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Heat capacity of stoichiometric homogeneous spinel MgFe,O, was measured from 5 to 305 K and thermodynamic functions were
derived for temperatures up to 725 K using our previous high-temperature experimental data for the same sample.

Anomaly in C, was found at very low temperatures. Experimental data below 20 K contain large (up to 25% near 5 K) error
arising from the difference in the thermal history between the experimental series.

Magnetic contribution to the low-temperature heat capacity was tested, and the linear function was found to fit experimental
data better than the three-halves power derived from the spin-wave theory.
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Introduction

Magnesioferrite, MgFe,O,, is a magnetic mineral
with the structure of inverted spinel. Its properties are
very important for petrology and mineralogy of the
associations deep in the Earth. Nevertheless, thermo-
dynamic data for magnesioferrite are absent in litera-
ture. Its heat capacity was measured in a temperature
range of 53 to 296 K [1], and the enthalpy increments
were measured in a temperature range from 363 to
1827 K by using drop calorimetry [2]. The works
were carried out especially for the thermodynamics of
minerals, but the results are not used in contemporary
thermodynamic database [3, 4].

The lack of reliable thermodynamic data for
magnesioferrite is the result of the difficulties with the
sample preparation. It is a refractory material. Direct
synthesis MgO+Fe,0;—>MgFe,O4 can be carried out
only at very high temperatures. On the other hand, Fe
changes its valency according to the scheme Fe,O;—
Fe;0,—FeO with temperature increasing, and the prod-
uct of the synthesis under ambient pressure is nonstoi-
chiometric, forming solid solutions MgFe,O,—Fe;04
with the excess of Fe as compared with pure MgFe,0,.
Magnesioferrite can be synthesized also after the de-
composition of more complex minerals, but the product
is not appropriate for the calorimetric measurements be-
cause it is not pure phase [5].

Heat capacity of nonstoichiometric magnesio-
ferrite Mgy soFe, 1304 was measured at extremely low
temperatures (1.8-5 K) in order to clarify the equation
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for the magnetic contribution to the heat capacity of
several spinels [6].

Homogeneous stoichiometric magnesioferrite
was synthesized in bulk for the first time after special
procedure usually used for sulfides [7] and readily
adopted for oxides of 3d elements [8]. Its heat capac-
ity was measured at elevated temperatures near the
magnetic phase transition [8]. These data are not
enough for the evaluation of thermodynamic func-
tions of magnesioferrite because the entropy at
298.15 K can be derived only after low-temperature
heat capacity measurements.

The objective of this work was to measure low-
temperature heat capacity of magnesioferrite and to
derive its thermodynamic functions.

Experimental

Spinel MgFe,0, for the heat capacity measurements
was synthesized at 1373 K from oxides MgO and
Fe,0; using silica-tube technique with intermediate
grinding. The product was a fine powder, with the
grains of about 5- 10~ mm in size. According to X-ray
powder diffraction, the unit cell parameter is
0.8397 nm and the inversion parameter is 0.75. The
synthesis was described in details in [8].

Heat capacity was measured using the calorimet-
ric system described elsewhere [9, 10]. The calorime-
ter of the internal volume of 5.7 cm® with magnesio-
ferrite (3.3627 g) was evacuated and then filled with
helium up to the pressure of 30 mm of Hg.
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High-temperature thermodynamic functions of
magnesioferrite were derived from the heat-capacity
measurements on DSC-204 (Netzsch), published
in [8]. Accuracy of C,, was estimated +2% near 400 K
and 3% near 700 K.

Results and discussion
Heat capacity below 300 K

Heat capacity was measured in 94 points of a temper-
ature range from 5 to 302 K. Experimental data are

listed in Table 1. The standard deviation is about 13%
for the temperature range of 5-15 K, 4% for 15-25 K,
0.5% for 25-75 K and 0.06% above 75 K. The inaccu-
racy is too large at very low temperatures, much
greater than those for other substances measured at
the same calorimeter. It is very unusual, because the
total heat capacity of magnesioferrite is greater than
that of the other substances.

