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CHANGES IN THE HEAT CAPACITY OF AL, O;—Cr,0; SOLID
SOLUTIONS NEAR THE POINT OF ANTIFERROMAGNETIC PHASE

TRANSITION IN Cr,0;
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A1,05—Cr,05 solid solutions with 0, 4, 7, 10 and 20 mol% of corundum were synthesized using a high-pressure/high-temperature

apparatus and characterized by X-ray powder diffraction.

Calorimetric measurements were carried out using DSC-111 (Setaram). Heat capacity was measured by the enthalpy method
in a temperature range of 260-340 K, near magnetic phase transition in pure Cr,O; (305 K). Magnetic contribution into the heat ca-
pacity was derived and found to change irregularly with the composition.

Heat capacity of solid solutions remains constant in a relatively wide range of composition, while the C,, values of the end
members differ significantly. This phenomenon is very important for the modeling of the thermodynamic functions of intermediate

solid solutions.
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Introduction

Corundum (0-Al,O;) is the reference material for cal-
orimetry (SRM720) [1] and X-ray diffraction
(SRM674a and SRM1976) [2]. Its heat capacity has
no anomalies over the whole temperature range up to
the melting point.

Escolaite (Cr,Os) is isostructural with corun-
dum, but antiferromagnetic below 305 K and para-
magnetic above. Its heat capacity was investigated
several times [3, 4], but the thermodynamic functions
are not quite accurate because of possible impurities
that appear during the decomposition of Cr,O; near
the melting point.

Corundum with an impurity of Cr,0; (a few
mol%) is known as ruby. Synthetic solid solutions of
Al,O; with elevated content of Cr,O;3 are unstable at
low temperatures and decay if exposed to hydrother-
mal treatment, but the kinetics of the decay is too slow
under normal conditions, and the quenched homoge-
neous samples are considered ideal solid solutions
[5]. In thermodynamic evaluations of the solid solu-
tions, magnetic interaction in Cr,0Oj3 is not considered
at all [6].

Solid solutions of isostructural end-member
phases are characterized by the relationship between
structure and composition. The difference between
the experimental unit cell parameters and theoretical
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linear function (Vegard’s rule) is considered most in-
formative and useful in the development of
Cr,05—Al,0O; refractories [7]. Recently, we showed
that the heat capacity is more effective tool for the in-
vestigation of the solid solutions of two magnetic
phases (FeS and NiS) than the X-ray powder diffrac-
tion [8]. Fe—Ni monosulfide solid solutions are very
unstable, with high cationic mobility, capable of de-
caying into two separate phases near room tempera-
ture [9]. For natural pyrrhotites, it was recognized
many years ago [10]. It is very interesting to investi-
gate how the heat capacity changes in metastable
magnetic solid solutions, not decaying at heating.

The objective of this work was to measure the
heat capacity of Al,O3—Cr,0; solid solutions near the
magnetic transition point of pure Cr,O3 and clarify
how the thermodynamic functions of solid solutions
change with the composition.

Experimental
Sample preparation

Chemicals Cr,0;, fine green powder, and Al,O;, fine
white powder, of ‘high purity’ grade were used as
starting materials. Charges for the synthesis of solid
solutions were prepared from the mixtures of the ox-
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Table 1 Data on the solid solutions

Synthesis Sample composition Unit cell parameter DSC
No. A:;(g)y C;zl(;h/ 1;11(2)3/30/ (Iilrég/i/ forrgtrllllaz) igass/ Ifri] ncril sampiﬁ gmass/ No. of runs
1 - 100 151.99 505.9 6
2 - 1000 - 100 151.99 0.4947(3) 1.3544(10) 679.0 4
3 27.05 973.20 3.98 96.02 150.00 0.4945(3) 1.3545(12) 521.2 4
4 48.20 951.55 7.02 92.98 148.48 0.4936(13)  1.3523(53) 552.0 5
5 68.70 931.75 9.90 90.10 147.04 0.4928(13)  1.3532(55) 709.9 5
6 144.50 856.60 20.09 79.91 141.94 0.4911(3) 1.3487(11) 539.6 6
7 100 - 101.96 539.1 6

