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Abstract Mono-component and bi-component catalysts,

prepared by impregnation of silica with aqueous solution of

Mn, Co, and Ce nitrates, were tested in the reactions of

complete oxidation of n-hexane and ethyl acetate. The

catalysts were characterized by powder X-ray diffraction,

temperature-programmed reduction, X-ray photoelectron

spectroscopy, and Fourier transform infrared spectroscopy

(FTIR). The catalytic activity is significantly increased by

the combination between manganese and cobalt, which is

explained as a result of the high mobility of lattice oxygen,

the simultaneous presence of Mn4?–Mn3? couple, decrease

in the strength of the Co–O bond, and the predominance of

Co in the second oxidation state on the catalyst surface.

The decrease in catalytic activity of Mn–Ce sample is

attributed to the predominance of Ce on the surface and

lower mobility of the lattice oxygen.

Introduction

Volatile organic compounds (VOCs) are known to con-

tribute to a number of environmental problems such as

formation of ground-level ozone, photochemical smog, and

toxic air emissions [1]. When there is no interest in

recovering VOC, they are usually destroyed by deep oxi-

dation. Among the techniques to decompose VOC,

catalytic oxidation is preferable to thermal oxidation

because of its low energy consumption and lower tem-

perature of operation. Catalysts based on precious metals

are commonly used for these processes. Metal oxides are

an alternative to the high cost noble metals. Among all

studied metal oxides, the most active single oxides are

those of Cu, Co, Mn, and Ni. The catalytic properties of

MnOx-based catalysts are attributed to the ability of man-

ganese to form oxides with different oxidation states and to

the high mobility of oxygen species [2, 3].

Cobalt oxide is reported to be quite promising among the

metal oxides used for preparation of supported catalysts for

the removal of CO [4–6] and VOC [7–9]. The active phase

dispersion in supported catalysts is known to control their

activity. In our previous investigations, we found [10] a

considerable increase in activity with the samples prepared

from mixed solution of Co(NO3)2�6H2O and Mn(NO3)2�
6H2O irrespective of the Co/Mn ratio, when compared with

the samples, prepared by consecutive impregnation of the

metal salts. This was related to the formation of finely divi-

ded oxides upon combination between cobalt and manga-

nese. Cerium has high oxygen storage capacity, associated

with fast Ce4?/Ce3? redox process, ensuring more oxygen

available for the oxidation process. MnOx–CeO2 catalysts

have been tested in the oxidation of different VOCs as eth-

anol, formaldehyde, and hexane [11–13].

It is of interest to compare the effect of Co and Ce

additives on the catalytic activity of supported manganese

catalysts in the reaction of complete oxidation of ethyl

acetate and n-hexane, especially when both the bicompo-

nent samples (Mn–Co and Mn–Ce) are prepared using a

mixed aqueous solution of the respective salts. n-Hexane

was chosen as a representative VOC of saturated aliphatic

hydrocarbons and ethyl acetate of esters, both compounds

being widely used in the industry.
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Experimental

Catalyst preparation

Single component (Co and Mn) and bi-component (Mn-Co

and Mn–Ce) samples were prepared by introduction of

silica (Aerosil SBET = 147 m2/g) to an aqueous solution of

the respective salts Mn(NO3)2�6H2O, Co(NO3)2�6H2O, and

Ce(NO3)2�6H2O. To prepare the catalysts, the target

amount of salt aimed at obtaining the desired content of

metal (*12% metal) was diluted in 35 mL of distilled

water under stirring at room temperature until complete

dissolution and then 2.5 g of silica was added. The slurry

was further stirred 1 h at 333 K, evaporated under vacuum

at the same temperature. The bi-component samples

(Mn–Co, Mn–Ce) were obtained from a mixed aqueous

solution of the respective salts. All samples are calcined for

2 h at 450 �C. The metal content in the samples was about

12 wt% (12 wt% Mn/SiO2, 6 wt% Mn ? 6 wt% Co/SiO2,

and 7 wt% Mn ? 7 wt% Ce/SiO2, respectively). Some

general characterization data of the samples are given in

Table 1.

Catalysts characterization

Powder X-ray diffraction (XRD) patterns were collected at

room temperature in a step-scan regime (step = 0.04�) on a

Bruker D8 Advance diffractometer using Cu Ka radiation.

XRD data processing was performed using the X’Pert

HighScore program. The amount of manganese and cobalt

in the catalysts was determined by inductively coupled

plasma-atomic emission spectroscopy (ICP-AES) (ARL

3410).