The reason for the large heat capacity and large
inaccuracy in magnesioferrite is the same: low-tem-
perature magnetic anomaly. Heat capacity of
MgFe,0, is shown in Fig. 1 as C,/T vs. 7. It does not

Table 1 Experimental heat capacities of MgFe,O4 (formula mass=199.997 g)

T/K Cy(T)/J mol ' K™ T/K Cy(T)/I mol ' K T/K Cy(T)/J mol ' K™
Series 1 7.87 0.179 59.68 15.18
295.70 146.64 9.23 0.247 64.68 18.17
298.71 147.56 10.38 0.297 69.70 21.37
301.68 148.46 11.12 0.334 74.70 24.58
Series 2 1231 0.389 79.67 28.01
83.13 30.33 13.60 0.464 84.66 31.47
88.17 33.93 14.75 0.536 Series 5
93.24 37.66 15.94 0.655 4.96 0.045
98.29 41.44 17.22 0.769 498 0.070
104.33 45.88 18.54 0.875 5.57 0.110
111.34 51.11 19.87 1.040 5.96 0.114
118.31 56.24 Series 4 6.59 0.158
125.29 61.45 5.68 0.072 7.33 0.191
132.32 66.49 6.79 0.128 8.19 0.258
139.27 71.37 8.44 0.213 Series 6
147.60 77.09 10.42 0.336 5.08 0.067
157.46 83.65 11.36 0.380 5.71 0.108
167.34 89.90 12.55 0.433 6.52 0.138
177.24 95.90 13.86 0.496 7.09 0.187
187.21 101.62 15.23 0.609 7.75 0.211
197.09 106.94 18.29 0.899 8.37 0.263
206.92 112.07 19.89 1.064 8.86 0.287
216.78 116.61 21.54 1.267 11.98 0.462
226.62 121.23 23.20 1.524 13.58 0.596
236.52 125.41 25.47 2.003 16.67 0.827
246.41 129.40 28.10 2.486 18.30 0.923
256.31 133.19 30.70 3.087 22.38 1.512
266.30 136.82 33.30 3.776 24.46 1.804
276.23 140.25 35.88 4529 26.59 2.203
286.11 143.44 38.49 5.334 28.74 2.617
296.03 146.60 41.87 6.653 Series 7
Series 3 45.93 8.317 46.50 8.70
5.50 0.065 50.01 10.13 50.54 10.50
6.82 0.128 54.61 12.45
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obey the Debye model at very low temperatures. Ex-
perimental values fit to a straight line that does not
cross the zero point. The functional relation changes
below 9 K (80 K? on the x-axis), and the heat capacity
decreases rapidly with temperature. Heat capacity
data for isostructural spinel MgAl,O, without mag-
netic interaction are shown in the same figure with a
solid line, indicating evidently the magnetic contribu-
tion in the C,, of MgFe,O4. It is well seen in Fig. 1 that
the large standard deviation is caused by the differ-
ence between various series (systematic bias), not by
random errors. Such an increase in the standard devia-
tion was discussed as the main reason of the enlarged
uncertainty in the heat capacity of magnetic materials,
when various samples are measured [11]. For a single
sample, extremely large amplitude of this effect was
detected in the magnetic solid solution Fej 96S—Nig.96S
near the point of the discontinuity in the magnetic or-
dering [12]. Here we see the difference in the heat ca-
pacity of the same sample near to the magnetic anom-
aly range. The greatest difference in the heat capacity
between the series is about +25% near 5 K. Fortu-
nately, this kind of uncertainty in the heat capacity de-
creases with increasing temperature and vanishes
above 20 K. Considering the uncertainty in the
enthalpy and entropy of £25% at 20 K (conservative
error estimate), we receive the contribution in the un-
certainty at 298.15 K of about 0.1% for entropy and
0.01% for enthalpy. The smoothed values of heat ca-
pacity and derived enthalpy and entropy are in
Table 2. Below 5.5 K, the heat capacity was extrapo-
lated to zero temperature by using cubic function
Co(T)=C(5.5) (T/5.5)’.
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Fig. 1 Low-temperature heat capacity of MgFe,O, spinel,
plotted as Cy/T vs. T* (different marks for different se-
ries). — — Magnetic contribution to its heat capacity is
evident in comparison with Cy(T) for non-magnetic
MgAl, O, spinel. - - - — an eye guide to show the linear
behavior. Arrows indicate 1 — line of the extrapolation
to zero temperature and 2 — heat capacity of
nonstoichiometric spinel Mg g,Fes 1504
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Heat capacity above 300 K

