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ABSTRACT

A series of Mn-Ce oxides were prepared using a redox-precipitation method and the complete catalytic
oxidation of o-xylene was examined. Catalytic activity was evaluated in terms of both o-xylene conver-
sion and CO; yield. The effects of the Mn,/Ce,: atomic ratio and calcination temperature on the features
of catalyst structure and catalytic behavior were examined. When the Mn,/Ce, ratio was 1.5 and the
catalyst was calcined at 400 °C, the conversion of 0-xylene was 100% and the CO, yield was 100% at 240°C.
X-ray diffraction (XRD), X-ray fluorescence (XRF), X-ray photoelectron spectroscopy (XPS), and hydrogen
temperature-programmed reduction (H,-TPR) studies revealed that the catalysts prepared via the redox-
precipitation method possessed a homogenous dispersion of amorphous MnO, and CeO, nanoparticles;
in the main active phase, MnO, provided available oxygen species and CeO, enhanced oxygen mobil-
ity. The synergistic effects between MnO, and CeO, potentiated the catalytic activity necessary for the

complete catalytic oxidation of o-xylene.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Benzene, toluene, and xylene (BTX) are the major volatile
organic compounds (VOCs). They are primarily released during a
variety of industrial and commercial processes, such as chemi-
cal production, printing, and mobile emission, and cause serious
harm to human health. Therefore, the removal of these pollutants is
an important research topic for environmental treatment systems
[1,2].

Complete catalytic oxidation techniques that convert a contam-
inant into carbon dioxide (CO,) and water are an effective way to
remove VOCs. Such techniques are advantageous in terms of their
high destructive efficiency, low operating temperatures, and low
NOy emissions compared to thermal combustion systems, espe-
cially for VOCs at low concentrations [3]. Two types of catalysts can
be used, alone or in combination, for oxidizing BTX pollutants: sup-
ported noble metals and metal oxides or supported metal oxides.
Supported noble metal catalysts, typically Pd and Pt, have been gen-
erally preferred for the complete catalytic oxidation of BTX due to
their high catalytic activity [4-8]. For instance, complete catalytic
oxidation of benzene was achieved at 280 °C over Pd-V,05/Al;03
catalysts [5]. Supported Pt or Pt-Pd bimetal catalysts have also
demonstrated excellent catalytic activities for the complete cat-
alytic oxidation of benzene, and 100% conversion was reached at
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210-250°C [6]. However, these noble metals are expensive and
sometimes show poor thermal stability [9-11]. Kim studied -
Al,03-supported Cu, Mn, Fe, V, Mo, Co, Ni, and Zn catalysts for the
complete catalytic oxidation of benzene, toluene, and xylene. They
found that 5wt% Cu/Al,03 showed the highest catalytic activity
among these transition metals, and that 1000 ppm toluene could
be completely removed over 5wt% Cu/Al,03 at 320°C [9]. Li et
al. [10] investigated the complete catalytic oxidation of toluene
using Mn-Zn mixed metal oxides prepared via the microemulsion
method. Their studies showed that the complete catalytic oxidation
of toluene occurred at approximately 220 °C. Alvarez-Merino et al.
[11] developed an activated carbon-supported tungsten oxide cat-
alyst for toluene, by which complete catalytic oxidation and 100%
toluene conversion were achieved at 300-350°C. Based on these
previously published results, it appears that the catalytic perfor-
mances of metal oxide catalysts are generally lower than those
of noble metal catalysts, despite their higher tolerance for poi-
sons. Moreover, previous studies have primarily focused on BTX
conversions without also considering CO, yield, which reflects the
selectivity of the catalyst for complete catalytic oxidation of BTX.
Therefore, it is necessary to develop metal oxide catalysts with
higher catalytic activities and selectivity for the complete catalytic
oxidation of BTX.

