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STUDY OF PEROVSKITE COMPOUNDS
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Perovskites belong to the great group of the inorganic pigments and thanks to their excellent properties they have been widely used
in an industry. CaTiOs;, BaTiO; and SrTiO; with the perovskite structure were prepared in this work. These compounds were
synthesized with using the solid state reaction by calcination in temperature region 1000-1200°C. The thermal analysis was used
for characterization of thermal behaviour and formation of tested perovskites. The main aim of this work was studied the influence
of calcination temperature on colour properties of perovskites. Colour properties of powdered compounds and samples applied into
ceramic transparent glaze P 07491 were also studied. The tested compounds can be described by different light colour hues and that

depending on calcining temperature. The structures of the powdered compounds were studied by X-ray diffraction analysis.
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Introduction

From an ecological point of view pigments containing
toxic elements are banned. These strict ecological
aspects affected many industrial branches. Therefore,
a search of new non-toxic materials with the same or
better properties which have these banned com-
pounds is by a subject of research of many work-
places. Nowadays, the large group of special in-
organic pigments is unusable and especially the
anticorrosive pigments based on lead or chromates
belong to this group too. Perovskites containing like
these cations which have been an ability to create
alkaline anticorrosive pigments, can be once from
possible compensations [1]. Therefore, perovskites
containing Ba®", Ca®" and Sr*" are by subject of our
research.

The preparation of perovskites compounds as
ceramic materials with excellent electric and
magnetic properties for utilization with using calci-
nation on lower temperature in the first step and
following sintering on higher temperature must be
used [2].

Ceramic materials based on perovskite structure
are known for long time. Perovskite compounds have
a generally chemical formula ABX; and they are
derived from calcium titanate, a naturally occurring
mineral CaTiO;. It covers a wide range of colours
from black, brown, gray, orange to yellow. Crystals of
perovskite appear as cubes, but this is deceiving.
Perovskite is actually pseudocubic. It is really ortho-
rhombic in symmetry, but its structure is very close to
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isometric [3]. In ABXj3 structure ion A has a larger
size than ion B, and most of the metallic ions in the
periodic table can be built in lattice of perovskites
[4, 5]. The majority of the perovskite compounds are
oxides or fluorides, but other forms as halides,
sulphides, hydrides, cyanides, oxyfluorides and oxy-
nitrides are also known [4, 6, 7].

Perovskites are very well known compounds and
they can be synthesized with using different methods
of preparation, particularly fine powder BaTiO; can
be prepared by traditional solid state reaction method
[8-11], co-precipitation method [12], hydrothermal
method [13, 14], a solverthermal method [15], alk-
oxide hydrolysis [16], metal-organic processing [17],
the Pechini process [18], etc. Mechanism of forma-
tion of this compound was also studied in detail
[8, 19].

Perovskites as the ceramic materials have ex-
cellent electric and magnetic properties and thanks to
their properties they find widely using in an industry.
These materials can accommodate a large content of
oxygen vacancies; therefore, some perovskites are
good oxygen ionic conductors. The small B-site in the
perovskite formula ABO; allows first row transition
elements to be introduced in the lattice. These
elements exhibit multivalence under different con-
ditions, which may be the source of electric con-
ductivity. Good ionic and mixed conductivity is
found in several perovskite oxides [20]. For example
barium titanate based on the wide variety of appli-
cations for which it is used, such as capacitors,
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positive temperature coefficient thermistors, piezo-
electric devises, optoelectronic elements [2].

Basic properties of the pigments are necessary to
know for next pigment utilization. They can be
characterized by their chemical composition and by
physical properties. The most commonly measured
pigment properties are elementary analysis, impurity
content, crystal structure, particle size distribution,
density, surface area and optical properties [21].
BaTiO;, SrTiO; and CaTiO; with perovskite structure
were prepared in this work. The main aim was
focused on influence of calcination temperature on
colour properties of selected compounds. Methods of
thermal analysis and X-ray diffraction analysis were
used for these studies.

Experimental

The studied perovskites were prepared by solid state
reaction [8, 11]. As starting materials for preparation
of the tested compounds were used BaCO;, SrCO;,
CaCOs; and TiO, (anatase). The purity of all raw
materials was in range of 96-99%. The starting
mixtures were homogenized in an agate mortar in
stoichiometric ratio. The mixtures were calcinated in
corundum crucibles in an electric resistance furnace
with the increase of the temperature 10°C min .
The samples were calcinated in temperatures 1000,
1100 and 1200°C for the duration 3 h. The calcinated
samples were washed by hot distilled water, filtered
and dried.

