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Abstract The aim of this study has been to evaluate
light-curing composites polymerization quality (monomer/
polymer) with an halogen and diode lamp through the
thermal analysis (TG-DTA). Samples have been polymer-
ized at 20, 40 and 50 s through a constant and a soft start
polymerization and, subsequently, analyzed by TG-DTA.
The TG/DTA analysis shows that different light-curing
times affect the degree of conversion of the composite,
since by increasing the curing time the quantity of the
monomer that has not reacted (residual) decreases. The
halogen lamp, compared to the diode lamp, produces a
lower mass loss at 20 s, while for 40 and 50 s the results
are overlapping. The soft start polymerization (20 s) ini-
tially produces a higher mass loss, if compared to the
constant intensity, but, by performing a polymerization for
at least 40 s, the results can be overlapped.

Keywords Thermal analysis - TG-DTA -
Polymerization - Composite

Introduction

Dental composite materials are extensively used in dental
field; these materials are composed basically by two
phases: a resinous matrix (organic phase), comprising
dimethacrylate monomers and/or oligomers, photoinitiator,
and an inorganic phase, known as filler, generally com-
posed by particulate glass [1]. When the composite resins
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are irradiated, the radicals generated attack the double bonds
of the monomers, creating cross-linked three-dimensional
network polymers [2]. The main monomers/oligomers used
in the resinous matrix phase are bisphenylglycidyl dimeth-
acrylate (BisGMA), triethylene glycol dimethacrylate
(TEGDMA) and urethane dimethacrylate (UDMA). The
photoinitiator system is commonly camphorquinone asso-
ciated with a tertiary amine. Silicate-based glasses, zirconia,
alumina, quartz and barium aluminium silicate are used as
fillers which normally are surface modified by a coupling
agent aiming to improve mechanical properties [3, 4].
Nevertheless, several problems concerning the lack of
mechanical resistance mainly associated with restoration in
posterior teeth and heterogeneity in the polymerization
frequently are mentioned as drawbacks for the use of poly-
mer restoration dental composites as repairing materials.
Both problems are related to the polymerization process
responsible for the formation of the crosslinking network
that provides mechanical resistance and hardness to the final
composite [5, 6].

The knowledge of polymerization mechanisms offers
the possibility to check the properties of the material set in
cavity. The degree of conversion (DC) of conventional
dental composites depends on several factors: power and
intensity of the bright source, time and distance of irradi-
ation, dimensions of the particles of the filler, etc. [7-10].
Therefore, a lower DC value is expected to cause a pre-
mature failure of the restoration because of increasing
wear, precocious staining and marginal microleakage
[11-15].

Besides, in a wet environment, as the oral cavity, the
residual unpolymerized monomer pours out from the
polymerized material [16—18] and it is well known that this
can cause several problems, such as toxic effects in the
pulpal cells [19-23].
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Many experimental techniques have been used to study
the DC or the number of ethylene double carbon which are
converted into single bonds [24-26].

It has been demonstrated that the validity of the thermal
analysis to evaluate light-curing composites conversion
degree, differential thermal analysis (DTA) and thermo-
gravimetry analysis (TG) are thermal analysis techniques.
DTA is used to gather information on transitions, heats and
kinetic of reaction, and others. TG have been used to
quantify the inorganic part of dental composites and the
rate of mass change, respectively [27, 28].

The aim of this study is to evaluate light-curing com-
posites polymerization quality with an halogen and diode
lamp through the thermal analysis (TG-DTA).

Materials and methods

The materials used were Gradia Direct (GC, USA), X Duo
Ceram (Dentsply, UK), Enamel Plus HFO (Micerium,
Italy); resins composite composition has been showed in
Table 1. Samples have been prepared with 2-mm thickness
and a 4-mm diameter by a stainless steel matrix to obtain
an equivalent mass of about 50 mg. Before proceeding
with the TG/DTA analysis, a double weighing with a
Gibertini electronic (mod. E42, Milano, Italy) and a
TG/DTA scale is made, through which the following
thermogravimetric analyses have been carried out. Eight

Table 1 The resin composite composition

Materials Manufactures Inorganic filler/wt%

Gradia Direct GC Methacrylate monomers 27%, silica
38%, pre-polymerised filler 35%,

pigments, catalysts
Inorganic filler: n.d.

