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Abstract The phase structure and electrical properties

of (K,Na)NbO3 (KNN)-based lead-free piezoelectric ceram-

ics with nominal composition Li0.03 (NaxK1-x)0.97Nb0.8

Ta0.2O3 (LKNNT, x = 0.50-0.55) were investigated with

an emphasis on the influence of Na/K ratio. By XRD and

Raman measurements, it was revealed that the phase tran-

sition from the co-existence of O1 and T1 to the co-existence

of O2 and T2 occurs when x = 0.52. At this Na/K ratio, a

peak of dielectric constants was obtained, which also cor-

responds to a morphotropic phase boundary between T1 and

T2 besides that between O1 and O2 in LKNNT ceramics. All

the Li0.03 (NaxK1-x)0.97Nb0.8Ta0.2O3 ceramics with x =

0.50 - 0.55 show excellent piezoelectric performance, and

the piezoelectric coefficient d*33 can reach as high as

335 pm/V. The room-temperature piezoelectric properties

in the present LKNNT ceramics are not sensitive to the

change of Na/K ratio, indicating that the orthorhombic to

tetragonal phase co-existence dominates the enhancement of

piezoelectric properties. However, the results on the piezo-

electricity measurement at elevated temperature showed

possible to further enhance piezoelectric properties by

adjusting Na/K ratio in the tetragonal LKNNT ceramics.

Introduction

Lead-based piezoelectric ceramics such as Pb(Zr, Ti)O3

(PZT) have been widely used in sensors, transducers,

actuators, and other important devices for decades. Because

of the toxicity of lead, lead-free piezoceramics have

received increasing attention from the view point of envi-

ronment in recent years. Potassium sodium niobate (KNN)-

based ceramics are considered as one of the promising

lead-free candidates for its high-piezoelectric properties

comparable to PZT-based ceramics [1–3]. However, pure

KNN ceramics have very poor dielectric and piezoelectric

properties, whose representative d33 data is *80 pC/N for

the normally sintered KNN ceramics [4], and *148 pC/N

even for its counterpart prepared by spark plasma sintering

with high density [5]. Many studies to date revealed that Li,

Sb, and Ta are effective elements for enhancing the pie-

zoelectric properties of KNN ceramics [6–12], and the

mechanism has also been gradually clarified in recent years.

Doping Li, Sb, and Ta elements into KNN ceramics can

significantly shift the tetragonal to orthorhombic transition

point (TT-O) from above 200 �C to room temperature,

so the resultant materials show enhanced piezoelectric

responses due to the effect of two-phase co-existence. Such

a piezoelectricity enhancement in KNN system basically

benefits from the polymorphism phase transition (PPT)

effect, which is different from morphotropic phase bound-

ary (MPB) effect in PZT system [13]. As a consequence, the

KNN-based ceramics with enhanced piezoelectricity due to

the PPT effect are lack of temperature stability of electrical

properties. As one approach to resolve this problem, it is

thought necessary to develop the KNN-based ceramics with

MPB-like phase structures which can endow piezoelectric

materials with enhanced and temperature-insensitive pie-

zoelectric properties.

So far, Zhang et al. [14] investigated the compositional

dependence of ferroelectric and piezoelectric properties of

a series of nondoped KNN ceramics with different Na/K

ratios in a wide range, and found that a phase boundary like

MPB exists in KNN system and piezoelectric and dielectric
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constants show their peaks at the composition close to the

boundary. Later, Dai et al. [15] revealed that a typical MPB

exists at x = 0.52–0.525, separating the monoclinic and

orthorhombic phases in K1-xNaxNbO3 ceramics. They

found that piezoelectric constant and electromechanical

coupling coefficient show peaks at the composition near

x = 0.52. Those studies suggested the possibility of

enhancing the piezoelectric properties in KNN ceramics by

the MPB effect through adjusting Na/K ratio as done in the

PZT system by controlling the Zr/Ti ratio. Therefore,

detailed investigations are meaningful to clarify if there is

an optimal value of Na/K in (Li,Ta)-doped KNN-based

ceramics, whose ferroelectric and piezoelectric properties

are much better than nondoped KNN ceramics. Under such

a motivation, this study was conducted by finely varying

the Na/K ratio for a (Li,Ta)-doped KNN ceramics with

fixed Li and Ta contents.

