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Abstract A series of Ce1-xFexO2 (0 \ x B 0.5) catalysts

were prepared by the co-precipitation method, and their

catalytic performances were investigated for the total oxi-

dation of CO and CH4 as model reactions. X-ray diffrac-

tion (XRD) and Raman spectroscopy results show that

Ce1-xFexO2-d solid solutions are formed with x B 0.2.

Ce0.9Fe0.1O2 solid solution presents superior catalytic per-

formance for CH4 and CO oxidation, while Ce1-xFexO2

with x [ 0.2 shows less active for CO and CH4 oxidation.

The results of H2-temperature programmed reduction

(H2-TPR), CH4-temperature programmed surface reaction

(CH4-TPSR) and CO-TPSR reveal that, the surface oxygen

of catalyst is relevant to CO oxidation, which was pro-

moted by the oxygen vacancies formed in Ce–Fe–O solid

solution, while the easier lattice oxygen migration property

and the favorable reducibility of the catalysts is responsible

for the promoted catalytic performance for CH4 oxidation.

Introduction

The catalytic combustion of methane and CO oxidation has

been studied extensively in recent decades owing to the

energy utilization and environmental requirements. For the

total oxidation of methane and CO oxidation, the supported

noble metal catalysts present an excellent activity [1, 2].

However, the noble metal catalysts are not fully satisfac-

tory owing to the high price and scarce resources. Recently,

the ceria-based catalysts have drawn much attention as a

substitute or part substitute for the noble metal catalysts

owing to their low cost and good performance for the

oxidation reaction [3, 4]. Ceria (CeO2) has been widely

used as a promoter of the catalysts or an oxidation catalyst

because of its unique redox property and high oxygen

storage capacity [4, 5]. The important role of ceria in the

catalytic oxidation reactions is the generation and partici-

pation of surface oxygen species and anionic vacancies in

the catalytic reactions [6].

It is well known that the redox property and the lattice

oxygen mobility of CeO2 can be profoundly improved by

the substitution of Ce4? with other trivalent ions (Pr3? and

Tb3?) or smaller homovalent ions (Zr4?) [7, 8]. Given the

effects of trivalent ion and smaller size on the structure and

properties of ceria, considerable scientific interest is

focused on introducing Fe3? ions into the ceria lattice [9].

It was found that Fe substitution of Ce in CeO2 can distort

the sublattice oxygen to promote an activation of lattice

oxygen, which is responsible for the better CO oxidation

[10]. It has been reported that the mesoporous Ce–Fe

mixed oxides present good performance for total oxidation

of methane owing to a generation of oxygen vacancies and

moderate pore sizes [11]. As an oxygen carrier, the CeO2–

Fe2O3 complex oxides can directly transform methane to

synthesis gas by using the lattice oxygen [12]. Li et al. [13]

also reported that the chemical interaction between surface

iron sites and the Ce–Fe solid solution strongly enhances

the reducibility of the Ce–Fe–O materials, and methane

tends to be activated on the surface iron sites as the car-

bonaceous species and hydrogen.

For the CH4 combustion or CO oxidation, whether the

Ce–Fe–O solid solution behaves better performance than

the CeO2–Fe2O3 complex oxide, was reported relatively

rarely. Moreover, the influence of Ce–Fe–O solid solution

formation on the redox property of CeO2–Fe2O3 complex
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oxide and the active sites of the Ce–Fe–O solid solution

catalyst for methane catalytic combustion and CO oxida-

tion need be illuminated further.

In this paper, the Ce–Fe–O solid solutions were prepared

by the co-precipitation method, and their structure and

catalytic properties for the CH4 and CO oxidation were

evaluated. The effect of the iron concentration on the

properties of the solid solutions has been studied in detail.

The difference of the properties between the Ce–Fe–O

solid solution and its complex oxides has been discussed

based upon the results of structural, redox properties and

the catalytic performance.

