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Abstract A new, previously unknown phase Al8V10W16O85

has been obtained from reaction taking place in the solid

state. It forms continuous solid solution with Fe8V10W16O85

of the Fe8-xAlxV10W16O85 general formula. All these

phases are isostructural with M–Nb2O5 and (W0.35V0.65)2O5

and belong to a block structure phases with ReO3 type

blocks of 4 9 49? dimensions. Al8V10W16O85 is tetrago-

nal and has the lattice constants a = b = 1.9487(1) nm

and c = 0.36706(4) nm. It melts incongruently at 1,183 K

depositing Al2(WO4)3 and WO3. The increase of the Al3?

ions content in the crystal lattice of Fe8V10W16O85 causes the

melting point increasing, and decreasing of a = b unit cell

parameters with c being almost constant. IR spectra of

Al8V10W16O85 and Fe8-xAlxV10W16O85 phases have been

recorded.

Keywords Al8V10W16O85 � Fe8-xAlxV10W16O85 solid

solution � DTA-TG � XRD � IR

Introduction

The oxidative dehydrogenation (ODH) of light hydrocar-

bons and selective reduction of NO with NH3 have been

extensively studied over alumina or titania supported

vanadium oxide catalysts [1–4]. A major challenge in the

light hydrocarbons ODH catalytic technology is improve-

ment in the alkene yields, because significant carbon oxide

byproducts are also formed. One method to improve the

yield of the desired product is to use metal oxide additives.

The vanadium containing catalysts can be tuned with sec-

ond or third component like Mo, W, Sb, Ni, and Co [1–4].

The effect of the incorporation of second or third compo-

nent to V-containing catalysts results in a replace of the

polyvanadate structure with less reactive V–O–X structure,

leading to lower reducibility and oxidative dehydrogena-

tion rates. In spite of extensive scientific studies on cata-

lytic activity of multicomponent oxide systems, the

knowledge on phase equilibria being established in an

appropriate ternary or quaternary systems is unsatisfactory.

In the case of Al2O3–V2O5–WO3 only binary systems have

been the subject of investigations. In the Al2O3–WO3

system a phase with general formula Al2(WO4)3 forms,

crystallizing in an orthorhombic system and melting con-

gruently at 1,527 K [5, 6]. Whereas in the Al2O3–V2O5

system triclinic AlVO4 forms, being isostructural with

FeVO4 [7]. AlVO4 melts incongruently at 1,018 K with

deposition of a-Al2O3 as a solid product [7]. Literature data

pertaining V2O5–WO3 imply that only solid solution of the

V2-xWxO5 type with a x \ 0.07 [8] or x B 0.15 [9] solu-

bility limit is formed. On the other hand, the Fe2O3–V2O5–

WO3 system has been the subject of extensive studies

[10–16]. The components of this system react with each

other to form Fe8V10W16O85 phase [10–12]. Fe8V10W16O85

crystallizes in a tetragonal system [13], but its structure is

unknown. This compound melts at 1,103 K with deposit-

ing two solid products, i.e. Fe2WO6 and WO3 [10].

Besides, a solid solution of V2O5 in Fe2WO6 has been

found to occur in the three-component system [11]. It is

also known that in the quaternary system Fe2O3–V2O5–

WO3–MoO3 Fe8V10W16-xMoxO85 solid solution is formed
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(for x B 4), isostructural with Fe8V10W16O85 [14]. The

equal charge and close values of Fe3? and Al3? ionic radii

(RAl = 0.0535 nm and RFe = 0.0645 nm in octahedral

coordination), let one expect formation of solid solutions as

a result of substitution of aluminum for iron in the qua-

ternary Fe2O3–Al2O3–V2O5–WO3 system. This study

shows the experimental results of the substitution of alu-

minum for iron in the case of Fe8V10W16O85 compound.

Experimental

The following materials were used for the research: V2O5,

p.a. (POCh, Poland), WO3, 99.9% (Fluka AG, USA),

Al2O3, pure (POCh, Poland), a-Fe2O3 p.a. (POCh, Poland),

MoO3, pure (POCh, Poland), ZnO 99.9% (Sigma–Aldrich,

Germany), and CoCO3, pure (POCh, Poland).

