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Abstract Water is known to initiate a tetragonal to

monoclinic phase transformation in zirconia particles.

Carbonates on the zirconia surface react with water mole-

cules and hence reduce the transformation rate. This study

investigates the possibility of inhibition of the reaction

between surface carbonates and water in order to increase

the transformation rate in the zirconia crystals. It was found

possible to limit the reaction by reacting the surface car-

bonates with alcohols, a thiol and a primary amide prior to

reaction with water. It was also concluded that di- and

trialcohols are able to stabilize the tetragonal phase,

probably as a result of induced lattice strain.

Introduction

A problem with dental resin composites is the polymeri-

zation shrinkage, which results in loosening of the filling

from the tooth or induced crack formation. The formation

of a crack can give rise to discoloration due to colorants

from, e.g. coffee and red wine entering the crack or—

worse—to secondary caries and infections of the dental

pulp due to bacteria [1].

We have developed an expandable metastable tetragonal

zirconia filler, which transforms into the lower density

monoclinic phase upon reaction with water or HCl, and

thereby, seen for the composite as a whole, is able to

counteract the polymerization shrinkage of the monomer

matrix. The tetragonal to monoclinic (t ? m) phase

transformation is accompanied by a 4% decrease in den-

sity. This expansion is for instance used in transformation

toughening of ceramic materials [2].

In previous work, we have tested the potential of the

filler to counteract the polymerization shrinkage by ini-

tiating the phase transformation by diffusing water into

the polymer matrix [3] and found that the overall shrink-

age of a composite containing 42 wt% zirconia stored in

water at 40 �C was reduced with 44% within the first

7 days comparing with an equivalent sample stored in

air. However, the most desirable scenario is to initiate

phase transformation of the tetragonal zirconia filler

during polymerization of the organic matrix. We envis-

age that simultaneous phase transformation initiation

and curing can be achieved by adding a photoacid

generator, which releases HCl or water upon illumination

[4].

Water is known for the ability to induce phase trans-

formation of tetragonal zirconia [5]. High sensitivity of the

zirconia filler towards water is, however, important as

the activity of water in the composite is low due to the

hydrophobicity of the resin. It is known from literature that

carbonates on the zirconia surface react with water mole-

cules [6]. This limits the water availability for phase

transformation initiation. In this study, we investigate how

this undesirable side reaction can be inhibited in order to

increase the sensitivity of the metastable tetragonal zirco-

nia filler towards water and HCl and hence increase the

phase transformation rate.

M. Skovgaard (&) � A. van Lelieveld

DentoFit A/S, Frederiksborgvej 399, 4000 Roskilde, Denmark

e-mail: ms@dentofit.com

A. van Lelieveld

e-mail: avl@aneedle.net

M. Skovgaard � K. Almdal

Department of Micro- and Nanotechnology, Technical

University of Denmark, Produktionstorvet, Building 423,

2800 Kgs. Lyngby, Denmark

e-mail: kral@nanotech.dtu.dk

123

J Mater Sci (2011) 46:5460–5465

DOI 10.1007/s10853-011-5488-6



Experimental

All chemicals were supplied by Sigma-Aldrich (St. Louis,

MO, USA) and used as received. Highly porous (specific

surface area of *150 m2/g) nanocrystalline tetragonal

zirconia powders were synthesized as previously described

[7, 8] by controlled hydrolysis of ZrOCl2 followed by

careful calcination. The synthesized t-ZrO2 powders were

kept in water-free environment for further treatment to

prevent the t ? m phase transformation which is induced

by exposure to water vapor [9, 10].

Test of different activators

1 mmol of the potential activators (as described in Table 1)

was mixed with 500 mg of a dimethacrylate monomer

mixture (bisphenol-A diglycidyl ether dimethacrylate,

urethane dimethacrylate, and triethylene glycol dimethac-

rylate - Bis-GMA/UDMA/TEGDMA, 36/44/20 wt%) and

a photo polymerization system (camphorquinone and ethyl

4-dimethylamino benzoate - CQ/DABE both 0.5 wt%). In

a glove box 200 mg of the metastable tetragonal zirconia

powder and 100 mg of 2-(4-methoxystyryl)-4,6-bis(tri-

chloromethyl)-1,3,5-triazine were added. Tested solid

activators were dissolved in the dimethacrylate matrix prior

to mixing with the zirconia powder.

