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The mass-loss diagram for the ancient ceramics
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Abstract The procedure for the visualization of thermo-
gravimetric results for ancient ceramics is described and
justified. Two main parameters for the analysis are dehy-
dration and dehydroxylation, which are derived from the
experiment as the values of mass loss at temperature
interval from room temperature to 350 °C and from 350 to
600 °C. Three examples show how to use the mass-loss
diagram for (1) the analysis of the material of a single pot;
(2) comparison between different pots from the same
archeological site, and (3) search for the source of clay for
the manufacturing ancient ceramics.
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Introduction

Thermal analysis is used for the characterization of
ceramics for several decades. In contemporary ceramic
industry, thermal analysis allows one to investigate the
quality of row materials (clays, minerals, and organic fill-
ers) and the products. In archeology, thermal analysis is
widely used for the investigation of ancient ceramics. From
the very start, it seemed reasonable to apply the experience
of the ceramic industry, with its experimental procedures
and algorithms of interpretation, to the samples produced
several thousands years ago. In following this way, one can
see that the ancient ceramics differ evidently from con-
temporary samples.

Figure 1 shows the results of thermogravimetric mea-
surements of two samples, a sherd of the pot produced
about three thousands years ago and a sherd of a cup
produced recently. Present-day sample was fired at very
high temperature. The components of starting ceramic
paste have transformed completely into a glass not sorbing
water, and, therefore, showing no mass loss (here,
0.2-0.3%). The ancient ceramics was fired at relatively low
temperature of about 700 °C and then stored below ground
(weathering conditions) for a long time. Made of clay,
fired, and stored, it has converted again into the clay. It is
evident from the comparison with pure clay, also shown in
Fig. 1. The TG results for ancient ceramics and clay are
very similar.

Again, Fig. 1 shows clearly that the thermoanalytical
results differ significantly from the ceramics of today.
However, in archeological study, it is necessary to compare
a particular ancient sample not with a today’s sample, but
with another ancient sample. The difference in thermoana-
lytical results among various samples of ancient ceramics is
too often not so evident as compared with today’s samples.
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Fig. 1 Thermogravimetric results: [/ today’s ceramics, 2 ancient
ceramics, 3 unfired ceramic paste

The objective of this work is to show how to detect the
difference among thermogravimetric data for various
samples of ancient ceramics and how to use them in
archeological interpretation.

Shortcomings of conventional archeological
interpretation

In starting our thermoanalytical work on the investigation
of ancient ceramics of Siberia and Russian Far East, we
were in the mood to follow the conventional procedures.
Unfortunately, we failed to find the detailed description of
the procedures. First, we found many ways of experimental
investigations. Ancient ceramics were investigated using
derivatography, DTA, TG, TMA, X-ray diffraction, and
porometry, etc. [1-6]. Possessing rather good experimental
facilities, we failed to choose the optimal (for the cost-
efficacy ratio) experimental procedure for the investigation
of ancient ceramics. Different reports describe different
experimental procedures, each time as a single and unique
work, without the pros and cons in comparison with other
published ways. The choice of the particular way (experi-
mental technique) was probably based on the particular
thermoanalytical device at authors’ disposal. Second, we
found that the main result of thermoanalytical investiga-
tions of ancient ceramics is the firing temperature. Unfor-
tunately, we failed to find the detailed description of how to
evaluate the firing temperature. Different experimental
techniques yield different experimental values. These are
Am in thermogravimetry, AT in differential thermal anal-
ysis, AL in thermomechanical analysis, etc. Besides, these
values change in time and temperature, forming peaks up
and down, with different peaks for different values in the
same run. We did not find the equations allowing us to
calculate the firing temperature after the thermoanalytical
measurements. No equation, no accuracy, and no metrol-
ogy at all. The analytical work needs for the calibration and
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standardization if operates with accurate experimental
values (see, for example, the element concentration in [7]
or X-ray diffraction [8]), but the firing temperature does
not. In fact, such a situation is rather expected.