Mn-Ce mixed oxides have been applied as heterogeneous cat-
alysts for the abatement of contaminants in the liquid and gas
phases, such as the catalytic reduction of NO and oxidation of acrylic
acid and formaldehyde [12-15]. Co-precipitation and sol-gel were
the main preparation methods for these Mn-Ce mixed oxides. The
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structure and dispersion of Mn-Ce mixed oxides are primarily
dependent on the preparation method, which further influences
catalytic activity in the abatement of pollutants. Recently, Arena
et al. [16-20] reported a new manner of synthesizing Mn-Ce
mixed oxides through redox-precipitation reactions using KMnQOy,
Mn(NOs);, and Ce(NO3)s3 as precursors. They devised redox reac-
tions combining MnO,~ with Ce3* and Mn?2* ions in a basic solution
to attain the simultaneous precipitation of MnO, and CeO,, which
led to a mixture of MnO, and CeO, species at the atomic level.
This new method improved catalyst surface area and caused homo-
geneous dispersion of the active phase of Mn-Ce oxides; this is
in contrast to the conventional co-precipitation method, which
typically results in a mixture of monophase hydroxide precip-
itate particles because of the different precipitation kinetics of
the components [16-20]. Moreover, the redox-precipitation were
developed for catalytic wet oxidation of organic contaminants in
water and showed a superior performance [19,20].

In this study, we investigated the catalytic behavior of Mn-Ce
oxide catalysts prepared via the redox-precipitation method and
examined the use of these oxides in the complete catalytic oxida-
tion of o-xylene. Influencing factors, such as preparation method,
Mn/Ce atomic ratio, and calcination temperature, were analyzed.

2. Experimental
2.1. Catalyst preparation

Mn-Ce oxides with varying chemical compositions
(Mn,¢/Cear=0.75-3, atomic ratio) were prepared via the redox-
precipitation method as described in a previous publication [16].
Each catalyst was denoted as RP-Mn;,Ce (Y), where m is the atomic
ratio of Mny/Cesc and Y represents the calcination temperature
in°C. For comparison, a Mn-Ce oxide catalyst (Mn,¢/Cea=1) was
also prepared via the conventional co-precipitation method. This
catalyst was denoted as CP-Mn; Ce (4 00). For detailed procedures,
please see Supplementary material.

2.2. Catalyst characterization

Detailed information regarding catalyst characterization using
X-ray diffraction (XRD), hydrogen temperature-programmed
reduction (H,-TPR), X-ray photoelectron spectroscopy (XPS),
and scanning electron microscopy (SEM) can be found in
Supplementary material.

2.3. Catalytic activity measurement

Catalytic activity was measured in a 4-mm i.d. quartz tubu-
lar reactor. Approximately 0.25 g of catalyst supported by quartz
wool was placed in the middle of the reactor. A gas containing
700 ppm o-xylene in simulated air (20vol.% O,, 80vol.% N;) was
continuously passed through the catalyst bed with a flow rate of
50mLmin~! and W/F=0.30gsmL"! (corresponding to a GHSV of
8000 h~1). Here, W/F is defined as the catalyst weight divided by
the gas flow rate. CO, was the only detectable C-containing reaction
product, which passed through the TDX-01 stainless steel packed
column firstly, and was then converted into methane in a reformer
furnace; no significant concentration of any partial oxidation prod-
uct was detected in the effluents. The reactant and reaction product
were analyzed with an online gas chromatograph equipped with
two flame ionization detectors (FID) in series. 0-Xylene conversion
(Xo-xylene) and the yield of CO; (Yco, ) were calculated according to
the following formulas:

100 x (o-xylene;, — o-xylenegyt)
o-xylene;,

(1)

Xo—xylene =

Fig. 1. o-Xylene conversion and CO, yield over the RP-Mn; Ce (400) and CP-Mn; Ce
(400) catalysts. Reaction conditions: o-xylene 700 ppm, 20% O2/N, balance, total
flow rate 50 mLmin~! and W/F=0.30gsmL"".

100 x CO3ut/8
o-xylene;,

Yco, = (2)

To ensure that the reactor was isothermal and that diffusion and
particle size of the catalysts did not limit the reaction rate, experi-
ments to determine internal and external mass transfer limitations
were conducted before the activity measurement. The results are
shown in Supporting Information Fig. S1.

3. Results and discussion
3.1. Preparation method effect

The results in Fig. 1 indicate that the temperature dependence of
o-xylene conversion and CO,, yield were significantly related to the
catalyst preparation method. The RP-Mn; Ce (4 0 0) catalyst showed
a high catalytic activity for the complete oxidation of o-xylene, and
100% of o-xylene was converted into CO, at 245 °C. In contrast, at
the same temperature, the CP-Mn4 Ce (4 0 0) catalyst only catalyzed
55% of o-xylene, and resulted in a 42% conversion yield into CO,.