The main aim was focused on the study of the
influence of calcination temperature on the colour
properties of tested compounds. The colour properties
of powdered pigments and pigments applied into the
transparent glaze P 07491 (Glazura, s.r.o, Roudnice
nad Labem, Czech Republic) in mass ratio 10% were
measured in the visible region of light (400—700 nm)
with using ColourQuest (HunterLab, USA).
The measurement conditions were following: illu-
minant D65 (6500 K), 10° complementary observed,
geometry of measurements d/8°. The colour prop-
erties were described in terms of CIE L*a*b*
system (1976). The value L* represents the lightness
or darkness of the colour. In the CIE L*a*b"* system it
is described by numbers zero (black) to hundred
(white). In this system L*=50 corresponds to the grey
colour. The values a* (the axis red-green) and b*
(the axis yellow-blue) indicate the colour hue.

The thermal analysis was used for charac-
terization of thermal behaviour and formation of
tested perovskites. Thermal analysis of raw materials
was performed by STA 449C Jupiter (Netzsch,
Germany). This apparatus allows the simultaneous
registration of the thermoanalytical curves TG and
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DTA. The starting raw materials were studied by ther-
mal analysis in ceramic crucibles in air in temperature
region 30—1200 (1400)°C. The increase of temper-
ature was 10°C min'. a-Al,0; was used as reference
material [22].

The structures of tested powdered samples were
studied by X-ray diffraction analysis with using the
diffractometer D8 Advance (Bruker, GB), with CuKa
radiation and scintillation detector (the range 20 from
10 to 80°).

Results and discussion

The thermal analysis has been used for study of the
synthesis of powdered materials. The thermoanaly-
tical curves TG and DTA can provide information
about pigment formation.

Figure 1 demonstrates the thermoanalytical
curves TG and DTA for mixture containing SrCO;
and TiO,, these curves were monitored in temperature
interval 30-1250°C. The three endothermic and one
exothermic peaks are evident on DTA curve. The first
endothermic peak with the minimum at 793°C rather
is connected with the start of transformation or
decomposition of the SrCO;. The second one, which
is endothermic with minimum 938°C, corresponds to
the change of orthorhombic to hexagonal trans-
formation of the SrCO; [23]. The third peak, which is
exothermic with the maximum 1036°C, is connected
with the formation of strontium titanate compound or
another by-products following SrTiO; as the main
product [24]. The last one, pointed to that is endo-
thermic effect with minimum 1185°C agrees with the
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Fig. 1 DTA and TG curves of the mixture containing SrCO;
and TiO, (sample mass 314.00 mg)

Table 1 Thermal decomposition of the reaction mixture
containing SrCO; and TiO, (Fig. 1)

Temp. range/°C Peak temp./°C Total mass loss/%
793
938
700-1200 19.5
1036
1185
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Fig. 2 DTA and TG curves of the mixture containing CaCOs;
and TiO, (sample mass 264.00 mg)

Table 2 Thermal decomposition of the reaction mixture
containing CaCOj; and TiO, (Fig. 2)

Temp. range/°C Peak temp./°C Total mass loss/%
650-940 924

1038 23.47
950-1200

1077

total decomposition of the SrCO;. Total mass loss
(Table 1), which is shown on TG curve of this
TG-DTA record, is 19.5% and caused with decom-
position of SrCOs.

The simultaneous TG-DTA analysis has been
also used for starting mixture containing CaCO; and
TiO, (Fig. 2). The temperature region of this measure-
ment was from 30 to 1200°C. The DTA curve shows
three peaks, the one endothermic and two exothermic
peaks. The endothermic effect on DTA curve with
minimum 924°C belongs to the decomposition of
CaCO; [25]. The following two exothermic peaks
with maximum 1038 and 1077°C are connected with
formation of calcium titanate. Total mass loss in
interval 700-940°C is 23.47%, it is corresponding
with decomposition of CaCOj; and it is written on TG
curve of this simultaneous thermal record (Table 2).

Barium carbonate exists in three crystallo-
graphic structures: rhombohedral, hexagonal and
cubic form. DTA and TG thermoanalytical deter-
mination was measured in interval of the tem-
peratures 30—1400°C and the record of this analysis is
shown in Fig. 3. The first two endothermic peaks with
the minimum 643 and 672°C probably may
correspond with change of anatase form of TiO,. Next
endothermic peak with the minimum 815°C is
pointed out transformation of BaCO; from rhombo-
hedral to hexagonal form and the endothermic effect
with the minimum 987°C belongs to transformation
of BaTiO; from hexagonal to cubic form and the start
of decomposition of BaCO; [26]. Two exothermic
peaks with maximum 938 and 1036°C and one
endothermic effect with the minimum 1090°C are
connected with the formation of by-products
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Fig. 3 DTA and TG curves of mixture containing BaCO; and
TiO, (sample mass 360.90 mg)

Table 3 Thermal decomposition of the reaction mixture
containing BaCOj; and TiO, (Fig. 3)

Temp. range/°C Peak temp./°C Total mass loss/%

643
550-850 672
815
938
987 16.06
1037
1090
1238
1248

850-1250

following formation of Ba,TiO; and BaTiO; too
[11, 19]. The last endothermic effect with minimum
1238°C signals finish of decomposition of BaCO; and
the last exothermic peak with maximum 1248°C may
correspond to formation only single-phase of BaTiO;
[25]. The loss of the mass is recorded on TG curve,
firstly mass loss is very sluggish, but in temperature
region around 550-850°C mass loss is 2% and it
probable corresponds with change of anatase.
Between 850—1250°C mass change is observed (mass
loss 14.06%) and this change is related with total
decomposition of BaCO;. The total mass loss is
16.06% (Table 3).

