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Abstract:  Rutile and anatase TiO; films were prepared by laser chemical vapor deposition using CO,
and Nd:YAG lasers. The effects of laser wavelength on the phase, orientation, and microstructure of these
Ti0, films were investigated. Using a CO; laser, single-phase rutile TiO; films were obtained at 826—1225
K. These films showed a (100) orientation and a dense structure. The highest deposition rate was 83 um h™!
at 1070 K. Using a Nd:YAG laser, the phase of the TiO; films changed from rutile to anatase with increasing
deposition temperature from 852 to 1230 K. The rutile TiO, films showed a (100) orientation with a
columnar structure, while the anatase TiO, films exhibited a (001) orientation with a cauliflower-like
structure. Using a Nd:YAG laser, the highest deposition rates for rutile and anatase TiO, films were 142

and 40 pm h™!, respectively.
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1. Introduction

TiO; films have been extensively studied because of their photocatalytic, photovoltanic, and optical
properties [1, 2], and thus have been widely applied to hydrogen generation [3], purification of polluted
water [4], and self-cleaning of optical device windows and waveguides. TiO, has several polymorphs,
mainly anatase and rutile, which could be low- and high-temperature phases, respectively [5]. The
photocatalytic and photovoltanic performance of anatase or an anatase/rutile mixture of TiO; is superior to
that of rutile TiO; [6, 7], while highly crystalline rutile TiO, can be used for optical applications.

TiO, films can be prepared by several physical and chemical deposition processes. Metalorganic
chemical vapor deposition (MOCVD) has been widely used to prepare TiO; films because of its good
conformal coverage and applicability to large-scale industrial production. Anatase TiO; films are usually
obtained at deposition temperatures less than about 800 K, which results in low crystallinity and deposition
rates less than a few pm h™' [7-13]. The photocatalytic and optical properties of TiO, films depend on
crystallinity and crystal orientation [ 14]. Therefore, highly crystalline rutile and anatase TiO, films should
be prepared at high deposition rates.

Auxiliary-energy-assisted CVD processes such as plasma CVD and photo CVD are useful for
obtaining highly crystalline films. Laser-assisted CVD (laser CVD) has been employed to prepare various
oxide and carbide films [15—17], including thick TiO, films [18,19]. Laser CVD can be categorized into
two types: photolytic laser CVD and pyrolytic laser CVD. Photolytic laser CVD can prepare amorphous
films without heating the substrate [20,21], while pyrolytic laser CVD can prepare highly crystalline films
[22,23]. CO; lasers are often used for pyrolytic laser CVD; however, no research has been reported on the
preparation of TiO; films by this method. Nd:YAG is an near-infrared laser and has photon energy higher
than that of a CO, laser. Laser CVD using a Nd:YAG laser may be a fundamentally pyrolytic laser CVD
process. However, the differences in the deposition features using CO, and Nd:Y AG lasers have never been
studied.

In the present study, TiO» films were prepared by laser CVD using CO; and Nd:YAG lasers, and the
effects of deposition conditions and laser wavelength on the orientation and microstructure of TiO; films

were investigated.

2. Experimental procedures

Figure 1 depicts a schematic of the laser CVD apparatus. Titanium di(i-propoxy)—
bis(dipivaloylmethanate) (Ti(OiPr)2(dpm),) as a precursor was heated at 453 K, and its vapor was carried
into the CVD chamber through an Ar carrier gas. O, gas was separately introduced into the CVD chamber
through a double-tube nozzle. The gas flow rates of the Ar and O, gases were each maintained at 1.6 x 1077
m? s7!. The total pressure (Py) was varied from 0.2 to 0.8 kPa. Yttria-stabilized zirconia (YSZ) plates (5
mm x 5 mm x 1 mm) were used as substrates, which were preheated on a hot stage to 673 K. A Nd:YAG

laser (wavelength: 1.06 um) and a CO; laser (wavelength: 10.6 pm) in continuous wave modes were,
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respectively, used to irradiate the entire substrate through a quartz and ZnSe window. The deposition
temperature (74.p) was measured with a thermocouple inserted into the back side of the substrate. The
deposition time was fixed at 0.6 ks.