Heat capacity of magnesioferrite (the same sample) in
a temperature range from 430 to 720 K was published
in [8], but without thermodynamic functions. Now we
have low-temperature heat capacity and can calculate
entropy and enthalpy from 300 to 720 K. Low-tem-
perature data are more accurate (accuracy of about
0.2%, derived from the measurements of the reference

Table 2 Low-temperature thermodynamic functions of
MgFe,0, (formula mass 199.997 g mol’l)

TIK Cpq')/ | H(T)fHSP)/ S(Zl)/ ;
Jmol™ K J mol Jmol™ K
5 0.061 0.077 0.020
10 0.30 1.01 0.14
15 0.56 3.21 0.31
20 1.05 7.31 0.55
25 1.91 14.61 0.87
30 291 26.55 1.30
35 4.25 44.32 1.85
40 591 69.6 2.52
45 7.91 104.1 333
50 10.21 149.3 4.28
60 15.35 276.3 6.58
70 21.47 459.9 9.40
80 28.21 708 12.70
90 35.29 1025 16.43
100 42.67 1415 20.53
110 50.12 1879 24.94
120 57.52 2417 29.62
130 64.81 3028 34.51
140 71.89 3712 39.58
150 78.72 4465 44.77
160 85.26 5285 50.06
170 91.53 6170 55.42
180 97.49 7115 60.82
190 103.15 8118 66.25
200 108.47 9177 71.67
210 113.50 10287 77.09
220 118.21 11446 82.48
230 122.66 12650 87.83
240 126.85 13898 93.14
250 130.80 15186 98.40
260 134.58 16514 103.61
270 138.11 17877 108.75
280 141.52 19275 113.84
290 144.76 20707 118.86
298.15 147.30 21897 122.91
300 147.87 22170 123.82
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substances, i.e., benzoic acid, corundum, copper) than
high-temperature ones (~2%). Fitting upper five
points of smoothed C, values in Table 2 with five
lower points of C, published in [8], we used polyno-
mial Cy=apta,T ay T +asT 3, varying simulta-
neously the calibration coefficient for the high-tem-
perature values. Similar procedure was used in [13],
but with overlapping low- and high-temperature data.
Here, there is a temperature gap of about 130 K be-
tween low- and high-temperature values. Coefficients
a; and the calibration factor in the fitting are calcu-
lated analytically, using the least squares procedure.
The best fitting corresponds to the decrease in the C,
values measured with DSC by 1.6%. As this value is
within the limits of the reported experimental error
(£2%), we consider the decrease by 1.6% as the cor-
rection. The polynomial fits five low-temperature
points with the standard deviation less than 0.01%
and five high-temperature points less than 0.03%.
This is within the limits of rounding.

Low- and high-temperature heat capacities fitted
together are shown in Fig. 2. Smoothed values of
Cp(T) and derived entropy and enthalpy are listed in
Table 3.

