRACT: Mesoporous silica supported metal oxide catalysts were synthesized by a one-step fast aerosol process based on an
evaporation induced self-assembly (EISA)method. They were then applied to the catalytic incineration of VOCswith acetone as the
target species. The synthesized metal-MSPs (mesoporous silica particles) were characterized by N2 adsorption-desorption
measurements, X-ray diffraction (XRD), transmission electron microscopy (TEM), and inductively coupled plasma-mass
spectrometer (ICP-MS) to understand their physical and chemical properties. Tests on various metals of Ce, Mn, Cu, Fe, and
Al supported onMSPs over a temperature range of 150-350 �C demonstrated that Ce is the best metal for the catalytic incineration
of acetone. The Ce-MSPs(10) has a high Ce loading of 9.76 wt %, but its small specific surface area of 615 m2/g, poor pore size
distribution, and less-ordered pore structure resulted in a relatively lower acetone removal as compared to the Ce-MSPs(25). The
Ce-MSPs(25) catalyst appeared to be the best acetone catalytic incineration performance due to the high specific surface area of 951
m2/g with highly ordered pore structure as well as optimal Ce metal content of 3.72 wt % so that CeO2 particles were well dispersed
on the porous surfaces. Near complete acetone destruction via Ce-MSPs(25) catalyst was achieved at a temperature of 250 �C,
acetone inlet concentration of 1000 ppmv and GHSV of 5000 h-1. The long-term stability test showed that the acetone destruction
efficiency can be kept constant during the 96 h test period.

1. INTRODUCTION

Volatile organic compounds (VOCs) are important air pollu-
tants emitted from many industrial processes. They may pollute
the atmosphere, result in photochemical reactions and endanger
human health. Among all the VOCs, acetone is a common
organic solvent which has been widely used in many industries
such as plastics, fibers, drugs, semiconductor, and opto-electronic
industries. Thermal oxidation is one of the most efficient
technologies to destruct acetone vapors emitted from these
industrial plants; however, the direct thermal oxidation process
must be maintained at high temperature (>700 �C), and it
consumes a lot of energy. Thus catalytic oxidation has attracted
wide research attention for VOCs destruction due to its lower
working temperature (<500 �C).1

Noble metal-based catalysts show good activity at low tem-
peratures for the complete oxidation of VOCs.2-4 However, the
industrial application of noble metal-based catalysts for VOCs
destruction is limited by their prices. Thus, there are many different
species of transition metals being studied in the literature for
catalytic oxidation for VOCs.5-7 It has been demonstrated that
MnOx could be effective catalysts for the destruction of VOCs
such as toluene.5,6 The other study reported that the activity of 5
wt % Cu/γ-Al2O3 had a great effect on catalytic oxidation of
aromatic hydrocarbons due to the smaller particles and its high
dispersion on support.7 The Fe-Ti-oxide catalyst exhibited
higher activity than Fe2O3, pure iron, or titanium oxide and
showed a promising catalytic potential for the complete oxida-
tion of chlorobenzene at a relatively low temperature.8 The
performance of Ce-based catalysts has been tested for the
destruction of VOCs compounds because cerium is the most
abundant of the lanthanide-based metals and it possesses high
oxygen storage capacity.9-14

The hydrophobicity, activity, and pore characteristics of the
catalyst support are very important for catalytic combustion.15

The advantage of using hydrophobic supports was that moistures
from atmosphere and oxidation would not be adsorbed on the
surface.3 The mesoporous materials such as the MCM-41 was
synthesized which possesses hydrophobic property, uniform
pore size, and high specific surface area.16 The hydrophobic
mesoporous silica materials have been widely studied on their
possible applications for the adsorption17,18 or catalytic incinera-
tion of VOCs.2,10 And it was demonstrated that MCM-41 is
better than ZSM-5 due to its high hydrophobicity and pore
structure as a catalyst support.4