The phase was determined by X-ray diffraction (XRD; Rigaku RAD-2C, 30 kV and 20 mA). The
surface and cross-sectional microstructures were observed by a scanning electron microscope (SEM;
Hitachi S-3100H). The thickness was measured from a cross-sectional SEM image. The deposition rate
(Raep) was calculated from the thickness and deposition time. The crystal structure was schematically
illustrated using the VESTA software package [24]. The Harris texture coefficient (7C) was used to estimate
the orientation of the obtained films [25,26].

I (hkl)/1,(hkl)
D1, (hkd)/ 1 (hkl)

where Im(hkl) and /o(hkl) are the intensity from the (24/) plane measured in the present study and that

TC(hkl)y=N (1)

reported on the ICSD card, respectively. For the rutile TiO, phase (ICSD #9161; space group: P4,/ mnm; a
= 0.4564 nm, ¢ = 0.2959 nm), the (110), (101), (200), (111), (211), (002), (310), (301), and (210) planes
were used for the calculation (N =9). For the anatase TiO, phase (ICSD #9852; space group: [4i/amd; a =
0.3784 nm, ¢ = 0.9515 nm), the (101), (103), (004), (112), (200), (105), (204), (211), and (220) planes were
used for the calculation (N = 9). The texture coefficient TC(Ak/) has a value between 0 and N depending on
the orientation degree of the (k) plane. The TCs of perfectly oriented and non-oriented planes are N and
1.0, respectively. In the present study, if the TC(hk/) value is more than 2, the film is defined as (4k/) oriented.

TC(hklr and TC(hkl)a refer to the texture coefficients of rutile and anatase TiO; films, respectively.

3. Results and discussion
3.1 Preparation of TiO: films using a CO: laser

The XRD patterns of all films prepared using a CO; laser can be indexed as single-phase rutile TiO».
Figure 2 shows the XRD patterns of TiO, films prepared at a pressure of 0.4 kPa. The rutile TiO, films
prepared at Tqep = 1020 K had a (100) orientation (Fig. 2(a)). T7C(100)r slightly decreased from 3.6 to 1.4
with increasing T4ep from 870 to 1217 K (Fig. 2(b)). TC(110)r was around 1, and thus no orientation toward
the (110) plane was identified. The (100) orientation observed for rutile TiO; films was independent of Pio.
Figure 3 depicts the effect of Tye, on TC(hkI)r for rutile TiO; films prepared at Py = 0.4 kPa. TC(100)r was
highest among other TC(hkl)r values independent of T4, and Py, and TC(100)r slightly decreased with
increasing Tuep. T7C(310)r and TC(210)r were almost 2, while 7C(110)r and 7C(101)r were almost 1 and 0,
respectively. Therefore, the (100) orientation was dominant independent of the deposition conditions.

Figure 4 shows the surface and cross-sectional SEM images of the TiO; films. The rutile TiO; film
prepared at Py = 0.8 kPa and 74ep = 853 K had a pebble-like structure and columnar cross section (Fig. 4(a),
4(b)). The rutile TiO; film prepared at Py = 0.2 kPa and T4, = 1078 K consisted of faceted polygonal grains
and a dense cross section (Fig. 4(c), 4(d)).
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The rutile TiO, faceted grains in the present study were categorized into three types: A, B, and C, as
shown in Fig. 4(c). Grain type A had a truncated two-sided surface that could be indexed as a {110} facet
with {001} facets truncated by {201} planes (Fig. 5(a)). Grain type B showed a quadrangular pyramidal
shape where two sides had a double slope. These grains could be indexed as {110} and {001} facets
truncated by {201} and {101} planes (Fig. 5(b)). Grain type C had a two-sided double slope surface. The
surface facets could be indexed as (301) and (101) planes, and the vertical facet could be indexed as {110}
plane (Fig. 5(c)). The first principles calculated surface energies of the (110), (100), (001), and (011) planes
[27], and the (110) surface had the lowest energy. Therefore, the (110) plane likely appeared as a roof facet
on the (100)-oriented rutile TiO, grains, and the (201) planes (2 = 1-3) could be truncated by the (110)
planes, as depicted in Fig. 5.