Comparison with literature data

High-temperature heat capacity of magnesioferrite
was derived by Bonnickson [2] from his own enthalpy
measurements. Enthalpy increments were fitted to the
second-order polynomial below 665 K and the
first-order polynomial from 665 to 1230 K. Tempera-
ture of 665 K was considered to be the phase transi-
tion point. Heat capacity in [2] is a linear function of
T below 665 K and a constant above. Our experimen-
tal data for C,(7) show the lambda-anomaly, having
nothing to do with the triangle shape used by
Bonnickson [2]. It is meaningless to compare these
different heat capacity functions. One can compare
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Fig. 2 Fitting low- and high-temperature heat capacities of
magnesioferrite (line). Marks show the smoothed C,
values. Heat capacity of non-magnetic spinel MgAl,0,
is shown (solid line)
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Table 3 High-temperature thermodynamic functions of
MgFe,04 (formula mass 199.997 g mol’l)

TK Cp(p/ | H(DfHS]())/ S(D/ |
Jmol™ K J mol Jmol™ K
298.15 147.30 21897 12291
300 147.87 22170 123.82
325 154.9 25956 135.9
350 160.9 29906 147.6
375 166.2 33997 158.9
400 170.7 38209 169.8
425 174.6 42526 180.3
450 177.9 46934 190.4
475 181.0 51420 200.1
500 184.0 55983 209.4
525 187.0 60620 218.5
550 190.3 65335 227.3
575 194.2 70140 235.8
597 198.8 74462 243.2
600 197.7 75057 244.2
625 187.4 79831 252.0
650 184.6 84477 259.3
675 183.4 89075 266.2
700 183.0 93656 272.9
725 182.6 98226 279.3

the transition points instead. It is 597 K in our
report [8] and 665 K in [2]. The difference is too
large. The reason, we think, is nonstoichiometric sam-
ple of Bonnickson [2] and King [1]. It was mentioned
in the Introduction that the nonstoichiometric samples
are solid solutions of the MgFe,O,—Fe;O, series.
Magnetic phase transition for pure Fe;O4 is at much
higher temperature, ranging from 848 K [4] to 858 K
[14]. Thus, one can conclude that the impurity of
Fe;04 in the sample of Bonnickson [2] moved the
transition point toward high temperatures by 65 K.

Peak at 597 K is the transition from ferrimag-
netic to paramagnetic state. It was discussed in [8].
Low-temperature anomaly near 10 K was never de-
tected before, because heat capacity was never mea-
sured at extremely low temperatures so far, as well as
magnetic properties.

Heat capacity measured at low temperatures by
King [1]1s 2.5% less than ours near 298 K. The differ-
ence increases with decreasing temperature [1] and at
63 K (the lowest temperature in [1]), is about 7%. De-
rived entropy at 298.15 is 3.7% less than our value in
Table 2.

Heat capacity data for nonstoichiometric magne-
sioferrite measured at extremely low temperature
in [6] are about eight times less than ours are at 5 K.

J. Therm. Anal. Cal., 92, 2008
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Fig. 3 Testing the three-halves power magnetic contribution to
the heat capacity derived from the spin-wave theory.
Low-temperature heat capacity of MgFe,Oy4 spinel is
plotted as Cy/T>” vs. T** (different marks for different
series). Dashed line is an eye guide to show the linear
behavior

This temperature is the high limit of the measure-
ments in [6], and the low limit in our measurements.
The whole difference in the heat capacity is evidently
due to the magnetic contribution. It is evident from
Fig. 1, where C, of Mg gFe; 1304 is close to that of
nonmagnetic MgAl,O,.

Function C,,=aT"? for the magnetic contribu-
tion was derived from the spin-wave theory, predicted
by Bloch [15]. It is very interesting to compare the
three-halves power function with the conventional
function C, ,=aT used in calorimetry. Linear function
is very suitable for practice, for it allows one to detect
ferroelectric, ferromagnetic or electronic contribu-
tions at once, in the uniform procedure, using a C/T
vs. T? plot. It is shown in Fig. 1 for our data. After
comparison of Figs 1 and 3, we prefer the linear func-
tion. It seems to fit the experimental data on heat ca-
pacity with magnetic interaction better. One can an-
ticipate that the same conclusion would be made if the
linear function instead of the three-halves one is used
in the analysis of low-temperature heat capacity of
other compounds with spinel structure [16].