Experimental

Catalyst preparation

Ce1-xFexO2 (x = 0–0.5, atomic percent) composite oxides

were prepared by the co-precipitation method [9]. Ce(NO3)3�
6H2O (0.03 mol) and Fe(NO3)3�9H2O (0–0.015 mol) were

solved in de-ionized water. The synthesis solution above and

10 wt% ammonia aqueous solution were simultaneously

added drop by drop to a precipitating batch containing

200 mL de-ionized water under stirring. After the pH value

of synthesis solution reached 8–9, it was heated to 70 �C

under stirring and kept for 4 h. Subsequently, the precipitates

were filtered and washed with successive de-ionized water,

dried at 110 �C overnight and calcined at 600 �C for 4 h in

air. After calcination, the solid powder was pressed and

crushed to 40–60 mesh. The pure CeO2 and Fe2O3 were

prepared by similar procedures described above.

Catalyst characterization

The powder X-ray diffraction (XRD) patterns were per-

formed on a Rigaku D/max 2250VB/PC diffractometer

(Rigaku, Japan) with CuKa radiation (k = 1.5406 Å). The

N2 adsorption–desorption isotherms were measured at

77 K with a NOVA 4200e Surface Area and Pore Size

Analyzer. Before measurements, the samples were out-

gassed at 180 �C under vacuum for 4 h. The surface areas

of samples were calculated by the Brumauer–Emmett–

Teller (BET) method. The Raman spectra were obtained on

a Renishaw Raman spectrometer equipped with a CCD

detector at ambient temperature and moisture-free condi-

tions. The emission line at 514.5 nm from an Ar? ion laser

(Spectra Physics) was focused, analyzing spot about

0.01 cm, on the sample under the microscope. The Fourier

transform infrared (FT-IR) absorption spectra were recor-

ded on a Nicolet NEXUS 670 FT-IR spectrometer with 32

scans at an effective resolution of 4 cm-1. The sample to

be measured was ground with KBr and pressed into thin

wafer for analysis.

H2-temperature-programmed reduction (H2-TPR) of

samples was conducted with a thermo-conductivity detector

(TCD). 50 mg sample was loaded in the U-shaped quartz

tube reactor. 10%H2/N2 mixture gas of 45 mL min-1 was

used at ambient pressure and the heating rate was

10 �C min-1. CH4-temperature-programmed surface reac-

tion (CH4-TPSR) and CO-TPSR of samples were performed

in a quartz micro-reactor. 100 mg catalyst in the reactor was

pretreated at 500 �C for 30 min in 50 mL min-1 20%O2/He

mixture gas. After the sample was cooled to the room tem-

perature, the sample was heated from the room temperature

to 750 �C in 50 mL min-1 of 1%CH4/He (or 2% CO/He) at

a heating rate of 10 �C min-1. The outlet gas was analyzed

by a quadrupole mass spectrometer (INFICON Transpecter

2). The signals of CH4, CO, CO2 were recorded at the

m/z = 15, 28 and 44, respectively.

Testing of catalytic activity

The catalytic activity of the Ce1-xFexO2 catalyst for CO (or

CH4) oxidation was tested in a quartz tube microreactor

with 100 mg catalyst at atmospheric pressure. The feed gas

was consisted of 1% CO and 10% O2 (or 1% CH4 and 4%

O2) balanced by Ar. The flow rate was 50 mL min-1, and

space velocity (SV) was 30000 mL g-1 h-1. The reactants

and products were analyzed online by gas chromatograph

(GC) equipped with TCD.

Results and discussion

Textural and structural properties

The XRD patterns of Ce1-xFexO2 mixed oxides are shown

in Fig. 1. For Ce1-xFexO2, only diffraction peaks of cubic

ceria are observed as x B 0.2, and with an increase in Fe

content (x [ 0.2) the a-Fe2O3 diffraction peaks appear just.

