
Introduction

Interest in nanosized spinel ferrites of the type
MFe2O4 (M is a divalent metal cation) has greatly
increased in the past few years due to their importance
in understanding the fundamentals in nanomagne-
tism [1] and their wide range of applications
including high-density data storage, ferrofluid
technology, sensor technology, spintronics, magneto-
caloric refrigeration, heterogeneous catalysis,
magnetically guided drug delivery, magnetic
resonance imaging [2–5]. To emphasize the site
occupancy at the atomic level, the structural formula
of 2–3 spinel ferrites may be written as
( )[ ]– –M M1
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� � � �Fe Fe O , where parentheses and

square brackets denote cation sites of tetrahedral (A)
and octahedral [B] coordination, respectively. �
represents the so-called degree of inversion defined as
the fraction of the (A) sites occupied by Fe3+ cations.

At present, the high-energy milling method is
widely used for the preparation of nanostructured ma-
terials due to its relative simplicity and availabil-
ity [6]. This method can deliver nanocrystalline spinel
ferrites (and oxides in general) either by particle size

reduction of bulk material to the nanometer scale
without changes in its chemical composition [7–9] or
by inducing a heterogeneous solid-state chemical re-
action between the ferrite precursors, i.e., by the me-
chanically induced formation reaction (mechano-
synthesis) [10–21]. Nanoscale spinel ferrites prepared
by mechanochemical route are often inherently unsta-
ble owing to their small constituent sizes, non-equi-
librium cation distribution, disordered spin configura-
tion, and high chemical activity [21]. Subsequent
thermal treatment of mechanochemically prepared
spinel ferrites causes their transition from an excited
metastable state into a low-energy crystalline state.
During the process of annealing, the advantageous
properties of the nanosized spinel ferrites are mostly
lost [22], thus an understanding of the thermal stabil-
ity of nanostructure and of the relaxation mechanism
of mechanically induced metastable states is neces-
sary. A better understanding of the response of nano-
scale spinel ferrites to changes in temperature is
crucial not only for basic science but also because of
their possible high-temperature applications [23].

To gain insight into the thermal stability and re-
laxation of the mechanically induced disorder, the
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Among the many types of preparation and processing techniques, the nonconventional mechanochemical route has been recognized
as a powerful method for the production of novel, high-performance, and low-cost nanomaterials. Because of their small constituent
sizes and disordered structural state, nanoscale materials prepared by mechanochemical route are inherently unstable with respect to
structural changes at elevated temperatures. Taking into account the considerable relevance of the thermal stability of nanoscale
complex oxides to nanoscience and nanotechnology, in the present work, results on the response of mechanochemically prepared
MgFe2O4 and NiFe2O4 to changes in temperature will be presented. Several interesting features are involved in the work, e.g., a re-
laxation of the mechanically induced cation distribution towards its equilibrium configuration, a disappearance of the
superparamagnetism on heating, an increase of both the saturation magnetization and the Néel temperature with increasing particle
size, and a core–shell structure of nanoparticles.
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present work focuses on the study of the response of
mechanochemically prepared MgFe2O4 and NiFe2O4

nanoparticles to changes in temperature.

Experimental

Nanocrystalline MgFe2O4 and NiFe2O4 with an aver-
age particle size of about 9.6 and 8.6 nm were prepared
by high-energy milling coarse powders of high-purity
MgFe2O4 and by mechanochemical synthesis from bi-
nary oxide precursors (NiO, �-Fe2O3), respectively, as
reported in our earlier work [8, 24, 25]. In the present
study, MgFe2O4 and NiFe2O4 samples are annealed at
various temperatures up to 1280 K in air to investigate
their thermal stability and magnetic evolution with
grain growth process.

The Néel temperature (TN) was determined using
a thermogravimetric (TG) analyzer (Setaram Tag 24
thermobalance) equipped with a permanent magnet.
Nanocrystalline MgFe2O4 (130 mg) was annealed at
four consecutive temperatures (1130, 1180, 1230,
1280 K) in open platinum crucibles without removing
it from the TG analyzer. The sample was held at the
given annealing temperature for 2 h, cooled to 470 K
at a cooling rate of 10 K min–1, and then heated to the
further annealing temperature. The magnetic disor-
der–order transition of the sample in the magnetic
field of the permanent magnet was monitored during
the cooling stage. TN was arbitrarily defined by the
maximum slope of the curve. The upper baseline of
the curve corresponded to the true sample mass.
Reproducibility of the measured TN was �0.5 K.

