Journal of the Ceramic Society of Japan 117 [9] 978-982 2009 Paper

ZnO-ZrO;, films with good UV-shielding properties prepared
by a single step sol-gel method
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This paper describes a single step sol-gel method, which is very useful for the manufacturing of various films. In this paper,
Zn0-ZrO; films with excellent ultraviolet ray shielding property were fabricated by a single step deposition of sol-gel spin
coating. Zinc acetate dihydrate [Zn(OCOCH3),-2H,0] and zirconium n-propoxide [Zr(OCsH)4] were used as starting materi-
als. Monoethanolamine was added to dissolve zinc acetate in alcoholic solvent. Precursor solution with the molar ratio of [Zn]/
[Zr] from 100/0 to 60/40 were prepared for the deposition. The effects of zirconium addition on the stability of the precursor
solution, crystallization behavior of ZnO-ZrQO; film, optical property and microstructure were examined. As a result, the sta-
bility of the precursor solution increased with increasing ZrQO, content. Dried films with zirconia component were more stable
to humidity in air than the films without zirconia. The addition of zirconia component to the ZnO film also improved the
microstructure of the film surface. Namely, the surface of the film with the molar ratio [Zn]/[Zr] of 70/30 became flat without
crack. Relatively thick ZnO-ZrO; film with thickness about 0.7 #zm was obtained by the single step deposition. The resultant
film with a [Zn])/[Zr] of 70/30 exhibited high transmittance in the visible region (Tvis~90%) and low transmittance in the ultra-
violet region (Tyv < 10%). This suggested that the ZnO-ZrO; film with good UV-shielding property was successfully prepared

by a single step sol-gel spin coating.
©2009 The Ceramic Society of Japan. All rights reserved.

Key-words : Ultraviolet ray shielding, ZnO-ZrO, film, Sol-gel, Single step deposition, Spin coating, Soda lime glass substrate

1. Introduction

Zinc oxide (ZnO) is widely used in various applications such
as transparent conductive film,"”? acoustic wave devices,”
laser,” gas sensor,” solar cell,” blue and ultraviolet (UV) light
emitters” and UV ray shielding agent.® UV shielding coatings
for automotive windows and headlamp lens should exhibit high
transmittance in the visible region and high absorbance in the
UV region. From the viewpoint of this, ZnO is a suitable material
for the UV shielding coatings because of its wide direct band gap
of 3.3 eV.

ZnO films have been prepared by various methods such as
sputtering,” chemical vapor deposition (CVD),'” plasma
assisted molecular beam epitaxy,'” pulsed laser deposition
(PLD),' spray pyrolysis'® and sol-gel method.'"¥ Among them,
the sol-gel method is more useful and cost effective. Therefore,
many researchers have reported the deposition of the sol-gel
derived ZnO film, using zinc acetate dihydrate as a Zn source
and monoethanolamine as a stabilizer of the precursor solu-
tion.”” In their cases, however, multi-step deposition was
essential to obtain the desired film thickness, usually 5 to 10
times coating and drying operations. If the thick films could be
deposited by a single step coating via the sol-gel method, it is
very useful for the industries. Recently, a single step coating of
a relatively thick film by the sol-gel method has been reported.'®
In this paper, anhydrous zinc acetate was used to avoid the intro-
duction of large amounts of water in the precursor solution.
However, the maximum thickness of ZnO film was 437 nm. The
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transmittance in UV region and visible region were higher than
10% and lower than 85%, respectively. Generally, it has been
required that the transmittance of UV region and visible region
for the UV shielding film of automotive applications are lower
than 10% and higher than 90%, respectively. Therefore, thicker
ZnO film is essential for the film with good UV shielding prop-
erty. In order to obtain the thick film by a single step sol-gel
coating process, a stable precursor solution is necessary to avoid
the precipitation by humidity in atmosphere.

In this study, we report the preparation of the ZnO—ZrO, films
with good UV-shielding properties by a single step coating pro-
cess. This paper describes the effects of the ZrO; addition on the
stability of the ZnO-ZrO, precursor solution, crystallization
behavior of the resultant ZnO-ZrO; film, microstructure and
their optical properties.