After adding Fe in CeO2, the CeO2 (111) peak shifts

toward higher diffraction angles and the lattice parameters

of ceria decrease from 0.5377 to 0.5332 nm (Table 1),

which indicates that the Ce1-xFexO2-d solid solution has

been formed after smaller size Fe3? (0.64 Å) substitutes for

Ce4? (0.97 Å) inside the cubic phase CeO2 structure [14],

and the oxygen vacancies in CeO2 tend to be formed owing

to the charge balance. F. J. Pérez-Alonso et al. [9] also

reported that cubic ceria-like (Fe in CeO2) and hematite-

like (Ce in Fe2O3) solid solutions can be formed when Fe

content is high (Fe/(Ce ? Fe) C 0.5) in the samples cal-

cined at 300 �C, and the cubic ceria-like solid solution

structure would be destroyed, after calcination at higher

temperature (such as 500 �C).
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The BET surface areas of Ce1-xFexO2 mixed oxides are

shown in Table 1. It is found that the surface area increases

obviously with the introduction of Fe in CeO2. However

further increase in the Fe content from 0.1 to 0.5 leads to the

decrease of its BET surface area from 63.6 to 18.3 m2 g-1.

Figure 2 shows the Raman spectra of all samples. For all

Ce1-xFexO2 samples, a broad band with relatively high

intensity at *465 cm-1 and a weak band at 1180 cm-1 are

observed, which are ascribed to the F2g vibration mode and

primary A1g asymmetry of CeO2, respectively [15], indi-

cating the existence of cubic CeO2 structure. The band at

*600 cm-1 is linked to lattice defects resulted from the

produced oxygen vacancies in the ceria fluorite structure

[16]. With the Fe addition in CeO2, the band ascribed to the

F2g mode of CeO2 shifts slightly to lower wave number

region as shown in the enlarged graphic in Fig. 2, which

should be attributed to the formation of Ce1-xFexO2 solid

solution with Fe ion replacing Ce ion in CeO2 lattice, and

the nanosized sample in current study [17]. The Fe2O3

sample exists the characteristic peaks of a-Fe2O3: A1g at

500 cm-1, Eg at 407 and 612 cm-1, and second harmonic

vibration at 1317 cm-1 [18]. With an increase in Fe con-

tent, the intensity of band at 1317 cm-1 enhances obvi-

ously, and the band at 1194 cm-1 decreases conversely,

indicating the formation of a-Fe2O3 on the surface of solid

solution. Therefore correlated with XRD results, it shows

that only a small part of Fe3?(x \ 0.2) can be incorporated

into the ceria lattice, resulting in the oxygen vacancy for-

mation; with an increase of Fe content in CeO2–Fe2O3

sample, a-Fe2O3 has been formed in the sample.

Catalytic performances for CH4 and CO oxidation

The catalytic performances of Ce1-xFexO2 for CH4 and CO

oxidation are shown in Fig. 3 and the corresponding light-

off temperatures are listed in Table 1. In the CH4 catalytic

combustion reaction, CH4 can be totally oxidized to CO2

and H2O, and the catalyst activity is improved obviously

because of an addition of Fe in CeO2. When x = 0.1, the

sample exhibits superior activity, the reaction temperature

of 50% CH4 conversion (T50) is 484 �C. While further

increasing Fe amount from 0.1 to 0.5 gradually leads to the

Fig. 1 XRD patterns of Ce1-xFexO2 catalysts

Table 1 BET surface areas, lattice constants, and performances of the catalysts for the oxidations of CH4 and CO

Catalyst SBET (m2/g) Lattice constant (nm)a Oxidation of CO Oxidation of methane

T10 (�C)b T50 (�C)b T10 (�C) T50 (�C)

CeO2 33.2 0.5377 284 365 511 615

Ce0.9Fe0.1O2 63.6 0.5365 125 188 410 484

Ce0.8Fe0.2O2 44.4 0.5361 138 204 425 497

Ce0.6Fe0.4O2 31.1 0.5358 159 214 428 512

Ce0.5Fe0.5O2 18.3 0.5352 182 247 449 543

Fe2O3 9.4 – 220 277 426 499

a Calculated from the line broadening of the (111) reflection of CeO2 by the Scherrer equation
b Reaction temperature of 10 and 50% conversion

Fig. 2 Raman spectra of Ce1-xFexO2 catalysts
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decrease of the catalytic activity. It should be noted that

pure Fe2O3 shows good performance, almost comparable to

the performance of Ce0.2Fe0.8O2. Bulk iron oxide has been

studied as an alternative catalyst for CH4 combustion,

because of its good activity [19]. For CO oxidation, the

presence of Fe in ceria can obviously improve the catalytic

activity, when x = 0.1, Ce0.9Fe0.1O2 catalyst exhibits

superior catalytic activity, such as T10 = 125 �C and

T50 = 188 �C. However, its activity decreases with an

increase of Fe content in the sample. Pure CeO2 and Fe2O3

show poor activity for CO oxidation.

