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PROPERTIES OF ALUMINIUM-CERAMIC PHASE COMPOSITES
PRODUCED FROM P/M COMPACTS IN HOT FORGING
AND EXTRUSION PROCESSES

1. INTRODUCTION

Powder metallurgy, as a technology of production of high-quality composites, is
presently recognized as competitive in relation to conventional methods, mainly foundry
practice. Its most important advantage is the possibility of deformation at temperatures
much lower than melting point of metallic matrix, which allows to avoid unfavourable
chemical reactions occurring at interphase boundaries of components. The proper selection
of ingredients, manufacturing method and parameters of its realization allows to avoid
segregation resulting from the differences between mass densities or size of ingredients.
Additionally, this technology involves low level of waste products. Main disadvantage of
a classical powder metallurgy, based on compaction and sintering processes, is a porosity
of obtained products. Apart from the group of products for which specified porosity is
required (e.g. self-lubricating slide bearings destined for working in dry friction condi-
tions), the occurrence of pores within the material affects its properties unfavourably. It was
found in [1] that at volume fraction above 5% they become the factor determining the pro-
perties of products and practically disqualify the product’s application as a construction
material. This problem can be eliminated by means of combination of powder metallurgy
and plastic working processes. As a result, if a proper variant of manufacturing process is
realized and the process parameters are selected properly, it is possible to obtain the product
showing the density close to that of a solid material, as well as favourable properties
resulting from chemical composition, manufacturing method, technological parameters,
possible heat treatment etc. [2—4]. One of more interesting materials that are possible to be
produced applying the above mentioned method, are aluminium- and aluminium-alloy-
-based composites reinforced with ceramic phase. Particles, whiskers or fibres are used as
a reinforcing phase. Main advantages of these materials are lightness, close-grained struc-
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ture, higher level of mechanical properties, corrosion resistance, wear resistance [5, 6] as
well as stability of the specified properties in elevated or cyclically variable working tem-
peratures [7]. The application of these materials covers mainly automotive industry, aircraft
industry and recreation industry [8].

During the design of chemical composition and forming technology for an aluminium-
ceramic type composite, the information about its utilization is very important. In many
cases the forming technology of a product results from its shape. However, it is often possi-
ble for the designer to decide about the method of manufacturing. For example, depending
on the employed manufacturing method, type and volume fraction of reinforcing phase as
well as the method of its introduction into the matrix, the product may exhibit isotropic
properties or a different level of anisotropy. If isotropic properties are required, e.g. hot
consolidation or forging can be applied. The application of extrusion process leads, in turn,
to directional elongation of grains and, in consequence, to anisotropy. The level of anisotro-
py results mainly from extrusion ratio, as well as from extrusion velocity, temperature and
friction conditions on metal-tool contact surface. Therefore, in case when a directional char-
acter of loading during the work of an element is expected, this manufacturing technology is
a preferred choice. The proper selection of reinforcement is also an important problem.
In case of aluminium-based composites, the introduction of ceramic fibres or whiskers
will result in anisotropy. Isotropic material can be obtained through the introduction of
ceramic phase particles, e.g. silicon carbide, into the matrix. Directional arrangement of
continuous fibres in the matrix, e.g. through laminar locating alternately with powder
layers, causes much stronger effect of the anisotropy of properties than that resulting from
manufacturing of semi-finished products in the form of mixtures of metallic matrix powder
and short fibres [2].

Summarizing, during the design of a composite, the character of work and working
conditions of a final product should be foreseen. Considering the above, the choice of the
variant of manufacturing technology, as well as type and volume fraction of reinforcing
phase, will aim at obtaining the material showing the most favourable properties, from the
point of view of foreseen working conditions such as expected loading scheme, friction
conditions, possible wear etc.

2. EXPERIMENT

Objective. The objective of realized investigations was the evaluation of the effect
of chemical composition, type of applied reinforcement and manufacturing method on
selected properties of materials obtained by means of plastic forming of aluminium powder
compacts and composite mixtures of Al powder with ceramic phase. Two methods were
employed to materials forming: hot forging and hot extrusion. The subject to the manu-
facturing and subsequent testing were the materials without reinforcement as well as com-
posites containing 5% volume fraction of reinforcing phase in the form of silicon carbide
particles and alumina fibres.