For the experiments five samples were selected with

contents corresponding to Fe8-xAlxV10W16O85 formula with

x = 0, 2, 4, 6, and 8. They represented the whole component

concentration range of the system: Fe8V10W16O85–Al8V10

W16O85. The content of V2O5 and WO3 in the all mix-

tures was always constant and amounted to 20.00 and

64.00 mol%, respectively. The oxides weighed in suitable

proportions were homogenized and calcinated at 873, 923,

973, 1023, and 1073 K in 24 h stages. After each sintering

stage the samples were powdered using agate mortar and

examined with the aid of XRD. The samples obtained after

last heating stage were additionally examined by the IR and

DTA/TG methods. Results of investigations by XRD, DTA,

and IR methods allow a determination of phase composition

of samples, establishing of their melting temperatures as well

as melting behavior [17–20].

Two additional samples were prepared for IR investi-

gations. ZnV2O6 was synthesized from oxides by sintering

in 24 h stages at 823, 873, and 923 K, whereas CoMoO4

from CoCO3 and MoO3 by calcination at 873, 923, and

973 K.

The DTA/TG examinations were made using an appa-

ratus of Paulik–Paulik–Erdey type (MOM, Hungary).

Samples of 500 mg were investigated in air up to the

1,273 K in quartz crucibles and at the heating rate of

10 K min-1.

X-ray diffraction phase analysis of the samples was

performed using a DRON-3 diffractometer (Bourevestnik,

Sankt Petersburg, Russia) applying the CoKa/Fe radiation

(step 0.02� 2h, time 1 s).

The IR spectra were recorded on a SPECORD M-80

spectrometer (Carl-Zeiss Jena, Germany) in the wave-

number region of 1,500–200 cm-1. The samples were

mixed with KBr in a wieght ratio of 1:300 and then pressed

to pellets.

Results and discussion

The XRD experimental results have shown that diffraction

patterns of all materials after the last calcination stage at

1,073 K, were similar to one another and to the diffracto-

gram of Fe8V10W16O85 both with respect to the number

and to the mutual intensity relations of the recorded dif-

fraction lines. The angular positions of these lines were

shifted with increasing the Al2O3 content in initial oxide

mixtures toward higher angles 2h, in comparison with the

diffractogram of Fe8V10W16O85, i.e., they corresponded to

smaller interplanar distances d. The same tendency was

observed in the case of formation of solid solution of the

Fe8V10W16-xMoxO85 type (for x B 4) when the Mo6? ions

were substituted for W6? ones [14]. The obtained results

indicated that continuous substitutional solid solution of a

general formula Fe8-xAlxV10W16O85 is formed by an

incorporation of the Al3? ions into the crystal lattice of

Fe8V10W16O85 instead of Fe3?. The formulae of obtained

solid solution were evaluated from the content of initial

oxides. Diffraction lines of the Al8V10W16O85 and

Fe8-xAlxV10W16O85 type solid solution samples (x = 2, 4, 6)

recorded within 2h (CoKa-aver) 4–65� region were selected

for indexing (program Refinement). The result of indexing

of powder diffraction pattern of Al8V10W16O85 is presented

in Table 1. The parameters and volumes of the unit cells of

Table 1 The result of indexing of X-ray powder diffraction pattern

of the Al8V10W16O85

No dexp/nm dcalc/nm h k l 100 I

1 2 3 4 5

1 1.3777 1.3779 1 1 0 1

2 0.6899 0.6890 2 2 0 4

3 0.4594 0.4593 3 3 0 40

4 0.3608 0.3607 1 0 1 75

5 0.3444 0.3445 4 4 0 100

6 0.3383 0.3383 2 1 1 9

7 0.3249 0.3248 6 0 0 3

8 0.3036 0.3037 3 2 1 3

9 0.2756 0.2756 7 1 0 7

10 0.2672 0.2672 4 3 1 76

11 0.2576 0.2577 5 2 1 2

12 0.2436 0.2436 8 0 0 12

13 0.2342 0.2343 5 4 1 2

14 0.2298 0.2297 6 6 0 2

15 0.2218 0.2218 7 0 1 14

16 0.2018 0.2019 8 1 1 4

17 0.1969 0.1969 7 7 0 28

18 0.1836 0.1835 0 0 2 16

19 0.1809 0.1809 10 4 0 3

20 0.1723 0.1722 8 8 0 3
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Al8V10W16O85 as well as Fe8V10W12Mo4O85 [14] and

Fe8-xAlxV10W16O85 solid solutions are presented in

Table 2.

