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Abstract The present work is focused on thermoanalyt-

ical investigations as thermogravimetric analysis (TG) and

derivative thermal analysis (DTG), applied for the char-

acterization of some samples collected from archaeological

sites (Brasov and Trofeum Traiani) located in different

regions of Romania. New informations derived about

ceramic technologies concerning raw materials and binding

materials (mineralogical components) have been obtained.

All these experimental results have been correlated with

related techniques as X-ray diffraction (XRD), energy-

dispersive X-ray fluorescence (EDXRF) and inductively

coupled plasma—atomic emission spectrometry (ICP-

AES). By progressive heating in static air atmosphere and

in the temperature range of 20–800 �C, all investigated

materials exhibit three main successive processes, associ-

ated with the dehydration and thermo-oxidative degrada-

tions. The rate of the first thermooxidative process,

temperatures corresponding to the maximum rate of the

second thermooxidative process and shrinkage temperature

were associated with the damage of the investigated

materials due to environmental impact. Heating also affects

the contact between the fine-sized clay matrix and mineral

clast fragments, appearing in reaction rims, sometimes

showing newly formed phases. The temperature at which

ancient ceramics and pottery were fired varies over a wide

range (600–800 �C) depending on the type of clay used,

although firing temperatures not above 30–400 �C have

also been suggested. Clay minerals, as the main material

for production of ceramics and pottery, show some char-

acteristic reactions (dehydroxylation, decomposition,

transformation) in the course of firing (heating effects) and

several thermoanalytical criteria can be used for recon-

struction of former production conditions.

Keywords Cultural heritage � TG � DTG � XRD �
EDXRF � ICP-AES

Introduction

Pottery is the most numerous group of Bronze Age arti-

facts. For pottery characterization, it is an enormous

advantage to know from where this artifact or its raw

material has come. It is well known that physical–chemical

characterization of pottery used in ancient times provides

historical and technological information as regards their

manufacture [1, 2]. Provenance studies of pottery analysis

are based on patterns of elements, which vary in geological

materials as a result of their different histories, all these

revealing important information about the daily life and the

ethnical and cultural aspects of the society of the period.

Moreover, the knowledge of chemical and mineralogical

compositions could be as ‘‘fingerprints’’ of the stable and

also the metastable solid phases formed during firing [3, 4].
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Many analytical methods have been applied by historians

and restorers to solve complicated problems of chemical

composition and classification of artefacts and museal pie-

ces. Among these techniques, we decided in this paper to

use thermogravimetric analysis (TG) and derivative thermal

analysis (DTG), coupled with EDXRF (energy dispersive

X-ray fluorescence) and ICP-AES (inductively coupled

plasma atomic emission spectrometry), which offered to us

the privilege to determine a high number of elements and to

learn many things about the chemical composition and

morphological structure [5]. EDXRF results from medieval

ceramics are examined and the derived informations on

ceramic technologies, concerning raw materials and pro-

duction conditions are validated by ICP-AES observations,

with regard to the extent of vitrification, as well as by the

compositional data provided by mineral measurements.

Also, X-ray diffraction (XRD) was used to determine the

oxidic components present in such artefacts.

Clay minerals, as the main material for production of

ceramics and pottery, show some characteristic reactions

(dehydroxylation, decomposition, transformation) in the

course of firing (heating effects—20–800 �C) and several

thermoanalytical criteria can be used for reconstruction of

former production conditions, knowing that the tempera-

ture at which ancient ceramics and pottery were fired varies

over a wide range (600–800 �C) depending on the type of

clay used.

It is well known that TG and DTG, is a very important

characterization method used for the control of the reaction

process and of the properties of the materials obtained

[6–8].

The results of the measurements were used for the

estimation of the firing temperature of some pieces from

ancient pottery samples collected in archaeological com-

plexes (Brasov and Trofeum Traiani) located in different

regions of Romania.

