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Abstract A tungsten film of 13 lm in thickness was

obtained on a copper substrate by galvanostatic electrolysis at

30 mA cm-2 for 40 min in a KF–B2O3–WO3 (67:26:7

mol%) melt at 850 �C. By cross-sectional scanning electron

microscopy observation and energy dispersive X-ray analysis,

the tungsten layer was found to be compact and free from

cracks, voids and melt inclusion. The X-ray diffractometry

analysis revealed that the phase was a-tungsten, and that (222)

plane was significantly oriented parallel to the substrate. By

nanoindentation, its hardness was found to be 8.4 GPa, which

was larger than that of single crystal tungsten. Its Young’s

modulus was measured to be 410 GPa, which was similar with

the reported value of single crystal tungsten. Its coefficient of

linear thermal expansion and thermal conductivity were

4.5 9 10-6 K-1 and 178 W m-1 K-1, respectively, which

were similar values for the tungsten produced by a conven-

tional powder metallurgy method. Finally, W–Cu–W three-

layered films were prepared for a heat sink application. It was

confirmed that a three-layered film having a desired coeffi-

cient of linear thermal expansion can be prepared easily by this

new molten salt method.

Keywords Tungsten � Molten salt � Electrodeposition �
Linear thermal expansion

1 Introduction

Tungsten metal has the highest melting point (3,660 �C)

among metals and has excellent properties such as good heat

resistance, high strength and low thermal expansion. Thus,

tungsten is used for a number of applications such as a

contact probe pin for LSI testing [1], an electrode for cold

cathode emission [2], a thermally conductive layer for heat

sink [3], and an electrode for electric discharge machining

[4]. However, the processing of tungsten is difficult because

of its high hardness and brittleness. So, the commercially

available products of tungsten are produced by powder

metallurgy, which limits the shapes to simple ones like plate,

wire and rod, and also makes the products expensive. Thus,

applications of tungsten have been rather limited so far in

spite of its excellent properties. If it is possible to plate a

desired amount of tungsten at a desired place by electrode-

position, tungsten is expected to be used more widely.

Although the electrodeposition of tungsten from an aqueous

solution is extremely difficult, the electrodeposition from

molten salt has been reported. Senderoff et al. [5, 6]

obtained tungsten from alkali metal fluoride melts at 700–

850 �C. Koyama et al. [7] successfully electrodeposited a

tungsten film of 100 lm in thickness from a KF–B2O3–WO3

melt at 850 �C. At lower temperatures of 350–450 �C, Ka-

tagiri et al. [8] succeeded in electrodepositing tungsten from

ZnBr2–NaBr and ZnCl2–NaCl [9] melts. At further lower

temperature of 250 �C, we reported the electrodeposition of

tungsten from a ZnCl2–NaCl–KCl melt [10].

For the practical use of such electrodeposited tungsten, it

is important to know its characteristics. For surface coating,
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for example, hardness is very important to increase wear

resistance. Recently, the Cu/W composite materials are

attracting attention as a heat sink material for high-power

solid-state lasers [11, 12]. Although copper has a high ther-

mal conductivity, its large coefficient of thermal expansion

generates large thermal stress with the solid laser materials.

Since tungsten has low thermal expansion, it is possible to

prepare a heat conductor with a desired thermal expansion by

combining copper and tungsten. A high Young’s modulus of

tungsten plays an important role in increasing the mechanical

strength of the composite material in spite of the mismatch of

thermal expansion between copper and tungsten. According

to a theory of composite material [13], a copper ratio can be

increased for a multilayer material compared with a disper-

sion material. For example, the same coefficients of linear

thermal expansion are obtained for a multilayer material of

W:Cu = 60:40 vol% and a dispersion material of W:Cu =

70:30 vol%, which means the multilayer has a higher ther-

mal conductivity. For a thermally conductive layer for a heat

sink, the total thickness is desired to be between 50 and

100 lm to attain both high thermal conductivity and high

mechanical strength. However, it is very difficult to prepare

such a thin W–Cu multilayer by a conventional powder

metallurgy method. On the other hand, a thin film of tungsten

can be electrodeposited on a copper substrate.

