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INTRODUCTION

The production of zirconium�containing oxide
layers on the surfaces of aluminum, titanium, and
magnesium in electrolytes under conditions of super�
ficial electric arc and spark discharges (plasma–elec�
trolytic or plasma–electrochemical oxidation referred
to as PEO below) attracts noticeable attention [1–19].
It is assumed that coatings containing zirconium
oxide, such as Al2O3–ZrO2, TiO2–ZrO2, MgO–ZrO2,
and MgO– ZrO2, can have increased protective,
mechanical, and light�reflecting properties, are heat�
resistant and promising as film catalysts and substrates
for catalytically active compounds.

In the PEO technique, electric discharges provide
conditions for the inclusion of the solution compo�
nents and electrolytic deposit, including the products
of thermolysis and high�temperature interactions, in
layers composed chiefly of the oxide of the metal
treated. Based on the peculiarities of the method, sev�
eral ways of producing oxide layers involving zirco�
nium compounds on valve metals were proposed,
including the use of electrolyte suspensions containing
ZrO2 particles [1–5], electrolytes containing fluoro�
complexes [6–13] or Zr(IV) polyphosphate [14–16]
and tartrate complexes [17], and electrolytes contain�
ing Zr(SO4)2 [18, 19].

In [19], coatings were formed on specimens of a
technical VT1�0 titanium in a electrolyte containing
35 g/l Zr(SO4)2 ⋅ 4H2O at the anodic polarization, an
effective current density of 8 A/dm2, and a duration of
treatment of 10 min. Coatings with a thickness about 6
μm were produced. According to the X�ray spectral

microprobe analysis, they contained (at %) 22.1 Zr,
10.3 Ti, and 67.3 O. Judging from the data of X�ray
phase analysis, the coating layer was composed of ZrO2
oxide (prevailing phase) in monoclinic and tetragonal
modifications and TiO2 oxide. The coatings are dense,
weakly wettable with water, and seem promising as
protective layers. Variations in the pH of solution by
adding NaOH were accompanied by the formation of
a deposit in the solution; the decrease in zirconium
content, and the increase in titanium; and, hence,
titanium oxide contents in the coatings. The supposi�
tion was made that the change in the composition of
the coatings is determined by the change in the pH
value, ionic composition, and the state of solution.
According to [20], aqueous solutions of normal zirco�
nium salts are acidic, and their hydrolysis results in the
appearance of H2[ZrO(SO4)2] complex compound that
involve zirconium in the anionic group. Depositing
zirconium from a sulfate solution by alkali produces
basic salts of Zr(OH)3.72(SO4)0.14composition. In this
case, the supply of zirconium, which should be
involved in the cationic group, to the anode and its
deposition on it during PEO are hampered.

Electrolytes containing zirconium sulfate are ordi�
nary,one�component electrolytes that are ecologically
safe. At the same time, both the formation of zirco�
nium�containing coatings on various valve metals and
the composition, structure, and properties of the coat�
ings obtained using this approach are still insuffi�
ciently studied. In this work, the results of investigat�
ing the effects of the total charge and the alternating
anodic–cathodic polarization on the formation,
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structure, and composition of the coatings on titanium
formed from a Zr(SO4)2�containing electrolyte are dis�
cussed.

EXPERIMENTAL

Similar to [19], an aqueous 35 g/l Zr(SO4)2 ⋅ 4H2O
solution was used as a electrolyte. The electrolyte was
prepared from commercial pure salt and distilled
water; the pH value of the solution was in the range of
1–2. Surface layers were formed on specimens with a
size of 23 × 23 × 0.5 mm3 made of technical VT1�0 tita�
nium (with a titanium content more than 99.5%) at
the anodic and alternating anodic–cathodic polariza�
tion at an effective current density of 8–20 A/dm2 and
a duration of treatment of 10–120 min. The electro�
chemical cell, the cooling and agitating systems, and
the preliminary treatment of specimens are described
in detail in [14–16].

As a current source, a computer�controlled revers�
ing thyristor operated in either unidirectional or bidi�
rectional anodic–cathodic mode was used. The cur�
rent source and its characteristics are given in [21]. In
the bidirectional mode, the durations of anodic and
cathodic current intervals were τa = τc = 0.04 s. Under
these conditions, the effective ic/ia current ratio of the
cathodic to anodic intervals was set. In this case, the
effective current density during the anodic period was
constant and equal to 8 A/dm2.