2. Experimental Procedure

2.1 Preparation of ZnO-ZrO; precursor solution

and the film from the solution

Zn0-ZrO; thick film was prepared by sol-gel method. Figure
1 shows the flow diagram for the preparation of ZnO-ZrO, pre-
cursor solution and the ZnO—ZrO; film.

Zinc acetate dihydrate (Zn(OCOCHj3),-2H,O, Wako Pure
Chemical Industries, Ltd.; ZnAc) and zirconium n-propoxide
(Zr(n-OC3H7)4, 70% in 1-propanol, Kishida Chemical Co., Ltd.;
ZrPr) were used as Zn and Zr sources, respectively. 1-propanol
(nPA) was used as a solvent. ZrPr was diluted in nPA at room
temperature, followed by the addition of monoethanolamine
(MEA) into the solution. After that, ZnAc was dissolved in the
solution at 60°C. Poly-vinyl pyroridone (PVP) was added in the
solution as thickening agent. The molar ratio, [Zn]/[Zr] was var-

©2009 The Ceramic Society of Japan



Journal of the Ceramic Society of Japan 117 [9] 978-982 2009

JCS-Japan

Zr(n-OC;Hy), Stirring for 10 min 1-propanol
(ZrPr) (nPA)

Monoethanolamine
(MEA)

I Stirring for 10 min |
d‘ Zn(OCOCHj;),-2H,0

(ZnAc)
Stirring at 60°C
for 1 hour
Poly vinyl pyroridone
(PVP)

| Stirring for 30 min |

|| Zn0O-ZrO; precursor solution ||

| Spin-coating at 600 rpm for 30 sec |

[ Drying at 100 °C for 3 hours |

[ Firing at 500 °C for 30 min |

| ZnO-ZrO; film |

Fig. 1. Flow diagram for the preparation of ZnO-ZrO; precursor solu-
tion and single step deposition from the solution.

ied 100/0, 90/10, 80/20, 70/30 and 60/40. The concentration of
zinc acetate was fixed at 1 M. The molar ratio, [MEA]/([Zn] +
[Zr]) was fixed at 0.72. The amount of PVP to 1-propanol was
maintained at 1 mass%.

ZnO-ZrO; film was deposited on a soda lime glass substrate
by spin coating. The precursor solution was dropped onto the
substrate and rotated at 600 rpm for 30 s. After the spin coating,
the film was dried at 100°C for 3 h. The film was then fired at
500°C for 30 min.

2.2 Characterization

The thermal decomposition behavior of ZnO-ZrO, precursor
gels were measured by thermo-gravimeter / differential thermal
analyzer (TG/DTA, EXSTER6300 Seiko Instrument Inc.) with a
heating rate of 10°C/min. The ZnO-ZrO, precursor gel films
were prepared by drying the precursor solution at 100°C. Crys-
talline phases in the films were identified by X-ray diffraction
(XRD, RINT2000 Rigaku Co.) using Cu K¢ radiation. Surface
and cross-sectional morphologies of the films were observed by
a field emission-type scanning electron microscope (FE-SEM,
S—4700 Hitachi, Ltd.). UV-VIS transmittance measurements
were carried out using an ultraviolet-visible spectrophotometer
(UV-VIS, U-4000 Hitachi, Ltd.).

3. Results and discussion

3.1 Stability of the ZnO—-ZrO; precursor solution

Table 1 shows the change in appearance of the ZnO-ZrO,
precursor solution with the storage time at room temperature.
Every as prepared solution was clear just after the preparation.
However, precipitation occurred within six months in the precur-

Table 1. Appearance of ZnO-ZrO, Precursor Solutions with Various
Ratios of [Zn]/[Zr]

Zn/Zx As prepared After 3 months  After 6 months
100/0 O X X

90/10 O X X

80/20 @) O X

70/30 @) O O
60/40 O O O

O: Clear solution, X: Precipitate

Table 2. Appearance of ZnO-ZrO; Drying Films and Firing Films

Zn/Zx Drying at 100°C Firing at 500°C
100/0 AN X
90/10 O X
80/20 @) O
70/30 O O
60/40 @) O