The only C-containing reaction product was CO,, and no other
partial oxidation products were observed in the reactor effluent
stream. However, when we compared the X, yyjene and the Yco,
at lower temperatures over the two catalysts, we found that the
CO,, yield did not correspond to the o-xylene conversion. That is,
there was an obvious difference in the carbon balance between
o-xylene and CO, at low reaction temperatures under o-xylene
oxidation conditions. When the reaction temperature was raised,
the difference in the carbon balance gradually disappeared. At
245 and 260 °C, the amount of CO, produced was consistent with
the amount of o-xylene removed over the RP-Mn;Ce (400) and
CP-Mn4Ce (400) samples, respectively. Therefore, it is likely that
o-xylene, and other undetected by-products, were adsorbed by the
catalysts at low temperatures. An increase in the reaction temper-
ature resulted in the desorption and/or reaction of the adsorbed
species. This is consistent with previous results [21].

The XRD patterns of the RP-Mn;Ce (400) and CP-Mn;Ce (400)
samples are shown in Supplementary material Fig. S2. The CP-
Mn; Ce (400) sample exhibited typical diffraction lines for CeO,
at 260=28.5°, 33.0°, 47.4°, and 56.4° (cerianite, PDF #43-1002), and
two very weak peaks at 37.2° and 59.8°, which may be assigned
to the incipient crystallization of manganese oxides that were also
detected by XRD [14]. For the RP-Mn; Ce (4 0 0) sample, the XRD pat-
tern consisted of a broad, smooth peak in the 26 range of 20-40°
and another less intense peak in the range of 40-60°. The domi-
nant diffraction peaks for RP-Mn; Ce (4 00) compared to CP-Mn;Ce
(400) may be primarily attributed to CeO, with a low degree of
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Fig. 2. SEM images of CP-Mn;Ce (400) (A) and RP-Mn;Ce (400) (B).

crystallinity and amorphous manganese species that disperse in the
microcrystalline CeO, [16]. The XRD results indicate that the struc-
ture of the RP-Mn; Ce (4 00) sample may be incipiently rearranged
via the redox-precipitation route.

The BET measurement results show that the surface area and
pore volume of RP-Mn;Ce (400) (93.35m2g~! and 0.79cm3 g1,
respectively) were much larger than those of CP-Mn;Ce (400)
(43.98m2 g1 and 0.19cm3 g1, respectively), which also indicates
that the preparation method greatly affects the physical properties
of the catalysts.

Further insight into the influence of preparation method on the
structural features of the catalysts came from SEM images of the
RP-Mn;Ce (400) and CP-Mn;Ce (400) samples (Fig. 2A and B).
The SEM images show that the texture and morphology of the
RP-Mn;Ce (4 00) and CP-Mn; Ce (4 00) samples differed markedly.
The CP-Mn;Ce (400) sample (Fig. 2A) was made up of large and
closely packed particles with irregular morphology. The size of
the particles was estimated to be between 200 and 1000 nm. In
contrast, the RP-Mn;Ce (400) sample (Fig. 2B) was more porous
and composed of spherical aggregates of nanoparticles (diameter,
30-50 nm) without clear interparticle boundaries. This means that
the crystallite growth of MnOy and CeO, in RP-Mn;Ce (400) can
be avoided during the redox reaction process between Mn2*, Ce3*,
and MnO4 . Furthermore, this findings are consistent with the XRD
results; that is, we observed the formation of an amorphous struc-
ture that has a high surface area and large pore volume.

The H,-TPR profiles of RP-Mn1Ce (400) and CP-Mn;Ce (400)
are shown in Supplementary material Fig. S3. The H, consumption
spectra for these two catalysts can be divided into two different
regions that spanned the ranges of 100-550°C (low temperature
range, LTR) and 700 — 1000°C (high temperature range, HTR). For
CP-Mn4Ce (400), the spectrum consisted of two resolved H, con-
sumption peaks in the LTR centered at 360 and 445 °C, with an onset
reduction temperature of 200°C. The low temperature reduction
was attributed to the reduction of MnO, to Mn;,03, and the high
temperature reduction corresponded to the combined reductions
of Mn;03 to MnO and surface oxygen removal from CeO; in the LTR
[14,16,22-24]. In addition, the peak at 1000°C in the HTR region
was attributed to the reduction of CeO, to Ce;03 [16]. In contrast,
RP-Mn;Ce (400) showed only one strong H, consumption peak at
326°Cinthe LTR region, which may be attributable to the reduction
of MnO; to MnO [16], and the H, consumption peak at 445°C for
Mn, 03 species reduction was absent. The onset reduction temper-
ature of RP-Mn;Ce (400) in the LTR region was about 60 °C lower
than that of CP-Mn;Ce (4 00). Moreover, another less intense HTR
H, consumption peak emerged at 900 °C, which likely represented
the reduction of CeO, to Ce,03 [16]; this peak was found about
100°C lower than in CP-Mn; Ce (4 00). TPR analyses show that the
redox behaviors of the manganese and cerium oxides in RP-Mn; Ce
(400) were potentiated, indicating an increase in oxygen mobility