ides, ground and mixed under alcohol in a hard-alloy
mortar. Prior to the grinding, the reagents were heated
at 200°C for 3 h. Total mass of a charge was taken to
be close to 1 g. The mixtures are listed in Table 1.
For the synthesis of the solid solutions, the
‘split-sphere’ type high-pressure/high-temperature
apparatus was used. The apparatus and the synthesis
was described elsewhere [11]. The synthesis was car-
ried out at 1800—2000°C and 5-10 kbar for 6 h (1.5 h
for pure Cr,03). Synthesized samples were taken from
a crucible and heated again at 800°C for 4 h to remove
the traces of graphite, lining the internal surface of the
crucibles. Synthesized solid solutions were black ho-
mogeneous tablets of 3 mm thick and 9 mm in diame-
ter. For the heat capacity measurements, the tablets
were broken down, because the internal diameter of a
standard Al crucible for DSC-111 is 6 mm. The tablet
of pure Cr,O; was green, fragile, with faces of single
crystals on the surface of the tablet. It was readily
broken into single crystals up to 2 mm in size.

Methods

X-ray powder diffraction

Solid solutions were analyzed by X-ray powder dif-
fraction using D-8 Discover diffractometer with
GADDS (Bruker), CuK,, radiation. Unit cell parame-
ters are listed in Table 1. They were refined on 5
or 6 reflections using program complex ULM [12].

Calorimetric measurements

Heat capacity was measured using DSC-111
(Setaram) in the standard Al crucible of 0.8 mm’. Cal-
ibration of the sensitivity was performed using the co-
rundum reference sample (COTC-1a). It was also
used as the end member of the Al,O3—Cr,0j3 solid so-
lution (sample 7 in Table 1).

The measurements were carried out near the
magnetic phase transition point of pure Cr,O; in a
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temperature range of 260-340 K. The enthalpy mode
was used with 200 s heating and 400 s isothermal seg-
ments. At a heating rate of 90 K h™' the temperature
increment was of 5 K. Sample masses of solid solu-
tions are in Table 1. Every sample was measured sev-
eral times, listed in Table 1 in the ‘N of runs’ column.
Each time the sample was inserted into the DSC cell
before a run, measured only one time, and taken off
after the end of the run. Empty crucible was measured
only one run, because the integral signal was found to
be very small as compared with the uncertainty of the
integral signal of the crucible with a sample.
Scanning heating experiments were carried out
with the same samples at a heating rate of 0.2 K min .

Results and discussion

Average values of heat capacity of the samples and
the standard deviations (s) are listed in Table 2. The
calibration coefficient was derived from the smoothed
values of Al,O; fitted to a polynomial, and the experi-
mental points for this end member phase in the table
also contain random errors.

Heat capacity measured by the enthalpy method
is averaged over the temperature range of 7} to 7 of
increment AT=T7,-T}:

g, -
AT

These values are more precise as compared with
the results of the scanning heating [13], but the averag-
ing corrupts the shape of the peak of a phase transition.
Magnetic phase transition in the recrystallized Cr,05 is
shown in Fig. 1. The results of both methods, scanning
heating and enthalpy increment, agree well with one
another, but the peak is much close to its true shape for
scanning heating than for enthalpy method. For the
solid solutions, the sharp peak disappears, becoming
smooth and rounded. Similar difference is between the
initial and recrystallized Cr,0;. The peak of the mag-
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Table 2 Heat capacity of solid solutions with different Al,O5 content (J mol™ K™)