A sample of this mixture was placed between two glass

plates and cured for 30 min using blue light (1,100 mW)

from a Bluephase� light probe (Ivoclar Vivadent, Liech-

tenstein). The phase transformation is initiated during cur-

ing. The cured samples were then subjected directly to the

X-ray diffraction (XRD) measurement for phase analysis.

The polymer matrix prevents the tetragonal crystals from

undergoing phase transformation initiated by humidity.

Also a reference sample without addition of any

potential activator were prepared

Samples for water aging

In inert atmosphere a sample of 1 g tetragonal zirconia was

suspended in anhydrous methanol. The suspension was

filtered and left to dry in the filter overnight in inert

atmosphere. 200 mg of this methanol-treated zirconia were

matrix dispersed (as described above) and cured. Fur-

thermore, equivalent samples were prepared containing

200 mg unmodified zirconia and 500 mg dimethacrylate

mixture. Such samples are termed matrix dispersed zirco-

nia. The matrix dispersed samples were stored in water at

40 �C and subsequently subjected directly to the X-ray

diffraction (XRD) measurement for phase analysis.

Characterization

X-ray diffraction (XRD) evaluation

X-ray diffraction (XRD) patterns were scanned in 0.05

steps (2h), in the 2h range from 27� to 33�. The XRD

patterns were analyzed using WinXPOW software. The

monoclinic volume fraction (vm) was calculated from the

integral intensities of the monoclinic diffraction lines (-1 1

1) and (1 1 1) and the tetragonal diffraction line (1 0 1),

following the procedure proposed by Toraya et al. [11].

Fourier transform infrared spectroscopy

Fourier transform infrared spectrometry (FTIR) was per-

formed using a PerkinElmer Spectrum one FTIR spec-

trometer. The samples for analysis were prepared by

pressing a pellet with a diameter of 1 cm of 30 mg zirconia

and placing it between two CaF2 windows in an airtight

holder. All handling was done in a glove box (\10 ppm

water). Spectra were collected within the range from 900 to

4000 cm-1 with averaging over 32 scans.

Autosorbtion: determination of water adsorption

The amount of water adsorbed on the zirconia surface at a

given partial pressure can be determined using a Quanta-

chrome XT autosorb analyzer, (Quantachrome Instruments,

Florida, US). A sample of the zirconia powder is kept at

Table 1 Effect of addition of 1 mmol of potential activators to the

resin on the monoclinic volume fraction (vm) [11] of zirconia caused

by initiation of phase transformation by 2-(4-methoxystyryl)-4,

6-bis(trichloromethyl)-1,3,5-triazine exposed to blue light

Tested activators vm

Tert-butylamine 0

Diethylamine 0

Triethylamine 0

Ethylenediamine 0

Methanol 0.53

Iso-propanol 0.55

Iso-octanol 0.46

Ethylene glycol 0

1,3-Propanediol 0

1,4-Butanediol 0

1,5-Pentanediol 0.63

Glycerol 0

Octane thiol 0.50

N,N-dimethylformamide 0

Chloroform 0

Acetamide 0.24

Cyanamide 0

Unmodified zirconia 0
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0 �C (ice bath) during the experiment. In order to avoid

premature phase transformation it is necessary to use a seal

that only opens in the autosorbtion machine. In this way the

sample can be kept under an inert atmosphere or vacuum

until measurement starts and again after the sample is

removed from the machine. The zirconia sample is evacu-

ated to the relative pressure, P = 0.01 9 P0; where P0 is

the ambient pressure. The sample is then titrated with water

in gaseous form by the procedure of finding a relative

pressure and then noting the amount of water necessary to

get this pressure. At a given end-point (a given p/p0) the

sample was re-evacuated and taken to a glove box. The

zirconia was matrix dispersed as described above and sub-

jected directly to the XRD measurement for phase analysis.

Results

Triazine tests

The effect of addition of different potential activators on

light initiated phase transformation is listed in Table 1. It is

observed that besides some alcohols and octane thiol only

acetamide is able to activate the zirconia. Out of the tested

activators 1,5-pentanediol results in the highest monoclinic

volume fraction in the samples. For the reference sample

without any activator added, very little phase transforma-

tion was detected even after 2 h of light exposure.