Fig. 3. (A) Mn2p XPS spectra of RP-Mn; Ce (4 00) and CP-Mn; Ce (4 00) samples. (B)
O1s XPS spectra of RP-Mn;Ce (400) and CP-Mn;Ce (400) samples. (C) Ce 3d XPS
spectra of RP-Mn; Ce (400) and CP-Mn; Ce (400) samples.
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Table 1
XPS results of RP-Mn1Ce (400) and CP-Mn1Ce (400) samples.

Sample BE (eV) Mn#* [(Mn** + Mn3*) (%) BE (eV) Oc/(Oa +0g) (%)
Mn#* Mn3* Oa Op

CP-Mn;Ce (400) 642.4 641.1 82.7 529.4 531.3 59.9

RP-Mn;Ce (400) 642.1 0 100 529.3 531.1 72.5

and availability. This result shows that synergistic effects occurred
between the manganese and cerium oxides in the RP-Mn;Ce (400)
sample. Therefore, we deduced that MnO, is the active species for
the oxidation of o-xylene, and that CeO, acts as a transporter that
enhances the oxygen mobility of the catalyst. The H,-TPR results
also suggest that the preparation method plays an important role
in the redox behavior of these Mn-Ce oxides.

The RP-Mn;Ce (400) and CP-Mn;Ce (400) samples were also
examined via XPS to determine the oxidation state and surface
atomic concentration of manganese oxides. Fig. 3(A) shows the
spectra of Mn2p in the RP-Mn; Ce (4 00) and CP-Mn;Ce (400) sam-
ples. The XPS spectrum of RP-Mn; Ce (400) showed a strong Mn2p
peak at 642.1eV, which is consistent with the reported range of
641.1-642.4eV for MnO, in a previous study [25], and indicates
that MnO, species formed on the RP-Mn;Ce (400) sample. The
sharpening of XPS peak intensity may be attributed to the stabi-
lization of only one type of manganese oxide [26]. One possible
explanation is that KMnOy4, which is a powerful oxidant, caused
the spontaneous formation of MnO, nanoparticles by reacting with
Mn(NOs); in the basic solution. Furthermore, the intense signal
at 642.1eV indicates that there was a high surface atomic con-
centration of Mn in the RP-Mn;Ce (400) sample. In the case of
the CP-Mn;Ce (400) sample, the XPS peak for Mn2p appeared
to be broad and less intense than in the RP-Mn;Ce (400) sam-
ple, which suggests that MnOy exists in more than one oxidation
state and that the surface atomic concentration of Mn is low
[26-28]. TPR analyses also indicated the presence of two kinds
of manganese oxide in the CP-Mn;Ce (400) sample. The pres-
ence of satellite peaks at 646.0-647.0 eV likely originated from the
charge transfer between the outer electron shell of the ligand and
the unfilled 3d shell of Mn during the creation of the core-hole
in the photoelectron process [29]. Table 1 lists the surface com-
positions of Mn** in the RP-Mn;Ce (400) and CP-Mn;Ce (400)
samples, which were calculated based on their respective XPS spec-
tra. According to the XPS calculation, the RP-Mn;Ce (400) and
CP-Mn; Ce (400) samples possessed 100 and 82.7% Mn**, respec-
tively. Thus, the large amount of Mn** species on the surface of
the RP-Mn; Ce (4 0 0) catalyst may account for the high activity and
selectivity of this catalyst during the complete catalytic oxidation
of o-xylene.