Temperature-programmed reduction (TPR) was carried

out in an equipment described elsewhere [14], using a flow

mixture 10% H2 in Ar at 10 mL/min, temperature ramp of

10 �C/min to 700 �C. Prior to the TPR experiment, the

samples were treated in Ar for 30 min at 150 �C.

The X-ray photoelectron spectroscopy (XPS) measure-

ments were carried out in the UHV chamber of an

ESCALAB-MkII (VG Scientific) electron spectrometer

with a base pressure of about 1 9 10-10 mbar (during the

measurement 1 9 10-9 mbar). The photoelectron spectra

were obtained using unmonochromatized Al Ka (hm =

1486.6 eV) radiation. Passing through a 6-mm slit

(entrance/exit) of a hemispherical analyzer, electrons with

energy of 20 eV were detected by a channeltron. The

instrumental resolution measured as the full width at half

maximum (FWHM) of the Ag3d5/2 photoelectron peak was

about 1 eV. The energy scale was corrected to the C1s-

peak maximum at 285.0 eV for electrostatic sample

charging. Fitting of the recorded XPS spectra was per-

formed, using a symmetrical Gauss–Lorentzian curve fit-

ting after Shirley-type subtraction of the background. IR

spectra were collected on a Nicolet 6700 FTIR spectro-

photometer with a spectral resolution of 4 cm-1, using a

KBr pellet technique. The IR spectra are shown after

baseline correction.

Catalytic measurements

The catalytic tests were carried out in a flow type quartz-

glass reactor (reactor diameter 6.0 mm) at atmospheric

pressure with a catalyst loading of about 1.0 cm3 (sieve

fraction 0.31–0.63 mm). External mass transfer limitations

were minimized by working at GHSV of 30,000 h-1. The

reaction temperature was kept within the limits of ±1 �C,

measured at the inlet and outlet of the catalyst bed.

The inlet concentrations of reactants were varied as

follows: n-hexane 360 ppm; ethyl acetate 500 ppm, oxy-

gen 21 vol.%; all gas mixtures were balanced to 100% with

nitrogen. The gas analysis of reaction products was per-

formed using on-line analyzers for CO/CO2/O2 (Maihak)

and total hydrocarbons content (THC, ThermoFID).

Results and discussion

The XRD patterns of the mono- and bi-component samples

are shown in Fig. 1. The XRD characteristic of Mn sample

was described in our previous investigation [10]. The XRD

spectrum of mono-component manganese sample shows

Table 1 Sample characterization

Sample Metal content (wt%) Surface compositionc (at.%) Atomic Mn/Co and Mn/Ce ratio

Co Mn Ce Co Mn Ce On the surfacec In the bulk

Mn 12.67 0.58

Mn–Ce 7.5b 7.5b 0.44 0.38 Mn/Ce = 1.16 Mn/Ce = 2.22

Mn–Co 6.08a 6.2a 0.5 0.4 Mn/Co = 0.8 Mn/Co = 1.07

a From elemental analysis
b Metal content calculated to be supplied by the starting solutions
c From XPS
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diffraction lines at 2h = 28.9, 37.3, 42.8, and 56.8 corre-

sponding to the b-MnO2 (PDF-00-004-0779, pyrolusite).

According to literature data [15–17], bulk manganese

oxides manifest different crystalline phases, depending

mainly on the applied temperature and on the atmosphere

during calcination. The manganese(IV) oxides are formed

at low temperatures [15]. The most stable structure is

b-MnO2 [17]. The mean particles sizes of MnO2 in the

mono-component Mn catalyst, calculated according to the

Scherrer equation and using the broadening of the (211)

lines, are 16 nm. The broad peaks of low intensity in XRD

patterns of the manganese samples modified with Co or Ce

indicate the presence of very small metal oxide particles,

most likely as result of the interaction between MnO2 and

additive (Co3O4, CeO2) and possible formation of solid

solutions. The signal at 2h = 33� in the diffractogram of

Mn–Ce sample indicates the presence of a-Mn2O3. Addi-

tionally, the broad and poorly resolved peak in the range

2h = 37–39� could be result of the presence of a mixture

of Mn4? and Mn3? oxides [18, 19]. No cerium oxide phase

was detected by XRD. Formation of a solid solution

between Mn2O3 and CeO2 has been previously reported for

catalysts prepared by different methods [11, 20, 21], and it

is attributed to structural similarities of these two phases.