Figure 6 summarizes the effect of the deposition conditions (74 and Pi) on the phase and
microstructure of TiO, films prepared using a CO; laser. Single-phase rutile TiO» films were obtained
independent of T4 and Pi. The microstructure changed from dense columnar to fully dense with
increasing Tep.

Figure 7 shows the relationship between Ty, and Raep in an Arrhenius plot form. At Py = 0.2 kPa, Ryep
increased from 13 to 83 um h™! with Ty, increasing from 878 to 1070 K, and decreased to 32 um h™! at
1233 K, showing the maximum value at 1070 K. At lower deposition temperatures, the deposition rate
increased with increasing deposition temperature, suggesting a reaction limited process. The activation
energy of the deposition was 46-63 kJ mol™'. These values are similar to those given in the literature for
TiO; films prepared by conventional MOCVD (41-88 kJ mol ™) [11,13,28,29]. With increasing P, the
maximum Rgep slightly decreased, and the T4 providing for the maximum Ryep also decreased. This trend
has been commonly observed in conventional CVD, i.e., a homogeneous gas phase reaction results in a

decrease in the deposition rate at high temperatures.

3.2 Preparation of TiO: films using Nd:YAG laser

Figures 8 shows XRD patterns of TiO; films prepared at Py = 0.6 kPa using a Nd: YAG laser. A single-
phase rutile TiO; film having (100) orientation was obtained at T4, = 1020 K (7C(200)r = 4.0) (Fig. 8(a)).
A mixture of rutile and anatase TiO, films was formed at T4, = 1072 K (Fig. 8(b)). Single-phase anatase
TiO; films were prepared above Tuep = 1142 K and exhibited a (001) orientation (7C(004)s = 4.5) (Fig.
8(c)).

Figure 9 depicts the effect of Ty, on TC(hkl)r and TC(hkl)a for TiO; films prepared at Py = 0.6 kPa.
With increasing Tqep, the phase of the TiO» films changed from rutile (936—-1035 K)) to a mixture (1072 K)
to anatase (1114-1167 K) and back to a mixture (1185 K). 7C(100)r showed a maximum value of 4.0 at
Taep = 1035 K, and slightly decreased to 2 with increasing T4 to 1185 K. 7C(101)r was less than 1.2
independent of Tyep. On the other hand, 7C(001)4 ranged between 4.1 and 7.0, and 7C(101)4 was less than

0.5, implying that anatase TiO> films exhibited a significant (001) orientation.
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Figure 10 shows the surface and cross-sectional SEM images of TiO- films prepared at Py = 0.6 kPa.
The (100)-oriented rutile TiO, films consisted of faceted grains having a columnar cross section (Fig. 10(a),
10(b)). The (001)-oriented anatase TiO; films had cauliflower-like grains with a columnar cross section
(Fig. 10(c), 10(d)).

Figure 11 shows the surface and cross section of the columnar grains of the (100)-oriented rutile TiO,
film prepared at Pyt = 0.4 kPa and Tuep = 1047 K. Pyramidal facets with a step structure were developed in
the columnar grains (Fig. 11(b)). The (100)-oriented columnar grain had a pyramidal cap with fourfold
facets. The four sides of the pyramidal cap could be indexed as the {111} planes. A schematic of the facets
and the atomic arrangement of (100)-oriented rutile TiO, grains (grain E in Fig. 11(a)) is illustrated in Fig.
11(c). The step structure on the facets (Fig. 11(b)) was associated with the atomic arrangement of TiOs
octahedra on the rutile {111} plane.