From this background, in this study, tungsten films

were electrodeposited on a copper substrate in a KF–

B2O3–WO3 melt at 850 �C. Firstly, the morphology and

impurities were studied for the tungsten layer by SEM and

EDX. Secondly, the phase and crystal orientation were

examined by XRD. Since the thermal conductivity, the

coefficient of linear thermal expansion and the Young’s

modulus are of importance for a heat sink application,

these properties were measured for the tungsten layer after

removing the copper substrate. So far, these properties

have not been reported for the electrodeposited tungsten

films. Finally, W–Cu–W three-layered films with different

Cu/W ratios were prepared and evaluated. Their coeffi-

cients of linear thermal expansion were measured and

compared with the values predicted by the theory of

composite material.

2 Experimental

2.1 Chemicals

All the chemicals were anhydrous reagent grade. The

composition of molten salt was 67 mol% KF (99%, Wako

Pure Chemical Industries, Ltd.), 26 mol% B2O3 (99%,

Wako Pure Chemical Industries, Ltd.) and 7 mol% WO3

(99%, Mitsuwa Chemicals Co., Ltd.), and total weight was

600 g. The mixture was put in a SiC crucible (Tokai

Konetsu Kogyo Co., Ltd., RS420) and dried under vacuum

at 500 �C for a day.

2.2 Electrodeposition and cyclic voltammetry

The electrochemical measurements were carried out in

the apparatus shown in Fig. 1 under argon flow. For

the electrodeposition experiments, the working electrode

was a copper film (99.9%, 20 9 40 9 0.05 mm or 20 9

40 9 0.02 mm, Nilaco Corp.) and the counter electrode

was a tungsten plate (99.95%, 10 9 50 9 1 mm, Nilaco

Corp.). Before the electrochemical measurement, for the

purpose of purification, preelectrolysis was carried out at

850 �C at 100 mA cm-2 over 2 h, using a molybdenum

plate (99.9%, 20 9 50 9 0.1 mm, Nilaco Corp.) as the

cathode and a tungsten plate (10 9 50 9 1 mm) as the

anode. The electrodeposition was carried out at a constant

current density of 30 mA cm-2. After the electrodeposit-

ion, the obtained sample was immersed in distilled water to

remove the salts. The cyclic voltammetry was carried out

using a tungsten wire (99.95%, 1 mm in diameter, Nilaco

Corp.) immersed in the melt as the reference electrode. The

working electrode was a copper film or the tungsten elec-

trodeposited on a copper film. The counter electrode was a

tungsten plate.

Fig. 1 Schematic drawing of apparatus of electrolysis. a: Ar inlet or

outlet, b: alumina tube, c: outer silica vessel, d: inner silica vessel,

e: SiC crucible, f: counter electrode (W), g: working electrode (Cu),

h: bath (67 mol% KF—26 mol% B2O3—7 mol% WO3 melt), i: Mo

wire, j: PTFE gasket
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2.3 Characterization and property measurement

of the electrodeposits

The deposits on a copper substrate were characterized by

scanning electron microscopy (SEM, Hitachi Ltd., S-

2600-H and Zeiss, Ultra55), energy dispersive X-ray

analysis (EDX, edax, S-UTW) and X-ray diffractometry

(XRD, Rigaku Corp., Multi Flex). The hardness and the

Young’s modulus of the deposits were measured by

nanoindentation [14] (Nanoindenter, MTS System Corp.,

G200). This system was installed a Berkovich indenter

and had load and displacement resolutions of 50 nN and

0.1 nm. The sample was mounted in epoxy resin and the

face for measurement was exposed by mirror polishing.

The measurement was carried out at 10 points in 20 lm

pitch and 300 nm depth. For the measurements of the

coefficient of linear thermal expansion and the thermal

conductivity, the tungsten film was separated from a

copper substrate by chemical dissolution of copper in a

dilute nitric acid solution. The coefficient of linear

thermal expansion was measured by the laser speckle

technique (Laser speckle distortion sensor, Hamamatsu

photonics, C4240-02) from 50 to 200 �C at a heating rate

of 10 �C min-1. The thermal conductivity was calculated

from the thermal effusivity, which was measured by the

thermoreflectance technique [15] (Thermal Microscope,

Bethel Co., Ltd., TM3) at 1 MHz. The coefficients of

linear thermal expansion of W–Cu–W three-layered

films were measured by the thermo mechanical analysis

(TMA, Seiko Instruments inc., SS120). The measurement

was carried out from 50 to 150 �C at a heating rate of

5 �C min-1.