The presence of cobalt in the calcined Mn-Co sample

results in a shift of the main diffraction line of MnO2 to

smaller angle. Since Co and Mn have similar ionic radius,

the above-mentioned change could be regarded as direct

proof of dissolution of the Co ions in the lattice of MnO2.

The formation of mixed Mn–Co2O4.5 [22, 23] oxides has

been previously reported. The analysis of XRD data on

Co–Mn samples is difficult because MnO2, Co3O4, and

Mn–Co2O4.5 compounds demonstrate lines in XRD pat-

terns at similar 2h values [10]. The oxide particles’ size in

the Mn–Co sample (7 nm) was calculated from the

reflection at 2h = 37.7. This is not an authentic reflection

of MnO2 because several compounds present simulta-

neously on the support that have XRD patterns at this

position. For this reason, the calculated particles size is

only tentative.

Infrared spectroscopy is often a necessary alternative

and useful supplement to XRD, because IR spectrum

analysis is sensitive to amorphous components and those

with short-range order [24]. Bands in Fourier trans-

form infrared spectroscopy (FTIR) spectra of manganese

oxides appear in the regions 200–450, 450–600, and

600–750 cm-1. They correspond to spectral domains

where wagging, bending, and stretching vibrations are

active, respectively [25]. Figure 2a displays the IR spectra

of our Mn and Mn–Ce samples. Since the IR bands of the

MnOx species are shadowed by those of the support (SiO2),

the spectrum of SiO2 is given for comparison, as well. The

bands of different manganese oxides and those of mono-

component manganese and bi-component Mn–Ce catalyst

are presented in Table 2. CeO2 does not show IR bands in

this region. According to Julien et al. [25], the FTIR

spectra of b-MnO2 have relatively sharp peaks at 618, 626,

and 545 cm-1. The last one has been attributed to the

vibration due to the oxygen anions displacement relative to

the manganese ions along the direction of the octahedral

chains [25]. The specific fingerprints of the vibration fea-

tures of b-MnO2 are the well-defined and intense far-

infrared bands at 329 and 387 cm-1, which are attributed

to vibrations perpendicular to the octahedral chains [25].

The main IR characteristics of the ramsdellite structure

(R-MnO2) are the strong bands at 740 and 687 cm-1. As

can be seen from Fig. 2a and Table 2, the IR spectrum of

our mono-component manganese sample displays the

bands typical for b-MnO2 and R-MnO2. Most probably, the

mono-metallic Mn catalyst is constituted by b-MnO2 and

amorphous R-MnO2. The occurrence of b-MnO2 is visible

from XRD data. The fact that XRD pattern characteristic

for R-MnO2 is missing in the diffractogram of Mn sample

(Fig. 1), but bands for R-MnO2 are seen in the IR spectrum

give us the reason to suppose that part of manganese oxide

is in a form of amorphous R-MnO2. The low resolved

bands at 592, 536, and 670 cm-1 in the IR spectrum of

Mn–Ce sample could be assigned to Mn2O3 oxides since

bands with same position are reported as characteristic for

Mn2O3 [25] (Table 2). The occurrence of Mn2O3 is evident

from the peak at 2h = 33� in the XRD spectra of Mn–Ce

sample.

Fourier transform infrared spectroscopy spectrum of

bi-component catalyst of Mn modified with Co is presented

in Fig. 2b. Two wide bands were registered at 567 cm-1

(m1) and at 658 cm-1 (m2). The former band is attributed to

the stretching vibration of Co3?–O, where Co3? is in

octahedral position, and the latter one to the stretching

Fig. 1 XRD patterns of all studied samples calcined at 450 �C
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vibration of Co2?–O, where Co2? is in tetrahedral position

[26]. The appearance of these bands could be considered as

evidence for the formation of cobalt spinel. The IR spec-

trum of Co3O4 is given for comparison, as well. A shift to

lower frequency is observed for these two bands in the

spectrum of the bi-component Mn–Co sample, indicating a

decrease in the strength of the Co–O bond in Co3O4.