Experimental

KNN-based ceramics with nominal composition Li0.03(Nax

K1-x)0.97Nb0.8Ta0.2O3 (abbreviated as LKNNT, x = 0.50

- 0.55, at internals of 0.01 or 0.005) were prepared by a

conventional method. The raw materials in this experiment

were lithium carbonate (Li2CO3, 97 wt%), potassium car-

bonate (K2CO3, 99 wt%), sodium carbonate (Na2CO3,

99.8 wt%), niobium oxide (Nb2O5, 99.95 wt%), and tan-

talum oxide (Ta2O5, 99 wt%). The raw materials after being

weighed were milled for 24 h in ethanol, and then the slurry

was dried and calcined at 850 �C for 5 h. The synthesized

powder were ball milled again for 24 h also in ethanol and

dried, after that the powders were pressed into small disks of

10 mm in diameter, followed by cold isostatic pressing

under 200 MPa. Finally, these pellets were sintered in air at

1120 �C for 2 h. After being painted with sliver electrodes,

the samples were poled at 120 �C for 20 min under an

electric field of 4 kV/mm in silicone oil.

X-ray diffraction (XRD) characterization was conducted

by using CuKa radiation (Rigaku, D/Max2500, Tokyo,

Japan). The cross-sectional microstructures of the ceramics

were observed by scanning electron microscopy (SEM,

JSM6460, Tokyo, Japan). The Raman spectrum was mea-

sured by the LabRAM HR800 (France). The dielectric

properties at room temperature were measured using an

Agilent 4194A precision impedance analyzer (Hewlett-

Packard, Palo Alto, CA) at 1 kHz. The ferroelectric prop-

erties and electric-field-induced strains were measured on

the TF ANALYZER 1000 (aixACCT Systems GmbH,

Germany). A d33 meter (ZJ-3A, Institute of Acoustics,

Chinese Academy of Science, Beijing, China) was also

used to measure room-temperature quasistatic piezoelectric

constant. The temperature dependence of dielectric

constants was measured in a temperature-regulated cham-

ber which was connected with Agilent 4294(Hewlett-

Packard, Palo Alto, CA) at 1 kHz.

Results and discussion

Figure 1 shows the SEM images of the cross sections of the

Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3 ceramics with different

x values. All samples have high density, ranging from 4.64

to 4.71 g/cm3. The grains have uniform shape and rectan-

gle facet. The change of Na/K ratio has tiny influence on

the grain size. The average grain size of the LKNNT

ceramics is less than 2 lm which is close to the reported

results with similar compositions [9, 16].

Figure 2a shows the XRD patterns of the LKN-NT

ceramics with different x values (Na/K ratios), and the

enlarged patterns in the range of 2h from 82.5o to 86.5o are

shown in Fig. 2b. It appears that the XRD patterns have less

change even comparing the enlarged peaks. KNN-based

ceramics usually show orthorhombic and/or tetragonal

symmetry at room temperature, which can be distinguished

by focusing on the peaks around 2h = 45o. For an ortho-

rhombic symmetry with a = c [ b, its I(200)/I(020) equals 2

and the (200) line has a smaller Bragg angle. But the

I(002)/I(200) equals 0.5 and the (002) line is located at a

smaller Bragg angle for tetragonal symmetry a =

b \ c. Considering that the two peaks around 2h = 45o

shown in Fig. 2a almost have the same intensity, it can be

speculated that both tetragonal and orthorhombic phases

co-exist in the present LKNNT ceramics. To further confirm

if there is any difference in phase structure caused by the

change of Na/K ratios, more detailed XRD analysis was

conducted by comparing the peaks at higher diffraction

angles as shown in Fig. 2b. The broad peaks shown in

Fig. 2b are similar to that reported by Wang and Li [17] for

0.94(K0.5Na0.5)NbO3-0.06LiNbO3 composition containing

tetragonal and orthorhombic phase, again confirm the

co-existence of two phases in the present LKNNT ceramics.