A hollow condenser made of a stainless steel,
through which cold trap water was run for cooling the
solution, was taken as a counterelectrode. The electro�
lyte temperature did not exceed 30°С. Specimens cov�
ered with coatings were washed in distilled water and
dried at a temperature of 60–80°С in air.

The thickness of films was measured with a VT�201
calibrator. Phase compositions were determined with a
D8 ADVANCE X�ray diffractometer (Germany)
according to the Bragg�Brentano method of rotating a
specimen in CuK

α
 radiation. X�ray patterns were ana�

lyzed with the EVA search program with the PDF�2
database. Elementary composition was determined
and images of the surface coating layers were obtained
with a JXA�8100 X�ray spectral electron probe
microanalyzer (Japan). When treating the specimens
before determining their elementary composition,
either graphite or gold film was sputtered on them.
Analysis was carried out on a surface area of 300 × 200
or 10 × 12.5 μm2. When studying the distribution of ele�
ments in the depth of coatings, the probing beam was
focused on a spot with a diameter of about 1.5 μm.

Cross sections of a specimen were prepared by fas�
tening the specimen with Epoxy resin and polishing it
with a special set of polishing agents. When measuring
contact corrosion currents of the St3 steel–titanium
(individual or covered with a coating) couples on spec�
imens, surface areas about 1 cm2 were delimited with
insulating varnish. Specimens immersed in a 3% NaCl
solution were arranged in parallel to each other at a

distance of 1 cm. The specimens were connected via a
resistance of 100 Ω where a voltage drop was measured
with a millivoltmeter, from which the current in the
circuit was calculated.

RESULTS AND DISCUSSION

Figure 1 shows the thickness and elementary com�
position of the coatings formed at the anodic polariza�
tion depending on the total charge spent per a unit
anode surface area (Q = i(A/cm2) × t (s)). In the exper�
iments, either the duration of treatment was varied
from 10 min to 2 h at a constant effective current den�
sity i = 20 A/dm2 or the effective current density was
varied in a range of 1–20 A/dm2 at a constant duration
t = 10 min.

With an increase in Q, the thickness of coatings
gradually increases and reaches nearly 200 μm under
particular experimental conditions (Fig. 1a). With an
increase in Q, the content of titanium decreases to 6–
10 at %, while that of zirconium increases to 17–21 at %.
In the whole studied range of Q values, the concentra�
tion of oxygen in the coatings falls in the range of 66–
70 at %. Note that the data obtained upon sputtering
graphite for charge draining from the specimen during
measurements (carbon was not determined) and are
averaged over the areas of 300 × 200 μm2 at a depth of
the layer analyzed of 2–5 μm.
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Fig. 1. Effect of total charge spent (Q) on (a) thickness and
(b) contents of titanium and zirconium in the coatings
formed at anodic polarization.
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The elementary composition of the coatings
formed corresponds to the presence of ZrO2 and TiO2
oxides with a small excess in oxygen. The conclusion
is supported by the data of X�ray phase analysis
(Fig. 2). In the X�ray patterns, reflexes assigned to
ZrO2 prevail. Upon the 10�min formation at a small
current density (2–5 A/dm2, Fig. 2, curve Ic), reflexes
corresponding to ZrO2 in monoclinic and tetragonal
modifications are present. Judging from the intensities
of the peaks, tetragonal ZrO2 prevails. When the cur�
rent density is increased to 20 A/dm2 at a constant
duration of the formation of 10 min, the total thick�
ness of the coating increases and the intensity of sig�
nals corresponding to tetragonal and monoclinic ZrO2
modifications increases, the former modification pre�
vailing. At the same time, an increase in Q value pro�
vided by an increase in the duration of the process at a
constant effective current density of 20 A/dm2 results
in the gradual increase in the intensity of the peaks
corresponding to monoclinic modification, which
becomes predominant in the thicker coatings (Fig. 2,
curve IIb).

Concurrently with the changes in the elementary
and phase compositions of the coatings, the mecha�
nism of their growth also changes. At a total charge of
60–80 C/cm2, on the primary film with a thickness of
10–15 μm, there appear secondary�layer protuber�
ances, which gradually broaden and grow in height
(Figs. 3a–3d) and finally cover the whole surface at
large Q (Fig. 3d). Figure 3c shows an image (obtained
with a laser optical microscope) of the surface covered
with a secondary layer, as well as the measured profile
between the secondary layer and the primary coating.
According to the data obtained, the secondary layer
has a complex surface structure and rises above the
surrounding primary film by 6–12 μm.