Conclusions

Synthesis of pure homogeneous magnesioferrite
MgFe,0, allowed us to measure its low-temperature
heat capacity and, together with the previous high-
temperature measurements, to derive reliable thermo-
dynamic functions. They differ from the data pub-
lished about 50 years ago, because that sample was
probably the solid solution of the MgFe,0,—Fe;04 se-
ries. Largest difference is in the magnetic transition
point: 597 K (our) instead of 665 K (literature).

At very low temperature, heat capacity of mag-
nesioferrite has a magnetic contribution, increasing

J. Therm. Anal. Cal., 92, 2008

linearly with temperature. The attempt to use the
three-halves power derived from the spin-wave the-
ory was unsuccessful. Experimental points fit the
straight line C,/T*? vs. T°”* worse than C,/T vs. T,

Irreproducibility in the magnetic properties of
the sample after heating—cooling cycles during the ex-
periments produces large irreproducibility in the heat
capacity between different series of the measure-
ments.

Acknowledgements

The work was supported by RFBR grants 05-05-64556 and
06-05-65114. It was partly supported by the Integration Inter-
disciplinary Project N 81 of the Siberian Branch of the Rus-
sian Academy of Sciences.

References

1 E. G. King, J. Am. Chem. Soc., 76 (1954) 5849.
K. R. Bonnickson, J. Am. Chem. Soc., 76 (1954) 1480.
R. A. Robie and B. S. Hemingway, U.S. Geological
Survey Bull., 2131 (1995) 461.
4 S. K. Saxena, N. Chatterjee, Y. Fei and G. Shen,
An Assessed Data Set Based on Thermochemistry and
High Pressure Phase Equilibrium, Springer-Verlag,
Berlin 1993, p. 428.
5 R. L. Frost, J. M. Bouzaid, A. W. Musumeci,
J. T. Kloprogge and W. N. Martens, J. Therm. Anal. Cal.,
86 (2006) 437.
6 S.R. Pollack and K. R. Atkins, Phys. Rev.,
125 (1962) 1248.
7 V. A. Drebushchak, T. A. Kravchenko and
V. S. Pavlyuchenko, J. Cryst. Growth, 193 (1998) 728.
8 A. I Turkin and V. A. Drebushchak, J. Cryst. Growth,
265 (2004) 165.
9 1. E. Paukov, I. A. Belitzky and Yu. A. Kovalevskaya,
J. Chem. Thermodyn., 33 (2001) 1687.
10 V. G. Bessergenev, Yu. A. Kovalevskaya,
L. G. Lavrenova and I. E. Paukov, J. Therm. Anal. Cal.,
75 (2004) 331.
11 V. A. Drebushchak and A. 1. Turkin, J. Therm. Anal. Cal.,
90 (2007) 795.
12 V. A. Drebushchak and E. F. Sinyakova, J. Therm. Anal.
Cal., 89 (2007) 303.
13 V. A. Drebushchak, Yu. A. Kovalevskaya, I. E. Paukov
and E. V. Boldyreva, J. Therm. Anal. Cal., 85 (2006) 485.
14 R. E. Newnham, In: The Encyclopedia of Mineralogy,
K. Frye, Ed., Hutchinson Ross Publishing Company,
Stroudsburg, Pennsylvania 1981, pp. 226., 794.
15 F. Bloch, Z. Phys., 61 (1930) 206.
16 N. W. Grimes, Proc. R. Soc. London, A338 (1974) 209.

w N

DOI: 10.1007/5s10973-008-9025-z

721




<<
  /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 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

  /CreateJDFFile 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