Experimental data

Methods and apparatus

The samples were examined by a TG (Du PontTGA)

thermobalance connected to a PC running Du Pont data

processing software. About 15 mg of gently ground stones

are subjected to analysis in a Pt crucible in a temperature

range 35–1,000 �C (10 �C min-1).

X-ray fluorescence analysis was performed with an

energy dispersive spectrometer, EDXRF PW4025, type

Minipal-Panalytical, with a Si-PIN detector with a beryllium

window having 255 eV resolution at 5.9 keV (Mn–Ka-line),

cooled by thermo-electric means to about -18 �C. An air-

cooled side window Rh-tube (maximum power 9 W,

maximum voltage 30 kV, maximum current 1 mA) was used

for excitation. The spectrum is accumulated in a 2048-

channel analyzer. Due to varying surface structures and

inhomogeneities in the surface composition of the artefacts,

analysis was performed on both sides of the objects and a

mean value was calculated.

A Varian Liberty 110 Series spectrometer was used for

the ICP-AES analysis. For the ICP-AES measurements,

sub samples were cut off from the original sherds and

were finely powdered in an agate mortar. Multielement,

matrix matched standards were used for the quantitative

determinations.

Microwave assisted digestions were performed in a

Berghof microwave oven with the use of high-pressure

closed Teflon PFA vessels and online pressure and tem-

perature control. In particular, 0.1 g of each sample was

placed in the Teflon PFA digestion vessels and a mixture of

5 mL HF 40% and 5 mL HNO3 67% was added.

The XRD patterns were recorded on a DRON 2 dif-

fractometer using CoKa and CuKa radiation with an iron

filter.

Sampling and experimental procedure

Sampling, reported in Table 1, was performed at the ruins

of the Schneckenberg culture (sixteenth century), Dealul

Melcilor, Brasov, Romania. It is interesting that in this

region concervived many cultures (Vatina, Garla Mare,

Luciu de Sus, Wietenberg and Otomani). All the ceramic

samples contain as degreasing agent limestone shell. Ten

differently fabricated contemporary pottery samples were

selected for the characterization (Table 1).

Results and discussion

Thermal analysis—a powerful tool for the characterization

of pottery allows us to conclude that the chemical and

Table 1 Pottery samples used for the study

No. Sample Observation

1 Ceramic Black

2 Ceramic Grey

3 Ceramic Red

4 Ceramic White

5 Ceramic Green

6 Ceramic Brown

7 Ceramic Brasov

8 Ceramic Teracota Brasov site

9 Ceramic pot Brasov

10 Ceramic pot Trofeum Traiani site
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phase composition, as well as the history of manufacture of

these two Bronze Age pottery samples found in different

archaeological complexes are also very similar. This allows

us to conclude that the archaeological pottery was fired at

relatively high temperatures [9, 10].

It is noted that the thermal behavior of such samples is

coherent with their chemical and mineralogical composi-

tion. By analysing the samples, we could decide that the first

six samples show quite similar thermal diagrams (Fig. 1).

Few weight loss events are seen in the TG and DTG

curves [11]:

• The first one at 50–70 �C, related to the evolution of the

physically adsorbed water by the particles;

• The second one at 300–400 �C, with a large exothermic

peak around 325 �C due the organic matter decompo-

sition was observed for all studied samples.

• The last one at 400–450 �C, whose total weight loss is

in the 1–3% range. This peak could be responsible for

Kaolinite whose dehydroxylation is seen at 400–450 �C

where metakaolinite is generated. By loosing the

hydroxyl groups, metakaolinite transforms into three

phases—mullite, a transition alumina phase and silica

[12].

• The most common clay minerals (kaolinite, illite,

smectite) could be responsible for the strong endother-

mic effects within the range 550–650 �C (somewhat

higher for chlorite) in the ceramic samples from Brasov

not coloured, but glazed. These results confirm the

predominance of the kaolinite clay mineral in the

studied samples, and are consistent with XRD (Fig. 2).