The XPS spectra for O1s in the RP-Mn;Ce (4 00) and CP-Mn4Ce
(400) samples are shown in Fig. 3(B), and two types of oxygen
species were clearly distinguished through deconvolution of the
spectra. A binding energy of 529-530eV was ascribed to the lat-
tice oxygen (0%; denoted as Og) [14] and the higher binding
energy peak around 531-532 eV was ascribed to defective oxides
or surface oxygen ions with low coordination (denoted as Og) [14].
Table 1 shows that the Oy contents were 72.5 and 59.9% for the
RP-Mn;Ce (400)and CP-Mn;Ce (400)samples, respectively. Obvi-
ously, the RP-Mn; Ce (400) sample possessed more lattice oxygen
species than the CP-Mn;Ce (400) sample, confirming that there
was enhanced mobility and availability of lattice oxygen species
due to the synergistic effects of MnO, and CeO, in RP-Mn; Ce (40 0).
These results from the O1s XPS spectrum for RP-Mn;Ce (400) are
consistent with the results of our TPR analysis. We deduced that
O is the main active oxygen species and is responsible for the high
catalytic activity of RP-Mn;Ce (400) in the complete oxidation of
o-xylene.

Fig. 3(C) represents the XPS spectra of Ce3d in the RP-Mn; Ce
(400) and CP-MnCe (400) samples. The spectra were decon-
volved into two spin-orbit, and letters U and V refer to the 3d3{2
and 3ds, spin-orbit components respectively. All the peaks V, V L
VI U, U and UM were attributed to Ce** [30].

To evaluate the effect of preparation method on the dispersion of
Mn on the catalyst surface and in bulk, the surface and bulk Mn/Ce
atomic ratios (Mn2P/Ce3d) were calculated based on the XPS and
X-ray fluorescence (XRF) data, respectively. These results are given
in Table 2. For RP-Mn; Ce (400), the Mn/Ce surface value (1.3) was
similar to the bulk atomic composition (1.2). This result demon-
strates that MnO, and CeO, are homogeneously dispersed in the
RP-Mn; Ce (400) sample. However, in the CP-Mn;Ce (400) sam-
ple, the surface Mn/Ce value was threefold lower than the bulk
atomic composition, indicating a much lower surface dispersion of
the active phase Mn ions in CP-Mn;Ce (400). These results sug-
gest that the homogeneous dispersion of the Mn** and Ce** ions
in the RP-Mn; Ce (4 00) sample plays an important role in o-xylene
catalytic oxidation.

3.2. Effect of the MnyCeqr atomic ratios

The conversion of o-xylene and the CO, yield over RP-MnCe
(400) samples with Mn,¢/Ce,; = 0.75-3 calcined at 400 °C is shown
in Fig. 4. As the manganese content of the samples increased from
0.75 to 1, the conversion of o-xylene and the CO, yield increased
significantly. Although the samples of Mn,¢/Ce,:=1-2 exhibited
similar high catalytic activities for o-xylene removal, the optimum
Mn,/Ceyt ratio was 1.5, at which 100% conversion of o0-xylene was
achieved at 240°C. However, the catalytic activity of the sample
with Mn,¢/Ce;c =3 decreased slightly. These results suggest that
the catalytic activities of the samples depend on an appropri-
ate Mn,¢/Ce, ratio and high dispersion on the catalyst. Catalysts
with the highest and lowest CeO, contents (Mn,¢/Cea=0.75 and
Mn,¢/Cear =3) exhibited lower catalytic activities because of the
low MnO, content or poor dispersion of the MnO, active phase
and CeO, on the catalyst surface. Furthermore, the samples with
appropriate Mn,¢/Ce,¢ ratios (between 1 and 2) exhibited the high-
est activities for o-xylene complete catalytic oxidation due to the
high dispersion of MnO, and CeO,.

The XRD patterns of the RP-Mng 75_3Ce (400) samples are pre-
sented in Supplementary material Fig. S4. All RP-MnCe (400)
samples showed similar XRD patterns consisting of a broad, smooth
peak in the 26 range of 20-40° and a less intense peak within the
range of 40-60°. As discussed above, these broad patterns may be

Table 2
The surface and bulk Mn/Ce atomic ratio of the sample.

Sample Composition Atomicratio of Mn/Ce

(wt%, XRF) P
XRF XPS?