Mesoporous silica particles (MSPs) were modified from the
MCM-41 and were synthesized by the evaporation induced self-
assembly (EISA) method.19 The advantage of the aerosol EISA
process lies in that it can continuously produce mesoporous silica
materials in a very short processing time of a few seconds, which
is very fast as compared to the conventional hydrothermal
method for producing MCM-41 which requires tens of hours
of manufacture time. When used as adsorbents, the volume-
based acetone adsorption capacity of MSPs is much higher than
that of the MCM-41 and the pressure drop of MSPs are much
lower than that of MCM-41.20,21

There have been very limited studies on the preparation of
metal-MSPs based on the EISA aerosol spray dried methods
because it is a relatively new concept. The MSPs containing Al or
Zr were synthesized via the EISA aerosol method,22 and the results
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showed that the incorporation of these metals was more hydro-
thermally stable than pure mesoporous silica. The noble metal
incorporated MSPs were synthesized and tested as a catalyst in
the hydrodechlorination reaction of 1,2-dichloroethane, and it
exhibited near complete conversion and ethylene selectivity at
350 �C.23 Noble metals of Au were deposited on the MSPs via
the amine functionalization method,24 and the Au-NH2-
Co-MSPs showed the highest reactivity for CO oxidation, suggesting
that the nature of the support is very important for this reaction.

To prepare the metal oxide catalysts supported on mesopor-
ous silica materials, the conventional hydrothermal method
usually requires tedious steps for producing metal oxide catalysts
supported on mesoporous silica materials.2,4 On the other hand,
the one-step synthesis of aerosol EISA method might be a feasible
route to produce metal oxide catalysts supported on the mesopor-
ous silica materials. To the authors’ knowledge, there is no report
available on incorporating the transition metal oxides into the
MSPs and applying them to the destruction of VOCs. This study
presents results on the physical and chemical characterization of
the transition metal-MSPs. And the potential application of the
metal-MSPs for the catalytic incineration of acetone, an impor-
tant VOC emitted from the semiconductor and opto-electronic
industries, is demonstrated.

2. EXPERIMENTAL SECTION

2.1. Catalysts Preparation. Five different metals of Ce, Mn,
Cu, Fe, and Al were chosen as the metal species because they
were widely investigated for the VOCs catalytic destruction
studies. Themetal precursors were prepared from cerium nitrate,
manganese nitrate, copper nitrate, iron nitrate, and aluminum
nitrate solutions, respectively. Cetryltrimethylammonium bro-
mide (CTAB) was used as the structure directing template and
tetraethoxysilane (TEOS) was used as the silicon precursor. The
molar gel composition of the synthesized mixture was 1 SiO2:0.18
CTAB:10 ethanol:80 H2O:0.008 HCl:1/X metal. The synthesized
samples are denoted as metal-MSPs(X), where X corresponded
to the molar ratio of Si/metal in the precursor solution, and it
varied from 10 to 200.
All of the precursors were mixed together and stirred for 30

min to obtain a clear solution. The solution was then nebulized
by an ultrasonic atomizer (1.8 MHz) with a dry and clean air
stream of 2 slpm flow rate and the droplets were passed through
two heaters. The first and second heating zones of the aerosol
process were controlled at temperatures of 150 and 550 �C,

respectively. The total reaction time of this continuous flow
process was approximately 5 s for producing mesoporous silica
supported metal oxide catalysts. After reaction, the powders were
collected on a filter and calcined at 550 �C for 6 h in air to remove
the residual surfactant. Detailed procedures on the EISA aerosol
method can be referred to Hung and Bai.20