Materials. As a matrix the atomized aluminium powder of a trade name RAI-1 was
applied. The shape of powder particles is shown in Figure la. As a reinforcing phase the
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ceramic staple fibres of a trade name Belcotex, type 550 TEX, 810 pm diameter (Fig. 1b)
and approx. 12 mm average length, as well as silicon carbide particles SiC,q, (Fig. 1c)
were applied. Chemical compositions of individual components are given in Table 1.

Fig. 1. Morphology of test materials: a) RAI-1 atomized aluminium powder; b) Belcotex ceramic
fibres; c) silicon carbide particles SiC

Table 1. Chemical composition of test materials

RAI-1 . component Fe Si Cu Zn Ti Al
matrix
powder
content, % 0.2 0.3 0.02 0.06 | 0.03 rem.
Belcotex | reinforcing component ALO; | SiO; | NaO | other
fibres phase
content, % 94.5 4.5 <0.5 <0.5
SiCig00 reinforcing component Fe,0; C SiC
particles | phase
content, % 0.8 0.3 rem.

Preparation of materials. Aluminium powder and reinforcing phase in the form of
ceramic particles or fibres were mixed using two-cone mixer. The weights of components
were selected properly, in order to obtain mixtures containing 5% volume fraction of
reinforcing phase in the matrix powder. The mixing process was realized with constant
speed of rotation of mixing chamber, which was equal to 0.9 s'. The mixing time was
selected depending on the type of reinforcing phase. Dry mixing was employed when
preparing a mixture of aluminium powder and silicon carbide particles. In order to avoid
formation of conglomerates, fibres were mixed in a suspension of Al powder in methanol.
The mixtures prepared as described above, as well as aluminium powder, were subjected
to cold compaction applying unit pressure which allowed to obtain compacts showing the
density amounting to approx. 80% of that of a solid material.

The compacts were heated and then hot formed in plastic working processes. Clo-
sed-die forging and extrusion processes were applied. In both cases the deformation was
realized in isothermal conditions, at the temperature of 500°C. The compacts destined for
forging were heated in a pipe furnace during 30 minutes, then transported to the heated die
cavity and forged. The compacts to be extruded were heated directly inside the die. The
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process was realized applying the extrusion ratio A = 4.11 and velocity of 0.1 mm/s. The
types and volume fraction of reinforcing phase, type of reinforcement and plastic working
processes employed during forming of materials to be tested, are presented in Table 2.

Table 2. Chemical composition, manufacturing method and forming parameters of test materials

Matrix Type (?f Type of Reinforcing phase Manufacturing Working
No. . reinforcing . volume fraction temperature
material reinforcement method o
phase % C
1 none - 0 extrusion with
2 | atomized SiC particles 5 extrusion ratio
aluminium - A=4.11
3 powder AlLO; staple fibres 5 500
4 RAI-1 none — 0 closed-die
5 SiC particles 5 forging

For the obtained materials, their relative densities were determined, selected mechani-
cal and functional properties were evaluated, and flow curves were constructed at ambient
temperature as well as at elevated temperature (200°C).

3. RESULTS

3.1. Density testing

The measurements of density of materials were performed applying Archimedes
method, by measuring the weight of specimens in the air and in water. The obtained results
are presented in Figure 2, for materials in the state after extrusion (2a) and after forging
(2b), respectively.
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Fig. 2. The effect of manufacturing method and chemical composition on the relative density of
materials obtained by means of forming of RAI-1 aluminium powder compacts and composite
mixtures, at the temperature of 500°C, in the following processes: a) extrusion with extrusion ratio
A =4.11; b) closed-die forging
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Basing on the obtained results of investigations it was found that the manufacturing of
aluminium powder compacts or composite mixtures of Al powder with reinforcing ceramic
phase, with application of plastic working processes, at the temperature of 500°C, leads
to obtaining highly compacted materials. In no case the volume fraction of pores in the
materials being formed exceeded 5%. The highest relative densities were obtained in case
of aluminium without reinforcement, amounting to 98.00 + 0.87 in the state after forging
and 98.94 + 0.03 after extrusion, respectively. The introduction of reinforcing phase into
the matrix results in decrease of relative density, regardless of its type and applied manufac-
turing method. The densities of materials obtained by means of closed-die forging were
slightly higher than those observed after extrusion.