In the cross section of the (100)-oriented grains (Fig. 11(d)), a triangular terrace developed on the front
ridge of the columnar grains, while a shoulder facet developed on the side ridges. The triangular terrace
could be indexed as (120) planes truncated by the {111} plane. A schematic of the facets for rutile TiO>
crystals truncated by {111}, {102}, and {120} planes was overlaid on the cross-sectional SEM images of
grains F and G (Fig. 11(e), 11(%)).

Figure 12 summarizes the effect of the deposition conditions (74, and Pi) on the phase and
microstructure of TiO; films prepared using a Nd:YAG laser. Single-phase rutile TiO, films were obtained
in the region of low Tyep and Py (filled circles in Fig. 12). At high Tuep and Py, single-phase anatase TiO,
films were obtained and exhibited a cauliflower-like structure (open circles in Fig. 12).

Figure 13 shows the relationship between Tgep and Rgep in an Arrhenius plot form for a Nd: YAG laser. At
Pyt = 0.4 kPa, Ryep increased with increasing Tuep up to T4ep = 1010 K. The values for £, below the Tyep
showing the maximum Rge, were 83-86 kJ mol™! for Py = 0.2-0.8 kPa. These are similar to the values
given in the literature for TiO, films prepared by conventional MOCVD (41-88 kJ mol™") [11,13,28,29].
The maximum Rgep was 142 pm h™! at 1010 K.

3.3 Anatase-and-rutile formation of TiO: films

Figure 14 summarizes the anatase-and-rutile formation temperatures in TiO, films prepared by
MOCVD [7-13,28-30] and the present laser CVD method. Using a titanium tetraisopropoxide (TTIP)
precursor [7,8,10,11,28,29], anatase TiO, was obtained at 7qep = 450-980 K, while rutile TiO, formed at
Taep = 700-850 K. Amorphous films were obtained at a lower deposition temperature range. By using an
ethylacetoacetate (ETOB) precursor [12], anatase TiO; films were prepared above 750 K, while amorphous
TiO; films were obtained below 750 K. By using a dipivaloylmethanate (DPM) precursor, anatase TiO,
films having a (001) orientation were obtained at 700-900 K [30]. We earlier prepared TiO; films by
MOCYVD, and reported that the phase changed from anatase to rutile to a mixture of rutile and anatase with

increasing deposition temperature from 600 to 1100 K [13]. This anatase formation at high temperatures
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was also accompanied by the formation of a cauliflower-like structure. In the present study, single-phase
anatase TiO> films were obtained at 1100—1200 K, which is the highest deposition temperature among TiO,
films prepared by MOCVD.

Rutile TiO; tends to be the thermodynamically stable phase at high temperatures, and phase transition
from anatase to rutile TiO; has been reported at 873—973 K [4] (hatched area in Fig. 14). On the other hand,
for CVD, anatase TiO; has been often obtained at higher temperatures (773—-1073 K), where the deposition
rate of anatase TiO, films decreases with increasing deposition temperature because of powder formation
in the gas phase [11,28], and anatase TiO, films exhibit a cauliflower-like microstructure consisting of
nanosized spherical grains [13]. It has been reported that anatase TiO, can be stable in nanoparticles of a
size less than 35 nm, which demonstrates the size effect [4]. The anatase TiO» film might be formed in the
gas phase (at a lower temperature than that of the substrate surface) as nanoparticles, and deposited on a
substrate resulting in the cauliflower-like structure.

For the present laser CVD, CO; laser produced only rutile TiO, films; however, Nd:YAG laser can
produce anatase TiO; films even at high temperatures. CO, laser beam had a pyrolytic effect dominantly,
and rutile TiO, films were obtained at whole T, region (826—1225 K). These rutile TiO, films exhibited a
faceted dense structure as shown in Figs. 4 and 5. Adatoms on film surface had high mobility and diffused
farther, and nucleation site would be steps and kinks, resulting in a significant lateral growth.