Mössbauer spectra were taken in transmission ge-
ometry using a 57Co/Rh �-ray source. The velocity
scale was calibrated relative to 57Fe in Rh. Recoil spec-
tral analysis software [26] was used for the quantitative
evaluation of the Mössbauer spectra. The degree of in-
version, �, was calculated from the Mössbauer
subspectral intensities I(A)/I[B]=(f(A)/f[B])[�/(2–�)], as-
suming that the ratio of the recoilless fractions is
f[B]/f(A)=0.94 at room temperature [27].

Magnetic measurements were made using a SQUID
magnetometer. The average particle size of the annealed
samples was determined by XRD using the PowderCell
program [28] and by TEM (JOEL JEM-2100F).

Results and discussion

Relaxation of nonequilibrium cation distribution in
nanocrystalline spinel ferrite

The most remarkable effect in spinel ferrites is the
strong dependence of properties on the state of struc-
tural disorder and, in particular, on the cation distribu-

tion. This is clearly documented in the case of
MgFe2O4, whose Néel temperature, TN, was found to
be a sensitive function of the degree of inversion, �,
and has been used by several authors as a means of
characterizing the cation distribution of MgFe2O4 sam-
ples. For example, O’Neill et al. [29] performed the
differential scanning calorimetric measurements to
show that TN of MgFe2O4 increases linearly with in-
creasing �. It should be noted that these authors used a
quenching procedure to obtain various degrees of in-
version in the bulk MgFe2O4 samples by freezing-in
their high-temperature cation distributions.

Taking into account that TN provides a readily
observed, highly sensitive measure of cation distribu-
tion in MgFe2O4, we have also measured this quantity
for the high-energy milled and subsequently annealed
(at four various temperatures) MgFe2O4 sample, so as
to obtain information on the particle size dependent
cation distribution in the material. In the present case,
TN was determined using TG measurements (Fig. 1),
where the apparent mass of the MgFe2O4 sample in
the magnetic field of the permanent magnet was re-
corded as a function of temperature. It is clearly visi-
ble from both thermogravimetric and derivate ther-
mogravimetric curves that the apparent mass of the
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Fig. 1 TG and DTG curves for the high-energy milled
MgFe2O4 after consecutive annealing at a – 1130,
b – 1180, c – 1230 and d – 1280 K



sample decreased rapidly due to loss of spontaneous
magnetization, when the sample passed through TN.
The important observation is that TN of the sample in-
creases with increasing annealing temperature, i.e.,
with increasing particle size. The estimated TN values
of 632, 636, 643 and 648 K characterize the magnetic
transition in MgFe2O4 with an average particle size of
about 14, 27, 40 and 106 nm, respectively (Fig. 2a).
The increase in the TN with increasing particle size
has also been observed in NiFe2O4 [22].

From the comparison of our present data with the
data of O’Neill et al. [29], it follows that the TN values
of 632, 636, 643 and 648 K, characterizing the mag-
netic disorder–order transition in MgFe2O4 with four
different particle sizes, correspond to samples with the
degree of inversion of 0.870(8), 0.879(1), 0.893(4)
and 0.903(7), respectively (Fig. 2b). This indicates that
the nonequilibrium cation distribution in MgFe2O4 re-
sulting from the mechanical treatment is reversible,
i.e., during the annealing process, it relaxes towards its
equilibrium configuration (�=0.90 [21]).