Enamel Plus Micerium Glassfiller silanized, siliciumoxide
HFO silanized, Bis-Gma,
urethandimethacrylate,
butandioldimethacrylate and
pigments

Inorganic filler: 75 wt%

X Duo Ceram  Dentsply Methacrylate modified polysiloxane,
dimethacrylate resin, fluorescence
pigment, UV stabilizer, stabilizer,
Camphorquinone, ethyl-
4(dimethylamino)benzoate,
barium-aluminium-borosilicate
glass, methacrylate functionalised
silicon dioxide nano filler, iron
oxide pigments and titanium oxide
pigments and aluminium sulfo
silicate pigments according to
shade.

Inorganic filler: n.d.
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samples of each material (number of materials = 3) for
each group (number of groups = 9) have been cured (216
samples total analysis) according to the Table 2.

Moreover, five samples of each material (controls)
underwent TG-DTA cycles without light-curing procedures
(15 controls total analysis).

The light intensity was 1200 mW/cm? (Mini Led Sat-
elec, Acteon Group, Merignac, France) and 450 mW/cm?
(Spectrum 800 Dentsply Caulk, Milford, USA).

Simultaneous thermal analyzer was used to measure the
mass change and heat effects (TG-DTA) of dental com-
posites performed by TG/DTA 6300 (Model TG/DTA
6300, Seiko Instruments Inc. Torrance, CA, USA).
The samples were heated at a constant rate of 10 °C
min~', from 25 to 600 °C under nitrogen atmosphere
(100 mL/min).

In our figures, values are represented up to 500 °C to
remark peaks, as we did not observed other significant
differences between all materials while reaching 600 °C.

In the figures, we also used the curves of a single
composite because all samples showed a similar behaviour.

Statistical analysis

Fisher’s PLSD, Scheffe and Bonferroni/Dunn were used to
evaluate the presence of statistically significant differences.
We did not insert the standard deviation because curves are
often overlapped.

Results and discussion

Table 3 gather properties of the composites taken from the
TG curves: temperature of 5% mass loss (thermal stability)
[28]; residues at 600 °C (filler content after burning the
polymeric matrix). The percentage differences regarding
the mass loss resulted by the differences of materials
compositions, organic/inorganic compositions ratio.

It is well known that during the preparation of the light-
curing composite resins, the laboratories work first the
inorganic part by making it react with the silane (silan-
ization process), and second, in the clinical phase, through
the photopolymerization, the reaction of the organic and
inorganic part is fulfilled [2, 18]. The final product of these
chemical interactions between silane and filler is affected
by the silanization that brings to the creation of reactive
molecules on the filler—silane interface; the subsequent
photopolymerization of the matrix with the silane—filler
reactive molecules gives a more stable final product that
improves the composite physical capacities. The TG/DTA
analysis allows to highlight the points where the resinous
parts (silane and matrix) deabsorb [9, 29, 30].
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Table 2 The light-curing modes

Lamp Polymerization time

20 s 40 s

50 s

Spectrum 800
Mini LED

Constant intensity (Group A)

Soft start polymerization
(Group D)

Constant intensity (Group G)

Constant intensity (Group B)

20 s Incremental + 20 s constant
intensity (Group E)

Constant intensity (Group H)

Constant intensity (Group C)

20 s Incremental + 30 s constant
intensity (Group F)

Constant intensity (Group I)

Table 3 Thermogravimetric (TG) results (%)