Thermal transformations in clays during the firing are
kinetic processes [9]. In contrast to the melting of metals or
other substances with congruent melting, the degree of
thermal transformation in clay minerals depends on tem-
perature and time: o = f{(T.¢). In trying to derive the firing
temperature of ancient ceramics from the results of ther-
moanalytical experiments, the authors usually search for
the similarity between the products of today’s experiments
with the samples fired and then stored for thousands years
in the ground. The main fault of this approach is never
discussed: it is impossible to derive a single parameter
(T) from the single value of a function of two parameters
f(T,r). Many authors report the firing temperature, but no
one has ever reported the time of firing.

After the analysis of the practice in the investigations of
ancient ceramics, we developed our own way of the mea-
surements and interpretation.

Justification of our approach

In analyzing the product of a kinetic thermal transforma-
tion, it is impossible to derive the value of a single
parameter, i.e., only temperature or only time. In compar-
ing the degree of the thermal transformation in different
samples, we can define the reliable difference in the value
of the degree of the thermal transformation instead. It does
not matter what was the reason why two samples differ
from one another in the degree of transformation. It was
time or temperature or both, we detect surely that two
samples are different. On the other hand, if two samples
were fired under different conditions, but result in the same
degree of transformation, we cannot distinguish the firings.
Thus, in paying attention to the degree of transformation in
the ceramic paste instead of reconstruction of the firing, we
remain on solid ground and only have to define the way of
measuring the degree of thermal transformation in clay
minerals.

The upper limit of temperature of firing in our approach
is supposed to be about 700 °C. Only clay minerals are
changed under such a mild thermal treating. Clay minerals
contain aluminosilicate layers with cations, hydroxyls, and
water molecules between them. Typical formulae for sev-
eral smectites are:

o ) -y
Montmorillonite: M; [Alz,yngSuOlo(OH)z] -nH,O

Beidellite: M [AL (Sis_yAly)O10(OH),] > nH,0
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Nontronite: M,/ [Fe; (Sis—yAly)O19(OH),] ~*-nH,0 0
—X+y e
ite: M+, [ (Mg;_, Al ) (Sis_xAly)O10(OH) 1 !
Saponite: foy g3_yAly 4—xAlx)O10 2 Ty — myc C
-nH,0. ~7

Here, M stands for the cations (Li, Na, K, Ca, and Mg).
Such a notation is very simplified and not quite correct in
valency of cations, but used here because of its simplicity.
The formulae are shown only to point out that the chemical
composition of smectites is not exact and we should not
expect very accurate quantitative relations for the mass
loss.

At heating, the first thermal transformation in a clay
mineral is the dehydration. Each formula of the minerals
above contains n water molecules. Equilibrium n value for
a particular clay mineral depends on temperature and
humidity, and these relationships are also different for
different minerals. Dehydration usually comes to an end
below 250 °C. The second thermal transformation is the
dehydroxylation according to reaction

20HF =H,0+0 .

It usually takes place in a temperature range from 400 to
600 °C, depending on the experimental conditions and clay
mineral species. Having the measured mass loss of a
sample of ancient ceramics and comparing it with the mass
loss for native clay, we can estimate the degree of thermal
transformations in the sample. This is the main idea of the
new approach, rather trivial. The only task is to develop a
simple visual way of how to derive the degree of thermal
transformation from mass-loss data. This problem is solved
by means of the mass-loss diagram. It is shown below how
to plot this diagram.

Tempering

Change in the mass loss of a ceramic sample can arise
not only because of the thermal treatment, but also
because of the variations in the dilution of ceramic paste
with other minerals not losing their mass at heating
(tempering). The mass-loss curves for three samples
(A, B, and C) of ceramic paste with different tempering
are shown in Fig. 2. Sample A is pure clay, without
additives of tempering minerals (quartz, feldspar, and
carbonates, etc.). Sample B contains 1/3 fillers and 2/3
clay minerals (by weight), and sample C contains 2/3
fillers and 1/3 clay minerals. These three samples lose
mass after dehydration (m;5, mg, and m;c) and dehy-
droxylation (m,a, mop, and myc). It is obvious that the
mass loss at every stage is proportional to the clay
content of ceramic paste:

] mya N * mop B
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Fig. 2 Thermogravimetric results for ceramic pastes ranging in the
tempering: A pure clay, B 2/3 clay + 1/3 temper, C 1/3 clay + 2/3
temper. Mass loss: m; at dehydration and m, at dehydroxylation

ng = 2/3m1A and mic = l/3m1A;
npp = 2/3m2A and npc = 1/3m2A.