In order to compare the composition of the sec�
ondary and primary layers, the composition of sepa�
rate surface areas with a size of 10 × 12.5 μm2, which
formed at the total charge spent of 60, 90, or
360 C/cm2, was determined (table). As follows from
the data shown, compositions of the primary and sec�
ondary layers are identical in the films of different
thickness. This means that the solution components
are built in both structures concurrently in the same
proportions and, probably, according to the same
mechanism. In the thickened layers, titanium is seem�
ingly built from the electrolyte upon its dissolution
under the effect of electric breakdowns. The reasons
for the appearance and growth of the secondary layers,
which do not differ in their composition from the pri�
mary ones, are still unclear. This may probably be
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Fig. 2. Effect of total charge spent (Q) on phase composi�
tion of coatings formed at anodic polarization: (I) at con�
stant duration of process of 10 min and current density,
A/dm2: (a) 20, (b) 10, and (c) 5; (II) at constant current
density of 20 A/dm2 and duration of process, min: (a) 120,
(b) 60, and (c) 30.
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Fig. 3. (a, b) Appearance of secondary sites on coatings at
Q > 60−80 C/cm2 secondary layer; (c) the secondary
layer–primary coating profile; and (d) the surface of the
coating obtained upon 576 C/cm2 spent on.
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caused by the etching effect of the acidic (pH 1–2)
electrolyte and the appearance of short spreading dis�
charges, behind which a thickened layer is formed
[22].

In order to clarify the distribution of zirconium in
the cross sections of the layers, the sections of coatings
with a thickness of several tens microns were prepared
and studied (Fig. 4). Gold was sputtered on the sec�
tions, which enabled us to determine carbon with the
use of micro probe analysis. As can be seen, the films
are sufficiently dense and compact, with no visible
large inner pores and voids. The contents of oxygen,
titanium, zirconium, and carbon were determined by
focusing the probing beam on a spot with a diameter of
about 1.5 μm in either continuous or site�by�site scan�
ning mode.

General trends in the distribution of the elements
are as follows. Except for the surface layer of the coat�
ings, which is about 6–9% of the total film thickness,
the contents of oxygen and carbon are nearly constant in
the depth. On different sections, the following ranges of
the oxygen and carbon contents were obtained: 32.5–
50.5 wt % (at a mean value of 45.5 wt %) and 4.2–13 wt %
(at a mean of 7.8 wt %), respectively. The presence of
carbon can be caused by rubbing a polymer on the sec�
tion during polishing. In connection with this, it is
worth noting that the determined average concentra�
tion of carbon on titanium is 1.7 wt %, which is much
smaller compared to the coating section. The content
of titanium in different sections varies from 33 to
53 wt % and decreases from the titanium–coating
interface toward to the coating–polymer interface
(Fig. 4). The concentration of zirconium monotoni�
cally increases from the coating–titanium interface
toward the coating–polymer interface. In the layer
adjacent to titanium, zirconium content is 1–3 wt %.
Closer to the oxide surface, the zirconium content
gradually increases. The surface layer, which is in con�
tact with the polymer and has a thickness of 6–9% of
the total coating thickness, is noticeably enriched in
zirconium (to 40 wt % or above). This is clearly illus�
trated by the distribution maps of titanium and zirco�
nium in the coating sections (secondary�electron
images, Figs. 4c and 4d). Here, the concentrations of
titanium and zirconium both in the cross sections of
the coatings and within the subsurface layer change in
such a way that their sum remains nearly constant.
This means that either ZrO2 and TiO2 phases are mixed
in the coating or zirconium and titanium replace each
other in the oxide lattice.

Previously, the accumulation of zirconium in the
surface layers of PEO coatings formed on aluminum,
titanium, and magnesium was noticed in aqueous
K2ZrF6 electrolyte electrolytes [6] and in aqueous
electrolyte suspensions containing dispersed ZrO2
particles [2–5].

In the experiments described, a question about the
presence of carbon in the films is still open. It is not
clear whether it is built in the films during the PEO

treatment or it appeared on the surface as a result of
manipulations with the specimens (from hands, from
polymer rubbed during polishing, etc.). At the same
time, carbon was found in many PEO structures [23],
including microgranules formed on the surfaces [24].
We believe that the question about the carbon origin in
the anodic PEO structures, the mechanisms of its pos�
sible building in, and the contribution to the structure
and properties of PEO coatings requires special inves�
tigation and discussion.