O: Transparent, A: Translucent, X: Crack

sor solution with [Zn]/[Zr] of 100/0, 90/10 and 80/20. With
increasing ZrO, content, the stability of the precursor solution
increased. The precursor solutions with [Zn]/[Zr] of 70/30 and
60/40 were clear over the six months. The stable solution could
be obtained by addition of zirconium propoxide even in high zinc
concentration of 1 M. These results suggested that zirconium n-
propoxide reacted with zinc acetate and monoethanolamine to
form more soluble and stable precursor in 1-propanol solvent.

3.2 The appearance of the ZnO-ZrO; films

Table 2 shows the appearance of the ZnO—ZrO, films derived
from the precursor solution. Only the dried film of ZnO became
cloudy, and the other dried films with [Zn]/[Zr] of 90/10, 80/20,
70/30 and 60/40 were transparent. The resulting films with zir-
conia component were more stable to humidity in air than the
films without zirconia. Transparency of the dried films increased
with increasing Zr addition. These results show that Zr addition
is effective to form a stable precursor gel film. After firing at
500°C, cracks occurred in films with [Zn]/[Zr] of 100/0 and 90/10.
Other films with [Zn]/[Zr] of 80/20, 70/30 and 60/40 were trans-
parent and no crack.

3.3 Thermal decomposition behavior of ZnO-ZrO,
gels

Figure 2 shows the DTA curves for the ZnO—ZrO, dried gels.
In the DTA curve of ZnO gel, three small and one large exother-
mic peaks were observed at around 175°C, 248°C, 305°C and
373°C, respectively. The first three peaks may be due to the
combustion of MEA and other residual organics. The large exo-
thermic peak at around 373°C is associated with the formation
of Zn0." In the case of ZnO-ZrO, precursor gel with [Zn]/[Zr]
of 80/20, the large exothermic peak at around 380°C was
observed. The films with zirconia component exhibited the
higher peak temperature than ZnO gel. Moreover, a new exother-
mic peak was observed around 410°C. The peak is associated
with the formation of ZrO,. In the precursor gel with [Zn]/[Zr]
of 60/40, two large exothermic peaks, corresponding to the for-
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Fig. 2. DTA curves of ZnO-ZrO> gels with various ratios of [Zn]/[Zr].
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Fig. 3. TG curves of ZnO-ZrO, gels with various ratios of [Zn]/[Zr].

mation of ZnO and ZrO, appeared around 385°C and 428°C,
respectively. With increase in zirconium content of the precursor
gel, both temperatures of exothermic peaks increased. These
results also suggested that more stable precursor was formed by
addition of zirconium alkoxide. Figure 3 shows the TG curves
of ZnO-Zr0, gels. In ZnO gel, weight loss was observed in four
temperature regions of 100-180°C, 180-230°C, 230-320°C and
320-425°C. Similarly, in the case of the gel with the molar ratio
[Zn])/[Zr] of 80/20, four temperature region of weight loss was
observed, but the temperature region shifted to higher tempera-
ture such as 100-190°C, 190-250°C, 250-325°C and 325-
440°C. Further, in the case of the gel with the molar ratio [Zn]/
[Zr] of 60/40, the temperature region of weight loss increased
such as 100-220°C, 220-260°C, 260-420°C and 420-450°C.
These results also indicated that increasing amount of zirconium
alkoxide resulted in the more stable ZnO-ZrO, precursor solu-
tions. Comparing TG curves of the gels with the molar ratio
[Zn])/[Zr] of 100/0, 80/20 and 60/40, the weight loss in each sim-
ilar temperature region decreased with increase in ZrO, content.
The rapid weight loss during firing causes the crack in the film.
Therefore, the addition of ZrO, in the precursor film containing
ZrO; is suitable to avoid the crack among the firing.