3.2. Mechanical properties of materials

Hardness measurement. Brinell hardness number was determined in accordance with
a standard. The results of hardness measurements of investigated materials are presented in
Figure 3.
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Fig. 3. Brinell hardness number of materials obtained by means of forming of RAI-1 aluminium
powder compacts and composite mixtures, at the temperature of 500°C, in the following processes:
a) extrusion with extrusion ratio A = 4.11; b) closed-die forging

As a result of introduction of 5% volume fraction of reinforcing phase into the alu-
minium matrix, only a slight increase of material’s Brinell hardness number was observed,
regardless of its type and applied manufacturing method. No significant differences were
found between hardness of materials after forging and after extrusion.

Tensile test. Tensile strength of investigated materials was determined basing on the
results obtained in uniaxial tensile test. The tests were performed with application of Instron
4502 testing machine, at ambient temperature and velocity of 1 mm/min. The results of
investigations of the effect of manufacturing method and chemical composition on the
tensile strength (R,,) of analysed materials are shown in Figure 4.
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Fig. 4. Tensile strength R,, of materials obtained by means of forming of RAl-1 aluminium powder
compacts and composite mixtures, at the temperature of 500°C, in the following processes:
a) extrusion with extrusion ratio A = 4.11; b) closed-die forging

For the matrix material, the tensile strength of 121.2 £ 4.8 MPa was obtained in
the state after extrusion and 111.6 + 7.7 MPa after closed-die forging, respectively. The
introduction of 5% volume fraction of silicon carbide particles into the matrix of extruded
materials resulted in the increase of tensile strength by approx. 10%, in relation to the mate-
rial without reinforcement. As a result of reinforcing the same material with 5% volume
fraction of Belcotex fibres, the tensile strength increased by approx. 22%. In case of the
composite produced in closed-die forging process, containing 5% of silicon carbide parti-
cles, the decrease of R,, was observed as compared with the matrix obtained with application
of the same manufacturing method. The tensile strength value was equal to 87.9 £ 6.1 MPa
and was lower by approx. 35% when compared with the material of the same chemical
composition obtained by means of extrusion of compacts, applying A = 4.11 extrusion ratio.

3.3. Stress-strain curves in compression

The behaviour of non-reinforced materials and composites in the state after extrusion
with A = 4.11 extrusion ratio as well as after closed-die forging, was analysed in uniaxial
compression test. The specimens of height to diameter ratio equal to 1.2 were prepared for
the tests. Compression tests were performed applying the strain rate of 0.01 s, at ambient
temperature and at 200°C. The displacement during deformation and corresponding load
were measured. The system with automatic temperature control for the die and the specimen
was applied. The registration of load and corresponding change of specimen dimensions
was realized with 25 Hz frequency. The relationships of true stress (G pcive)? as a function
of strain (€), constructed basing on the results of compression test for the matrix and
the composites, are presented for extruded materials in Figure 5a and for materials after
closed-die forging in Figure 5b.

It was found that the introduction of 5% volume fraction of reinforcing ceramic phase
into the matrix results in the increase of stresses required to realize a given strain, regardless
of the type of reinforcing phase, applied manufacturing method and test temperature. The
highest strain hardening during compression tests, performed at both ambient temperature
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and 200°C, was obtained in the composite containing 5% of Belcotex fibres, in the state
after hot extrusion. In case of this composite the character of stress-strain curve at 200°C
was comparable with the curve constructed for non-reinforced matrix at ambient tempera-
ture. The introduction of silicon carbide particles into aluminium matrix caused its relative-
ly lower strain hardening. The investigated materials underwent plastic deformation during
compression at both test temperatures, and in no case the cohesion of specimens was
impaired. The character of stress-strain curves for matrix material was comparable for ma-
terials obtained by means of both closed-die forging and extrusion. The same tendency was
observed in case of composites containing 5% volume fraction of silicon carbide particles.
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Fig. 5. Stress-strain curves obtained in compression test at the temperatures 20°C and 200°C for
materials obtained by means of forming of RAI-1 aluminium powder compacts and composite
mixtures, at the temperature of 500°C, in the following processes: a) extrusion with extrusion ratio
A =4.11; b) closed-die forging
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3.4. Wear resistance testing