The goal of this work was to study the influence
of increase of calcination temperature on colour
properties of tested perovskites. From this reason the
colour properties of powdered compounds and
compounds applied into ceramic glaze were deter-
mined. In colour space CIE L*a*h* coordinate L*
corresponds to brightness and coordinates a* and b*
correspond to a colour hue, a* changes from green to
red and b* from blue to yellow.

Colour properties of powdered compounds are
described in Table 4. This table shows that all tested
powders have light hues. BaTiO; calcined at 1000°C
has the white colour with the very little part of green
hue (coordinate a* is in negative field of colour
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space). But value of ¢* increases with the growing
temperature and it slowly shifted to the red field of
colour space. Coordinate b* increases with the
temperature too and it obtains more yellow hues.
The change of colour of BaTiOj; is shifted from the
white to the beige. All powdered samples of SrTiO;
have the white colour. This colour with the increase
of calcination temperature changed but these changes
were very small. From Table 4 it follows that
coordinates a*and b* of tested SrTiO; increase and
the colour obtains more the red and the yellow hue.
The colour result of SrTiO; calcined at 1200°C is the
creamy. The colour change of CaTiO; powders in
dependence on temperature was evident. The sample
calcined at 1000°C is the white, but the increase of
calcination temperature has effect on colour hue.

Table 4 The colour properties of the powdered compounds

Sample calﬁl(:frialg'ogf °C L a b
1000 91.15 -0.82 5.65
BaTiO; 1100 87.98 -0.03 7.44
1200 86.78 0.94 9.48
1000 89.69 1.11 3.54
SrTiOs 1100 88.54 1.59 3.83
1200 89.31 1.95 4.77
1000 81.60 2.08 7.54
CaTiO; 1100 78.00 5.87 6.30
1200 80.90 5.46 6.82

Table 5 The colour properties of the samples applied into
glaze P 07491

Temp. of

Sample calcination/°C r a b
1000 78.24 3.11 20.86
BaTiO; 1100 78.73 2.70 20.41
1200 79.50 2.37 22.18
1000 81.05 2.95 19.07
SrTiO; 1100 77.79 3.05 18.00
1200 79.75 3.18 18.50
1000 84.86 1.38 12.17
CaTiO; 1100 81.00 2.46 19.73
1200 83.82 1.70 11.39

Table 4 shows that colour coordinate a* with the
temperature increases and hue shifts into red field of
the colour space. Coordinate b* is decreased, but this
change is very small. The colour of this compound
was beige.

Tiles with the applied compounds can be
characterized as follows, the colours of tiles are not
interesting and they move in different light beige hues
and surface of tiles is without crack. These com-
pounds have lower hiding power. Colour properties
of perovskites applied into transparent ceramic glaze
are given into Table 5. It is evident that changes in
coordinates a* and b* are very small too. In case of
BaTiO; coordinate «* decreases with the increase
calcination temperature, but the same coordinate
increases for the SrTiO;. Colour properties of CaTiOs
are without evident trend.

The structures of tested powdered compounds
were studied by X-ray diffraction analysis. Table 6
shows the phase composition of perovskites calcined
at different temperatures. It is evident that in this case
one-phase compound has been not prepared. X-ray
patterns obtained for all samples calcined at 1000°C
contain next to perovskites non-reacted starting raw
materials and by-products corresponding to formation
of SrTiO; and BaTiO;, respectively, these results
agree with the results of thermal analysis because the
increasing of calcination temperature makes a change
of composition. Fractions of raw materials and by-
products are decreased and the intensive diffraction
lines are obtained. However, the higher calcining
temperature (about 1200°C) or longer time of calcina-
tion is necessary for preparation of single-phase
substances.