The results above show that Ce0.9Fe0.1O2 solid solution

has an excellent activity for CH4 and CO oxidation, and

changing Fe content in Ce1-xFexO2 can affect obviously its

catalytic activity. Meanwhile, pure Fe2O3 exhibits better

catalytic performance than pure CeO2 in the CH4 oxidation

and CO, especially for the deep oxidation of CH4.

H2-TPR testing

The H2-TPR profiles of CeO2, Fe2O3, and Ce1-xFexO2

mixed oxides are shown in Fig. 4. For Fe2O3, there is a

sharper peak at 377 �C and a broad band at *650 �C with

two overlapping peaks, which are corresponding to the

reduction of hematite (Fe2O3) to magnetite (Fe3O4) and

magnetite to Fe0, respectively [20]. In the H2-TPR profile

of CeO2, two peaks are observed at *510 and 784 �C,

which should be assigned to the reduction of surface and

bulk oxygen, respectively [21]. For Ce1-xFexO2 mixed

oxides, more complex TPR profiles are obtained, involving

more reduction peaks [14]. In the H2-TPR profiles of

Ce1-xFexO2 (x B 0.2) solid solution samples, a peak at

350–400 �C is attributed to the reduction of Fe3? inside

Ce–Fe–O solid solution and b peak at 600–650 �C should

be ascribed to the reduction of Fe2?, and the peak at

[700 �C should be because of the reduction of bulk Ce4?.

With an increase in Fe amount (x [ 0.2), two additional

peaks appear between a and b peaks, which should be

assigned to the reduction of aggregated Fe2O3 on the

sample surface. The rise of reduction temperature of a and
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Fig. 3 Light-off curves of the CH4 (a) and CO (b) oxidation over

Ce1-xFexO2 catalysts

100 200 300 400 500 600 700 800

x = 0.1
x = 0.2

Fe
2
O

3

x = 0.5

x = 0.4

In
te

ns
ity

 (
a.

u.
)

Temperature (oC)

CeO
2

Ce
1-x

Fe
x
O

2

377

510 784

(a)

α
β

150 200 250 300 350 400

x=0.5

x=0.4

x=0.2

In
te

ns
ity

 (
a.

u.
)

Temperature (oC)

377
403

272
342

(b)

x=0.1

Fig. 4 H2-TPR profiles

of Ce1-xFexO2 catalysts

J Mater Sci (2011) 46:3500–3506 3503

123



b peaks may be explained by the decreased oxygen

vacancy in CeO2 as shown in Raman spectra, resulting in

the low reducibility of ceria. As shown in Fig. 4b, the low

temperature reduction peaks at \380 �C should be attrib-

uted to the reduction of surface oxygen species [22], which

shift to higher temperature with an increase of Fe amount

in the samples. Moreover, the larger intensity of the peaks

at \380 �C in Ce0.9Fe0.1O2 sample supports the fact that

more oxygen species could adsorb on the samples because

of larger surface area.

In order to evaluate the redox property of the mixed

oxides, after H2-TPR run, the sample was re-oxidized at

600 �C in O2 (20 mL min-1) for 0.5 h, then H2-TPR of

sample was carried out again. The H2-TPR profiles of

CeO2, Fe2O3, Ce0.9Fe0.1O2 and Ce0.5Fe0.5O2 for continu-

ously two times are plotted in Fig. 5. After one cycle of

reduction–oxidation, Fe2O3 exhibits two small reduction

peaks at 505 and 625 �C in the TPR profiles, and the high-

temperature peak disappears after two cycles of reduction–

oxidation. For pure CeO2, three TPR curves are almost the

same, which shows that the redox property of CeO2 is not

affected by the treatment of reduction–oxidation and the

large reduction peak at [800 �C should be ascribed to the

consumption of H2 by bulk oxygen in CeO2 [23].