Initial Cr,O3 0% 3.98% 7.02% 9.90% 20.09% 100%

K G s G N G s G s G N G s G s
262.5 99.1 0.5 103.4 0.8 103.2 0.6 103.7 1.5 1009 0.7 90.5 0.5 70.52 0.7
267.5 101.1 0.5 105.6 0.4 105.9 0.5 105.3 0.7 103.0 0.7 91.0 0.4 71.25 0.5
272.5 1043 0.2 108.3 0.8 108.2 0.2 108.3 0.3 106.1 0.6 922 0.3 73.08 0.2
277.5 105.5 0.2 110.1 0.9 110.3 0.1 110.7 0.2 107.1 0.4 92.1 0.1 74.30 0.2
282.5 108.2 0.5 112.7 0.6 112.8 0.2 113.5 0.3 1080 04 92.8 0.1 75.54 0.4
287.5 1103 0.2 114.9 0.6 115.5 0.5 112.5 0.3 106.3 0.3 93.4 0.2 76.31 0.3
2925 1138 0.5 117.4 0.6 117.3 0.3 108.0 0.3 1039 03 94.1 0.2 77.42 0.3
2975 1173 0.4 120.6 0.7 116.5 0.5 105.9 0.4 102.5 0.2 94.8 0.2 78.45 0.2
302.5 1228 0.5 126.1 0.5 113.9 0.1 106.0 0.4 102.7 0.3 96.1 0.2 79.99 0.2
307.5 1232 0.6 125.3 0.3 110.8 0.2 105.1 0.4 102.7 0.3 96.8 0.2 81.24 0.1
3125 111.2 0.7 113.3 0.4 107.8 0.1 104.6 0.4 102.5 0.5 96.9 0.3 82.23 0.2
317.5 108.0 0.7 110.3 0.6 106.7 0.5 104.1 0.5 102.3 0.5 96.9 0.2 82.83 0.1
3225 106.6 0.3 109.1 0.3 106.3 0.1 104.0 0.1 1026 03 97.3 0.6 83.73 0.3
327.5 1059 0.2 108.4 0.6 106.2 0.1 104.2 0.3 1029 03 97.7 0.7 84.59 0.4
3325 1059 0.4 108.4 0.6 106.7 0.5 104.9 0.2 103.6 0.3 98.7 0.3 86.10 0.2
3375 1053 02 1082 04 1065 02 1049 02 1037 03 989 05 8681 03

404 shape and size. Cr,0s, melts at very high temperature

(2705+30 K) with decomposition, and the samples syn-

thesized from the melt are nonstoichiometric, with the

T 1] impurity of Cr;04 [14]. In turn, the parameters of the

L magnetic phase transition in a pure substance differ sig-

E 1204 nificantly for single crystals, fine powders, and thin

3& 0 © films. Magnetization was shown to depend on the parti-

1101 52 6 06 i cle’s size in [15] and the magnetic contribution in the

. heat capacity in [16]. Our results for the initial reagent

100 . ; ; . and recrystallized tablet conform to the general rule that

260 280 300 320 340
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Fig. 1 Magnetic phase transition in pure Cr,Os (sample 2).
Recrystallized sample was measured by — — scanning
heating and O — enthalpy method

netic phase transition is not as sharp for the fine pow-
der of starting material as for the single crystals in the
tablet. The shape of the peak is not considered in this
work in detail, but the evident difference between start-
ing powder and recrystallized sample allows us to pre-
fer the results of the recrystallized sample.

It is evident from Table 2 that two pure samples of
Cr,0s3, the initial reagent (N1) and the recrystallized tab-
let (N2), differ reliably in heat capacity. It is the mani-
festation of a general problem in thermodynamics of
magnetic phases. In literature, heat capacity values for
pure Cr,O; vary significantly (up to tens per cent
near 298.15 K), indicating the differences in the samples
investigated. There are two main reasons for the
irreproducibility in C, near the magnetic phase transi-
tion of Cr,O;: (i) the irreproducibility in the sample
composition and (if) irreproducibility in the sample
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the heat capacity in the vicinity of a magnetic phase
transition of a bulk sample is greater than that for fine
powder. As for the comparison with literature data, C,
values for sample N2 are less than the data published
in [4] but very close to those from [17], considered most
reliable in the thermodynamic database [3].