Thermal stability and particle size dependent magnetic
properties of mechanosynthesized spinel ferrite

To determine the range of the thermal stability of
mechanosynthesized NiFe2O4, its response to changes
in temperature was followed by 57Fe Mössbauer spec-
troscopy. Figure 3 shows the room-temperature
Mössbauer spectra of the mechanosynthesized material
taken after annealing at various temperatures. It was
observed that in the temperature range 293–673 K, the
spectra, dominated by a superparamagnetic doublet
characteristic of nanoscale magnetic particles, remain
unchanged (compare Figs 3a and b). This demonstrates
that the range of the thermal stability of the mechano-
synthesized product extends up to 673 K. However, at
T>673 K, the superparamagnetic doublet gradually
vanishes because of particle growth of the spinel
phase. Simultaneously, the sextet structure, typical of
the long-range ferrimagnetic state, develops because of
the thermally induced changes in the spin configura-
tion. The spectrum of the mechanosynthesized
NiFe2O4 after annealing at 1273 K (Fig. 3h) consists of
two sextets with the average magnetic hyperfine fields
B(A)=49.21(3) T and B[B]=52.90(2) T, which are well
comparable with those of the bulk material [22]. The
quantitative evaluation of this spectrum revealed that
the annealed sample exhibits the fully inverse spinel
structure (�=1) with a Néel-type collinear spin align-
ment of (Fe�)[NiFe�]O4. This is in contrast to the
mechanosynthesized NiFe2O4 nanoparticles before an-
nealing, which were found to exhibit the so-called
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Fig. 2 Néel temperature, TN, vs. a – the particle size, D and
b – the degree of inversion, �, for the high-energy
milled and subsequently annealed MgFe2O4 sample.
(Solid line is guide to eye.) The linear increase of TN

with increasing � is plotted from [29] in Fig. 2b
(straight line)

Fig. 3 A – Room-temperature Mössbauer spectra of
mechanosynthesized NiFe2O4 after annealing at various
temperatures for 30 min. B – TEM bright-field images
of mechanosynthesized NiFe2O4 after annealing at 973,
1073 and 1273 K reveal different particle sizes



core–shell structure consisting of a ferrimagnetically
ordered inner core surrounded by a surface shell with a
nonequilibrium cation distribution and a canted spin
arrangement [25].

SQUID measurements have revealed that the satu-
ration magnetization (Msat) of the mechanosynthesized
NiFe2O4 increases with increasing annealing tempera-
ture, i.e., with increasing particle size (Fig. 4a and
Table 1). After annealing at 1273 K, it reaches the value
of Msat=53.6 emu g–1, which is close to the bulk one
(52.9 emu g–1 [22]). Increasing annealing temperatures
also result in a continuous decrease of coercivity from
HC=0.351 T (before annealing) to HC=0.013 T for the
sample after annealing at 1273 K. Thus, on heating, the
mechanosynthesized NiFe2O4 has relaxed to a magnetic
state that is similar to the bulk one.

The thermally induced increase of the saturation
magnetization (Fig. 4a) suggests that the surface-to-
volume fraction in the mechanosynthesized material
decreases with increasing annealing temperature.
Assuming a spherical shape of mechanosynthesized
and subsequently annealed NiFe2O4 particles, in the
following, we will estimate the thickness (t) of the
surface shell surrounding the particle core using the
experimentally determined D and Msat values of the
sample annealed at various temperatures (Table 1).
Assuming that t is independent of D and that the shell
is magnetically ‘dead’ (M=0) [30], the variation of
Msat with D will then be described by

Msat=Msat0(D–2t)3/D3

or

M M t Dsat
1/ 3

sat0
1/ 3	 ( – / )1 2

where Msat0 is the saturation magnetization of a ferri-
magnetically ordered core of NiFe2O4 nanoparticles.

As can be seen in Fig. 4b, the present experimen-
tal data M sat

1/ 3 and 1/D indeed show a good linear rela-
tionship. Note that the intercept at 1/D=0 and the slope
of the straight line correspond to M sat0

1/ 3 and 2tM sat0
1/ 3, re-

spectively. From a linear fit to the data points, the satu-
ration magnetization of the particle core and the thick-
ness of the surface shell were estimated to be
Msat0
57.2 emu g–1 and t
1.1 nm, respectively. Msat0

thus obtained is close to the value of the saturation
magnetization measured for bulk NiFe2O4 [22]. The
value of the shell thickness of mechanosynthesized
NiFe2O4 nanoparticles is comparable to that obtained
from magnetic measurements on mechanosynthesized
MnFe2O4 (0.91 nm) [13], and ball-milled NiFe2O4

(0.88 nm) [31], as well as from Mössbauer experiments
on nanosized CoFe2O4 (1.0–1.6 nm) [32] and
mechanosynthesized MgFe2O4 (0.9 nm) [21].