Effect of activators

The XRD patterns of the water stored matrix dispersed

zirconia are illustrated in Fig. 1. The methanol treated

zirconia has a vm = 0.67 after water storage for 2 days and

already after 8 h the sample has a vm = 0.57. The

untreated samples, however, need more than 21 days to

reach vm = 0.47. From Fig. 1 it is observed that the ref-

erence sample only contains traces of the monoclinic phase

prior to water storage and the tetragonal 101 reflection of

zirconia at 30.2� = 2h is dominating. Broad peaks in the

XRD patterns are a result of small crystal sizes. The

powder is very moisture sensitive and the diffusion of

water to the crystallite surface induces the martensitic

tetragonal to monoclinic (t ? m) phase transformation [9].

During water storage the two monoclinic reflections (-111

and 111) grows in intensity and the (101) reflection

decreases, indicating a t ? m transformation.

IR studies

The results from the analysis of unmodified and metha-

nol treated zirconia samples are plotted in Fig. 2. The

observed carbonate species on the synthesized zirconia are:

ionic carbonate CO3
2-: 1444 cm-1, bidentate bicarbonate

HCO3
-: 1598 cm-1, bidentate covalent surface carbonate

‘‘CO3’’: 1558 and 1325 cm-1 and finally ionic carboxylate

CO2
-: 1423 cm-1. The intensities of the ionic carbonate

and carboxylate are the same, creating a double peak in the

IR spectrum. The bidentate covalent surface carbonate is

just shoulders to the double peak and the bicarbonate is a

small peak and only a shoulder to the bidentate covalent

surface carbonate peak. After exposure to methanol three

peaks at 1614, 1471 and 1359 cm-1, respectively, appears.

Autosorbtion

In the autosorbtion study different zirconia samples were

analyzed. In Fig. 3, the result from the analysis of the
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Fig. 1 XRD patterns of matrix dispersed unmodified zirconia after

(a) 0 h, (b) 3 days and (c) 21 days water storage at 40 �C and of a

methanol modified matrix dispersed zirconia after water storage at

40 �C in (d) 8 h and (e) 3 days
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Fig. 2 IR Spectra of (a) zirconia and (b) methanol-treated zirconia
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untreated zirconia and the methanol-treated zirconia are

plotted. In both samples a discontinuity is observed at

relative pressure of *0.1 and for the unmodified zirconia

this increase is 6 times larger than for the methanol-treated

zirconia sample.

From Table 1 it is observed that ethylene glycol does

not work as an activator, for this reason ethylene glycol-

modified zirconia was subjected to an autosorbtion analysis

and the results are also plotted in Fig. 3. In this sample the

slope steepens at a relative pressure of *0.16. Comparing

with the methanol treated sample, 7 times as much water

can be added without any significant increase of the rela-

tive pressure.

The methanol-treated zirconia was analyzed further and

the analyses were stopped at different relative pressures.

The zirconia samples were handled to prevent further phase

transition. The XRD patterns obtained from these samples

are illustrated in Fig. 4. It is observed that some of the

zirconia is phase transformed at a relative pressure of 0.05

and the level of phase transformation increases with

increasing relative pressure. Again the reference sample

only contains traces of the monoclinic phase prior to water

storage and the tetragonal 101 reflection of zirconia at

30.2� = 2h is dominating. The growth in intensity of the

two monoclinic reflections (-111 and 111) indicates a

t ? m transformation.

Discussion

Evaluation of phase transformation activators

In an effort to inactivate the carbonates towards reaction

initiator molecules, various molecules were used to modify

the zirconia surface. Very little phase transformation was

detected in the reference sample without any activator

added. Apparently, the initiator species derived from the

triazine was almost completely ‘‘consumed’’ by the car-

bonates present on the surface of the zirconia particles.

When the zirconia surface is covered with carbonates

higher amounts of initiator molecules are needed to ini-

tiate the phase transformation—as carbonates are reactive

towards water and that reaction will lower the number of

water molecules reacting with the surface. This is crucial

for the phase transformation rate in resin, as the activity of

water is low. This is observed from the water storage

experiments, where the matrix dispersed methanol-treated

zirconia phase transforms much faster than the unmodified

matrix dispersed samples. Already after 8 h the methanol-

treated samples have a higher monoclinic volume fraction

than the untreated samples have after 21 days.