End member phases of the Al,O3—Cr,0; solid so-
lutions differ in magnetic properties. Antiferro-
magnetic below 305 K, Cr,O; contains a magnetic
contribution (Cy,) in its heat capacity:

Cy=Cr+Cpy

Contrary, heat capacity of corundum is defined
only by thermal vibrations in its crystalline lat-
tice (C)). The magnetic contribution is estimated usu-
ally as the difference in the heat capacities between
magnetic and nonmagnetic isostructural phases. In
applying this to our samples, we subtracted C, of pure
Al,O; from those of Cr-rich solid solutions. The
results are shown in Fig. 2.

Magnetic contribution turned out to be large
enough as compared to the lattice contribution, as
much as 50% of the latter. Sharp peak near 305 K for
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Fig. 2 Magnetic contribution to the heat capacity of
Al,03—Cr,05 solid solutions. Numerals are the numbers
of samples in Table 1
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Fig. 3 Magnetic contribution as a function of the composition:
1 — before and 2 — after the phase transition

pure Cr,O; becomes smoothed and reduced for solid
solutions with increasing impurity of Al,Os. The tem-
perature of the magnetic phase transition also de-
creases as the corundum content of the solid solutions
increases. The values of C,, behave differently before
and after the phase transition. These are shown in
detail in Fig. 3.

Before the phase transition, the magnetic contri-
bution remains nearly constant up to 7 mol% of Al,Os.
The standard deviation of the heat capacity for the low-
est temperature (262.5 K) has the greatest value among
all experimental points, and we show the next point,
G, (267.5), on Fig. 3. Within the limits of experimental
error, three Cr-rich solid solutions (0, 4 and 7% of
Al,O3) have equal magnetic heat capacities. This fact
is very interesting and not quite understandable, be-
cause AI’" cations cannot participate in magnetic inter-
action by their nature. Electronic shells of AT’ are sim-
ilar to those of Ne. It is difficult to suppose how such
cation AI’" participates in the magnetic interaction be-
tween cations Cr’, producing additional contribution
into the heat capacity of the solid solutions. Starting
from 10 mol%, the magnetic heat capacity decreases.
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Extrapolation to zero value of the magnetic contribu-
tion yields the point of about 40 mol% of Al,O3, where
the contribution disappears. Below this limit composi-
tion, cations Cr’" and AI’" in the solid solutions pro-
duce identical heat capacity.

After the phase transition, the magnetic contri-
bution decreases linearly with the increase of the co-
rundum content. Experimental points fit well to the
straight line on Fig. 3. It is well understandable and
even predictable, because Al’" cations do not partici-
pate in the magnetic interaction and do not contribute
to the magnetic heat capacity. The straight line inter-
sects x-axis at 46 mol% of Al,Os, close to the value
derived from the extrapolation of magnetic contribu-
tion before the phase transition.

Nearly constant heat capacity of the solid solu-
tions near both end members is in agreement with the
similar phenomenon found recently for the heat capac-
ity of monosulfide solid solutions. C, values were
nearly constant at both end members of the Feg g xNixS
solid solutions with an irregularity in between [8].
Probably, this phenomenon is general for magnetic
solid solutions.

Conclusions

Cr-rich solid solutions of the Al,03—Cr,05 series were
synthesized using sintering technique in a high-pres-
sure/high-temperature apparatus. DSC measurements
showed that the magnetic contribution to the heat ca-
pacity changes irregularly with the composition. Be-
sides, there is a difference in the changes before and
after magnetic phase transition. Ideal solution model
is not applicable for the evaluation of thermodynamic
properties for these solid solutions. Measured values
of the heat capacity will allow us to develop the algo-
rithm of evaluation of heat capacity, enthalpy and en-
tropy for the Al,O;—Cr,0; series as functions of their
composition.