3 Results and discussion

3.1 Characterization of electrodeposited tungsten film

Galvanostatic electrolysis was carried out on a copper

substrate at 30 mA cm-2 for 40 min in KF–B2O3–WO3

melt at 850 �C. A silver metallic film was obtained on both

sides of the copper substrate after the electrolysis. The

appearance and the surface SEM image of the deposit are

shown in Fig. 2. No crack or void was observed while the

surface looked like an angular face.

Tungsten metal can form two crystal structures, a-phase

and b-phase, which was reported to appear in electrode-

position from molten salts [8]. An XRD pattern of the

deposit is shown in Fig. 3. All peaks were assigned to a-

tungsten. In order to evaluate preferred orientation parallel

to a substrate plane, orientation index M was calculated as

follows [16],

MðhklÞ ¼
IðhklÞP
Iðh0k0l0Þ

I0ðhklÞP
I0ðh0k0l0Þ

ð1Þ

where I(hkl) is XRD intensity in experimental data, I0(hkl)

is the intensity in JCPDS cards and M(hkl) is the calculated

orientation index. RI(h0k0l0) in the present case is the sum of

intensities of six peaks: (110), (200), (211), (220), (310),

(321). The calculated orientation indices are listed in

Table 1. The (222) plane was significantly oriented parallel

to the substrate. Concerning the reason why tungsten is

electrodeposited successfully from the melt containing

B2O3 and KF, Koyama et al. [7] proposed the acid–base

cooperative reaction as below. B2O3 acts as a Lewis acid

and F- acts as a Lewis base. Tungsten oxide is regarded as

the salt based on W6? Lewis acid and O2- Lewis base.

Since B2O3 is a stronger acid than W6? and O2- is a

stronger base than F-, some O2- is extracted from WO3 by

B2O3 and alternatively some F- coordinate to tungsten ion.

A probable reaction is:

WO3 þ 2B2O3 þ 4F� ! WO2F2�
4 þ B4O2�

7 : ð2Þ

The formed tungsten oxyfluoride ion can be easily dis-

charged at a cathode to give a smooth electrodeposit of

tungsten.

Figure 4 shows an SEM image of the cross-section. It was

found that three layers of a W–Cu–W are seen, where the

thicknesses of the tungsten and the copper are 13.0 and

20.0 lm, respectively. It is often reported that the electro-

deposit from molten salts contains some salts in voids and

cracks. So a cross-sectional SEM observation in larger

magnification and an EDX analysis were carried out. As

shown in Fig. 5, no void or crack was observed. The EDX

spectrum of deposit is shown in Fig. 6. Two peaks are

ascribed to tungsten, and no element of salts was observed.

Thus, it was concluded that the obtained tungsten contained

no impurity and had a compact structure. From Fig. 5, it is

also seen that the electrodeposited tungsten layer has a

unique microstructure. It is composed of relatively fine

grains near the substrate, which then changes to the micro-

structure with much coarser grains at greater distances from

the substrate. Such change in microstructure can be

explained by the effect of substrate [17]. Nucleation occurs

easily on the copper substrate, while nucleus growth pro-

ceeds predominantly on the ‘‘electrodeposited tungsten’’.

To observe the difference in electrodeposition behavior

on two different substrates, the linear sweep voltammetry

was performed for a copper electrode and an ‘‘electrode-

posited tungsten’’ electrode. Thus, as shown in Fig. 7,

cathodic currents were observed from 0 V versus W for both

electrodes, which should correspond to the electrodeposition

of tungsten. Current density was larger for the copper
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electrode than that for the electrodeposited tungsten elec-

trode. It was confirmed that the overpotential in electrode-

position is larger for the electrodeposited tungsten electrode

than for the copper electrode. It can be explained by that the

nucleation occurs easily on the copper substrate compared to

the electrodeposited tungsten substrate, which is consistent

with the above discussion on microstructure.