MnO - 30.5

CP-Mn;Ce (400) CeO; - 64.9 1.1 0.4
Others - 4.6
MnO - 30.3

RP-Mn; Ce (400) CeO, - 63.3 1.2 13
Others - 6.4

2 Surface manganese-to-cerium atomic ratio from Mn2P/Ce3d signals.
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Fig. 4. Effect of Mn,¢/Ce, atomic ratio on o-xylene conversion (A) and CO; yield (B)
over RP-MnCe (4 00) samples. Reaction conditions: o-xylene 700 ppm, 20% O3/N,
balance, total flow rate 50 mL min~', W/F=0.30gsmL"".

attributable to a microcrystalline CeO, structure with the amor-
phous MnO, active phase dispersed throughout. Based on these
observations, these atypical diffraction patterns from RP-MnCe
(400) samples may be attributable to the lack of a long-range crys-
talline order, according to the characteristics of the synthetic route,
and may be due to a very intimate adhesion of the MnO, and CeO,
molecules that hinders the growth of large crystalline domains dur-
ing synthesis [16]. Although all RP-MnCe (4 00) samples showed
similar XRD patterns, a systematic decrease in the intensity, along
with an increase in the Mn,¢/Ce,, ratio, was noted in Fig. S4. This
suggests that these peaks are mostly related to the CeO, content.

3.3. Effect of calcination temperature

Because calcination of the catalyst leads to structural changes
that further influence catalytic activity, we examined the effect
of calcination temperature on the catalytic activity of RP-Mn; 5Ce
samples during the catalytic oxidation of o-xylene. The activi-
ties of RP-Mn; 5Ce catalysts that were calcined at 300-600°C are
shown in Fig. 5. 0-Xylene conversion and CO, yield increased sig-
nificantly as the calcination temperature increased from 300 to
400°C; thereafter, catalytic activity decreased gradually as calcina-
tion temperature increased. The temperature for 100% conversion
of o-xylene and 100% CO,, yield increased from 240 to 260 °C when
the calcination temperature increased from 400 to 600 °C.

Fig. 5. Effect of calcination temperature on o-xylene conversion (A) and CO, yield
into (B) over the RP-Mn; 5sCe samples. Reaction conditions: o-xylene 700 ppm, 20%
0,/N; balance, total flow rate 50 mLmin~!, W/F=0.30gsmL"".

The phase structures of RP-Mn; 5Ce catalysts calcined at differ-
ent temperatures were analyzed by XRD and the results are shown
in Supplementary material Fig. S5. As discussed above, the XRD
pattern of RP-Mn; 5Ce showed two broad peaks in the 20 range
of 20-40° and 40-60° below 400°C. These peaks may be primarily
attributable to CeO,, which has a low degree of crystallinity. When
the catalyst was heated to 500 °C, the broad peaks became intense
in the XRD pattern, with sharp diffractions at 20 =28.7°,33.3°,47.7°,
and 56.2°, indicating that the crystals of the CeO, oxide species
became larger. When the sample was further heated to 600°C,
CeO, became the dominant phase together with a trace amount
of crystalline MnO,. The phase separation of CeO, resulted in the
loss of the synergistic effects between MnO, and CeO,, and further
decreased catalytic activity. Therefore, the sintering of catalysts
plays a major role in the deactivation of the RP-Mn; 5Ce samples
during calcination. As for the RP-Mnq 5Ce (300) sample, the lower
catalytic activity may indicate that the active site was not activated
when the sample calcined at 300 °C, although it showed a similar
XRD pattern compared to RP-Mn; 5Ce (400).

3.4. Stability test for the RP-Mn 5Ce catalyst

In the isothermal combustion of o-xylene at 240 °C for 60 h over
RP-Mn; 5Ce (shown in Fig. S6), the CO, yield remained >98% for
the duration of the test. This result indicates that RP-Mn; 5Ce is
relatively stable under these working conditions.
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4. Conclusion

Mn-Ce oxides prepared via the redox-precipitation method
and calcined at 400°C exhibited much higher catalytic activi-
ties for the complete catalytic oxidation of o-xylene compared to
catalysts prepared via the conventional co-precipitation method.
RP-MnCe (400) catalysts with a Mn,Ce,; ratio between 1 and
2 resulted in a high MnO, content and dispersion. At 240°C,
100% o-xylene conversion and 100% CO, yield were achieved.
XRD, TPR, XRF, and XPS analyses revealed that amorphous
MnO,, which is dispersed among microcrystalline CeO,, served
as the active phase. MnO, provided oxygen species availabil-
ity, while CeO, enhanced the oxygen mobility. The synergistic
effects between MnO, and CeO, promoted redox behavior and
played an important role in the complete catalytic oxidation of
o-xylene.
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