It was observed that different metals in the MSPs displayed
different colors after calcination. The color of pure MSPs was
white, while the colors forMn-MSPs, Cu-MSPs, Fe-MSPs, Al-MSPs,
and Ce-MSPs are dark brown, gray, dark red, white, and yellow,
respectively.
To verify the performance of the Ce-MSPs catalysts, a Ce-

containing catalyst was also made from the commercial ZSM-5
zeolite. The commercial ZSM-5 (CBV5524G, Zeolyst) was
calcined at 550 �C for 6 h and then impregnated with cerium
nitrate precursor at room temperature under 30 min ultrasonic
process. The solution was then dried at 120 �C for 12 h and then
calcined at 550 �C for 6 h. The resultingmaterial is marked as Ce-
ZSM-5. On the other hand, the Ce/Al-MSPs(X1/X2) was
synthesized by the one-step aerosol EISA method, where X1

corresponded to themolar ratio of Si/Ce and X2 corresponded to
the molar ratio of Si/Al in the precursor solution. Themolar ratio
of Si/Ce and Si/Al for the Ce/Al-MSPs(X1/X2) was adjusted to
obtain similar metal compositions to those of Ce-ZSM-5.
2.2. Catalysts Characterization. The specific surface area,

specific pore volume and BJH pore diameter of the samples were
measured byN2 adsorption-desorption isotherm at 77 K using a
surface area analyzer (Micromeritics, ASAP 2020, USA). Prior to
the adsorption-desorption measurements, all samples were
degassed at 350 �C for 6 h under vacuum pressure of 10-6 mbar.
The elemental metal contents in the catalysts were analyzed by
an inductively coupled plasma-mass spectrometer (ICP-MS,
SCIEX ELAN 5000). X-ray diffraction (XRD) patterns of
calcined samples were recorded by a Rigaku X-ray diffractometer
equipped with nickel-filtered CuKR (λ = 1.5405 Å) radiation. The
diffraction diagrams of themesoporous samples were recorded in the
2θ range of low-angles at 2-10� and wide-angles at 10-80� with
steps of 0.4� and a count time of 60 s at each point. Transmission
electron microscopy (TEM) images of the samples were ob-
served with a JEOL JEM 1210 instrument, before that the
samples were ultrasonicated in ethanol and dispersed on carbon
film supported on copper grids (200 mesh).
2.3. Catalytic Incineration of Acetone. The oxidation of

acetone was carried out by a continuous flow catalytic reactor
system. The reactor was a vertical and downward flow reactor

Table 1. Physical and Chemical Properties of Metal-MSPs

sample name Si/Cea molar ratio Si (wt %) Ce (wt %) Si/Ceb molar ratio Vpc (cm3/g) SBET
d (m2/g) dBJH

e (nm)

Ce-MSPs(200) 200 23.67 0.51 232 0.82 1061 2.46

Ce-MSPs(100) 100 26.39 1.19 111 0.81 1033 2.49

Ce-MSPs(50) 50 28.68 1.88 76 0.80 1003 2.54

Ce-MSPs(25) 25 25.32 3.72 34 0.73 951 2.56

Ce-MSPs(10) 10 22.96 9.76 12 0.49 615 2.81

Mn-MSPs(25) 25 31.87 2.72Mn 23Si/Mn 0.59 547 3.05

Cu-MSPs(25) 25 30.02 1.48Cu 46Si/Cu 0.77 871 2.58

Fe-MSPs(25) 25 30.53 2.71Fe 22Si/Fe 0.74 1011 2.59

Al-MSPs(25) 25 25.54 1.34Al 18Si/Al 0.74 1020 2.56

MSPs(25) 0 0.90 1153 2.40
a Si/Ce molar ratio calculated based on the precursor concentration. bActual Si/Ce molar ratio measured by ICP-MS. cPore volume. dBET surface area.
ePore diameter calculated by BJH theory.