Materials Temperature of 5% mass loss/+2 °C Mass loss at
600 °C/%
Mini LED Spectrum 800
20's 20's 50s 20's 50s
Soft start Constant 20 s Incremental 4 30 s Constant Constant
polymerization intensity constant intensity intensity intensity
Gradia Direct 304 322 328 325 329 49.62 £+ 0.57%
330°
Enamel Plus HFO 337 339 343 340 345 2498 £ 0.21%
344?
X Duo Ceram Dentsply 375 387 393 388 394 19.45 £ 0.23%
394°
# Samples cured 50 s with constant intensity
Figure 1 shows the representatives TG-DTA curves
obtained with the composite resins, uncured and cured. The
DTA curves exhibited exothermic peaks below ~200 °C
which are due to the curing of the sample. The endothermic (a) oramw TG%
DTA peaks between ~250 and ~ 500 °C are due to the mass T 6o[ T6 T T 5338679 '.61;93 mw 100.0
losses. Thermal stability and degradation of the dental g 40 YRR 95.0
composite resins were monitored by measuring their TG £ 20 \\ [3378°G 450-10° “mw
curves. These results have to be attributed to the visible light- & 00 90.0
cure that creates the cross-linked network polymers and due §_2 0 N 85.0
to the interaction between the polymer chains and inorganic 5_4_0 oG o
particles. Cross-linked network consequently prevents the d-6.0 o 484-10°mw \\ 80.0
dental composite resins from thermal decomposition by the +-8.0 59510 mW =750
enhancement of their thermal stability. 1000 2000 300'00 400.0 5000
Figure 2 compares the uncured and cured (40s) TG  (b) bTamw Temperature/”C TG%
curves samples: non-cured composite (a) has shown a mass T e 4 100.0
loss of 5.7% at 270 °C and 14.9% at 350 °C, on the other g 2.0 B 094G 048823 9120 | 95.0
hand cured composite (b) has shown a mass loss of 0.4% at g 0.0 356.7 °C
270 °C and 7.4% at 350 °C. At about 270 °C, mass loss is 2 078107 90.0
most probably caused by the weak bonds (hydrogen or Van é -20f 26527 85.0
der Waals strengths) break-up between monomer and silane, %—4-0 L 48210 mW ssodec 800
and by the loss of the same molecules that have not reacted & 60 455 - 1o\3mw '
[31, 32]. On the other hand at about 350 °C, we observe a l | 750
mass loss due to the break-up of the strong (covalent) silane— 100.0 200.0 300.0 400.0 500.0
silane, silane—filler and silane—resin bonds. Temperature/°C

Figure 3 shows TG analysis curves expressing com-
posites thermal behaviour, cured, respectively, in 20 and

Fig. 1 TG-DTA curves for uncured (a) and cured (b) composite
resins
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Fig. 2 Comparative TG curves for Enamel Plus HFO: (a) uncured
(five samples), (b) cured in 40s (eight samples). There are
statistically significant differences at p < 0.001 level: curve a vs.
curve b
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Fig. 3 Comparative TG curves for Gradia Direct GC cured in 20 s
(a) and 40 s (b) (constant intensity): D diodes lamp, H halogen lamp

40 s by halogen and diodes lamps. It is possible to observe
a higher thermal stability of samples cured by halogen
lamp at 20 s, but this does not mean that is clinically better
because many factors can interfere with the efficient
functioning of halogen units including: fluctuations in the
line voltage; the condition of the bulb and filter; contami-
nation of the light guide; damage to the fibre-optic bundle,
and heat buildup within the unit [33]. Moreover, at 40 and
50 s the curves overlap.
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Fig. 4 Comparative TG curves of dental composite cured with a
diode lamp: (a) 20 s (soft start polymerization), (b) 20 s (constant
intensity), (¢) 50 s (20 s soft start polymerization + 30 s constant
intensity), and (d) 50 s (constant intensity). There are statistically
significant differences at p < 0.001 level: curve a vs. curve b, curve a
vs. curve ¢—d, and curve b vs. curve c—d

On the other hand, it is always necessary to consider the
polymerization contraction problems; for this reason,
lamps allowing a polymerization at ramped curing have
been produced. Figure 4 shows diode lamp cured samples;
it has been carried out a differentiation between the light-
curing techniques (soft start and constant intensity). The
20-s soft start polymerization show a higher mass loss than
samples cured constant intensity 20 s technique, whereas
curing time increases, the curves tend to overlap.

