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Abstract Microcomposites of polypropylene (PP) and magnetite (Fe;0,4) in dif-
ferent concentration were prepared by one-step melt blending of magnetite powders
and polypropylene. Morphology of the composites was studied by means of scan-
ning electron microscope (SEM) to investigate magnetite dispersion within the
polypropylene matrix. Thermoxidative stability and mechanical properties were
investigated, showing improved thermal stability and enhanced stiffness. Magnetic
properties characterization showed a ferromagnetic behavior with coercive field of
116 Oe and saturation magnetizations linearly dependent on the content of magnetic
phase.
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Introduction

Polymer composites are a well-known reality in which the typical characteristics of a
polymer (such as low density, good specific mechanical properties, and processabil-
ity) are combined with the high stiffness and thermal stability of inorganic fibers or
particles. In the last few years, the need to obtain new lightweight, easily-processable,
and inexpensive magnetic materials promoted the development of magnetic polymer-
based composites. Indeed, traditional permanent magnets present major drawbacks in
their high density, brittleness, and processing costs. In this frame, polymeric materials
may bring some significant benefits, extending the application of magnetic devices to
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applications where low cost and lightweight is a must. Unfortunately, an intrinsically
magnetic polymer appears not to be easily feasible, as discussed by Mataga et al. [1],
due to the fact that most organic polymers present a closed-shell electronic structure
with a singlet ground state with all electron spins paired and therefore have
diamagnetic properties. Discoveries of purely organic ferromagnetic materials have
been reported; in 1968 Mataga proposed theoretically several magnetic polymer
structure containing high spin blocks as shown in Fig. 1.

In 1987, Ovchinnikov et al. announced the discovery of the first ferromagnetic
organic polymer based on polydiacetylene chain with dangling nitroxyl radicals [2,
3]. Also Torrance et al. reported the synthesis of an organic ferromagnet by iodine
oxidation of 1,3,5-triaminobenzene [4]. Iwamura obtained fully characterized
ferromagnetically coupled oligomers of polycarbenes [5, 6].

However, all those results were unconvincing because of the poor characteriza-
tion and problems with reproducibility of results. In most cases, well-characterized
polymers showed weak antiferromagnetic behavior [7]. Recently, an example of a
magnetic polymer, which contained a large number of cross-links and alternating
connectivity of radical molecules, was reported [8]. However, at present the
simplest and best promising way to obtain a magnetic polymer with tailored
magnetic properties is to fill it with magnetic particles to obtain a composite.

In the recent years, magnetic-particle-filled polymers, mostly thermosets, were
studied and developed to obtain a class of materials called soft magnetic composite
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Fig. 1 Theoretical magnetic polymeric structures
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material (SMCm). This field has been recently reviewed [9]. Among all the particles
used for the production of SMCm, magnetite is certainly the most important and
widely used, owing to its well-known synthesis [10, 11] and magnetic properties
[12]. The survey of polymer-based magnetic composites also covers hard magnetic
behaviors with the use of Nd—Fe-B nanostructured powders [13, 14]. However,
most of the work has been focused only on magnetic properties, whereas only few
papers [15, 16] reported a complete composite characterization, including other
physical properties such as mechanical and thermal behaviors, which are of interest
for practical applications.

This article addresses the preparation and characterization of polypropylene (PP)/
magnetite (Fe;0,4) composites (referred as to PP/Fe;0, in the following) in terms of
magnetic properties as well as morphology, mechanical properties, and thermox-
idative stability.

Experimental

Magnetite (Fe3;04) powder with particle size <1 pm was purchased from Sigma-
Aldrich and used as received. Polypropylene was a Moplen HP456H by
LyondellBasell, Italy (MFI 2.4 g/10 min @ 230 °C/2.16 kg).

The composites were prepared by mixing polypropylene and different concen-
trations of magnetite (5, 10, and 25 wt%) in a DSM 15cc twin-screw microextruder
(process conditions: 190 °C, 5 min, 100 rpm); neat PP was processed in the same
condition and used as a reference material.

The morphology of the microcomposites was characterized using a scanning
electron microscope (SEM) model 1450VP by Leo, equipped with a back scattered
electron detector. Specimens were prepared using cryogenic fragile fracture to avoid
plastic deformation.