The myi:my; ratio is constant for any sample prepared
with tempering. In analytical chemistry, this is the
conventional way to receive the calibration curve, where
the measured value (here, mass loss at the particular
temperature range, m; Or m,) is proportional to the quantity
of the detected substance in a mixture with other
substances, not active in the signal measured. We will
create not the calibration curve (mass loss vs. content), but
the diagram of the mass loss at dehydroxylation vs. mass
loss at dehydration. Points A, B, and C in Fig. 3 are plotted
using the measured values of dehydration (m;) and
dehydroxylation (m,). In the experiments, we define them
as the mass loss from room temperature to 350 °C and
from 350 to 600 °C, respectively.

Mild firing

The mjy:m; ratio changes in the ancient ceramics, which
was exposed to firing many years ago and possessing today

nmap

mc mg mya my

Fig. 3 The line of tempering for the mass-loss diagram. The letters
(A, B, C, my;, and my;) stand for the values as in Fig. 2
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a degree of thermal transformations since that time. The
dehydroxylation in the samples of this kind is always less
than that for native clay paste. It is because the sample after
mild firing can readily sorb the water molecules back when
exposed to the weathering conditions, but the rehydroxy-
lation goes much more slowly [10—12]. We will not discuss
here the problem of the rehydroxylation because this is
very important for the reconstruction of the firing and
recovering of clay minerals in the ancient ceramics, but not
for the detection of the degree of thermal transformation as
such. We should only emphasize that the m,:m ratio in the
ancient ceramics is always less than that in native clay.
Being plotted on the mass-loss diagram like Fig. 3, the
points of ancient ceramics always lie below the tempering
line.

One more consideration was expressed in our report [13]
that the decrease in the hydroxyl content is followed by the
increase in the dehydration. This fact was found in the
experiments and shown in Fig. 4 (taken from [13]). This
phenomenon can be explained by the expansion of the
sample at dehydroxylation, which increases the internal
volume of the sample available for the sorption of water.
Similar changes in the water content was found and
discussed early by Shoval et al. [14]. They analyzed the IR
spectra of the samples heated at different temperatures and
concluded “that as firing temperature increases, the amount
of adsorbed water firstly increases due to the formation of
amorphous matter, and later decreases due to crystalliza-
tion”. We agree completely with this point of view if
substitute the degree of transformation for the firing tem-
perature. The phenomenon was explained by different
types of amorphous matter in the pottery [14], but we
consider it as the substitution for hydroxyles with water
molecules. The last stage of changes found by Shoval et al.
[14], the decrease “due to crystallization”, will be dis-
cussed below as the effects of strong firing.
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Fig. 4 Redistribution of the mass loss between dehydration and

dehydroxylation after mild firing. The degree of thermal transforma-
tion is the greatest for 1 and the least for 3, with 2 in between
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Fig. 5 The lines of mild firing, which start from various points of
tempering. The arrows indicate the increase in the degree of thermal
transformation

For mild firing, we may consider the simplest relation-
ship between changes in mass loss at dehydroxylation and
dehydration as if their sum is constant: m, + m; = const.
Mass loss is redistributed between dehydration and dehy-
droxylation. The lesser the mass loss at dehydration, the
greater the mass loss at dehydroxylation. The arrow on line
“mild firing” in Fig. 5 shows the progress in the changes
caused by the mild firing. Such a line starts from the point
of the ceramic paste used for the pottery production. Three
parallel lines with arrows start from the three points of the
tempering line shown in Fig. 3.