Figure 3 represents TPR profiles of all samples. The TPR

profile of manganese sample exhibits two peaks at 315 and

410 �C and they are attributed to the two steps reduction of

MnO2 [10, 19]. The reduction profiles of bi-component

catalysts are more complicated. The reduction takes place at

lower temperatures than in the mono-component manganese

catalyst. The assignment of the peaks to different MnOx

species or to specific reduction steps for Mn–Ce catalyst is

not simple, because the reduction of ceria takes place con-

currently. According to Delimaris and Ioanides [12], Mn

promotes the reduction of ceria, and reduction of Ce4? to

Ce3? occurs along with reduction of the manganese ions. As

cobalt and manganese oxides are reduced in the same tem-

perature interval, it is difficult to make a correct assignment

of the reduction peaks to the respective oxide phase for

Mn–Co catalyst. The appearance of a broader region of

hydrogen consumption in the interval 500–700 �C is assumed

to be a result of mixed Co–Mn–oxide phase(s) reduction. Our

bi-component samples were prepared by impregnation of the

support with nitrates and subsequent calcinations at 400 �C.

It has been observed that the decomposition of supported

mixed Co–Mn nitrates at low temperatures (250–400 �C)

often produces finely divided non-stoichiometric spinel

MnCo2O4?d [27]. This is a further reason to ascribe the

hydrogen consumption above 500 �C in the bi-component

samples to the reduction of mixed Co–Mn oxides.

The oxidation state of the surface was examined by XPS

analysis. The XPS spectra in the Mn2p region are given in

Fig. 4. According to our previous investigations, the

Fig. 2 Infrared spectra of

mono-component manganese

and bi-component samples:

a Mn–Ce and b Mn–Co

calcined at 450 �C

Table 2 IR frequency vibrations of manganese oxides

Samples IR bands (cm-1) References

Mn 719 670 617 602 546, 335 Present study

Mn–Ce 719 680, 670, 660 617 592, 580, 536 546 Present study

b-MnO2 618, 626 545 [25]

R-MnO2 740 687 589, 515 [25]

a-Mn2O3 606 576, 533 [25]

c-Mn2O3 666 592, 533 [25]
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oxidation state of manganese in mono-component sample

is Mn4? [10]. Although a general agreement exists in the

literature about the binding energy values (BE), associated

with the different chemical states of Mn, the identification

of various surface species is rather complex in supported

samples, because of the small difference in BE shift

between the oxidation states and the usual broadness of the

peaks. Since the differences between the BE values of

Mn3? and Mn4? ions are small, a peak fitting procedure

including three components, Mn3?, Mn4?, and a satellite

[28–30], was applied. The observed binding energies at

641.5 and 642.9 eV for Mn–Ce and 640.9 and 642.2 eV for

Mn-Co are associated with the presence of Mn4? and Mn3?

ions, respectively [12, 28–30]. The ratio of Mn4?/Mn3? is

1 and 1/2.3 on the surfaces of Mn–Ce and Mn-Co samples,

respectively.

The existence of Mn2O3 in the cerium-modified cata-

lysts was proposed based on XRD and FTIR data. Our

results are in accordance with Delemaris and Ioanidis [12]

who detected Mn2O3 in the MnOx–CeO2 catalysts prepared

by combustion method. The main manganese surface

species in Mn–Co sample is Mn4?. The presence of man-

ganese ions in different oxidation states in the bi-compo-

nent catalysts modified with Co can be explained with the

easy formation of solid solutions between cobalt and

manganese oxides. The solid-state properties of the title

system MnxCo3-xO4 have been extensively studied, and

mixed oxidation state of cobalt (Co2? and Co3?) and

manganese (Mn3? and Mn4?) and various cationic distri-

butions have been proposed depending on the preparation

method and the calcination temperature [31, 32]. As can be

seen from Table 1, the atomic percentage of manganese is

similar for all studied samples, but there is a difference in

the cation distribution. The Mn4? and Mn3? ions are in

equal quantity on the surface of Mn–Ce catalyst, Mn4? is

predominant species for cobalt-modified samples and only

Mn4? is detected in the mono-component catalyst [10].

The lower Mn/Ce ratio at the surface than in the bulk is

probably due to enrichment in Ce of the surface. The

energy positions of the Ce3d peaks and the presence of a

peak at BE 916.5 eV correspond to Ce4? in CeO2 [33],

suggesting that the manganese ions does not affect the

oxidation state of cerium.