3844 dx.doi.org/10.1021/ie101809t |Ind. Eng. Chem. Res. 2011, 50, 3842–3848

Industrial & Engineering Chemistry Research ARTICLE

made of Pyrex glass tube with 0.8 cm internal diameter. The
reactor was heated to the desired temperature with a tubular
furnace. Catalysts were tested in 16-30 mesh powdered form
and placed in the middle of the glass reactor supported with thin
layers of glass wool on both sides. The concentration of acetone
was controlled by passing the clean and compressed air through
an impinger containing liquid acetone that was kept in a constant
temperature-controlled water bath at -10 �C. The total inlet
flow rate was controlled to have a GHSV range from 5000 to
15000 h-1 at room temperature (25 �C), which was approached
by varying the weight of the catalysts between 0.6 and 0.2 g. The
inlet and outlet concentrations of acetone were analyzed by a gas
chromatograph (GC 7890A, Agilent) equipped with a flame
ionization detector (FID). The removal efficiency of acetone was
defined by

conversion ð%Þ ¼ I -O
I

100

where I and O are the inlet and outlet concentrations of acetone,
respectively.

3. RESULTS AND DISCUSSION

3.1. Comparison of the Metal-MSPs Catalysts. The chemi-
cal and physical properties of metal-MSPs are listed in Table 1.
For the Ce-MSPs with Si/Ce precursor molar ratios from 200 to
10, the actual weight percentage of Ce metal ranged from 0.51 to
9.76 wt % as characterized by ICP-MS. An increase in the Ce
content led to an increase in the pore size from 2.46 to 2.81 nm. It
was observed that all samples indicate evidence of mesopore
structure (2 nm < d < 50 nm). But the specific surface areas of all
metal-MSPs are smaller than that of the pure MSPs. Because the
textural structure of MSPs is similar to that of MCM-41, the
decrease trend in the specific surface area by increasing the Ce
content in the MSPs is also similar to that of the Ce-MCM-
41.25,26 And the decrease of pore volume with increasing Ce
metal content is also seen in Table 1. For the Si/Ce precursor
molar ratio of larger than 25, the specific surface area could still be
maintained at 951 m2/g. This indicates that their pore structure
was kept in a highly ordered form. For the Ce-MSPs(10), the

high Ce content of 9.76 wt% inMSPs led to a significant decrease
in the specific surface area to only 615 m2/g; this revealed
possible collapse of their pore structure.
At the same Si/metal content of 25, all metal-MSPs had the

same pore size of 2.56-2.59 nm except for the Mn-MSPs(25)
whose pore size was 3.05 nm. And the specific surface area ofMn-
MSPs(25) is also much less than those of other metal-MSPs(25).
Among all tested metals, the specific surface areas of Fe-MSPs-
(25) and Al-MSPs(25) appeared to be less affected by the metals
incorporated into the mesoporous silica materials.
The catalytic oxidation performances of acetone using Ce,Mn,

Cu, Fe, and Al supported MSPs catalysts were compared to
obtain the best metal oxide for the acetone destruction. The
acetone removal of these five metal-MSPs catalysts are demon-
strated in Figure 1 as a function of temperature. It appeared that
Ce was the most active metal at the temperature range of 150-
350 �C as compared to other metals. The T90 (temperature at
which 90% removal was achieved) for the acetone removals were
roughly at 250, 300, 350, and 350 �C, respectively, for Ce-
MSPs(25), Mn-MSPs(25), Cu-MSPs(25), and Fe-MSPs(25).
On the other hand, the acetone removal for Al-MSPs(25) was
only 65% even at 350 �C. The results were similar to literature
studies12,14 which demonstrated that the reactivity of CeO2 was
better than those of Mn2O3, CuO, Fe2O3, and Al2O3 for the
destruction of naphthalene and toluene compounds, respec-
tively. However there are also literature studies5,6 which indi-
cated the high performance of using Mn-containing oxides as the
active metal species. In this study, the reactivity of Mn-MSPs is
only second to that of the Ce-MSPs(25), this may be because the
Mn-MSPs have the lowest specific surface area of 547 m2/g,
which is much less than that of the Ce-MSPs(25), 951 m2/g.
Besides, the generation of MnOx particles on the surface of
mesoporous silica material instead of doping into the pore
structure may also influence the surface area. Further studies
must be conducted to clarify the metal activities of Mn and Ce
oxides.
In the following study, the catalyst characterization and the

acetone removal efficiency will be focused on the Ce-MSPs of
various metal contents.
3.2. Characterization of the Ce-MSPs Catalysts. Figure 2

shows the pore size distribution curves for the Ce-MSPs. The
BJH pore size distributions of all samples except Ce-MSPs(10)