After repeated reduction/oxidation, the low temperature

reduction peak of Ce0.9Fe0.1O2 solid solution is located at

*465 �C, and that of Ce0.5Fe0.5O2 is at *540 �C. For the

pure Fe2O3 and CeO2, the low temperature reduction peaks

are located at higher temperature of *505 and *540 �C,

respectively. It can be found that Ce0.9Fe0.1O2 has lower

temperature reduction peak after the cycle of reduction/

oxidation, which indicates the formation of Ce–Fe–O solid

solution by Fe incorporating the CeO2 lattice can improve

the oxygen ability of the sample, resulting in better redox

property of the Ce0.9Fe0.1O2 sample. Furthermore, the

reduction peak area at *465 �C of Ce0.9Fe0.1O2 solid

solution is larger than that at *505 �C of Fe2O3. Based on

the XRD results, it is suggested that for the sample with

high Fe content, Fe2O3 remained on the surface would

debase the reducibility of catalyst. Therefore, it could be

concluded that the facile redox property and the lattice

oxygen mobility of CeO2 can be profoundly enhanced by

the formation of Ce–Fe–O solid solution with proper

amount of Fe doped into CeO2.

CO-TPSR and CH4-TPSR testing

CO-TPSR-MS and CH4-TPSR-MS testing over pure CeO2,

Fe2O3 and Ce0.9Fe0.1O2 were carried out after the samples

were pretreated in 20% O2 at 500 �C for 1 h, and the

results are shown in Fig. 6. It shows from Fig. 6 that CO

and CH4 consumption is accompanied by CO2 formation.

For the CO-TPSR profiles, over CeO2, small amount of

CO2 are formed at 200–500 �C (Fig. 6a) and over Fe2O3,

the oxidation of CO occurs at 250–350 �C, with the top

temperature of CO2 forming at 308 �C (Fig. 6b); over the

Ce0.9Fe0.1O2 solid solution, there are two consumption

peaks of CO with the top temperatures of 175 and 280 �C

(Fig. 6c). Relating to the T50 results of CO oxidation in

Table 1, T50 is resemble to the top temperature of low

temperature reduction peak in the CO-TPSR profiles of

Ce0.9Fe0.1O2 and Fe2O3; however, a weak broad plateau of

CO2 formation of CeO2 is observed, with T50 of CO oxi-

dation located in the middle of this plateau. Combined with

the TPR results, it should be suggested that the CO con-

sumption peaks of Ce0.9Fe0.1O2, Fe2O3 and CeO2 should be

ascribed to the reduction of surface oxygen species

including the absorbed oxygen and surface lattice oxygen.

The CH4-TPSR profile of CeO2 is similar to that of

Ce0.9Fe0.1O2 solid solution, and there is a weak broad plateau

of CO2 desorption at 400–650 �C in the former and in the

latter at 350–700 �C. It is indicated that the doping of Fe in

CeO2 promotes its lattice oxygen mobility and makes the

oxygen reduction facile, resulting in the benefiting of CH4

oxidation. In the CH4-TPSR profile of Fe2O3, two CH4

consumption peaks are observed, with very weak at

380–520 �C and at 655 �C, respectively. Relating to the T50

(499 �C) of CH4 oxidation over Fe2O3, the first weak peak is

contributed to the activity of Fe2O3 for the oxidation of CH4.

Discussion about the catalytic activity of Ce–Fe–O

solid solution

Compared with the pure CeO2, Fe2O3 and CeO2–Fe2O3

mixed oxide with high Fe content, the Ce–Fe–O solid
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solution shows better catalytic activity for the CH4 and CO

oxidation. The formation of Ce–Fe–O solid solution can

increase obviously the surface area of ceria, and promote

the redox property of the sample. With further increase of

the Fe content in Ce1-xFexO2 (x [ 0.2), the redox property

and the surface area of catalyst decline severely, resulting

in activity decrease for the oxidation reaction. The density

functional theory (DFT) calculations [10] showed that the

oxygen sublattice was highly distorted in Fe doped CeO2

which led to formation of long and short M–O (M = Fe,

Ce) bonds, and the presence of longer oxygen bonds could

improve an activation of lattice oxygen. As shown in XRD

and Raman results, only a small part of Fe3? (x \ 0.2) in

Ce1-xFexO2 sample can be incorporated into the ceria

lattice to form a solid solution. As x [ 0.2, part of Fe in the

form of iron oxide would aggregate on the sample surface

and block the oxygen activation of M–O bond, resulting in

a decrease in the redox property. Moreover, the iron oxide

formed on the sample surface would lower the surface area,

which would also debase the activity of the catalysts.