Looking for isostructural compounds with Fe8V10W16O85,

Al8V10W16O85, Fe8-xAlxV10W16O85, and Fe8V10W16-

xMoxO85 solid solution phases it have been taken under

consideration that their general formulas can be given as

M34O85 or 17 9 M2O5 (M stands for metal ion) and that

these compounds have very characteristic values of unit

cell parameters. The literature scan has shown that all these

phases are isostructural with polymorphic form of nio-

bium(V) oxide designated as M–Nb2O5 [21] and

(W0.35V0.65)2O5, (M2O5) [22]. The values of their unit cell

parameters (Table 2), the same type of general formula,

M2O5, as well as very similar powder diffraction patterns

support this assumption. Figure 1 presents the crystal

structure of M–Nb2O5 [21]. M–Nb2O5 and (W0.35V0.65)2O5

belong to a block structure phases with ReO3 type blocks

of 4 9 49? dimensions. These phases are built up of

corner and edge shared highly distorted MO6 octahedra. An

analysis of the data compiled in Table 2 indicates that with

increasing the incorporation extent of the smaller Al3? ions

into the Fe8V10W16O85 structure, the unit cell parameters

a = b are decreasing whereas parameter c being almost

constant.

The single phase materials obtained after the last heating

stage were subjected to the DTA/TG investigation. In the

DTA curve of Fe8V10W16O85 two endothermic effects

were recorded up to 1,273 K with their onsets at 1,113 and

1,213 K. The second effect was much smaller than the first

one and it was registered as a poorly pronounced remnant

effect. It was in accord with literature data where the first

endothermic effect was attributed to incongruent melting of

Fe8V10W16O85 [10].

On the other hand in the DTA curves of the Fe8-x

AlxV10W16O85 solid solution materials (x [ 0) and

Al8V10W16O85 phase one endothermic effect was recorded

up to 1,273 K. Figure 2 shows the DTA curve of

Al8V10W16O85. The onset temperature of the endothermic

effects was increasing gradually with the increase of alu-

minum content. Values of temperatures were 1163, 1168,

1173, and 1183 K for x = 2, 4, 6, and 8, respectively. No

weight changes were recorded on the TG curves (not pre-

sented) up to the onsets of the observed endothermic

effects on the DTA curves.

In order to explain the nature of the endothermic effect

on the DTA curve of Al8V10W16O85 and to establish its

melting behavior the sample of this phase was additionally

heated for 3 h at 1,213 K, i.e., at temperature close to the

extremum temperature of the endothermic effect registered

in the DTA curve. After heating at 1,213 K sample was

cooled rapidly to room temperature. The X-ray phase

Table 2 Unit cell parameters and volumes of M–Nb2O5 [21],

(W0.35V0.65)2O5 [22], Fe8V10W16O85 [13], Fe8V10W12Mo4O85 [14],

Al8V10W16O85, and Fe8-xAlxV10W16O85 solid solution (x = 2, 4, 6)

No. Formula a = b/nm c/nm V/nm3

1 M–Nb2O5 2.044 0.3832 1.6001

2 (W0.35V0.65)2O5 1.9506 (1) 0.37039 (7) 1.4093

3 Al8V10W16O85 1.9487 (1) 0.36706 (4) 1.3939

4 Al6Fe2V10W16O85 1.9553 (3) 0.3684 (2) 1.4103

5 Al4Fe4V10W16O85 1.9614 (2) 0.36958 (6) 1.4215

6 Al2Fe6V10W16O85 1.9674 (4) 0.3705 (2) 1.4338

7 Fe8V10W16O85 1.9753 (3) 0.3717 (2) 1.4503

8 Fe8V10W12Mo4O85 1.9725 (6) 0.3713 (5) 1.4446

X Y

Fig. 1 The crystal structure of M–Nb2O5 [21]