Figure 1. Effect of metal compositions (Ce, Mn, Cu, Fe, Al) on the
acetone removal by metal-MSPs. The catalytic incineration tests were
obtained under acetone inlet concentration of 1000 ppmv, GHSV of
15000 h-1 and at operation time of 30 min.

Figure 2. BJH pore size distributions of Ce-MSPs catalysts.

http://pubs.acs.org/action/showImage?doi=10.1021/ie101809t&iName=master.img-000.png&w=240&h=177
http://pubs.acs.org/action/showImage?doi=10.1021/ie101809t&iName=master.img-001.png&w=240&h=180
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displayed narrow pore size distribution. Increasing the Ce metal
content in the MSPs led to decreases in the pore volume of the
peak size. This indicated that their uniformmesoporous structure
was decreasing. And Ce-MSPs(10) showed the poorest pore size
distribution with an additional peak mode at 30-40 Å, it
indicated partial loss of ordered pore size arrangement. It is also
possible that the Cerium oxide particles were presented as
agglomerated particles and resulted in interparticle pores.
Low-angle (2 e 2θ e 10�) X-ray diffraction patterns of the

Ce-MSPs are depicted in Figure 3a. The (100) diffraction peaks
located at about 2θ=2.3-2.7� were clearly observed for
all samples. This revealed the evidence of mesoporous
structure.20,27 The shape of the XRD peak became flat and the
intensity was smaller as the Ce content was increased. This result
is similar to those of mesoporous silica particles containing Al or
Zr which suggested the loss of long-range order.22 The presence
of broadening and reduction in the intensity of diffraction peak
for Ce-MSPs(10) confirms the collapse of some pores and thus
led to the less-ordered mesoporous structure and smaller surface
area as well.
Figure 3b shows the results of wide-angle (10� e 2θ e 80�)

XRD patterns of Ce-MSPs. The peak at about 23�was due to the
amorphous silica.23 The broad diffraction lines due to the CeO2

(PDF-ICDD 34-0394) were seen, and the characteristic diffrac-
tion peaks of CeO2 structure are at 2θ = 28.8, 33.3, 47.5 and
56.4�.11,28 The XRD patterns exhibited poor crystalline of CeO2

in Figure 3b; the results are similar to the CeO2-SiO2 which
calcined at 773 K.29 It is clearly seen that more Ce content
exhibited more intensity of the CeO2 diffraction peak and less
intensity of the amorphous SiO2 diffraction peak. Among these
catalysts, Ce-MSPs(10) had the largest number of CeO2 struc-
tures which indicated a poor distribution of CeO2 on the surface
of the catalyst. The CeO2 in Ce-MSP catalysts may be presented
in larger particle sizes or in agglomeration form. On the other
hand, a decrease in the Ce content led to a decrease in the CeO2

intensity for the Ce-MSPs samples, and the Ce content of 1.19 wt %
for Ce-MSPs(100) exhibited no observable XRD peak of CeO2.
This could be because the small amount of CeO2 could be
uniformly distributed and the size of CeO2 particles was below
the detection limit of the XRD instrument.
The TEM images of pure MSPs and Ce-MSPs are shown in