It is well-known that, an increase of the oxygen storage

capacity and bulk oxygen mobility of ceria-based catalysts

can effectively promote hydrocarbons oxidation reactions

[24], and the surface oxygen is benefit to CO oxidation

over CeO2 related catalysts [25]. Therefore, the improving

performance of Ce–Fe–O solid solution for the CH4 oxi-

dation should be because of the promoted oxygen mobility

and the facile redox property of the Ce–Fe–O solid solu-

tion. The H2-TPR and CO-TPSR results reveal that more

surface oxygen species (including the adsorbed oxygen and
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active sublattice oxygen) induced by the oxygen vacancy

formation and the distorted lattice oxygen for the Ce–Fe–O

solid solution, would contribute to the CO oxidation.

Conclusions

The Ce–Fe–O solid solution was prepared successfully by

the simultaneous precipitation method. The concentration

of Fe in the Ce1-xFexO2 sample affects remarkably on the

formation of the solid solution and its catalytic perfor-

mance. As x \ 0.2, the Ce–Fe–O solid solution can be

obtained; as x [ 0.2, part of Fe is incorporated into CeO2

lattice and the rest leaves in the form of iron oxide on the

surface of sample. The Ce0.9Fe0.1O2 solid solution exhibits

superior catalytic activity for the CH4 and CO oxidation.

With an increase of Fe amount in the sample, its catalytic

activity declines gradually. The formation of Ce–Fe–O

solid solution obviously enhances the redox property and

increases the surface areas, which should contribute to CH4

oxidation. And the more surface oxygen species formed in

the solid solution are propitious to CO oxidation.
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F, Fierro JLG (2006) J Catal 239:340

15. Weber WH, Hass KC, McBride JR (1993) Phys Rev B 48:178

16. Mcbride JR, Hass KC, Poindexter BD (1994) J Appl Phys

76:2435

17. Spanier JE, Robinson RD, Zhang F, Chan SW, Herman IP (2001)

Phys Rev B 64:245407

18. de Faria DLA, Silva SV, de Oliveira MT (1997) J Raman

Spectrosc 28:873

19. Barbosa AL, Herguido J, Santamaria J (2001) Catal Today 64:43

20. Voskoboinikov TV, Chen HY, Sachtler WMH (1998) Appl Catal

B Environ 19:279

21. Tang X, Zhang B, Li Y, Xu Y, Xin Q, Shen W (2004) Catal

Today 93:191

22. Hu YP, Jin HF, Liu JR, Hao DS (2000) Chem Eng J 78:147

23. Galvita V, Sundmacher K (2007) J Mater Sci 42:9300. doi:

10.1007/s10853-007-1872-7

24. Terribile D, Trovarelli A, de Leitenburg C, Primavera A, Dolcetti

G (1999) Catal Today 47:133

25. Sayle TXT, Parker SC, Catlow CRA (1994) Surf Sci 316:329

3506 J Mater Sci (2011) 46:3500–3506

123

http://dx.doi.org/10.1007/s10853-010-4631-0
http://dx.doi.org/10.1007/s10853-009-3275-4
http://dx.doi.org/10.1007/s10853-009-3582-9
http://dx.doi.org/10.1007/s10853-007-1872-7

	Preparation of Ce1minusxFexO2 solid solution and its catalytic performance for oxidation of CH4 and CO
	Abstract
	Introduction
	Experimental
	Catalyst preparation
	Catalyst characterization
	Testing of catalytic activity

	Results and discussion
	Textural and structural properties
	Catalytic performances for CH4 and CO oxidation
	H2-TPR testing
	CO-TPSR and CH4-TPSR testing
	Discussion about the catalytic activity of Ce--Fe--O solid solution

	Conclusions
	Acknowledgments
	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