From the results of the test of potential activators it is

concluded that alcohols, thiols and primary amides are able

to activate the zirconia surface. An exception from alcohols

is short chained di- and tri-alcohols with less than five

carbon molecules separating the OH-groups, e.g. ethylene

glycol, glycol, and 1,4 butanediol. These molecules inhibit

the phase transformation. It has been experimentally shown

that molecules able to make a bidentate bond to the zir-

conia surface have a stabilizing effect, e.g. the ethylene

glycol treated sample did not phase transform at all as a

result of exposure to ambient atmosphere (not shown). The

untreated zirconia is previously proven to have a mono-

clinic volume fraction of 0.68 after exposure to ambient

atmosphere [12]. Ethylene glycol is a bidentate molecule,

which can potentially stabilize the tetragonal zirconia in

the same manner as trimethoxy silanes and phosphates by

binding two OH-groups across a Zr–O–Zr bridge because

of a chelate effect. Probably an increased strain in the

crystal lattice results [13].

Fig. 3 Autosorbtion curves of filled square methanol treated zirco-

nia, filled triangle untreated zirconia and filled circle ethylene glycol

treated zirconia
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Fig. 4 XRD patterns of methanol treated zirconia (a) before and

(b) after autosorbtion stopped at p/p0 = 0.05, (c) p/p0 = 0.1, (d) p/

p0 = 0.9
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In order to avoid bridge bonding the activator should be

monodentate (only able to bind with one group) or the

functional groups should be far away from each other. The

distance between the functional groups can be determined

by intervals of C-bonds in the dialcohol. Ethylene glycol,

1,3 propanediol, and 1,4 butanediol block the phase

transformation, whereas 1,5 pentanediol does not. The

distance between the bonding groups should be more than

four carbon bonds in order to avoid stabilizing the tetrag-

onal phase. Actually 1,5 pentanediol results in a higher vm

than methanol. Possibly 1 mmol activator is not enough to

inactivate all the carbonates on the surface and since 1,5

pentanediol can react with two carbonates; it can poten-

tially deactivate a larger fraction of the carbonates. Meth-

anol is smaller than 1,5 pentanediol and is for this reason

chosen. Addition of the smallest possible amount of solvent

is preferable for the mechanical properties of the dental

composites.

IR spectroscopy

During the calcination of the zirconia powder, remaining

solvent from the drying process will burn and results in

formation of CO2. This is known to react with zirconia

surfaces under formation of carbonates. The adsorption of

CO2 on zirconia has been widely studied [14]. The kind of

species formed on the surface of zirconia is very dependent

on the process condition such as temperature, amount of

CO2, and the surface of the zirconia. All the observed

carbonates can react with methanol and form methyl car-

bonates. Methyl carbonates give rise to IR spectra with

three significant peaks at: 1600, 1474, and 1370 cm-1 [15].

Methanol treatment of the zirconia particles gives rise to

peaks at 1614, 1471, and 1359 cm-1. The formation of a

substituted carbonate can therefore be observed in IR as a

change of the carbonate peaks into the substituted species

peaks. The above mentioned peaks are all assigned to the

C–O (or C=O) vibrations as these are the modes with the

highest extinction and are by far the easiest way to rec-

ognizing a change in carbonates on the surface of zirconia.

Autosorbtion

Looking at the autosorbtion curves of water on different

zirconia surfaces several observations can be made. It is

observed that the unmodified zirconia has a very steep

adsorption curve at a partial pressure of *0.1. This sharp

adsorption increase can also be found in other autosorbtion

studies of zirconia with surface modification. The increase

varies in size and a little in position (in relative pressure).

The unmodified and methanol-modified zirconia differ

significantly in the amount of water adsorbed on zirconia.

The origin of the increase cannot be associated with phase

transformation of zirconia since some phase transformation

is observed already at p/p0 = 0.05 (Fig. 4). The increase is

more likely to be associated with adsorption/absorption of

water on the surface of zirconia.