Contrary, by using Nd:YAG laser, rutile TiO; films grew with a feather-like columnar structure and
anatase TiO; films formed with the cauliflower-like structure at high Py (0.6—0.8 kPa) and Tgep, (1100—1200
K) region as shown in Fig. 10. These might be due to that homogeneous nucleation occurred on terraces or
in the gas phase, resulting in a rapid vertical growth. A nucleation of anatase nanoparticle in a gas phase

might be promoted due to a photolytic interaction between a precursor gas and Nd:YAG laser beam.

4. Conclusions

TiO, films were prepared on YSZ substrates by laser CVD. Using a CO; laser, single-phase rutile TiO,
films were obtained independent of Py and T4ep. The microstructure of single-phase (100)-oriented rutile
TiO; films changed from columnar to dense with increasing 74., and exhibited faceted morphologies. Using
a Nd:YAG laser, the phase of TiO; films changed from a (100)-oriented rutile to a (001)-oriented anatase
with increasing Tgep and Pior, and their microstructure changed from columnar to feather-like to cauliflower-
like structure. The highest Rqep values for rutile and anatase TiO; films were 142 and 40 um h™*, respectively.
Anatase TiO> films grew with a cauliflower-like structure even at high temperatures, where anatase TiO,

was nucleated in a gas phase and stabilized as nanoparticles.
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Figure 1 A schematic of laser CVD equipment.
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Figure 4 Surface (a, ¢) and cross-sectional (b, d) SEM images of TiO; films prepared using CO»
laser at various Pt and Tyep: 0.8 kPa and 853 K (a, b), 0.2 kPa and 1078 K (c, d).
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Figure S Pyramidal-shaped grains in the rutile TiO, films prepared at Pi: = 0.2 kPa and Tuep =
1078 K and their crystal shapes.
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Figure 8 XRD patterns of TiO; films prepared using Nd:YAG laser at Pi; = 0.6 kPa and various

Taep: 1047 K (a), 1072 K (b) and 1142 K (c).
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Figure 9 Effect of T4, on TC(hkI) of TiO; films prepared using Nd: YAG laser at Pio: = 0.6 kPa.
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Figure 10 Surface and cross-sectional SEM images of TiO, films prepared by Nd:YAG laser at
Py, = 0.6 kPa and different Tuep: 1035 K (a, b) and 1142 K (c, d).
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Figure 11 The feather-like structure of (100)-oriented rutile TiO, film prepared at Py = 0.4 kPa
and T4ep = 1047 K: surface (a-c) and cross-section (d-f). A schematic of crystal shapes

drawn by VESTA are overlaid on SEM images (c), (e) and ().

19


http://dx.doi.org/10.1016/j.surfcoat.2014.02.003

10.1016/j.surfcoat.2014.02.003

o Q
o ©

©
.p.

Total pressure, Py / kPa

0.2

800 900 1600 11.00 1200 1300
Deposition temperature, Tye, / K

Figure 12 Effect of T4epand Pio: on the phase and microstructure of TiO; films prepared by
Nd:YAG laser. Filled, half-filled and open circles indicate rutile, mixture and anatase

formation, respectively.
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Figure 13 Effect of T4epand Pio: on Reep of TiO: films prepared using Nd: YAG laser.
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Figure 14 Anatase and rutile formation in TiO> films prepared by MOCVD and present LCVD.
TTIP: titanium tetraisopropoxide, ETOB: titanium ethylacetoacetate, DPM: titanium
dipivaloylmethanate. Hatched region indicate the temperatures for anatase-to-rutile

transition [4].

22


http://dx.doi.org/10.1016/j.surfcoat.2014.02.003


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /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.)

  >>

  /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 [612.000 792.000]

>> setpagedevice