Figure 5 displays XPS spectra in the Co2p region of

Mn–Co sample. The spectrum of mono-component Co/

SiO2 catalyst is given for comparison as well. The XPS

spectrum of Co sample was fitted assuming Co2?/Co3?

ratio of 1:2. The peak of 2p3/2 at 779.2 eV and the very low

intensity of the 3d ? 4 s shake-up satellite peak at

785.2 eV are characteristic of Co3O4 [34]. The presence of

a peak at 780 eV and a satellite at about 787.6 eV in the

photoelectron spectra of the bi-component samples indicate

Fig. 3 TPR spectra of mono-component manganese and bi-compo-

nent catalysts

Fig. 4 Fitted Mn2p photoelectron peaks of Mn–Ce and Mn–Co

samples
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the presence of Co2? species [35, 36]. As it can be seen

from Fig. 5, Co2? is the major species on the surface of

these samples.

The temperature dependences of the complete oxidation

of n-hexane and ethyl acetate over the mono- and

bi-component catalysts are shown in Figs. 6 and 7. The

combustion of n-hexane is more difficult, as it is visible

from the differences in the temperature intervals of the

corresponding S-curves. This result is in accordance with

literature data [36] which report difficult oxidation of the

saturated hydrocarbons. The temperature of 50% conver-

sion was used as a criterion for the catalytic activity. H2O

and CO2 were the main detectable reaction products on all

investigated samples, while CO was the only product of

incomplete oxidation and was in the limits corresponding

to conversion of 5% of the inlet VOC.

As it is seen from the Figs. 6 and 7, the rows of activity

in the reaction of n-hexane and ethyl acetate (EtAc)

combustion are: Mn–Co [ Mn [ Mn–Ce and Mn–

Co [ Mn & Mn–Ce, respectively. Obviously, the com-

bustion activity is increased in the samples modified with

cobalt and is decreased after cerium addition. It is known

that the transition metal oxides can operate in the oxidation

reactions through a Mars van Krevelen mechanism [37].

According to this mechanism, the substrate is oxidized by

the solid. The oxygen species introduced in the substrate

come from the lattice. In this way, the catalytic behavior

can be correlated to the lattice oxygen mobility of the

crystalline framework. The lattice oxygen mobility is

associated with the catalyst reducibility [38–40]. As it is

discussed above, finely divided oxide particles are formed

to a large extent in the Mn–Co and Mn–Ce samples, and, as

a consequence, the reducibility of the oxide phase is

enhanced. In order to study the role of the lattice oxygen in

the mechanism of n-hexane oxidation, tests without oxygen

in the feed, so-called ‘‘depletive’’ oxidation experiments

[41, 42], were performed. The experiment consisted of

measuring the formation of oxidation products (CO and

CO2) when the supply of oxygen to the gas mixture was

stopped, after attaining steady state at the temperature of

42–44% conversion. The amount of CO ? CO2 formed

during the test was calculated from the area under the

Fig. 5 Fitted Co2p photoelectron peaks of Co and Mn–Co samples

Fig. 6 Temperature dependence of the conversion over all samples in

the reaction of complete n-hexane oxidation

Fig. 7 Temperature dependence of the conversion over all samples in

the reaction of complete oxidation of ethyl acetate

J Mater Sci (2011) 46:7152–7159 7157

123



transient curves after stopping the oxygen supply to the gas

feed. The lattice oxygen, which takes part in the reaction,

was calculated on the basis of formed carbon oxides

quantities. The duration of the experiment was limited to

150 min, since the oxidation process was practically

accomplished on all samples. The amounts of consumed

oxygen were 7 mg for Mn–Co, 12 mg for Mn, and 5 mg

for Mn–Ce samples. Therefore, the largest quantity of

oxygen withdrawn from the lattice was obtained with the

pure manganese catalyst. The quantity of lattice oxygen,

which interacted with n-hexane during ‘‘depletive’’ oxida-

tion, was lowest for cerium-modified catalyst. This result is

in accordance with the lower activity of cerium-modified

catalyst, providing evidence that the lattice oxygen is

responsible for the catalytic performance.

The results presented on Figs. 6 and 7 show that Mn–Co

sample exhibits higher activity in both combustion reac-

tions. This can be explained by synergy effect of Mn and

Co oxides because both of them are active in oxidation

reactions. Obviously, the highest activity of Mn–Co sample

could not be correlated only with lattice oxygen mobility,

since the quantity of withdrawn oxygen for Mn–Co is

lower than for mono-component manganese catalyst.

Probably, additional factors such as the simultaneous

presence of Mn4?–Mn3? couple, the decrease in the

strength of Co–O bond (as is seen from IR spectrum), and

the predominance of Co in the second oxidation state on

the catalyst surface are responsible for the higher catalytic

activity of Mn–Co. It was established that catalytic activity

increased when the pair Mn4?–Mn3? existed in the struc-

ture of the oxide [43]. As was shown by XPS data, Co in

the bi-component sample was mainly in the form of Co2?.