Strong firing

Lines of mild firing go not to axis m;, but to a new line
indicating the constant ratio of my:m;. After complete
dehydroxylation, the sample does not show the peak of
mass loss near 500 °C (see Fig. 6 and compare it with
Fig. 4), but still contain the water sorbed. The mass loss in
the temperature range of 350-600 °C for the sample after
strong fire is not because of dehydroxylation, but because

TG/%
100

DTG/(%/min)

B 0.0

98 -0.2
% L 0.4
o4 ~06
o 08

10
)

2
58 14

100 200 300 400 500
Temperature/°C

600 700 800

Fig. 6 Thermogravimetric results for the ancient ceramics after
strong firing. The samples differ from one another in the sorbent
content (the greatest for A and the least for C). There is no peak of
dehydroxylation near 500 °C
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of physical desorption. The greater the amount of the
sorbent, the greater the mass loss at heating. Different
samples with different amount of the sorbent lose different
mass at heating. The mass loss in a fixed temperature range
is proportional to the amount of the sorbent, and we deal
again with the constant ratio of mj,:m;, but now with
another value of the constant. Here, we deal with another
type of thermal transformations in the ceramic paste as
compared with mild firing. At mild firing, the transforma-
tions are in the water and hydroxyl sites in the structure of
clay minerals, inside and between the aluminosilicate lay-
ers constituting the structure of clay minerals. At strong
firing, the transformations are in the amorphization of clay
minerals, in the destruction of their structure.

Line of strong firing goes through the point of origin in
the mass-loss diagram (Fig. 7). In fact, it directs to the
point of origin because the strong firing leads to the sin-
tering of grains of clay minerals after the completion of
their amorphization and is finished with the transformation
of a sample into a glass. The glass does not sorb water and
shows very small mass loss at heating. This is the case of
contemporary ceramics shown in Fig. 1. The transition
from the sorbent shown in Fig. 6 to the glass shown in
Fig. 1 is the gradual degradation and depends on the degree
of thermal transformation. The greater the degree of
transformation at strong firing, the lesser the internal vol-
ume of a sorbent and mass loss at heating.

Application of the mass-loss diagram

Experiment

To receive reliable data on contemporary firing of different
samples of ancient ceramics, one should proceed all exper-

iments under the same conditions. Our thermogravimetric
measurements were carried out using TG-209 (Netzsch) in

m

Fig. 7 The line of strong firing on the mass-loss diagram. The arrows
indicate the increase in the degree of thermal transformation

a gold crucible at a heating rate of 20 °C min~" in the flow
of argon of 25 mL min~'. Temperature range from room
temperature to 850 °C allows us to detect not only changes
in clays, but also in carbonates (calcite). We use the ther-
mal decomposition of calcite not for the interpretation of
firing of ancient ceramics, but for the detection of the
source of clay for the ceramic manufacturing [15]. Sample
mass in our experiments ranges from 46.85 to 47.15 mg.
Details of the sampling and sample preparation was
described elsewhere [13]. The mass in blank experiments is
reproduced within the limits of +0.05% (for 47 mg) and
the difference exceeding 0.1% between two samples should
be considered reliable.

The thermogravimetric results are corrected for the
baseline and the mass loss at the temperature ranges of
22-350 °C (m,) and 350-600 °C (m,) are measured. Then,
these values are plotted on the mass-loss diagram. Here, we
will show several examples of the results of this kind and
their discussion.

Example 1: variations in a single pot

Recently, we reported on high accuracy of thermogravi-
metric measurements making it possible to detect the dif-
ference in the ceramic samples taken from different points
of a single pot [13]. To make it clear, we used four figures
with unconventional treatment and long explanations. The
mass-loss diagram allows us to use only one plot. We took
14 samples of ceramics from internal surface of the
restored pot starting from bottom (1) through body (2—13)
and finishing at the neck (14). The results of the mea-
surements are shown in Fig. 8. Samples 2—12 are gathered
in a group, very close to one another. Samples 13 and
especially 14 differ from the rest. Sample 1 is also differs,
but much less. Thus, the bottom, body, and neck of the pot
were in fact made from different ceramic pastes.

myl%

m/%

Fig. 8 The mass-loss diagram with the results for the single restored
pot, total 14 points. Points 1 (bottom), 13, and 14 (neck) are surely
different from the rest points. The neck (point 14) is fired to the least
degree
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Example 2: variations among pots

Many broken and safe pots and three portions of ceramic
paste ready for the manufacturing of pots were found at
archeological site Linjovo (Novosibirsk region). We
investigated total 29 samples. Here, we will show the
results for the pastes and three pots. The samples investi-
gated were taken from different parts of the pots (bottom,
body, and neck).