As shown in Fig. 2b, the peak location and its half width

change slightly as the Na/K ratio is varied, which may

indicate there are very small changes in phase structure with

various Na/K ratios. However, it seems difficult to distin-

guish them only by XRD.

Two phases co-existence in the present LKNNT

ceramics result from the fact that TT-O is shifted down to

around the room temperature. It is presumed that the

tetragonal and orthorhombic phase structures of the present

LKNNT ceramics might be affected by changing Na/K

ratios, as in the case of pure KNN ceramics reported by Dai

et al. [15]. However, because the co-existence of tetragonal

and orthorhombic phases make the phase analysis extre-

mely difficult, the following experiments were conducted
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Fig. 1 SEM images of the Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3 ceramics with different x values, a x = 0.50, b x = 0.51, c x = 0.52, d x = 0.53,

e x = 0.54, f x = 0.55

Fig. 2 XRD patterns of

Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3

ceramics with different x values

J Mater Sci (2011) 46:5111–5116 5113

123



at elevated (120 �C) and reduced (-50 �C) temperatures

where only tetragonal or orthorhombic phase exist by using

Raman spectroscopy that was suggested as a powerful tool

to study the structural changes in the KNN-based ceramics

[13, 18, 19]. Figure 3 shows a representative Raman

spectrum of LKNNT ceramics in which the part between

450 and 700 cm-1 can be fitted using a sum of Gussian

lines. The fitted line corresponds well to the original data

with R2 [ 0.99 [18]. It was reported that the locations of

peak 1 and peak 2 are sensitive to the change of phase

structure [13, 18]. As shown in Fig. 4a, the wavenumber

corresponding to peak 1 and peak 2 increases gradually and

shows a peak at x = 0.52, when the Raman experiment

was conducted at -50 �C. A similar trend was observed at

120 �C, although the wavenumber turned to further

increase when x [ 0.53. When the sample is cooled down

to -50 �C (far below its TT-O), it should be of ortho-

rhombic phase. As reported by Dai et al. [15], there is a

phase boundary separating two orthorhombic phase (O1 to

O2) at x = 0.52 as indicated in the KNN phase diagram

[20]. On the other hand, at 120 �C, well above TT-O, only

tetragonal phase should exist in these tested samples.

Therefore, the results shown in Fig. 4b indicate that the

tetragonal phases may have tiny difference when the Na/K

ratio changes across x = 0.52. By referring the KNN phase

diagram [20], it can be speculated that there also exists a

phase boundary in the tetragonal region, which separates

two kinds of tetragonal phases (T1 to T2) in KNN system.

However, more studies are needed to clarify their differ-

ence in detail, but such experiments are challenging

because their lattice parameters are extremely close.

Figure 5 demonstrates the dielectric constant versus the

temperature at x = 0.51, 0.52, 0.53, 0.54, and 0.55, and the

inset shows the dielectric constants measured at 1 kHz with

different x values at room temperature. After the lowering

of TT-O by adding Li and Ta, the dielectric constant will

reach maximum when the temperature is around room

temperature, because of the effect of two-phase co-exis-

tence. The TT-O is independent of Na/K ratio and estimated

about 40 �C from this figure (actually lower than this

temperature because of thermal hysteresis). In addition,

when x = 0.52, the dielectric constant reaches the maxi-

mum and has better thermal stability than any other

composition.