Gypsum, if present, also shows endothermic effects

within the range 120–160 �C. The TG curve of sample I

shows a broad two-step weight loss between 300 �C and

780 �C. From this we may conclude that the phase com-

position of black pottery and not-glazed ceramics fired at a

high temperature ceramic is quite different.

The presence of these characteristic thermic effects

indicates that the primary minerals survived the firing

processes required to destroy the structure of the minerals.

On the other hand, several peaks may be due to secondary

phases (as carbonates, gypsum, salts, etc.).

In the case of the last two samples, belonging to the

Trofeum Traiani area, in both cases an abrupt increase in

weight starts immediately at room temperature and last

up to 200 �C. To our knowledge, such thermoanalytical

behaviour of pottery samples has never been observed

previously (Fig. 3).

The TG/DTG curves of salts are complex and their

interpretation needs familiar experience with the technique,

to be coupled with energy dispersive X-ray fluorescence

(EDXRF).

An important factor is the carbonate content (Ca-rich or

Ca-poor raw clays). Quartz, feldspars are mainly preserved

in Ca-poor ceramics. The decomposition of calcite (in an

oxidizing atmosphere) occurs at a lower temperature than

for illite. As a consequence, there is free CaO until about

800 �C and it can react at higher temperature with clays

and SiO2, forming new silicate phases [13]. In a reducing

atmosphere the breakdown of illite and calcite runs almost

Fig. 1 DTG diagramm for the white ceramic sample

Fig. 2 XRD spectrum of different clay minerals

Fig. 3 The DTG diagramm of Trofeum Traiani ceramic sample
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parallel, and due to increased CO2, partial pressure, the

dissociation of calcite is shifted to higher temperatures

(as well as the formation of CaO).

The Ca-rich (Fig. 4) ceramic fragments present a CaO

content of over 5% (according to CO, weight loss). They

show hygroscopic water -2% at about 80 �C and some of

them intense gypsum peaks at 145 �C. The peaks from 580

to 640 �C show the decomposition of the most common

clay minerals (kaolinite, illite, chlorite) recognizable by

XRD (Fig. 2).

The Ca-poor (Fig. 5) characteristic DTG profile, apart

from the moisture water, shows peaks at about 640 �C,

where clay minerals decomposition occurs. Most of the

samples present very low firing temperatures (740 �C) and

fragmented vitrification at the initial stage, according to

recent publications, which reveal the composition and

texture of the different calcite and calcium aluminosilicate

crystalline phases which might explain the difference in

vitrification and in behaviour [14].

By analysing the EDXRF data, could be observed that

SiO2 values vary from 63.5 to 70.8 wt% (the average of

each ceramic temper), and those from Al2O3 from 14.7 to

17.4 wt %, and together comprise more than 80 wt% of

whole ceramic chemical composition (Table 2).

Fig. 4 EDXRF spectrum of

Ca-rich ceramic

Fig. 5 EDXRF spectrum of

Ca-poor ceramic
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Fe2O3 is the third most abundant element and reaches

5.79 wt% on average. The alkali elements (as K2O, Na2O,

CaO and MgO) constitute together less than 3 wt%. On the

other side come out the relative high contents of P2O5,

2.37 wt% in average. The H2O values reach 7.54 wt% on

average, which is still high for burned ceramic material

(mainly clay material). The Al2O3 and H2O contents

explain the great abundance of clay-derived minerals. The

relative high contents of H2O confirm the abundance of

partial dehydroxylation of clay-material derived from

kaolinite as main mineral of the ceramics and the neo-

formation of kaolinite. It means that the fragments reab-

sorbed water along its discarded and incorporation into soil

formation. The extremely high SiO2 contents correspond,

besides clay-derived material and the abundance of quartz,

as sand grains and rock fragments. The iron contents rep-

resent hematite and goethite, and some maghemite, min-

erals also identified in the studied ceramic fragments. K2O,

Na2O and CaO built the feldspars (microcline and albite)

and together with MgO indicate the presence of illite in the

raw material. The predominance of SiO2, Al2O3 and H2O

plus Fe2O3 (together they make up more than 93 wt% of

whole sample) confirm clay-derived minerals, quartz and

some iron oxyhydroxides as the main minerals of ceramic

fragments. The chemical and mineralogical data, as well as

textural aspects, leave one to conclude that the main raw

material for ceramic elaboration comes from fine-grained

clay quartz rich material. The P2O5 contents, however, are

relatively high for clay material normally used for ceramic

purpose.