1,183 K

Endo

1,100 1,200 1,300

Temperature/K

Fig. 2 DTA curve of Al8V10W16O85
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analysis of the partially melted at this temperature sample

(Fig. 3, graph b) showed that it comprised a mixture of

WO3, Al2(WO4)3, and V2O5. Diffraction lines character-

istic for V2O5 were shifted toward higher 2h angles indi-

cating formation of V2-xMxO5 (M stands for metal ion)

solid solution. At 1,213 K V2O5 do not exist already as

solid phase, so it crystallizes from the liquid. Thus, it was

concluded that Al8V10W16O85 melts incongruently and the

solid products of its melting are WO3 and Al2(WO4)3:

Al8V10W16O85ðsÞ ! WO3ðsÞ þ Al2 WO4ð Þ3ðsÞþ liquid

Fe8V10W16O85, Al8V10W16O85 as well as the solid solution

phases Fe8V10W16-xMoxO85 and Fe8-xAlxV10W16O85

were also subjected to an investigation with the use of

infra-red spectroscopy (IR). The results of literature survey

[21, 22] have revealed that Fe8V10W16O85 type phases are

isostructural with M–Nb2O5 and (W0.35V0.65)2O5, built up

from highly distorted MO6 octahedra. Since the VO6

octahedra are relatively less common polyhedra, for com-

parison, IR investigations have been conducted also in the

case of ZnV2O6. The crystal structure of this phase is built

up from distorted VO6 octahedra [23]. On the other hand,

IR spectrum of CoMoO4 have been recorded because this

phase has crystal structure related to these ones of

M–Nb2O5 and (W0.35V0.65)2O5 [24].

Figure 4 shows the IR spectra of CoMoO4 (curve a),

Al8V10W16O85 (curve b), Fe4Al4V10W16O85 (curve c),

Fe8V10W16O85 (curve d) [12], Fe8V10W12Mo4O85 (curve e)

[14], and ZnV2O6 (curve f).

The IR spectra of all Fe8V10W16O85 type phases are

very similar, what supports assumption that these phases

are isostructural.

The IR spectrum of the Fe8V10W16O85 (curve d) reveals

the presence of absorption bands with their maxima at 922,

654, 486, 368, and 320 cm-1 [12–14]. With increasing the

incorporation extent of the lighter and smaller Al3? ions

into the structure of Fe8V10W16O85 a relatively small shift

of the respective absorption bands towardhigher wave-

numbers was observed. Their maxima characteristic for

Al8V10W16O85 are observed at 944, 660, 514, 412, and

334 cm-1 (curve b). A broad absorption bands lying at the

range of wave-numbers 1,050–800 cm-1 are characteristic

for all presented spectra (curves a–f) of phases built up

only from distorted octahedra. It is noteworthy that broad

absorption band in the IR spectrum of WO3 covering the

wave-number region of 1,000–700 cm-1 is caused by

stretching vibrations of W–O bonds in highly distorted

WO6 octahedra [13, 14]. Thus, the absorption band cov-

ering the wave-number region of 1,050–800 cm-1 in the IR

spectrum of the Fe8V10W16O85 type phases can be attrib-

uted to stretching vibrations of the very short M–O bonds

in the MO6 (M = W, V, Al, Fe) octahedra [19]. Another

very broad absorption band covering the wave-number

region of 800–550 cm-1 can correspond to stretching

vibrations of longer M–O bonds in MO6 octahedra. A

similar absorption band with a 640 cm-1 maximum was

noticed in an IR spectra of a- and c-Fe2WO6, comprising

24 26

2θ
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(a)

(b)

28 30

/°

Fig. 3 Powder diffraction patterns of: (a) Al8V10W16O85, (b) sample

of Al8V10W16O85 additionally heated for 3 h at 1,213 K and cooled

rapidly to room temperature comprised a mixture of WO3 (filled
square), Al2(WO4)3 (filled circle) and V2-xMxO5 (filled diamond)

1000

(a)

(b)

(c)

(d)

(e)

(f)

800
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sm
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600 400

Fig. 4 IR spectra of: (a) CoMoO4, (b) Al8V10W16O85, (c) Fe4Al4V10

W16O85, (d) Fe8V10W16O85 [12], (e) Fe8V10W12Mo4O85 [14] and

(f) ZnV2O6
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WO6 and FeO6 octahedra in their structures [13, 14, 25].