The typical P-E loops of the ceramics with different

x values are shown in Fig. 6. The loops change little with

the variety of x; also do the remnant polarization Pr and the

coercive field Ec. The Pr ranges from 13 to 15 lC/cm2,

while the Ec ranges from 14 to 16 kV/cm. When x = 0.53,

the Pr reaches the largest 15.06 lC/cm2, with a corre-

sponding Ec value of 14.8 kV/cm. Figure 7 shows the

piezoelectric constant d33 and planar electromechanical

coefficient kp of the Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3

ceramics with different x values at room temperature, also

including the piezoelectric constant d*33 of several repre-

sentative compositions at room and elevated temperature.

The d*33 were determined by measuring the strain induced

by applying electrical field, whose corresponding curves of

strain versus electric field at two temperatures are shown in

Fig. 8. The piezoelectric constant d33 values match well

Fig. 3 Raman spectrum of Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3 ceramics

with x = 0.54 at 120 �C and the inset shows fitted Raman spectrum

between 450 and 700 cm-1

Fig. 4 Positions of fitted Raman peaks of the Li0.03(NaxK1-x)0.97

Nb0.8Ta0.2O3 ceramics with different x values at -50 and 120 �C
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with the results which were described previously [2, 7, 16].

The electromechanical coupling coefficient kp is slightly

lower than reported [7]. The d33 and kp also change sur-

prisingly little when x changes in the range between 0.50

and 0.55, where the most recognized MPB region exists in

pure KNN ceramics [15, 20]. However, the inset of Fig. 5

demonstrates that the dielectric constant reaches a maxi-

mum when x = 0.52. Two phases (orthorhombic and

tetragonal) exist in the sample at room temperature because

its TT-O is about 40 �C. Then the sample will experience

two different phase transitions from the co-existence of O1

and T1 to the co-existence of O2 and T2 when the value of

x crosses 0.52. These transitions lead to the peak of

dielectric constant, but have little effect on piezoelectric

and ferroelectric properties. The reasons are clear, but it is

considered that the difference between two tetragonal

(T1 and T2) and orthorhombic(O1 and O2) phases may not

be so pronounced to further affect the piezoelectric and

ferroelectric properties, which have been already enhanced

to a high level due to the PPT effect in the present LKNNT

ceramics.

Figure 8 displays the curves of electric-field-induced

strains at 26 and 120 �C for the samples with different

x values. The hysteresis in the strain versus E-field

behavior conducted at 26 �C is a result of domain wall

movement. It should be noted that the present LKNNT

ceramics should be of tetragonal phase at 120 �C (much

higher than TT-O). The piezoelectric constant d33 changes

with various Na/K ratios more significantly at 120 than at

26 �C. At 120 �C, the sample of x = 0.52 has the highest

d*33 value of 242 pm/V which is similar to that value of

PZT-8, also shows the highest dielectric constant (see

Fig. 5). This Na/K ratio should corresponds to the T1 and

T2 phase boundary according to the KNN phase diagram

[20]. This result suggests the possibility to enhance the

piezoelectric properties for (Li,Ta)-doped KNN-based

ceramics with tetragonal phase by adjusting the Na/K ratio,

being similar to the case of un-doped KNN ceramics with

orthorhombic phase structure as revealed by previous

studies [14, 15].

Conclusions

Lead-free Li0.03 (NaxK1-x)0.97Nb0.8Ta0.2O3 piezoelectric

ceramics with finely varied Na/K ratio in the vicinity of

equal value were synthesized by the conventional method.

All the compositions are composed of orthorhombic and

tetragonal phases, and showed good piezoelectric and fer-

roelectric properties due to the polymorphism phase tran-

sition (PPT) effect. When the Na/K ratio is changed across

Fig. 5 Relative dielectric constant as a function of temperature for

Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3 ceramics with different x values.

Measurements were performed at 1 kHz during the heating process.