Figure 4. One can see in Figure 4a that, for the pure MSPs
without loading any metals, the hexagonal pores were clearly
seen with highly ordered arrangement. Increasing Ce loading
resulted in a more clear observation of the cerium particles, and
for the Ce-MSPs(10) which loaded with 9.76 wt % of Ce, the
ordered pore structure seemed to be partial collapsed. This was in
accord with the surface area data shown in Table 1 and the XRD
pattern shown in Figure 3a. The CeO2 particles appeared to be
well dispersed on the surface of the MSPs as clearly seen in
Figure 4c for Ce-MSP(25). However, there was also a possibility
of encapsulating the CeO2 particles in the pores of MSPs, thus
the pore diameter (dBJH) of the Ce-MSPs was slightly enlarged as
seen in Table 1.
3.3. Catalytic Incineration of Acetone by Ce-MSPs. Except

stated otherwise, results of all catalytic incineration tests were
shown under the base condition of acetone inlet concentration of
1000 ppmv, GHSV of 15000 h-1, and at operation time of 30min.
Figure 5 presents the relationship between Ce loaded amount

of Ce-MSPs and their corresponding acetone removals and
specific surface area at the reaction temperature of 250 �C.
The experimental results indicated that the Ce-MSPs(25), of
which the BET surface area was 951 m2/g and Ce metal content
was 3.72 wt %, appeared to have the best acetone catalytic
incineration performance, and the worst acetone removal was
Ce-MSPs(200), which had the highest BET surface area of 1061
m2/g, but the lowest Ce metal content of 0.51 wt %. Increasing
the metal content in the catalysts would provide more active sites
and result in increasing the reaction probability of the catalysts
with acetone molecules for Ce content up to 3.72 wt %. A further
increase of Ce content to 9.76 wt % (Ce-MSPs(10)) resulted in
slightly decreases in the acetone removal. The optimal Ce
amount of 3.72 wt % loaded on the MSPs is much less than
the metal loading amounts of 10-20 wt % typically used in the
literature for the postloading process of metals onto zeolites,30

MCM-41 mesoporous silica materials,31 or γ-Al2O3
32 supports.

This is because the amount of metals would affect both the
physical and chemical properties of the metal catalysts during the
one-step synthesis of the Ce-MSPs. On the Ce-MSPs(25), the
highly ordered mesoporous structure of MSPs support could be
maintained while the CeO2 active metal was well dispersed.
The influence of space velocity on the catalytic performancewas

examined over theCe-MSPs(25) catalyst and the result was shown
in Figure 6. It was observed that space velocity has a significant
influence at temperatures below 250 �C. A near complete removal

Figure 3. (a) Low-angel and (b) wide-angle X-ray diffraction patterns of
catalysts: Ce-MSPs(10); Ce-MSPs(25); Ce-MSPs(50); Ce-MSPs(100).

http://pubs.acs.org/action/showImage?doi=10.1021/ie101809t&iName=master.img-002.png&w=240&h=380
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of acetone is achievable at 250 �C for Ce-MSPs(25) at GHSV of
5000 h-1. But for GHSV of 15000 h-1 the complete removal
would be achieved at a higher temperature of 300 �C.

The stability of Ce-MSPs(25) was tested for 96 h under
acetone concentration of 4000 ppmv, reaction temperature of

Figure 4. TEM images of calcinedmesoporous materials: (a)MSPs; (b) Ce-MSPs(50); (c) Ce-MSPs(25); (d) Ce-MSPs(10); all images have the same
scale bar of 20 nm.

Figure 5. The correlation between acetone removal, specific surface
area, and Ce-loaded content for Ce-MSPs at a temperature of 250 �C.