It was found that the heat capacity of the end
member phases is constant within the limits of experi-
mental errors in the range of composition from 0
to 7 mol% of corundum. One can also expect that the
values of C, will be constant for the Al,O3;-Cr,03
solid solutions with 50-100 mol% of corundum. To-
gether with similar observations in monosulfide solid
solutions (0-60 and 90-100 mol% of Ni), this phe-
nomenon can be considered general for magnetic
solid solutions.

This hypothesis should be checked for other
solid solutions, for it is very important for the evalua-
tion of thermodynamic functions of intermediate solid
solutions. So far, the thermodynamic functions were
usually derived from the models of mixing in a form
of smooth functions of the composition.

J. Therm. Anal. Cal., 90, 2007



CHANGES IN THE HEAT CAPACITY OF ALLO;—Cr,0; SOLID SOLUTIONS

Acknowledgements

The research described in this publication was made possible
in part by Award No. NO-008-X1 of the U.S. Civilian Re-
search and Development Foundation for the Independent
States of the Former Soviet Union (CRDF). The work was
supported by RFBR grants 05-05-64556a and 06-05-65114.

References

1 D. G. Archer, J. Phys. Chem. Ref. Data, 22 (1993) 1441.

2 M. Oetzel and G. Heger, J. Appl. Cryst., 32 (1999) 799.

3 Thermodynamic Properties of Individual Substances,
V. P. Glushko, Ed., Vol. IV, Nauka, Moscow 1982
(in Russian).

4 S. Klemme, H. St. C. O’Neill, W. Schnelle and E. Gmelin,
Am. Mineral., 85 (2000) 1686.

5 A.R. West, Solid State Chemistry and its Applications,
John Wiley & Sons, Chichester—New York 1984.

6 N. D. Chatterjee, H. Leistner, L. Terhart, K. Abraham and
R. Klaska, Am. Mineral., 67 (1982) 725.

7 O.N. Popov, V. P. Frolova, V. P. Martynov and
V. Ya. Dzyuzer, Glass Ceramics, 46 (1989) 191.

J. Therm. Anal. Cal., 90, 2007

8 V. A. Drebushchak and E. F. Sinyakova, J. Therm. Anal. Cal.,
OnlineFirst, DOI: 10.1007/s10973-006-7501-x.
9 V. A. Drebushchak, Zh. N. Fedorova and E. F. Sinyakova,

J. Thermal Anal., 48 (1997) 727.

10 R. G. Arnold, Econ. Geol., 64 (1969) 405.

11 A. I Turkin, V. A. Drebushchak and S. N. Gusak,
Mater. Res. Bull., 37 (2002) 1117.

12 R. Brueggemann, B. Mueller, T. Debaerdemaeker,
G. Schmid and U. Thewalt, Computing Program Complex
ULM for X-ray Crystallography, University of Ulm,
Germany 1992.

13 T. Mitsuhashi and A. Watanabe, J. Therm. Anal. Cal.,
60 (2000) 683.

14 H. Wartenberg and K. Eckhardt, Z. Anorg. Allg. Chem.,
232 (1937) 179.

15 Y. Ichiyanagi, T. Uehashi, S. Yamada, Y. Kanazawa and
T. Yamada, J. Therm. Anal. Cal., 81 (2005) 541.

16 Y Miyazaki, T. Sakakibara, H. Miyasaka, N. Matsumoto
and M Sorai, J. Therm. Anal. Cal., 81 (2005) 603.

17 C.T. Anderson, J. Am. Chem. Soc., 59 (1937) 488.

Received: November 20, 2006
Accepted: January 17, 2007
OnlineFirst: April 29, 2007

DOI: 10.1007/s10973-006-8271-1

799




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