The higher contents of Zr, Sc and Sn might have been

promoted by weathering processes forming the saprolite,

confirmed by the decreasing of Cl, Co, Cu, V, Mn and

heavy rare earth elements (Sm, Gd, Dy, Ho, Er, Yb and Lu)

as demonstrated before (Table 3). The addition of

feldspars, which obviously contributes with K, Na and Ca

into raw material improves the firing temperature. The

firing of the potteries occur in open atmosphere, possibly in

the same primitive way. The firing temperature did not

exceed 600 �C, as demonstrated by partial dehydroxylation

of clay material and the formation of maghemite. This

phase formed the ceramic minerals: dehydroxylation of

clay giving rise to burned clay, maghemite and recrystal-

lization of anatase. Maghemite promotes the slightly brown

to red color of the potteries [15].

After much firing potteries were used for daily purposes

as cooking and conserving foods. At this phase they get in

contact with meals, fishes, roots and so on, in boiling water,

become contaminated and form minerals like aluminum

phosphates and Ba–Mn oxyhydroxides mineral equivalents

(post-ceramic minerals), which may contain the elements

Mg, Ca, Ba, Zn, Pb, Y, and so on. Finally the potteries after

several uses become old, break down and are discarded

together with many other organic (vegetal and animal)

material waste.

Chemical elements such P, Mg, Ca, Mn, Ba, Zn, Pb, etc.

are fixed partly and concentrated in the organic humus of

soils and possibly is partly absorbed in the ceramic frag-

ments, contributing to formation of phosphates and Mn

oxyhydroxides in less extension. During this phase the clay

derived materials and hematite/maghemite rehydrated and

form kaolinite and goethite, respectively. The high content

of organic matter of the sample explains its gray color,

caused the deferrugination the outer skin of the ceramic

fragments, which become yellowish gray.

Table 2 Metal oxides composition of ceramic samples (Sample 4)

Element Ceramic (surface) Ceramic (in depth)

Na2O 4.9 4.9

Al2O3 20.5 4.9

SiO2 56 55.7

P2O5 0.59 0.95

Cl 1.7 1.7

K2O 2.44 2.75

CaO 1.52 0.976

TiO2 1.09 1.12

Cr2O3 0.044 0.051

MnO 0.11 0.11

Fe2O3 10.6 10

others 1.78 1.7

Zr – 0.6

Table 3 Chemical elements from ceramic samples (Sample 10)

Element Ceramic (surface) Ceramic (in depth)

Si 25.3 23.9

Ti 10.1 3.52

Al 3.34 1.69

Fe 3.05 1.06

K 1.21 0.36

Na 1.19 1.06

Ca 0.28 8.31

Ba 0.11 908 ppm

Mg 702 ppm 0.13

Zr 147 ppm 76.5 ppm

Mn 355 ppm 356 ppm

Cr 85.3 ppm 17.3 ppm

Zn 71.2 ppm 20.6 ppm

Sr 46.4 ppm 73.1 ppm

Li 24.9 ppm –

Ag 1.99 ppm 2.52 ppm

Pd – 7.65 ppm

Pb – 0.18
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The main conclusion that can be derived from these

results is the possibility to predict the artefacts composition

and manufacturing conditions of ancient pottery, as a his-

torical proof for some population.

Conclusions

The results allow to conclude that the chemical and phase

composition, as well as the manufacturing history of these

to Bronze Age pottery samples found in different archae-

ological complexes are very similar. Besides, all archaeo-

logical pottery samples were fired at relatively high

temperatures. The results have demonstrated that TG-DTG

analysis is an indispensable tool in discovering some spe-

cial technological features of ancient pottery.