Figure 6. Effect of GHSV on the acetone removal of Ce-MSPs(25).

http://pubs.acs.org/action/showImage?doi=10.1021/ie101809t&iName=master.img-003.jpg&w=396&h=400
http://pubs.acs.org/action/showImage?doi=10.1021/ie101809t&iName=master.img-004.png&w=240&h=159
http://pubs.acs.org/action/showImage?doi=10.1021/ie101809t&iName=master.img-005.png&w=240&h=177
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250 �C, and GHSV of 5000 h-1. The result is depicted in Figure 7.
TheCe-MSPs(25) catalyst showed very stable activity for 96 h, the
acetone removal efficiency can be kept at around 93% during the
test period. The superiority of active metals supported on
mesoporous materials over various zeolite materials were also
observed on the SBA-152 and the MCM-4131,33 mesoporous
materials. This could be because the mesoporous silica materials
have weaker and less acid sites so that the coke formation is
limited.2 Thismay also be the reason for the long-term stability of
the Ce-MSPs(25) catalyst used in this study.
3.4. Comparison with ZSM-5-Based Catalyst. To further

explore the performance of the Ce-MSPs catalysts, the commer-
cial ZSM-5 zeolite was impregnated with the same cerium metal
precursor solution to obtain a zeolite-based catalyst. Because the
Ce-ZSM-5 zeolite catalyst was composed of Si, Al, and Cemetals,
the Ce/Al-MSPs catalyst was also manufactured to have similar
composition to that of the Ce-ZSM-5 catalyst, and its physical
and chemical properties are shown in Table 2. One can see that
both of the Ce/Al-MSPs(50/25) and Ce-ZSM-5 catalysts had
almost the same Ce and Al metal contents as characterized by
ICP-MS. The major difference between the two catalysts was
their pore structures. For example, Ce/Al-MSPs(50/25) made
from the one-step aerosol process had a higher specific surface
area of 917 m2/g as compared to the Ce-ZSM-5, which had a
lower surface area of only 384 m2/g. Figure 8 compared the
acetone removal efficiencies of Ce/Al-MSPs(50/25) and Ce-
ZSM-5 at a low operation temperature of 200 �C. It was observed
that the acetone conversion was 85% using the meso-structured
Ce/Al-MSPs(50/25), which is higher than the 76% acetone
conversion of the Ce-ZSM-5. This indicated that the one step
aerosol EISA method can produce better metallic Ce/Al-MSPs
catalyst than commercial Ce-ZSM-5 catalyst in terms of acetone
conversion performance.

4. CONCLUSIONS

Metal oxides supported on themesoporous silicamaterials were
successfully synthesized by the one step aerosol EISA method and
applied to the acetone destruction. Unlike conventional hydro-
thermal processes which required tedious steps for manufacturing
metal oxides catalysts supported on mesoporous silica materials,
the one-step aerosol EISA process has the advantage of time-saving
and can be designed as a continuous process for easy mass
production. The CeO2 was the most active metal species as
compared to Mn, Cu, Fe, Al of the same precursor amounts
supported on MSPs for the catalytic incineration of acetone.
Among the five different Ce loading amounts, Ce-MSPs(25)
shows the best catalytic activity due to its relatively high BET
surface area of 951 m2/g and optimal Cemetal content of 3.72 wt %.
This yields the catalyst properties of highly ordered mesoporous
structure with well-dispersed CeO2 particles which provides easier
contact of acetone vapors with the active metal species. At a
temperature of 250 �C, the acetone destruction efficiency can be
completed at an acetone inlet concentration of 1000 ppmv and
GHSV of 5000 h-1. And the catalytic incineration performance
can be maintained stable within 96 h test period. The acetone
removal performance of bimetallic Ce/Al-MSPs(50/25) and Ce-
ZSM-5 at a low temperature of 200 �C was greatly better than the
monometallic Ce-MSPs and Al-MSPs catalysts. And the acetone
removal performance of Ce/Al-MSPs(50/25) (synthesized by
one step aerosol EISA method) was better than the commercial
Ce-ZSM-5 catalyst under almost the same metal content.
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aActual Si (wt %), Ce (wt %), and Al (wt %) measured by ICP-MS. b Pore volume. cBET surface area. d Pore diameter calculated by BJH theory.
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