Thermogravimetric analyses were performed on a TGA Q500 by TA instrument
operating from 50 to 800 °C at 10 °C/min, in platinum crucibles containing ca.
10 mg of sample with gas fluxes of 60 mL/min for sample gas (nitrogen or air) and
40 mL/min for balance protection gas (nitrogen).

In the following, T is defined as the temperature corresponding to 5% weight
loss and Tp,.x as the temperature at maximum weight loss rate.

Specimen for tensile test (ISO527-2, type 5A) were prepared by injection
molding on a Cronoplast Babyplast 6/10 injection molding machine; tensile tests
were performed on a Zwick Roell model Z/0101 dynamometer, with a 10 kN load
cell, at a deformation speed of 1 mm/min in the elastic region (¢ < 0.0025) and
50 mm/min in the plastic region, in agreement with ISO527-2 standard [17].

The magnetic characterization was performed on a vibrating sample magne-
tometer model 7410 produced by LakeShore. All measurements were done at
room temperature under a maximum applied field of 18 kOe. Samples had an
irregular shape (each dimension <3 mm), but given their composite structure the
exact shape of the plastic matrix does not affect magnetization results. Magnetic
properties turned out to be independent on the direction of the applied magnetic
field.
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Results and discussion
Morphology

The microcomposites were morphologically characterized by means of scanning
electron microscopy to evaluate magnetite particle distribution and the presence of
aggregated particles. SEM micrographs for PP/Fe;0, composites, taken at 5000x
magnification, are reported in Fig. 2. PP/Fe;O,4 prepared with 5 wt% of magnetite shows
a homogeneous distribution of submicronic primary particles of magnetite (Fig. 2a).

Increasing magnetite loading to 10 wt% (Fig. 2b) and to 25 wt% (Fig. 2c) a
similar distribution of primary particles is achieved, increasing the total loading an
increased density of dispersed primary particles is observed. However, the presence
of few micronic aggregates of primary particles is also observable as pointed out by
arrows in Fig. 2b and c; these residual aggregates may be due to unoptimised melt
blending conditions.

The dispersion of the magnetic phase could be further optimised using organic
coated magnetite [18-20], thus increasing the affinity between the inorganic phase
and the polymeric matrix. However, the use of such organic-functionalized particles
is beyond the objective of this article and will be the matter of a future work.

Thermal stability

The thermal stability of the composites has been studied by means of thermogravi-
metric analysis in oxidative conditions. The weight loss curves and the derivative

Fig. 2 SEM micrograph of PP/Fe;0, at different weigh loadings: a 5%, b 10%, ¢ 25%
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Fig. 3 TGA analysis of PP/Fe;0, composites: a mass loss curve and b derivative weight curve

weight curves for microcomposites with 10 and 25 wt% of magnetite, compared to
neat polypropylene, are reported in Fig. 3. Despite a slight reduction of the Ty,
the presence of magnetite clearly induces delay in mass loss for both PP/Fe;O,
composites compared with pure PP. The maximum weight loss rate (Fig. 3b), Tpax,
is shifted from 330 °C for polypropylene to 380 and 410 °C for the samples with 10
and 25 wt% filler loadings, respectively. This behavior is attributed to the formation
of a protective layer by the accumulation of magnetite particles on the surface of the
samples during polymer thermoxidative degradation [21-24]. The inorganic layer
acts as a barrier protecting the underlying polymer from oxygen diffusion: since
oxygen highly accelerates radical scission of PP [25] a reduction in oxygen
concentration directly results in a lower degradation rate, thus delaying the mass
loss.

The final residue for pure polypropylene is negligible, whereas significant
residues are obtained for the microcomposites, approximately reflecting the initial
content of magnetite.

Tensile test
Tensile tests were performed on the micrcomposite filled with 10 wt% of magnetite
to estimate the effect of particles on the mechanical properties of polypropylene;

Table 1 reports the elastic modulus, maximum load, deformation at max load,
fracture load, and deformation at break for the composite and for the neat polymer.
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Table 1 Tensile test result for PP and PP + 10% micro Fe;0,

Sample Elastic modulus Maximum load Fracture load Elongation

(N/mm?) (N/mm?) (N/mm?) at break (%)
PP 950 £ 20 38 %1 24 +2 457 £ 21
PP 10% micro Fe;O4 1095 £ 20 40 + 1 31+ 4 19+3

It is clearly observable that the elastic modulus of PP/Fe;0, is about 15% higher
than reference PP, evidencing an increased stiffness, whereas elongation at break is
significantly decreased.