Conclusions

Metastable nanocrystalline MgFe2O4 and NiFe2O4 pre-
pared by mechanochemical route were annealed at vari-
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Table 1 Average particle diameter (D), saturation magnetization
(Msat) and coercivity (HC) for mechanosynthesized and
subsequently annealed NiFe2O4

Sample D/nma Msat/emu g–1 b HC/T

Mechanosynthesized
NiFe2O4

8.6(3) 24.35 0.351

NiFe2O4 annealed
at 973 K

16.7(4) 34.55 0.107

NiFe2O4 annealed
at 1073 K

38.9(8) 49.22 0.024

NiFe2O4 annealed
at 1273 K

82.8(9) 53.62 0.013

aValues of the average crystallite size determined by
XRD. bValues of the saturation magnetization at T=3 K
obtained by linear extrapolation of the high-field region
(Hext>3.5 T) of the M(Hext) curves to infinite field

Fig. 4 a – Hysteresis loops measured at 3 K for
mechanosynthesized and subsequently annealed
NiFe2O4 samples. The annealing temperatures and
corresponding particle sizes are shown in the figure.
b – M sat

1/ 3 vs. 1/D plot, where Msat is the saturation
magnetization and D is the particle diameter



ous temperatures to investigate the changes induced in
their microstructure and magnetic properties. The ther-
mogravimetric measurements allowed to sensitively
monitor the relaxation of the mechanically induced cat-
ion distribution in MgFe2O4 towards its equilibrium
configuration (�=0.90). 57Fe Mössbauer spectroscopic
measurements revealed that the range of the thermal sta-
bility of the mechanosynthesized NiFe2O4 extends up to
about 673 K. The study also demonstrates that one can
tailor the magnetic properties of mechanochemically
prepared particles by suitably controlling their size.
The Néel temperature of MgFe2O4 was found to in-
crease with increasing particle size from about 632 K
at 14 nm to 648 K at 106 nm. Increasing particle size in-
duced by annealing at elevated temperatures brings
about an increase in the saturation magnetization of
mechanosynthesized NiFe2O4 to a value of Msat=
53.6 emu g–1 which is close to the bulk one. Assuming
the core–shell structure of mechanosynthesized nano-
particles consisting of a ferrimagnetically ordered core
surrounded by a magnetically ‘dead’ layer at the particle
surface, the thickness of the surface shell was estimated
to be about 1.1 nm. On heating to elevated temperatures,
nanoscale MgFe2O4 and NiFe2O4 prepared by mecha-
nochemical route relax to a structural and magnetic state
that is similar to that of their bulk counterparts.

Acknowledgements

The present work was supported by the Deutsche Forschungs-
gemeinschaft. Partial support by the Grant Agency of the Min-
istry of Education of the Slovak Republic and of the Slovak
Academy of Sciences (Grant 2/5146/25) and by the Alexander
von Humboldt Foundation is gratefully acknowledged.

References

1 C. Zhou, T. C. Schulthess and D. P. Landau, J. Appl. Phys.,
99 (2006) 08H906.

2 Z. L. Wang, Y. Liu and Z. Zhang, Handbook of
Nanophase and Nanostructured Materials, Vol. 3,
Kluwer Academic/Plenum Publishers, New York 2002.

3 M. Sugimoto, J. Am. Ceram. Soc., 82 (1999) 269.
4 M. A. Willard, L. K. Kurihara, E. E. Carpenter, S. Calvin

and V. G. Harris, Int. Mater. Rev., 49 (2004) 125.
5 U. Lüders, A. Barthélémy, M. Bibes, K. Bouzehouane,

S. Fusil, E. Jacquet, J.-P. Contour, J.-F. Bobo,
J. Fontcuberta and A. Fert, Adv. Mater., 18 (2006) 1733.

6 V. V. Boldyrev, Russ. Chem. Rev., 75 (2006) 177.
7 Y. T. Pavlyukhin, Y. Y. Medikov and V. V. Boldyrev,

J. Solid State Chem., 53 (1984) 155.
8 V. �epelák, D. Baabe, F. J. Litterst and K. D. Becker,

J. Appl. Phys., 88 (2000) 5884.
9 V. �epelák, I. Bergmann, S. Kipp and K. D. Becker,

Z. Anorg. Allg. Chem., 631 (2005) 993.

10 E. Avvakumov, M. Senna and N. Kosova, Soft
Mechanochemical Synthesis: A Basis for New Chemical
Technologies, Kluwer Academic Publishers, Boston 2001.