3.2 Properties of electrodeposited tungsten film

The hardness of electrodeposited tungsten was measured

by nano indentation and found to be 8.4 GPa, which was

larger than that of monocrystal tungsten reported by Oliver

Fig. 3 An XRD pattern of the electrodeposit on a copper substrate

obtained at 30 mA cm-2 for 40 min from the KF–B2O3–WO3 melt at

850 �C

Table 1 Orientation M of of the electrodeposit on a copper substrate

obtained at 30 mA cm-2 for 40 min from the KF–B2O3–WO3 melt at

850 �C

Plane (110) (200) (211) (310) (222) (321)

M(hkl) 0.52 1.20 1.59 1.50 4.17 1.74

Fig. 4 A cross sectional view of the electrodeposit on a copper

substrate obtained at 30 mA cm-2 for 40 min from the KF–B2O3–

WO3 melt at 850 �C

Fig. 5 A cross sectional view of the electrodeposit on a copper

substrate obtained at 30 mA cm-2 for 40 min from the KF–B2O3–

WO3 melt at 850 �C in larger magnification

Fig. 2 An appearance and a

surface SEM image of the

electrodeposit on a copper

substrate obtained at

30 mA cm-2 for 40 min from

the KF–B2O3–WO3 melt at

850 �C
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et al. [14] (about 5 GPa). The reason of the larger hardness

is considered to be due to the small grain size. By nano

indentation, Young’s modulus was also measured and

found to be 406 GPa. This value was almost the same as

the reported value for monocrystal tungsten, which was

410 GPa [18].

After removing a copper substrate by nitric acid solu-

tion, the linear thermal expansion of the electrodeposited

tungsten was measured by the laser speckle technique. As

shown in Fig. 8, the linear thermal expansion was almost

proportional to the temperature from 50 to 200 �C and its

coefficient was 4.5 9 10-6/K. This value was the same as

the reported value for the tungsten produced by a con-

ventional method [19].

The relation between a thermal effusivity and a thermal

conductivity is expressed by a following equation [15],

b ¼ ðq CpkÞ�1=2 ð3Þ

where b, q, Cp and k are thermal conductivity, density,

specific heat and thermal diffusivity, respectively. Here, k
was measured by the thermoreflectance technique and

found to be 2.13 9 104 J s-1/2 m-2 K-1. Then the thermal

conductivity was calculated to be 178 W m-1 K-1. This

value was near the reported value for the tungsten produced

by a conventional method, which was 167 W m-1 K-1

[20].

3.3 The coefficients of linear thermal expansion

of W–Cu–W three-layered films

As shown in Fig. 4, a W–Cu–W three-layered film can be

prepared by electrodeposition of tungsten on the both sides

of a thin copper film. If the volume ratio of tungsten to

copper in such a film can be controlled, it is possible to

produce a heat sink material having any desired coeffi-

cients of linear thermal expansion. Considering the use for

a heat sink, the thermal expansion in the horizontal direc-

tion is important. For the W–Cu–W three-layered film, the

coefficient of linear thermal expansion in the horizontal

direction can be predicted by the theory of composite

material as follows,

acomplex ¼
awVw Ew þ aCuVCu ECu

Vw Ew þ VCu ECu

ð3Þ

where ai, Vi and Ei are the coefficient of linear thermal

expansion, volume ratio and the Young’s modulus of

material i (i = W or Cu).

For the verification of the possibility of this three-layered

film to the heat sink application, two films were produced by

electrodepositing tungsten on a copper film at 30 mA cm-2

for 20 or 40 min. According to the cross-sectional SEM

observations of the films, the Vw of three-layered films were

Fig. 6 An EDX spectrum of the electrodeposit on a copper substrate

obtained at 30 mA cm-2 for 40 min from the KF–B2O3–WO3 melt at

850 �C
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Fig. 7 Linear sweep voltammograms for a copper electrode or an

electrodeposited tungsten electrode

Fig. 8 The linear thermal expansion for the tungsten electrodeposit

obtained at 30 mA cm-2 for 40 min from the KF–B2O3–WO3 melt at

850 �C
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found to be 0.21(W:Cu:W = 6.7:50.0:6.7, in lm) and

0.57(W:Cu:W = 13.0:20.0:13.0, in lm). Then the coeffi-

cients of linear thermal expansion were measured by the

thermo mechanical analysis. The results are shown in Fig. 8

with the predicted curve by the Eq. 3. The measured values

agree well with the predicted values by the theory of com-

posite material.