The results for clay pastes and pot 1 are shown in Fig. 9.
Clay pastes fit well the tempering line. The points of the
pot fit well the line of mild firing. It is interesting that
the line starts near the point of clay paste 1. This pot and
the clay paste were found at one place (dwelling).

The results for pot 2 from the same dwelling are shown
in Fig. 10. The points also fit to the line of mild firing, but
the starting ceramic paste was evidently tempered.

The results for pot 3 from another dwelling are shown in
Fig. 11. Now the points are scattered and the bottom was
made of the ceramic paste different from that used for neck
and body. The tempering minerals are detected with X-ray

0 T T T T T
0 2 4 6 8 10 12
my/%

Fig. 9 The points of pot 1 (Linjovo site) on the mass-loss diagram:
A neck, B body, C bottom

m/%

Fig. 10 The points of pot 2 (Linjovo site) on the mass-loss diagram:
A neck, B body, C bottom
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Fig. 11 The points of pot 3 (Linjovo site) on the mass-loss diagram:
A neck, B body, C bottom

powder diffraction, but this theme is beyond the scope of
this report.

Example 3: variations in the clay

Archeological site Chicha-1 is multicultural, with wide
variations in artifacts. It was very interesting to recognize
whether the clay used for the manufacturing of ancient
ceramics was obtained from different sources. We found
out that a part of sherds was with the significant impurity of
calcite and the rest was without calcite at all [15]. The
nearest clay deposit was found 2 km far from the place of
archeological dig, on the shore of a lake. The mass-loss
diagram for the samples of Chicha-1 is shown in Fig. 12.
The sherds with calcite, actually, can be made of the clay
from the deposit near the lake. They are located in the
region where the tempering ceramics manufactured from
the clay must fall. The point of the clay itself is marked
with filled square. Many sherds without traces of calcite are
located in the area (right and up) where the sherds made
from the clay with calcite cannot be. These are evidently
were made from another clay.

m/%

Fig. 12 The mass-loss diagram for the sherds of site Chicha-1. Open
circles sherds without calcite, filled circles sherds with calcite, filled
square clay with calcite from the deposit near the lake
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Weak points of the mass-loss diagram

The mass-loss diagram is the simplest way to visualize our
thermogravimetric results of the investigations of ancient
ceramics. In applying this widely, we faced several points
that must be taken into considerations.

First, it is necessary to be sure that the effects measured
in the thermogravimetric experiment do belong to the
thermal transformations in ancient ceramics (dehydration,
dehydroxylation, and decomposition of calcite). There
were several cases when the results were corrupted with
impurities (glue for the restoration of pots, a flake of
gunpowder). The mass loss at heating can be used for the
diagram only if the DTG curve looks like those typical of
ancient ceramics (peak of dehydration with the maximum
near 100-150 °C; peak of dehydroxylation with the max-
imum near 450-550 °C; peak of calcite decomposition
with the maximum above 650 °C). The sample should be
investigated carefully with a wide set of experimental
techniques if there are unusual DTG peaks. In other words,
the mass-loss diagram is for the routine analysis of typical
samples. We have measured a total of over 550 samples
from tens of archeological sites.

Second, one should be careful about the measurement of
mass loss at dehydroxylation for pure clays with very large
mass loss (above 12-15%). In several cases, the mass loss
was so large and the temperature of dehydroxylation was
so high that the process lasted too long and the last part of
dehydroxylation was above 600 °C. In this case, we
extracted the area of the dehydroxylation peak from the
derivative curve (DTG) according to the procedures con-
ventional in DSC (constructing baseline).

Third, it is necessary to remember that the lines of
tempering, mild and strong firing on the diagram are only eye-
guides, not accurate mathematical expressions. The varia-
tions in the composition of clay minerals are responsible for
the wide variations in the m,:m, ratio, and, for instance, the
points of pure clay with different chemical composition may
be both above and below the tempering line.

Forth, one should keep in mind that the procedure of
thermogravimetric analysis described above is inaccurate
fundamentally. We measure the mass loss at dehydration for
the samples with variable water content. In making accurate
analysis of such samples, we should keep the samples under
constant humidity for a particular time before the experi-
ment. Unfortunately, such a complication increases the cost
of the analysis, not improving significantly the results.