3.4 Crystallization of ZnO-ZrO; films
Figure 4 shows XRD patterns for the ZnO-ZrO, films with
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Fig. 4. XRD patterns of ZnO-ZrO films with various ratios of [Zn]/
[Zr] fired at 500°C

different compositions fired at 500°C. The XRD pattern of ZnO
film exhibited three main sharp peaks corresponding to the (100),
(002), and (101) planes of the ZnO wurzite structure. The
intensities of XRD peaks corresponding to ZnO decreased dra-
matically with increasing ZrO, content, while the intensity corre-
sponding to the (111) plane of tetragonal ZrO- increased with
increasing ZrO, content. The width of the peaks corresponding to
Zn0O increased with increasing ZrO, content in the film. These
results exhibited that the crystallinity and the grain size of ZnO
decreased with increasing ZrO, content. The result of decrease in
the crystallinity was supported by the results of DTA / TG; the
temperature corresponding to the formation of ZnO increased
with increasing ZrO, content. The orientation of ZnO phase
changed with ZrO; content in the film. The (101) peak was the
strongest in ZnO film. The (100) peak was the strongest in the
film with the molar ratio of 90/10. More addition of ZrO; resulted
in the gradually oriented film in the c-axis, or (002) plane such
as the films with the molar ratio [Zn]/[Zr] of 70/30 and 60/40.

3.5 Microstructures of ZnO-ZrO; films

Figure 5 shows SEM photographs for the surface of ZnO film
fired at 500°C. The corrugate structure and cracks were observed
in the range from 5 to 30 #m. The film was translucent because
of its microstructure. The grain size of ZnO film was 50-100 nm
and pores existed at the grain boundaries. Figure 6 shows SEM
photographs for the surface and the cross section of the film with
the molar ratio [Zn]/[Zr] of 70/30. The surface of the film was flat
without crack. The grain size of the film was small (20-80 nm)
compared with that of the ZnO film. The addition of ZrO,
resulted in the control of grain growth in the film. These results
showed the good agreement with the results of XRD; the grain
size of ZnO in the film decreased with increasing ZrO; content.
The thickness of the film with the molar ratio [Zn]/[Zr] of 70/30
was 700 nm. Relatively thick and crack free film was obtained
by a single step coating. This fact is probably due to the stress
relaxation by the residual amorphous phase in the film on firing.
Therefore, even relatively thick film could avoid the crack in the
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Fig. 5. SEM phtographs for the surface of a ZnO film, a) low magnifi-
cation image and b) high magnification image.

Fig. 6. SEM phtographs for a) the surface and b) cross section of a
7Zn0-ZrO; film with the molar ratio [Zn]/[Zr] of 70/30.

film among firing.

3.6 Optical property of ZnO-ZrO; films

Figure 7 shows optical transmittance spectra of ZnO-ZrO,
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Fig. 7. UV-VIS spectra for ZnO-ZrO: films with various ratios of
[Zn]/[Zr] fired at 500°C.

films. The ZnO film exhibited low transmittance in the visible
region because of the corrugate structure and crack in the film
surface. The transmittance in visible region was improved by
addition of ZrO,. The film with the molar ratio [Zn]/[Zr] of 90/10
had high transmittance in the visible region (Tvis~90%). How-
ever, when ZrO; or zirconium source was added to the precursor
solutions more than 20%, the transmittance of the film in visible
region slightly decreased. This result is ascribed to the refractive
index of the film with increasing ZrO, content. The transmittance
in UV region (wave length < 370 nm) of the films with the molar
ratio [Zn]/[Zr] of 100/0 and 70/30 were lower than 10%. Only
the film with the molar ratio [Zn]/[Zr] of 70/30 exhibited high
transmittance in the visible region and low transmittance in the
ultraviolet region by a single step coating through the sol-gel
process.