When PEO layers are produced on aluminum from
e.g. silicate electrolytes, the bidirectional anodic–
cathodic polarization is known to affect the phase
composition of the coatings and promote the forma�
tion of continuous interlayers of high�temperature α
and η�Al2O3 aluminum oxide phases [25, 26]. We esti�
mated the effect of bidirectional polarization on the
composition of coatings formed on titanium from an
aqueous Zr(SO4)2 electrolyte.

   

Elementary composition of separate surface sites with a size of
10 × 12.5 μm2 on the coatings produced at the different total
charge spent: (I) primary and (II) secondary coatings
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Fig. 4. (a) Cross section of coating with thickness of 60 µm;
(b) distributions of titanium and zirconium in depth; and
(c, d) distribution maps of (c) titanium and (d) zirconium
in coatings with thickness of 150 µm. Content of element
is reflected by light spots.
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In the experiment, the ic/ia effective current ratio of
the cathodic to anodic intervals was set. The effective
current density during the anodic period was constant
and equal to 8 A/dm2. The durations of the anodic and
cathodic current pulses were ta = tc = 0.04 s, and the
formation of oxide layers took 10 min.

As follows from Figs. 5 and 6, when ic/ia ≤ 0.2, the
cathodic component insubstantially affects the thick�
ness and the content of titanium and zirconium in the
analyzed surface part of the coatings. At the same
time, the content of high�temperature tetragonal
phase increases in the coatings. Further increase in the
ic/ia ratio results in the sharp decrease in the thickness
of coatings and the substitution of zirconium in the
layers with titanium, though tetragonal zirconium
oxide phase still prevails over the monoclinic modifi�
cation. At ic/ia > 1.5, coatings do not form.

The data obtained enable us to suppose that an
increase in the duration of the process at ic/ia < 0.5 may
result in the production of films, whose elementary
composition is close to that obtained under anodic

conditions, but the high�temperature tetragonal phase
prevails.

As is shown by the observations and experiments,
the state of the Zr(SO4)2�containing electrolyte
changes with time, upon treating a set of specimens,
especially under anodic–cathodic conditions
(exhausted electrolyte), or upon boiling the solution
(artificial aging). A noticeable deposit consisting of
solid particles appears in the electrolyte, while the
coatings formed in an exhausted or aged electrolyte
are composed chiefly of tetragonal phase (Fig. 7). As
tentative estimates have shown, the aging or exhaus�
tion of the electrolyte results in the production of lay�
ers that contain a high�temperature tetragonal phase
and do not differ in their thickness and composition
from those obtained from a fresh electrolyte. This
aspect requires additional investigations.

As regards the protective properties of the layers,
the first tentative estimates were obtained. The layers
with a thickness of 15–200 μm were found to be suffi�
ciently stable at temperature drops in a range of 20–
700°С. The specimens were heated in a muffle fur�
nace, then taken away and immersed in water at a tem�
perature of 20°С. The specimens withstood ten heat�
ing–cooling cycles with no visible changes. Similar
specimens were used in laboratory experiments as sub�
strates of catalytically active compounds. When carry�
ing out catalytic measurements, the specimens stood
repeated cycles of heating to 500°С followed by cool�
ing to room temperature.
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Fig. 5. Effect of effective cathodic�to�anodic current ratio
on thickness and elementary composition of coatings
formed at bidirectional polarization.
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Fig. 7. X�ray patterns of coatings formed in (a) fresh and
(b) aged (by boiling) electrolytes. Phase notations are same
as in Fig. 2.



PROTECTION OF METALS AND PHYSICAL CHEMISTRY OF SURFACES Vol. 46 No. 6 2010 

PLASMA�ELECTROLYTIC OXIDATION OF TITANIUM 709

Measuring the contact corrosion currents of St3–
titanium and St3–15–20�μm coating–titanium cou�
ples showed that the coating decreases the galvanic
corrosion currents in the couples by a digit of 10–15
(one�month�long observation). As was found previ�
ously [19], these coatings are weakly wettable with
water. All of the above peculiarities show that these
coatings are promising as protective films, especially at
heightened temperatures.

ACKNOWLEDGMENTS

The work was partly financially supported by the
Russian Foundation for Basic Research (project
no. 09�03�98511) and Presidium of the Far East Divi�
sion of the Russian Academy of Sciences.