Conclusions

The preparation of CaTiO;, BaTiO; and SrTiO; was
followed in this study. The temperature of the
perovskite formation and their thermal stability were
determined by the thermoanalytical measurements.
The tested compounds have a good thermal stability
in temperature region 1000—1200°C. The main goal
was to study the influence the calcining temperature
on colour properties. All samples have light colour
hues and it was evident that calcination temperature

Table 6 The phase composition of tested perovskites calcinated at different temperatures

Calcination temperature/°C

Sample
1000 1100 1200
CaTiO3 TiO,, CaTiO;, Ca(OH), CaTiOs3, TiO, CaTiOs;, TiO,
StTiOs TiO,, Sr,TiOy, SrTi0O3, SrCO; StTiOs, Sr,TiOy, TiO,, StO, SrCO; SrTiOs, TiO,
BaTiO; BaTiO;, BasTi;305, BaCO;, TiO, BayTi;303, BaTiO; BaTiO;, Ba,TiO4
826 J. Therm. Anal. Cal., 93, 2008
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has the influence on the colour properties of perovs-
kite compounds, but it is very small in tested temper-
ature region. Therefore it was suitable to study this
influence for higher temperatures. The results of
X-ray diffraction analysis confirmed that higher
calcining temperature (1200°C) is necessary for pre-
paration of one-phase perovskite compound.

Acknowledgements

This work was supported by the project MSM No. 0021627501
and Grant Agency of Czech Republic (No. 104/08/0289).

References

1 M. Trojan, Z. Solc and M. Novotny, Pigments,
Kirk-Othmer Encyclopedia of Chem. Technol.,
19 (1996) 45, J. Wiley and Sons Inc., New York.

2 Z.C. Liand B. Bergman, J. Eur. Ceram. Soc.,
25 (2005) 441.

3 http://www.galeries.com/minerals/oxides/perovski/
perovski.html.

4 L. Q. Jiang, J. K. Guo, H. B. Liu, M. Zhu, X. Zhou, P. Wu
and C. H. Li, J. Phys. Chem. Solids, 67 (2006) 1531.

5 F. S. Galasso, Perovskites and High Tc Superconductors,
Gongor&Breach Science Publisher, New York 1990.

6 O. Muller and R. Roy, The Major Ternary Structural
Families, Springer, NewY ork-Heidelberg-Berlin 1975.

7 http://www.chemistry.ohio-state.edu/~mlufaso/spuds/
index.html.

8 L. K. Templeton and J. A. Pask, J. Am. Ceram. Soc.,
42 (1959) 212.

9 P. Hansen, D. Hennings and H. Schreinemacher, J. Am.
Ceram. Soc., 81 (1998) 1369.

10 D. F. K. Hennings, B. S. Schreinemacher and

H. Schreinemacher, J. Am. Ceram. Soc., 84 (2001) 2777.

J. Therm. Anal. Cal., 93, 2008

11 A. Beauger, J. C. Mutin and J. C. Niepce, J. Mat. Sci.,
18 (1983) 3041.

12 M. Stockenhuber, H. Mayer and J. A. Lercher, J. Am.
Ceram. Soc., 76 (1993) 1185.

13 K. Fukai, K. Hikada, M. Aoki and K. Abe, Ceram. Int.,

16 (1990) 285.

14 M. Wu, J. Long, G. Wang, A. Huang and Y. Luo, J. Am.
Ceram. Soc., 82 (1999) 3254.

15 D. Chen and X. Jiao, J. Am. Ceram. Soc., 83 (2000) 2637.

16 P.P. Phule, S. Raghavan and S. H. Risbud, J. Am. Ceram.
Soc., 70 (1987) 108.

17 A. S. Shaikh and G. M. Vest, J. Am. Ceram. Soc.,

69 (1986) 682.

18 M. P. Pechini, U. S. Pat. No. 3 330 697, July 11 (1967).

19 A. Beauger, J. C. Mutin and J. C. Niepce, J. Mater. Sci.,
18 (1983) 3543.

20 J. L. G. Fierro, Metal Oxides, Chemistry and Applications,
Taylor&Francis Group, New York 2006.

21 M. Trojan, Z. Solc and M. Novotny, Pigments,
Kirk-Othmer Encyclopedia of Chem. Technol.,

19 (1996) 3, J. Wiley and Sons Inc., New York.

22 Y. Pelovski, V. Petkova and I. Dombalov, J. Therm. Anal.
Cal., 88 (2007) 207.

23 A. lanculescu, A. Braileanu, M. Zaharescu, S. Guillement,
1. Pasuk, J. Madarasz and G. Pokol, J. Therm. Anal. Cal.,
72 (2003) 173.

24 Yu. Ya. Tomashpolsky and G. L. Platonov,
Segnetoelektricheskie plenki slozhnykh okislov metallov
(Ferroelectric Films of Mixed Metal Oxides), Metalurgiya,
Moscow 1978.

25 B. V. L’vov, Thermochim. Acta, 386 (2002) 1.

26 P. Pasierb, R. Gajerski, M. Rokita and M. Rekas, Physica
B, 304 (2001) 463.

DOI: 10.1007/s10973-008-9329-z

827




<<
  /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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