Co2? ion, located at a relatively opened coordination

position on the support, can be a center of oxygen

adsorption and formation of active oxygen species, which

are a prerequisite for catalytic oxidation [44]. It is worth to

note that the enhanced reducibility upon combination of

Mn and Ce oxides (as inferred by TPR results) is not

translated into a higher activity in n-hexane and ethyl

acetate oxidation. According to literature data, the com-

position of Mn–Ce catalyst and the interaction between

MnOx and CeO2 strongly affected the catalyst activity [6,

7, 11]. The optimum composition was found to depend on

the nature of the pollutant to be destroyed and the method

of preparation [11, 21, 45]. Most probably, the current

Mn–Ce catalyst has no optimum composition for n-hexane

oxidation, and for improved performance in n-hexane

oxidation, an optimization procedure should be applied

with the current Mn–Ce composition. The enrichment in

cerium of the surface (as was shown with XPS data in

Table 1) and the lower lattice oxygen mobility could

be factors responsible for the poor catalytic activity in

n-hexane combustion. In the case of ethyl acetate oxidation,

the mono-component manganese and the cerium-modified

samples exhibit the same activity. We established in pre-

vious investigations (unpublished data) that twofold

increase in the concentration of manganese in the catalyst

does not change the catalytic activity in ethyl acetate oxi-

dation. These results were attributed to the similar Mn/Ce

ratio on the surface (1.15 and 1.16, respectively).

The performance of the most active bi-component

Mn–Co catalyst was also examined in the presence of H2O

in the VOC/air feed, as this compound is commonly found

in typical VOC-containing exhaust streams. The presence

of water (1.0 vol.%) resulted in decreased conversion over

all studied catalysts (Figs. 6, 7). Mn–Co sample is more

sensitive in comparison with mono-metallic manganese

catalyst in the case of n-hexane oxidation. The presence of

water in the inlet mixture has more noticeable effect on the

ethyl acetate combustion, as seen by the shift of S-curves to

the higher temperatures with about 10 �C at T50. This

effect is ascribed to the competitive adsorption of organic

molecule and water molecule on the catalytic active sites

[46].

Conclusions

The preparation of supported oxide catalysts combining

manganese with cobalt or cerium by impregnation of silica

with solution containing both components leads to the

formation of finely divided oxide particles and, as a con-

sequence, to the enhancement of the reducibility of the

oxide phase(s).

Mn4? and Mn3? ions were found on the surface of

Mn–Ce and Mn–Co samples. Mn4? and Mn3? are equally

represented on the surface in Mn–Ce catalyst; Mn4? is the

predominant species in cobalt-modified sample and only

Mn4? is detected in mono-component catalyst. The addi-

tion of Co to the manganese catalyst leads to partial dis-

solution of cobalt in the lattice of MnO2 and formation of

mixed oxide phases. Cobalt is predominantly in the second

oxidation state (Co2?) on the surface.

The better catalytic performance of the Mn–Co sample

in both studied combustion reactions is correlated with the

higher lattice oxygen mobility, the simultaneous presence

of Mn4?–Mn3? couple, the decrease in strength of the

Co–O bond, and the predominance of Co in the second

oxidation state on the catalyst surface. The poor catalytic

activity of the cerium-modified catalyst is related to the

predominance of Ce on the surface and the lower lattice

oxygen mobility.
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42. Bastos SST, Órfão JJM, Freitas MMA, Pereira MFR, Figueiredo

JL (2009) Appl Catal B 93:30

43. Figueroa SJA, Requejo FG, Lede EJ, Lamaita L, Peluso MA,

Sambeth JE (2005) Catal Today 107–108:849

44. Łojewska J, Kołodziej A, _Zak J, Stoch J (2005) Catal Today

105:655

45. Azalim S, Franco M, Brahmi R, Giraudon J-M, Lamonier J-F

(2011) J Hazard Mater 188:422

46. Abdullah AZ, Zailani M, Bakar A, Bhatia S (2003) Ind Eng

Chem Res 42:6059

J Mater Sci (2011) 46:7152–7159 7159

123


	Effect of Co and Ce on silica supported manganese catalysts in the reactions of complete oxidation of n-hexane and ethyl acetate
	Abstract
	Introduction
	Experimental
	Catalyst preparation
	Catalysts characterization
	Catalytic measurements

	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