The change in the observed mechanical properties matches the typical
reinforcement effect of polymer microcomposites, due to the formation of a stiff
interphase between the particles and the matrix. Adhesion and hindered mobility of
interphase absorbed polymer chains decreases deformability and increases the
strength of the interphase resulting in a stiffer and more brittle composite [26].

Magnetic properties

The magnetic properties of the PP/Fe;O, composites were characterized by means
of vibrating sample magnetometry. Figure 4 reports the magnetization curves of PP/
Fe;0,4 at different loadings: the composites present an hysteresis loop typical of
ferromagnetic materials with coercive fields of about 116 Oe. The values of
magnetization, which are 4.1 for PP + 5 wt% Fe;0,, 7.7 for PP + 10 wt% Fe;0,,
and 16.4 emu/g,, for PP + 25 wt% Fe;0,4, show a linear dependency from the
concentration of magnetic phase, showing that the amount of magnetic material
filling the PP matrix properly scales with the magnetite used during the mixing
process. The hysteresis loops are typical for particulate systems, characterized by a
slow approach to saturation and a small hysteresis. Given the size of the magnetite
particles, a superparamagnetic behavior is not to be expected. On the contrary, the
employed magnetite particles should all be in their single-domain magnetic state
[27-29], thus a Stoner—Wohlfarth like behavior is expected. For a random
distribution of easy axis orientation in the solid angle, the remanence to saturation
ratio should be close to 0.6 in the case of non-interacting, single domain particles.
As it can be seen in Fig. 4, a much lower M,/M; ratio is observed (of the order of
~(.12-0.14), indicating the presence of either much larger magnetite particles, in
the multidomain state, or aggregates of single-domain particles which, because of
their interactions, display a collective behavior, where magnetization reversal is
driven by domain nucleation-like processes involving the switching of a subset of
the particles of an agglomerate, thus reducing the magnetic remanence. This
observation is in agreement with the SEM micrographs shown in Fig. 2. It is worth
noting that a magnetic remanence exactly equal to zero is to be expected only in the
case of superparamagnetic, non-interacting magnetite particles. This is not our case,
mainly because the size of the particles is too large. Any residual magnetization has
to be attributed to the multi-domain nature of either the particles or their aggregates,
which are too small (and possibly too disordered) to effectively average out
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Fig. 4 Hysteresis loops of PP + 5, 10 and 25% micro Fe;O4

rigorously at zero their remanence. The independence of the M,/M; ratio on
magnetite concentration in the composite material is an indication that the most
important role in the magnetization process is played by the primary particles (see
Fig. 2), which are approximately the same in shape and size in all studied samples.
The increased density of primary particles on increasing magnetite content does not
lead to a qualitative change of the magnetization process, indicating that even in the
sample with a 25 wt% loading the average distance among the primary particles is
too large to induce significant interaction effects. Similarly, the micronic aggregates
that have been observed in the 10 and 25 wt% loaded samples, although quite large,
do not significantly affect the hysteresis loops shapes, indicating that the fraction of
magnetite particles that constitute these micronic aggregates is negligible.

Conclusions

In this article, the preparation and characterization of polypropylene/magnetite
microcomposites by one-step melt-blending were explored. Despite no organic
functionalization on magnetite, an homogeneous distribution of magnetite particles
within the polymer matrix was obtained, even increasing the amount of magnetite in
the composite to 25 wt%, as evidenced by morphological analysis showing good
dispersion of magnetite primary particles. Limited particle aggregation in few-
micron-size aggregates is possible, particularly in samples with a higher concen-
tration of particles.