11 V. �epelák, U. Steinike, D. C. Uecker, S. Wissmann and
K. D. Becker, J. Solid State Chem., 135 (1998) 52.

12 G. F. Goya, H. R. Rechenberg, M. Chen and W. B. Yelon,
J. Appl. Phys., 87 (2000) 8005.

13 M. Muroi, R. Street, P. G. McCormick and J. Amighian,
Phys. Rev. B, 63 (2001) 184414.

14 W. Kim and F. Saito, Powder Technol., 114 (2001) 12.
15 V. G. Harris, D. J. Fatemi, J. O. Cross, E. E. Carpenter,

V. M. Browning, J. P. Kirkland, A. Mohan and G. J. Long,
J. Appl. Phys., 94 (2003) 496.

16 N. Guigue-Millot, S. Begin-Colin, Y. Champion,
M. J. Hytch, G. Le Caër and P. Perriat, J. Solid State Chem.,
170 (2003) 30.

17 E. Manova, B. Kunev, D. Paneva, I. Mitov, L. Petrov,
C. Estourn�s, C. D’Orléans, J.-L. Rehspringer and
M. Kurmoo, Chem. Mater., 16 (2004) 5689.

18 S. K. Pradhan, S. Bid, M. Gateshki and V. Petkov,
Mater. Chem. Phys., 93 (2005) 224.

19 P. Osmokrovi�, �. Jovaleki�, D. Manojlovi� and
M. B. Pavlovi�, J. Optoelectron. Adv. Mater., 8 (2006) 312.

20 S. Dasgupta, K. B. Kim, J. Ellrich, J. Eckert and I. Manna,
J. Alloys Compd., 424 (2006) 13.

21 V. �epelák, A. Feldhoff, P. Heitjans, F. Krumeich,
D. Menzel, F. J. Litterst, I. Bergmann and K. D. Becker,
Chem. Mater., 18 (2006) 3057.

22 V. �epelák, D. Baabe, D. Mienert, D. Schultze,
F. Krumeich, F. J. Litterst and K. D. Becker,
J. Magn. Magn. Mater., 257 (2003) 377.

23 V. �epelák, U. Steinike, D. C. Uecker, R. Trettin,
S. Wissmann and K. D. Becker, Solid State Ionics,
101–103 (1997) 1343.

24 V. �epelák, M. Menzel, I. Bergmann, M. Wiebcke,
F. Krumeich and K. D. Becker, J. Magn. Magn. Mater.,
272–276 (2004) 1616.

25 V. �epelák, I. Bergmann, A. Feldhoff, P. Heitjans,
F. J. Litterst and K. D. Becker, Hyperfine Interact.,
165 (2005) 81.

26 K. Lagarec and D. G. Rancourt, Recoil - Mössbauer
Spectral Analysis Software for Windows, Version 1.02,
Department of Physics, University of Ottawa,
Ottawa, ON 1998.

27 G. A. Sawatzky, F. Van Der Woude and A. H. Morrish,
Phys. Rev., 183 (1969) 383.

28 W. Kraus and G. Nolze, PowderCell for Windows,
Version 2.4, Federal Institute for Materials Research and
Testing, Berlin, Germany 2000.

29 H. St. C. O’Neill, H. Annersten and D. Virgo, Am. Miner.,
77 (1992) 725.

30 M. George, A. M. John, S. S. Nair, P. A. Joy and
M. R. Anantharaman, J. Magn. Magn. Mater.,
302 (2006) 190.

31 Y. D. Zhang, S. H. Ge, H. Zhang, S. Hui, J. I. Budnick,
W. A. Hines, M. J. Yacaman and M. Miki, J. Appl. Phys.,
95 (2004) 7130.

32 K. Haneda and A. H. Morrish, J. Appl. Phys., 63 (1988) 4258.

DOI: 10.1007/s10973-007-8481-1

J. Therm. Anal. Cal., 90, 2007 97

NANOSCALE SPINEL FERRITES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