Therefore, it is evident that the importance of a correct
polymerization in the clinical procedure, to avoid the
release of the monomer, improves the physical-chemical
characteristics of the material and, so, make the restoration
more lasting.

It is important to emphasize that in this study a quality
comparison between the materials has not been made.

Conclusions

The thermal behaviour of all samples was investigated using
simultaneous TG/DTA methods. The TG/DTA analysis
shows different thermal behaviours between samples. The
halogen lamp, compared to the diode lamp, produces a lower
mass loss at 20 s, instead at 40 and 50 s the results over-
lapped. Diode lamp soft start polymerization (20 s) initially
produces higher mass loss compared to the constant inten-
sity, instead at 40 s the results overlapped.

References

1. Gatti A, Rastelli ANS, Ribeiro SJL, Messaddeq Y, Bagnato VS.
Polymerization of photocurable commercial dental methacrylate-
based composites. J] Therm Anal Calorim. 2007;87:631.



Thermal analysis of light-curing composites

111

10.

11.

12.

13.

14.

15.

16.

17.

. Ruyter IE, Oeysaed H. Composites for use in posterior teeth:

composition and conversion. Biomed Mater Res. 1987;21:11-23.

. Peutzfeldt A. Resin composites in dentistry: the monomer sys-

tems. Eur J Oral Sci. 1997;105:97-116.

. Anusavice KJ. Materiais Dentarios, 10th ed. Phillips’ Science of

Dental. Rio de Janeiro: Guanabara Koogan SA; 1998, p. 161.

. Silva FF, Mendes LC, Ferreira M, Benzi MR. Degree of con-

version versus the depth of polymerization of an organically
modified ceramic dental restoration composite by Fourier trans-
form infrared spectroscopy. J Appl Polym Sci. 2007;104:325.

. Neves AD, Discacciati JA, Orefice RL, Jansen WC. Correlation

between degree of conversion, microhardness and inorganic
content in composites. Pesqui Odontol Bras. 2002;16:349-54.

. Rueggeberg FA, Hashinger DT, Fairhurst CW. Calibration of

FTIR conversion analysis of contemporary dental resin compos-
ites. Dent Mater. 1990;6:241-9.

. Tarumi H, Imazato S, Ehara A, Kato S, Ebi N, Ebisu S. Post-

irradiation polymerization of composites containing bis-GMA
and TEGDMA. Dent Mater. 1999;15:238-42.

. Imazato S, McCabe JF, Tarumi H, Ehara A, Ebisu S. Degree of

conversion of composites measured by DTA and FTIR. Dent
Mater. 2001;17:178-83.

D’Alpino PH, Wang L, Rueggeberg FA, Svizero NR, Pereira JC,
Pashley DH, et al. Bond strength of resin-based restorations
polymerized with different light-curing sources. J Adhes Dent.
2006;8:293-8.

Kakaboura A, Rahiotis C, Zinelis S, Al-Dhamadi YA, Silikas N,
Watts DC. In vitro characterization of two laboratory-processed
resin composites. Dent Mater. 2003;19:393-8.

Peutzfeldt A, Asmussen E. Resin composite properties and
energy density of light cure. J Dent Res. 2005;84:659-62.

Lee SY, Huang HM, Lin CY, Shih YH. Leached components
from dental composites in oral simulating fluids and the resultant
composite strengths. J Oral Rehabil. 1998;25:575-88.

Calheiros FC, Kawano Y, Stansbury JW, Braga RR. Influence of
radiant exposure on contraction stress, degree of conversion and
mechanical properties of resin composites. Dent Mater. 2006;22:
799-803.