Thermogravimetric analysis showed an improvement in thermoxidative stability,
due to the formation of an oxygen-protective barrier during heating, made of oxide
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particles. The use of micrometric magnetite enhances material stiffness, thus
producing a reinforcement of polymer composites. Magnetic properties showed a
ferromagnetic behavior with a saturation magnetization which is linearly dependent
on the content of magnetic phase. Although the micronic aggregates do not
significantly affect the magnetic properties of the studied composites, they are an
indication that further homogenization of the distribution of the particles in the
polymeric matrix would be recommended, so that higher loads could be achieved.
This goal would certainly benefit potential applications, such as lightweight weak
permanent magnets or radiofrequency absorbers. Moreover, a better control of the
aggregation process of the particles would lead to the possibility of either further
reducing the M,/M; ratio or increasing it, depending on the requirements of the
application.

Acknowledgments The authors are grateful to Prof. Giovanni Camino at Politecnico di Torino for the
scientific discussion and support provided during this research work.

References

1. Mataga N (1968) Possible “ferromagnetic states” of some hypothetical hydrocarbons Theor. Chim
Acta 10:372-376. doi:10.1007/BF00526505
2. Korshak YV, Medvedeva TV, Ovchinnikov AA (1987) Organic polymer ferromagnet. Nature
326:370-372. doi:10.1038/326370a0
3. Ovchinnikov AA, Spector VN (1988) Organic ferromagnets. New results. Synth Met 27:615-624.
doi:10.1016/0379-6779(88)90208-1
4. Torrance JB, Oostra S, Nazzal A (1987) A new, simple model for organic ferromagnetism and the
first organic ferromagnet. Synth Met 19:709-714. doi:10.1016/0379-6779(87)90440-1
5. Iwamura H (1986) High-spin polycarbenes as models for organic ferromagnets. Pure Appl Chem
58:187-196. doi:10.1351/pac198658010187
6. Iwamura H (1991) High-spin organic molecules and spin alignment in organic molecular assemblies.
Adv Phys Org Chem 26:179-253. doi:10.1016/S0065-3160(08)60046-5
7. Miller JS (1992) The quest for magnetic polymers. Adv Mater 4:298-300. doi:10.1002/adma.1992
0040414
8. Rajca A, Wongsriratanakul J, Rajca S (2001) Magnetic ordering in an organic polymer. Science
294:1503-1505. doi:10.1126/science.1065477
9. Shokrollahi H, Janghorban K (2007) Soft magnetic composite materials (SMCs). J Mater Process
Technol 189:1-12. doi:10.1016/j.jmatprotec.2007.02.034
10. Reimers GW, Khalafalla SE (1972) Preparing magnetic fluids by a peptizing method. Can Min J
11. Massart R (1981) Preparation of aqueous magnetic liquids in alkaline and acidic media. IEEE Trans
Magn 2:1247-1248
12. Montagne F, Mondain-Monval O, Pichot C, Mozzanega H, Elaissari A (2002) Preparation and
characterization of narrow sized (o/w) magnetic emulsion. J Magn Magn Mater 250:302-312
13. Dobrzaniski LA, Zigbowicz B, Drak M (2006) Mechanical properties and the structure of magnetic
composite materials. J Achiev Mater Manuf Eng 18:79-82
14. Drak M, Zigbowicz B, Dobrzanski LA (2008) Manufacturing of hard magnetic composite materials
Nd-Fe-B. J Achiev Mater Manuf Eng 31:91-96
15. Dobrzanski LA, Drak M (2004) Structure and properties of composite materials with polymer matrix
reinforced Nd—Fe—B hard magnetic nanostructured particles. J Mater Process Technol 157-158: 650—
657. doi:10.1016/j.jmatprotec.2004.07.139
16. Ziebowicz B, Szewieczek D, Dobrzanski LA (2006) Structure and properties of the
Fe73.5CulNb3Si13.5B9 alloy powders, bound with polyethylene. J Mater Process Technol 175:457—
462. doi:10.1016/j.jmatprotec.2005.04.044
17. ISO 527-2 (1993) Plastics—determination of tensile properties. Part 2: test conditions for moulding
and extrusion plastics