Next absorption band recorded in the range of 550–

400 cm-1 can be the most likely ascribed to stretching

vibrations of Fe–O and Al–O bonds in MO6 octahedra. A

similar absorption bands were noticed in the IR spectra of

c-Fe2WO6, FeVO4, and AlVO4 in the structure of which

the FeO6 or AlO6 octahedra occur [7, 13, 14, 25]. On the

other hand, bands lying within the wave-number range of

400–250 cm-1 may correspond to bending vibrations of

M–O bonds in MO6 octahedra or be of a mixed character

[14, 19]. An evident broadening of the absorption bands in

the IR spectrum of Fe8V10W12Mo4O85 (curve e) in com-

parison to the IR spectrum of Fe8V10W16O85 is undoubt-

edly due to an appearance of numerous additional Mo–O

bonds in the structure of Fe8V10W12Mo4O85.

Thus, analysis of the IR spectra of the Fe8V10W16O85

type phases seems to support assumption based on struc-

tural considerations that these phases are built up from

MO6 octahedra.

Conclusions

In this study, the results concerning the quaternary system

Fe2O3–Al2O3–V2O5–WO3 were presented for the first time.

The XRD, DTA, and IR measuring techniques were used to

show that:

1. In the ternary system Al2O3–V2O5–WO3 new com-

pound Al8V10W16O85 forms, not described earlier in

literature.

2. The Al8V10W16O85 melts incongruently at 1,183 K

with deposition of Al2(WO4)3 and WO3 as a solid

products of melting.

3. In the quaternary system Fe2O3–Al2O3–V2O5–WO3

continuous solid solution Fe8-xAlxV10W16O85 forms,

not described earlier in the literature.

4. Al8V10W16O85 and Fe8V10W16O85 as well as solid

solutions Fe8-xAlxV10W16O85 and Fe8V10W16-xMoxO85

are isostructural with M–Nb
2
O5 and (W0.35V0.65)2O5 and

belong to block type structure phases.

5. With the increase of Al3? content in the crystal lattice

of Fe8V10W16O85 a decrease of the a = b parameters

of the unite cell occurs, with c parameter being almost

constant.

6. The melting temperature of the Fe8-xAlxV10W16O85

solid solution increase with increasing the content of

Al2O3 and changes from being equal to 1,113 K for

x = 0 up to 1,183 K for x = 8.

7. Analysis of the IR spectra of the Fe8V10W16-xMoxO85

type phases supports assumption that these phases are

built up from VO6, WO6, FeO6, and AlO6 octahedra.

References

1. Eckert H, Wachs IE. Solid state 51V NMR structural studies on

supported vanadium(V) oxide catalysts: vanadium oxide surface

layers on alumina and titania supports. J Phys Chem. 1989;93:

6796–805.

2. Vuurman MA, Stufkens DJ, Oskam A, Deo G, Wachs IE.

Combined Raman and IR study of MOx–V2O5/Al2O5 (MOx =

MoO3, WO3, NiO, CoO) catalysts under dehydrated conditions.

J Chem Soc Faraday Trans. 1996;92(17):3259–65.

3. Guerrero-Perez MO, Herrera MC, Malpartida I, Larrubia MA,

Alemany LJ. Characterization and FT-IR study of nanostructured

alumina-supported V–Mo–W–O catalysts. Catal Today. 2006;

118:360–5.

4. Mitra B, Wachs IE, Deo G. Promotion of the propane ODH

reaction over supported V2O5/Al2O3 catalyst with secondary

surface metal oxide additives. J Catal. 2006;240:151–9.

5. Craig DC, Stephenson NC. A structural study in the system

Al2O3–WO3. Acta Cryst. 1968;B24:1250–5.