The results show that with a more hydrophobic surface

the discontinuous part of the curve appears at a higher

relative pressure. We cannot explain the reason for the

differences in the magnitude of this increase. It could,

however, be a result of the reaction between water and the

surface carbonates. The discontinuity has the same mag-

nitude for the untreated and the ethylene glycol-treated

sample. We speculate that the ethylene glycol prefers to

bind the zirconia surface due to the possibility of bidentate

binding, rather than reacting with the surface carbonates,

this can explain the differences. In the methanol-treated

samples, the methoxylated carbonates are unable to react

with water and can for this reason not absorb as much

water as the unmodified and ethylene glycol-treated sam-

ples. This leads to an increase in the relative pressure

comparing with the two other samples.

Conclusion

Carbonates on the zirconia surface reduce the transforma-

tion rate in the composite due to competing reactions with

the initiator molecule water. The competing reaction can be

inhibited by modification with alcohols, thiols and mole-

cules with other functional groups, which react with the

carbonates. The carbonates are prevented from reacting

with water—and thus the molecules works as activators

making the phase transformation faster. Through methanol

treatment of the zirconia prior to dispersion in a polymer

matrix, the monoclinic volume fraction can be increased

from 0.47 within 21 days of water storage to 0.67 after

48 h water storage, with most of the phase transition

occurring within the first 8 h. Dialcohols and polyal-

cohols, however, such as ethylene glycol, which have

the possibility for bidentate coordination, hinder phase

transformation.

Acknowledgements Financial support from DentoFit A/S is grate-

fully acknowledged. We thank Dr. Keld West for assistance with the

autosorbtion studies.

References

1. Powers JM, Sakaguchi RL (2006) In: Craig’s restorative dental

materials, 12th ed. Mosby Elsevier, United States of America

2. Kelly PM, Rose LRF (2002) Prog Mater Sci 47:463

3. Skovgaard M, Almdal K, Sorensen BF, Linderoth S, van

Lelieveld A (2011) J Compos Mater (in press)

4. Skovgaard M, Almdal K, van Lelieveld A (submitted for

publication)

5464 J Mater Sci (2011) 46:5460–5465

123



5. Sato T, Shimada M (1985) J Am Ceram Soc 68:356

6. Bianchi D, Chafik T, Khalfallah M et al (1993) Appl Catal A

105:223

7. Van Lelieveld, A, Almdal, K, Linderoth, S and Sorensen, BF

(2005) WO2005099652-A1; NO200604920-A; EP1737415-A1;

AU2005232365-A1; CN1950053-A; BR200509889-A; MX200

6011038-A1; JP2007532589-W; KR2007015946-A; EP1737415-

B1; US2008119585-A1; DE602005006549-E; EP1952793-A2;

ZA200608230-A; KR858373-B1; ES2307170-T3

8. Skovgaard M, Ahniyaz A, Sorensen BF et al (2010) J Eur Ceram

Soc 30:2749

9. Van Lelieveld A, Nielsen MS, Almdal K, Linderoth S (2007)

WO2007104312-A2; WO2007104312-A3; EP1996144-A2;

US2010016465-A1

10. Skovgaard M, Almdal K, van Lelieveld A (2010) J Mater Sci

45:6271. doi:10.1007/s10853-010-4835-3

11. Toraya H, Yoshimura M, Somiya S (1984) J Am Ceram Soc

67:C119

12. Skovgaard M, Almdal K, van Lelieveld A (2011) J Mater Sci

46:1824–1829. doi:10.1007/s10853-010-5007-1

13. Jiao XL, Chen DR, Xiao LH (2003) J Cryst Growth 258:158

14. Bianchi D, Chafik T, Khalfallah M et al (1994) Appl Catal A

112:219

15. Jung KT, Bell AT (2001) J Catal 204:339

J Mater Sci (2011) 46:5460–5465 5465

123

http://dx.doi.org/10.1007/s10853-010-4835-3
http://dx.doi.org/10.1007/s10853-010-5007-1

	Inhibition of surface bound carbonate stabilization of tetragonal zirconia
	Abstract
	Introduction
	Experimental
	Test of different activators
	Samples for water aging

	Characterization
	X-ray diffraction (XRD) evaluation
	Fourier transform infrared spectroscopy
	Autosorbtion: determination of water adsorption

	Results
	Triazine tests
	Effect of activators
	IR studies
	Autosorbtion

	Discussion
	Evaluation of phase transformation activators
	IR spectroscopy
	Autosorbtion

	Conclusion
	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