4. Conclusions

The precursor solutions for the deposition of ZnO—ZrO, film
were synthesized by reacting with zinc acetate, zirconium
propoxide and monoethanolamine in 1-propanol solvent. The
molar ratio of [Zn]/[Zr] was varied from 100/0 to 60/40. The
effects of zirconia addition on the stability of the solution, crys-
tallization behavior of ZnO—-ZrO> films, microstructure and their
optical properties have been investigated. With increasing ZrO,
content, the stability of the precursor solution increased. Precip-
itation did not occur in the precursor solution with the molar ratio
[Zn]/[Zr] of 70/30 and 60/40 over the six months. The intensities
of XRD peaks corresponding to ZnO decreased sharply with
increasing ZrO; content in the film, while the intensity of the
peak corresponding to (111) plane of tetragonal ZrO, increased
with increasing ZrO content. The grain size of the film decre-
ased with increasing ZrO; content. The addition of ZrO; in the
film also improved the microstructure of the film surface. The
surface of the film with the molar ratio [Zn]/[Zr] of 70/30 was
flat without crack. The grain size of the film was small (20—
80 nm) if compared with that of ZnO film. The addition of ZrO,
resulted in the suppression of the grain growth in the film. ZnO-
ZrO; film with the molar ratio [Zn]/[Zr] of 70/30 exhibited high
transmittance in the visible region (~90%) and low transmittance
in the ultraviolet region (< 10%). The film was successfully
obtained by a single step sol—gel spin coating, followed by the
firing at 500°C.

981



JCS-Japan

Hayashi et al.: ZnO-ZrO, films with good UV-shielding properties prepared by a single step sol-gel method

—

)

2)
3)

4)
5)
0)
7
8)
9

10)

982

References
J. Nishino, S. Ohshio and K. Kamata, J. Am. Ceram. Soc., 75,
3469 (1992).
J.-H. Lee and B.-O. Park, Thin Solid Films, 426, 94-99 (2003).
I. Petrov, V. Orlnov and A. Misiuk, Thin Solid Films, 120, 55
(1984).
L. Znaidi, G.J.A.A.S. Illia, S. Benyahia, C. Sanchez and A. V.
Kanaev, Thin Solid Films, 428, 257 (2003).
S. Devi, V. B. Subrahmanyam, S. C. Gadhari and S. K. Gupta,
Anal. Chim. Acta, 568, 41 (2006).
W. J. Jeongs, S. K. Kim and G. C. Park, Thin Solid Films,
506-507, 180 (2006).
D. M. Bangall, Y. F. Chen, Z. Zhu, T. Yao, S. Koyama, M. Y.
Shen and T. Goto, Appl. Phys. Lett., 70, 2230 (1997).
T. Sakurai and K. Saito, Fragrance Journal, 27[5], 79-83
(1999).
T. Sugawara, I. Shimono, J. Tsujino, N. Homma and H.
Fukuda, J. Ceram. Soc. Japan, 111, 831-836 (2003).
H. Deng, J. J. Russell, R. N. Lamb, B. Jiang, Y. Li and X. Y.

11)
12)
13)
14)
15)
16)
17)
18)

19)

Zhau, Thin Solid Films, 458(1,2], 43-46 (2004).

Y. Chen, D. M. Bagnall, H. Koh, k. Park, K. Hiraga, Z. Zhu
and T. Yao, J. Appl. Phys., 84, 3912 (1998).

F. K. Shan, B. C. Shin, S. W. Jang and Y. S. Yu, J. Eur.
Ceram. Soc., 24[6], 1015-1018 (2004).

M. de la L. Olvera, A. Maldonado, R. Asomoza and S. Tirado-
Guerra, Thin Solid Films, 411, 198-202 (2002).

Y. Ohya, T. Ogata, T. Ban and Y. Takahashi, J. Ceram. Soc.
Japan, 113[3], 220-225 (2005).

S. B. Yahia, L. Znaidi, A. Kanaev and J. P. Petitet, Spec. Acta,
A71, 1234-1238 (2008).

H. Li, J. Wang, H. Liu, C. Yang and H. Xu, Vacuum, 77, 57—
62 (2004).

Y.-S. Kim, W.-P. Tai and S.-J. Shu, Thin Solid Films, 491,
153-160 (2005).

S. O’Brien, L. H. K. Koh and G. M. Crean, Thin Solid Films,
516, 1391-1395 (2008).

P. T. Hsieh, Y. C. Chen, K. S. Kao, M. S. Lee and C. C.
Cheng, J. Eur. Ceram. Soc., 27, 3815-3818 (2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50222
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.130 795.120]
>> setpagedevice