Conclusions

The procedure for the analysis of thermogravimetric results
for ancient ceramics was developed that visualizes the

variations in the tempering and degree of thermal trans-
formations. The procedure is very simple, clear for under-
standing, and rather inexpensive. It does not imply the
model experiments for the reconstruction of the firing of
ancient ceramics.

The justification of the procedure is based on the fun-
damental processes taking place at the clay minerals.
Nevertheless, the procedure should not be considered exact
knowledge, but rather the source of most probable version
for the conclusion about the ancient ceramics investigated.

Three examples show how the mass-loss diagram can be
used for the analysis of the variations: (i) in the ceramic
material of one pot, (ii) among several pots, and (iii) starting
material (clay) for the fabrication of ancient ceramics.

References

1. Roberts JP. Determination of the firing temperature of ancient
ceramics by measurement of thermal expansion. Archaecometry.
1963;6:21-5.

2. Tite MS. Determination of the firing temperature of ancient
ceramics by measurement of thermal expansion: a reassessment.
Archaeometry. 1969;11:132-43.

3. Moropoulou A, Bakolas A, Bisbikou K. Thermal-analysis as a
method of characterizing ancient ceramic technologies. Ther-
mochim Acta. 1995;260:743-53.

4. 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;
84:39-45.

5. Duminuco P, Messiga B, Riccardi MP. Firing process of natural
clays. Some microtextures and related phase compositions.
Thermochim Acta. 1998;321:185-90.

6. Ion RM, Ion ML, Fierascu RC, Serban S, Dumitriu I, Radovici C,
Bauman I, Cosulet S, Niculescu VIR. Thermal analysis of
Romanian ancient ceramics. J Therm Anal Calorim. 2010;102:
393-8.

7. Hein A, Tsolakidou A, Iliopoulos I, Mommsen H, Buxeda i
Garrigos J, Montana G, Kilikoglou V. Standardisation of ele-
mental analytical techniques applied to provenance studies of
archaeological ceramics: an interlaboratory calibration study.
Analyst. 2002;127:542-53.

8. Hillier S. Accurate quantitative analysis of clay and other min-
erals in sandstones by XRD: comparison of a Rietveld and a
reference intensity ratio (RIR) method and the importance of
sample preparation. Clay Miner. 2000;35:291-302.

9. Riccardi MP, Messiga B, Duminuco P. An approach to the
dynamics of clay firing. Appl Clay Sci. 1999;15:393—4009.

10. Nagasawa K, Ohkochi N. X-ray studies on dehydration and
rehydration of expandable clay minerals. Thermochim Acta.
1988;135:285-90.

11. Muller F, Drits V, Plancon A, Robert JL. Structural transforma-
tion of 2:1 dioctahedral layer silicates during dehydroxilation—
rehydroxylation reactions. Clay Clay Miner. 2000;48:572-85.

12. Shoval S, Beck P. Thermo-FTIR spectroscopy analysis as a
method of characterizing ancient ceramic technology. J Therm
Anal Calorim. 2005;82:609-16.

13. Drebushchak VA, Mylnikova LN, Molodin VI. Thermogravi-
metric investigation of ancient ceramics: metrological analysis of
sampling. J Therm Anal Calorim. 2007;90:73-9.

@ Springer



466 V. A. Drebushchak et al.

14. Shoval S, Beck P, Kirsch Y, Levy P, Gaft M, Yadin E. Rehy- 15. Drebushchak VA, Mylnikova LN, Drebushchak TN, Boldyrev
droxylation of clay minerals and hydration in ancient pottery VV. The investigation of ancient pottery: application of thermal
from the ‘land of Geshur’. J Therm Anal. 1991;37:1579-92. analysis. J Therm Anal Calorim. 2005;82:617-26.

@ Springer



	The mass-loss diagram for the ancient ceramics
	Abstract
	Introduction
	Shortcomings of conventional archeological interpretation
	Justification of our approach
	Tempering
	Mild firing
	Strong firing

	Application of the mass-loss diagram
	Experiment
	Example 1: variations in a single pot
	Example 2: variations among pots
	Example 3: variations in the clay
	Weak points of the mass-loss diagram

	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