So this three-layered film is very promising for the heat

sink application, because its coefficient of linear thermal

expansion can be controlled easily (Fig. 9).

4 Conclusions

A tungsten film of 13 lm in thickness was obtained on a

copper substrate by galvanostatic electrolysis at 30 mA cm-2

for 40 min in a KF–B2O3–WO3 (67:26:7 mol%) melt at

850 �C. The electrodeposited tungsten did not contain cracks,

voids and any elements of the molten salt. The hardness and

Young’s modulus of the tungsten were found to be 8.4 and

410 GPa by nanoindentation. The coefficient of linear ther-

mal expansion and the thermal conductivity were determined

to be 4.5 9 10-6 K-1 and 178 W m-1 K-1, which were

similar values with the tungsten produced by a conventional

powder metallurgy process. Furthermore, a W–Cu–W three-

layered film was prepared by tungsten electrodeposition for

the heat sink application. The coefficients of linear thermal

expansion of the prepared films agreed well with the pre-

dicted values by the theory of composite material, which

demonstrate the three-layered film is very promising due to

the easiness in controlling its coefficient of linear thermal

expansion.

References

1. Lin D, Shin M, Zheng F (2008) IEEE Trans Compon Packag

Technol 31:196

2. Stewart D, Wilson P (1980) Vaccum 30:527

3. Cadden C, Odegard B Jr (2000) J Nucl Mater 283–287:1253

4. Furutani K, Shibatani K, Itoh N, Mohri N (1998) Precis Eng

22:131

5. Senderoff S, Mellors G (1966) Science 153:1475

6. Senderoff S, Mellors G (1967) J Electrochem Soc 114:586

7. Koyama K, Morishita M, Umezu T (1999) Electrochemistry

67:667

8. Katagiri A, Suzuki M, Takehara Z (1991) J Electrochem Soc

138:767

9. Masuda M, Takenishi H, Katagiri A (2001) J Electrochem Soc

148:C59

10. Nakajima H, Nohira T, Hagiwara R (2005) Electrochem Solid-

State Lett 8:C91

11. Yuen A (2007) Laser Focus World 43(7):83

12. Tsunekane M, Taira T (2007) IEEE J Sel Top Quantum Electron

13:619

13. Kim J, Ryu S, Kim Y, Moon I (1998) Scr Mater 39:669

14. Oliver C, Pharr G (1992) J Mater Res 7:1564

15. Taketoshi N, Ozawa M, Ohta H, Baba T (1999) AIP Conf Proc

463:315

16. Yoshimura S, Yoshihara S, Shirakashi T, Sato E (1994) Elec-

trochim Acta 39:589

17. Paunovic M, Schlesinger M (1998) Fundamentals of electro-

chemical deposition, Chap. 7. John Wiley and Sons, New York

18. Simmons G, Wang H (1971) Single crystal elastic constants and

calculated aggregate properties: a handbook, 2nd edn. The M.I.T.

Press, Cambridge

19. Gurnenyuk V, Lebeden V (1961) Fiz Metall 11:29

20. Smithells C (1952) Tungsten. Chapman and Hall, London

Fig. 9 The coefficients of linear thermal expansion for W–Cu–W

three layered films

1448 J Appl Electrochem (2010) 40:1443–1448

123


	Characteristics of a tungsten film electrodeposited  in a KF--B2O3--WO3 melt and preparation of W--Cu--W  three-layered films for heat sink application
	Abstract
	Introduction
	Experimental
	Chemicals
	Electrodeposition and cyclic voltammetry
	Characterization and property measurement  of the electrodeposits

	Results and discussion
	Characterization of electrodeposited tungsten film
	Properties of electrodeposited tungsten film
	The coefficients of linear thermal expansion  of W--Cu--W three-layered films

	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