REFERENCES

1. Gurko, A.F., Zhukov, G.I., Fesenko, A.V., and Ogen�
ko, V.M., Ukr. Khim. Zh., 1991, vol. 57, no. 3, p. 304.

2. Malyshev, V.N. and Zorin, K.M., Appl. Surf. Sci., 2007,
vol. 254, p. 1511.

3. Matykina, E., Arrabal, R., Monfort, F., et al., Appl. Surf.
Sci., 2008, vol. 255, no. 5, p. 2830.

4. Arrabal, R., Matykina, E., Viejo, F., et al., Appl. Surf. Sci.,
2008, vol. 254, p. 6937.

5. Arrabal, R., Matykina, E., Skeldon, P., and Thomp�
son, G.E., J. Mater. Sci., 2008, vol. 43, p. 1532.

6. Yarovaya, T.P., Gordienko, P.S., Rudnev, V.S., et al., Russ.
J. Electrochem., 1994, vol. 30, p. 1276.

7. Shchukin, G.L., Belanovich, A.L., Savenko, V.P., et al.,
Zh. Prikl. Khim., 1996, vol. 69, no. 6, p. 939.

8. Nedozorov, P.M., Kilin, K.N., Yarovaya, T.P., et al., J. Appl.
Spectrosc., 2001, vol. 68, no. 4, p. 511.

9. Kilin, K.N., Rudnev, V.S., Nedozorov, P.M., and
Yarovaya, T.P., Prot. Met., 2006, vol. 42, p. 265. 

10. Yao, Z., Jiang, Z., and Zhang, X., J. Am. Ceram. Soc.,
2006, vol. 89, no. 9, p. 2929.

11. Yao, Z., Jiang, Y., Jiang, Z., et al., J. Mater. Process. Tech�
nol., 2008, vol. 205, p. 303.

12. Wu, Z., Yao, Z., and Jiang, Z., Rare Metals, 2008, vol. 27,
no. 1, p. 55.

13. Mu, W. and Han, Y., Surf. Coat. Technol., 2008, vol. 202,
p. 4278.

14. Rudnev, V.S., Boguta, D.L., Kilin, K.N., et al., Russ.
J. Phys. Chem, 2006, vol. 80, no. 8, p. 1350.

15. Rudnev, V.S., Kilin, K.N., Nedozorov, P.M., et al., Protec�
tion of Metals, 2007, vol. 43, no. 6, p. 542.

16. Rudnev, V.S., Yarovay, T.P., Nedozorov, P.M., and Kaidal�
ova, T.A., Russ. J. Inorg. Chem, 2008, vol. 53, no. 9, p. 1347.

17. Gnedenkov, S.V., Khrisanfova, O.A., and Zavid�
naya, A.G., Plazmennoe elektroliticheskoe oksidirovanie
metallov i splavov v tartratsoderzhashchikh rastvorakh
(Plasma�Electrolytic Oxidation of Metals and Alloys in
Tartrate�Containing Solutions), Vladivostok:
Dal’nauka, 2008.

18. Rudnev, V.S. Yarovaya, T.P., and Kilin, K.N., RF Patent
no. 232378, Byull. Izobret., 2008, no. 12.

19. Rudnev, V.S., Kilin, K.N., Yarovaya, T.P., and Nedozo�
rov, P.M., Protection of Metals and Physical Chemistry of
Surfaces, 2008, vol. 44, no. 1, p. 62.

20. Elinson, S.V. and Petrov, K.I., Analiticheskaya khimiya
tsirkoniya i gafniya (The Analytical Chemistry of Zirco�
nium and Hafnium), Moscow: Nauka, 1965.

21. Rudnev, V.S., Yarovaya, T.P., Nedozorov, P.M., et al.,
Korroz. Mater. Zashch., 2005, no. 6, p. 21.

22. Rudnev, V.S., Zashch. Met., 2007, vol. 43, no. 3, p. 296.

23. Vovna, V.I., Gnedenkov, S.V., Gordienko, P.S., et al.,
Elektrokhimiya, 1998, vol. 34, no. 10, p. 1208.

24. Rudnev, V.S., Lukiyanchuk, I.V., and Kuryavyi, V.G.,
Protection of Metals and Physical Chemistry of Surfaces,
2009, vol. 45, no. 1, p. 71.

25. Markov, G.A., Terleeva, O.P., and Shulepko, E.K., Tr.
Mosk. Inst. Neftekhim. Gaz. Prom., 1985, no. 185, p. 54.

26. Petrosyants, A.A., Malyshev, V.N., Fedorov, V.A., and
Markov, G.A., Trenie Iznos, 1984, vol. 5, no. 12, p. 350.



<<
  /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 /Warning
  /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