@ Springer


http://dx.doi.org/10.1007/BF00526505
http://dx.doi.org/10.1038/326370a0
http://dx.doi.org/10.1016/0379-6779(88)90208-1
http://dx.doi.org/10.1016/0379-6779(87)90440-1
http://dx.doi.org/10.1351/pac198658010187
http://dx.doi.org/10.1016/S0065-3160(08)60046-5
http://dx.doi.org/10.1002/adma.19920040414
http://dx.doi.org/10.1002/adma.19920040414
http://dx.doi.org/10.1126/science.1065477
http://dx.doi.org/10.1016/j.jmatprotec.2007.02.034
http://dx.doi.org/10.1016/j.jmatprotec.2004.07.139
http://dx.doi.org/10.1016/j.jmatprotec.2005.04.044

Polym. Bull. (2010) 65:681-689 689

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Rocchiccioli-Deltcheff C, Franck R, Cabuil V, Massart R (1987) Surfacted ferrofluids: interactions at
the surfactant-magnetic iron oxide interface. J] Chem Res 5:126-127

Montagne F, Braconnot S, Mondain-Monval O, Pichot C, Elaissari A (2003) Colloidal and physi-
cochemical characterization of highly magnetic O/W magnetic emulsions. J Dispers Sci Technol
24:821-832. doi:10.1081/DIS-120025550

Montagne F, Mondain-Monval O, Pichot C, Elaissari A (2006) Highly magnetic latexes from sub-
micrometer oil in water ferrofluid emulsions. J Polym Sci A 44: 2642-2656. doi:10.1002/pola.21391
Tang Y, Lewin M, Pearce EM (2006) Effects of annealing on the migration behavior of PA6/Clay
nanocomposites. Macromol Rapid Commun 27:1545-1549. doi:10.1002/marc.200600356

Hao J, Lewin M, Wilkie CA, Wang J (2006) Additional evidence for the migration of clay upon
heating of clay—polypropylene nanocomposites from X-ray photoelectron spectroscopy (XPS).
Polym Degrad Stab 91:2482-2485. doi:10.1016/j.polymdegradstab.2006.03.023

Tang Y, Lewin M (2007) Maleated polypropylene OMMT nanocomposite: annealing, structural
changes, exfoliated and migration. Polym Degrad Stab 92:53-60. doi:10.1016/j.polymdegradstab.
2006.09.013

Lewin M, Tang Y (2008) Oxidation—migration cycle in polypropylene-based nanocomposites.
Macromolecules 41:13-17. doi:10.1021/ma702094e

Grassie N, Scott G (1985) Polymer degradation and stabilization. Cambridge University Press,
Cambridge, pp 17-67

Mocz6 J, Pukanszky B (2008) Polymer micro and nanocomposites: structure, interactions, properties.
J Ind Eng Chem 14:535-563. doi:10.1016/j.jiec.2008.06.011

Lima E, Brandl AL, Arelaro AD, Goya GF (2006) Spin disorder and magnetic anisotropy in Fe;0,4
nanoparticles. J Appl Phys 99:083908. doi:10.1063/1.2191471

Marguiles DT, Parku FT, Spada FE, Goldman RS, Li J, Berkowitz A, Sinclair E (1996) Anomalous
moment and anisotropy behavior in Fe;0, films. Phys Rev B 53:9175-9178. doi:10.1103/PhysRevB.
53.9175

Cullity BD (1972) Introduction to magnetic materials. Addison Wesley Publishing Company,
Reading, MA, pp 290-310

@ Springer


http://dx.doi.org/10.1081/DIS-120025550
http://dx.doi.org/10.1002/pola.21391
http://dx.doi.org/10.1002/marc.200600356
http://dx.doi.org/10.1016/j.polymdegradstab.2006.03.023
http://dx.doi.org/10.1016/j.polymdegradstab.2006.09.013
http://dx.doi.org/10.1016/j.polymdegradstab.2006.09.013
http://dx.doi.org/10.1021/ma702094e
http://dx.doi.org/10.1016/j.jiec.2008.06.011
http://dx.doi.org/10.1063/1.2191471
http://dx.doi.org/10.1103/PhysRevB.53.9175
http://dx.doi.org/10.1103/PhysRevB.53.9175

	Polypropylene-based ferromagnetic composites
	Abstract
	Introduction
	Experimental
	Results and discussion
	Morphology
	Thermal stability
	Tensile test
	Magnetic properties

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