6. Hanuza J, Maczka M, Hermanowicz K, Andruszkiewicz M,

Pietraszko A, Strek W, Deren P. The structure and spectroscopic

properties of Al2-xCrx(WO4)3 crystals in orthorhombic and

monoclinic phases. J Solid State Chem. 1993;105:49–69.

7. Dabrowska G, Tabero P, Kurzawa MJ. Phase relations in the

Al2O3–V2O5–MoO3 system in the solid state. The crystal struc-

ture of AlVO4. J Phase Equilib Differ. 2009;30(3):220–9.

8. Tarama K, Teranishi S, Yoshida S. Study on the reduction pro-

cess of vanadium oxide catalysts by means of infrared spectros-

copy and X-ray diffraction. Bull Inst Chem Kyoto Univ.

1968;5:185–97.

9. Darriet J, Galy J, Hagenmuller P. Mixed oxides of bronze

structure MxV2-yTyO5 (T = Mo, W). I LixV2-yTyO5. J Solid

State Chem. 1971;3:596–603. (in French).

10. Walczak J, Rychlowska-Himmel I. Investigation of the real

composition of the phase formed in the Fe2O3–V2O5–WO3 sys-

tem. J Mater Sci. 1994;29:2745–50.

11. Rychlowska-Himmel I. Phase equilibria in the system Fe2O3–

V2O5–WO3 in the solid state. J Therm Anal Calorim.

2000;60:173–6.

12. Walczak J, Rychlowska-Himmel I, Tabero P. Reaction mecha-

nism of Fe8V10W16O85 synthesis. J Therm Anal Calorim.

1999;56:419–22.

13. Rychlowska-Himmel I, Tabero P. Phase equilibria in the system

V2O5–Fe8V10W16O85 and some properties of the Fe8V10W16O85

phase. J Therm Anal Calorim. 2001;65:537–43.

14. Tabero P. Formation and properties of the Fe8V10W16-xMoxO85

type solid solution. J Therm Anal Calorim. 2007;88:37–41.

15. Walczak J, Rychlowska-Himmel I. Phase equilibria in the

Fe8V10W16O85–Fe2O3 and Fe8V10W16O85–Fe2WO6 systems.

J Therm Anal Calorim. 1998;54:867–72.

16. Walczak J, Rychlowska-Himmel I. Phase diagram of the FeVO4–

Fe2WO6 system. Thermochim Acta. 1994;239:269–74.

17. Blonska-Tabero A. New phase in the system FeVO4–Cd4V2O9.

J Therm Anal Calorim. 2008;93:707–10.

18. Bosacka M, Blonska-Tabero A. Reinvestigation of system CdO–

V2O5 in the solid state. J Therm Anal Calorim. 2008;93:811–5.

19. Tomaszewicz E, Typek J, Kaczmarek SM. Synthesis, character-

ization and thermal behaviour of new copper and rare-earth metal

tungstates. J Therm Anal Calorim. 2009;98:409–21.

20. Filipek E, Wieczorek-Ciurowa K. Comparison between the syn-

thesis in molybdenum and antimony oxides system by high-

temperature treatment and high-energy ball milling. J Therm

Anal Calorim. 2009;97:105–10.

21. Mertin W, Andersson S, Gruehn R. The crystal structure of

M–Nb2O5. J Solid State Chem. 1970;1:419–24. (in German).

Formation and properties of the new Al8V10W16O85 and Fe8-xAlxV10W16O85 phases 565

123



22. Israelsson M, Kihlborg L. (W0.35V0.65)2O5, a new, simple block

structure. Ark Kemi. 1968;30(12):129–40.

23. Andretti GD, Calestani G, Montenero A. Refinement of the

crystal structure of ZnV2O6. Z Kristallogr. 1984;168:53–8.

24. Smith G, Ibers JA. The crystal structure of cobalt molybdate,

CoMoO4. Acta Cryst. 1965;19:269–73.

25. Senegas J, Galy J. Crystal structure of double oxide Fe2WO6.

J Solid State Chem. 1974;10:5–11. (in French).

566 P. Tabero

123


	Formation and properties of the new Al8V10W16O85 and Fe8minusxAlxV10W16O85 phases with the M--Nb2O5 structure
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	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