The carbonate content (Ca-rich, Ca-poor or marly clays

of intermediate Ca content) discriminates between the

paragenesis in the ceramic body, while the type of CaO

transformations in the ceramic matrix could inhibit or

enhance vitrification according to augite formation.

References

1. Drebushchak VA, Mylnikova LN, Drebushchak TN, Bodyrev

VV. The investigation of ancient pottery—application of thermal

analysis. J Therm Anal Calorim. 2005;82:617–26.

2. Shoval S, Beck P. Thermo-FTIR spectroscopy analysis as a

method of characterizing ancient ceramic technology. J Therm

Anal Calorim. 2005;82:609–16.

3. Sondi I, Slovenec S. The mineralogical characteristics of the

Lamboglia 2 Roman-Age Amphorae from the Central Adriatic

(Croatia). Archaeometry. 2003;45:251–62.

4. Papadopoulou D, Sakalisa A, Merousis CN, Tsirliganis NC.

Study of decorated archaeological ceramics by micro X-ray

fluorescence spectroscopy. Nucl Inst Methods Phys Res. 2007;A

580:743–6.

5. Ion RM, Boros D, Piso I, Ion ML, Dumitriu I, Fierascu RC, et al.

Combined spectral analysis (EDXRF, ICP-AES, XRD, FTIR) for

caracterization of bronze roman mirror. Met Int. 2008;XIII 5:61–5.

6. Cardiano P, Sergi S, De Stefano C, Ioppolo S, Piraino P. Inves-

tigations on ancient mortars from the basilian monastery of

Fragal. J Therm Anal Calorim. 2008;91(2):477–85.

7. Krapukaityte A, Tautkus S, Kareiva A, Zalieckiene E. Thermal

analysis—a powerful tool for the characterization of pottery.

Chemija. 2008;19(2):4–8.

8. Franquelo ML, Robador MD, Ramirez-Valle V, Duran A, Jime-

nez de Haro MC, Perez-Rodriguez JL. Roman ceramics of

hydraulic mortars used to build the Mithraeum house of Merida

(Spain). J Therm Anal Calorim. 2008;92(1):331–5.

9. Papadopoulou DN, Lalia-Kantouri M, Kantiranis N, Stratis JA.

Thermal and mineralogical contribution to the ancient ceramics

and natural clays characterization. J Therm Anal Calorim.

2006;84(1):39–45.

10. Mojumdar SC, Sain M, Prasad RC, Sun L, Venart JES. Selected

thermoanalytical methods and their applications from medicine to

construction. Part I. J Therm Anal Calorim. 2007;90(3):653–62.

11. Mothe CG, Ambrosio RMC. Processes occurring during the

sintering of porous ceramic materials by TG/DSC. J Therm Anal

Calorim. 2007;87(3):819–22.

12. Riccardi MP, Duminuco P, Tomasi C, Ferloni P. Thermal,

microscopic and X-ray diffraction studies on some ancient mor-

tars. Thermochim Acta. 1998;321:207–14.

13. Nastro V, Vuono D, Guzzo M, Niceforo G, Bruno I, De Luca P.

Characterisation of raw materials for production of ceramics.

J Therm Anal Calorim. 2006;84(1):181–4.

14. Ingo GM, Fragalab I, Bultrinib G, de Caroa T, Riccuccia C,

Chiozzini G. Thermal and microchemical investigation of

Phoenician–Punic mortars used for lining cisterns at Tharros

(western Sardinia, Italy). Thermochim Acta. 2004;418(1,2):

53–60.

15. Biscontin G, Pellizon Birelli M, Zendri E. Characterization of

binders employed in the manufacture of Venetian historical

mortars. J Cult Herit. 2002;3:31–7.

398 R.- M. Ion et al.

123


	Thermal analysis of Romanian ancient ceramics
	Abstract
	Introduction
	Experimental data
	Methods and apparatus
	Sampling and experimental procedure

	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