The inset shows the relative dielectric constants measured at 1 kHz

with different x values at room temperature

Fig. 6 P-E loops of the Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3 ceramics

with different x values measured at 10 Hz at room temperature

Fig. 7 Piezoelectric constant d33 and planar electromechanical coef-

ficient kp at room temperature, as well as converse piezoelectric

constant d33
* at room and elevated temperatures for the Li0.03(Nax

K1-x)0.97Nb0.8Ta0.2O3 ceramics with different x values
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x = 0.52, it seems that there is a phase transition both for

orthorhombic and tetragonal phases. However, when

orthorhombic and tetragonal phases co-exist, the change of

Na/K ratio made a little difference on the piezoelectric

properties of the ceramics because of the predominant PPT

effect on the piezoelectric properties. Nevertheless, the

transition from the co-existence of O1 and T1 to the

co-existence of O2 and T2 leads to a dielectric peak during

the variety of Na/K ratio. The authors confirm that a phase

transition occurs in tetragonal LKNNT ceramics when the

Na/K ratio crosses 52/48, which can lead to the peak of

electrical properties.

Acknowledgements This study was supported by the National

Nature Science Foundation of China (Grant nos. 50772050 and

50921061) and the Ministry of Science and Technology of China

under the Grant 2009CB623304, as well as by the Tsinghua Uni-

versity Initiative Scientific Research Program.

References

1. Saito Y, Takao H, Tani T, Nonoyama T, Takatori K, Homma T,

Nagaya T, Nakamura M (2004) Nature 432:84

2. Shrout TR, Zhang SJ (2007) J Electroceram 19:111

3. Panda PK (2009) J Mater Sci 44:5049. doi:1007/s10853-009-

3643-0

4. Egerton L, Dillon DM (1959) J Am Ceram Soc 42:438

5. Li JF, Wang K, Zhang BP, Zhang LM (2006) J Am Ceram Soc

89:706

6. Guo Y, Kakimoto K, Ohsato H (2005) Mater Lett 59:241

7. Hollenstein E, Davis M, Damjanovic D, Setter N (2005) Appl

Phys Lett 87:182905

8. Chang Y, Yang Z, Hou Y, Liu Z, Wang Z (2007) Appl Phys Lett

90:232905

9. Wu L, Zhang J, Zheng P, Wang C (2007) J Phys D Appl Phys

40:3527

10. Wang K, Li JF (2010) Adv Funct Mater 20:1924

11. Fu J, Zuo R, Wang X, Li L (2009) J Phys D Appl Phys 42:012006

12. Xiao DQ, Wu JG, Wu L, Zhu JG, Yu P, Lin DM, Liao YW, Sun

Y (2009) J Mater Sci 44:5408. doi:10.1007/s10853-009-3543-3

13. Dai Y, Zhang X, Zhou G (2007) Appl Phys Lett 90:262903

14. Zhang BP, Li JF, Wang K, Zhang H (2006) J Am Ceram Soc

89:1605

15. Dai YJ, Zhang XW, Chen KP (2009) Appl Phys Lett 94:042905

16. Saito Y, Takao H (2006) Ferroelectrics 338:17

17. Wang K, Li JF (2007) Appl Phys Lett 91:262902

18. Klein N, Hollenstein E, Damjanovic D, Trodahl HJ, Setter N

(2007) J Appl Phys 102:014112

19. Rubio-Marcos F, Banares MA, Romero JJ, Fernandez JF (2010)

J Raman Spectrosc. doi:10.1002/jrs.2753

20. Jaffe B, Jaffe H, Cook WR (1971) Piezoelectric ceramics.

Academic Press, London

Fig. 8 The curves of strain

versus electric field measured

at 26 and 120 �C for the

Li0.03(NaxK1-x)0.97Nb0.8Ta0.2O3

ceramics with different x values

5116 J Mater Sci (2011) 46:5111–5116

123

http://dx.doi.org/1007/s10853-009-3643-0
http://dx.doi.org/1007/s10853-009-3643-0
http://dx.doi.org/10.1007/s10853-009-3543-3
http://dx.doi.org/10.1002/jrs.2753

	Phase structure and electrical properties of (Li,Ta)-doped (K,Na)NbO3 lead-free piezoceramics in the vicinity of Na/K = 50/50
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgements
	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