Celik EU, Yapar AG, Ates M, Sen BH. Bacterial microleakage of
barrier materials in obturated root canals. J Endod. 2006;32:
1074-6.

Tanaka K, Taira M, Shintani H, Wakasa K, Yamaki M. Residual
monomers (TEGDMA and Bis-GMA) of a set visible light-cured
dental composite resin when immersed in water. J Oral Rehabil.
1991;18:353-62.

Spahl W, Budzikiewicz H, Geurtsen W. Determination of leach-
able components from four commercial dental composites by gas
and liquid chromatography/mass spectrometry. J Dent. 1998;26:
137-45.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Pelka M, Distler A, Petschelt A. Elution parameters and HPLC
detection of single components from resin composite. Clin Oral
Investig. 1999;3:194-200.

Lee DH, Lim BS, Lee YK, Ahn SJ, Yang HC. Involvement of
oxidative stress in mutagenicity and apoptosis caused by dental
resin monomers in cell cultures. Dent Mater. 2006;22:1086-92.
Schweikl H, Hartmann A, Hiller KA, Spagnuolo G, Bolay C,
Brockhoff G, et al. Inhibition of TEGDMA and HEMA-induced
genotoxicity and cell cycle arrest by N-acetylcysteine. Dent Mater.
2007;23:688-95.

Geurtsen W, Lehmann F, Spahl W, Leyhausen G. Cytotoxicity of
35 dental resin composite monomers/additives in permanent 3T3
and three human primary fibroblast cultures. J] Biomed Mater Res.
1998;41:474-80.

Gwinnett AJ, Tay FR. Early and intermediate time response of the
dental pulp to an acid etch technique in vivo. Am J Dent. 1998;
10:S35-44.

Subay RK, Demirci M. Pulp tissue reactions to a dentin bonding
agent as a direct capping agent. J] Endod. 2005;31:201-4.
Almeida CC, Mothé CG. Characterization of dental composites
by thermal analysis, infrared spectroscopy and scanning electron
microscopy. J Therm Anal Calorim. 2009;97:585-9.

Nomura Y, Teshima W, Tanaka N, Yoshida Y, Nahara Y, Oka-
zaki M. Thermal analysis of dental resins cured with blue light-
emitting diodes (LEDs). J Biomed Mater Res. 2002;63:209-13.
Bernardi MIB, Rojas SS, Andreeta MRB, Rastelli AND, Hernandes
AC, Bagnato VS. Thermal analysis and structural investigation of
different dental composite resins. J Therm Anal Calorim. 2008;
94:791-6.

Vaidyanathan J, Vaidyanathan TK. Computer-controlled differ-
ential scanning calorimetry of dental composites. IEEE Trans
Biom Eng. 1991;38:319-25.

Chen M-H, Hsu SH, Sun SP, Su WF. Low shrinkage light curable
nanocomposite for dental restorative material. Dent Mater. 2006;
22:138-45.

Lin J, Siddiqui JA, Ottenbrite RM. Surface modification of
inorganic oxide particles with silane coupling agent and organic
dyes. Polym Adv Technol. 2001;12:285-92.

Lim BS, Ferracane JL, Condon JR, Adey JD. Effect of filler fraction
and filler surface treatment on wear of microfilled composites. Dent
Mater. 2002;18:1-11.

Halvorson RH, Erickson RL, Davidson CL. The effect of filler
and silane content on conversion of resin-based composite. Dent
Mater. 2003;19:327-33.

Liu Q, Ding J, Chambers DE, Debnath S, Wunder SL, Baran GR. Filler-
coupling agent matrix interactions in silica/polymethylmethacrylate
composites. ] Biomed Mater Res. 2001;57:384-93.

Martin FE. A survey of the efficiency of visible light curing units.
J Dent. 1998;26:239-43.

@ Springer



	Thermal analysis of light-curing composites
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results and discussion
	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