Comparative testing of abrasive wear of investigated materials was performed on a test
stand located in the Department of Surface Engineering & Materials Characterisation at
AGH-UST. As a counter-specimen the disk of 68 HRC hardness was applied. The abrasion
was realized at the velocity of 0.3 m/s, with the path length of 2000 m and with 20 N load
applied on the specimen. The weights of specimens were measured before starting the test
and after completing it. This allowed to determine the loss in volume of materials as a result
of abrasive wear. The obtained results are presented in Figure 6.
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Fig. 6. Abrasive wear of materials obtained by means of forming of RAI-1 aluminium powder
compacts and composite mixtures, at the temperature of 500°C, in the following processes:
a) extrusion with extrusion ratio A = 4.11; b) closed-die forging

At the given conditions of test realization, the lowest wear amounting to 1.19 m>107°
was shown by composite containing 5% volume fraction of silicon carbide particles,
extruded at the temperature of 500°C. The abrasive wear of forged materials was higher in
comparison with that of extruded materials of the same chemical composition. The highest
wear amounting to 3.28 m>10~° was shown by non-reinforced matrix in the state after
closed-die forging, and it was by approx. 8% higher than in case of the same material
after extrusion with the extrusion ratio A = 4.11. The introduction of 5% of silicon carbide
particles into the matrix caused the decrease of wear in case of both manufacturing
methods, as much as to 79% for closed-die-forged materials and to 39% for extruded ones,
respectively. Extruded composite containing 5% volume fraction of Belcotex fibres showed
the wear lower by 45%, when compared with non-reinforced material obtained in the same
forming process.

In order to compare the obtained results qualitatively, the analysis of relative values
of abrasive wear for all investigated materials was performed. The loss in volume of a mate-
rial exhibiting the lowest wear resistance, as it was shown in the tests, was assumed to be
100% wear. Relative values of abrasive wear for all investigated materials are presented in
Figure 7.
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Fig. 7. The effect of manufacturing method and chemical composition on the relative abrasive wear
of materials obtained by means of forming of RAI-1 aluminium powder compacts and composite
mixtures, at the temperature of 500°C, in the following processes: a) extrusion with extrusion ratio
A =4.11; b) closed-die forging

4. DISCUSSION OF THE RESULTS

Basing on the results of investigations of the effect of manufacturing method and
chemical composition of RAI-1 aluminium powder compacts and composite mixtures on
selected properties of materials obtained in the extrusion process realized with extrusion
ratio A = 4.11 as well as in the closed-die forging process, both realized at the temperature of
500°C, it was found that these technologies allow to produce highly compacted materials.
Relative densities of extruded materials were slightly lower as compared with forged mate-
rials of the same chemical composition. However, no significant differences were found
in consolidation level. In no case the porosity of tested specimens exceeded 5% volume
fraction, i.e. the value specified as a limit for structural components.

The lack of correlation between hardness and strength of materials is connected proba-
bly with the behaviour of reinforcing phase during hardness measurement. As a result of
indentation, the deformation of a soft matrix takes place. Particles or fibres introduced into
the matrix also undergo a displacement, thus not affecting significantly the level of Brinell
hardness number. On the other hand, during the realization of tensile test, compression test
and wear resistance testing, the reinforcing ceramic phase transmits the applied load and
contributes actively to strengthening of the matrix, thus resulting in considerable changes of
investigated properties.

Basing on the results of performed comparative test, the lowest abrasive wear was
observed for extruded composite containing 5% of silicon carbide particles, which probably
results from higher hardness of this phase when compared with Belcotex fibres. In case of
forged composites of the same chemical composition, the abrasive wear is only slightly
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lower than that shown by the matrix and more than twice as high as that observed after
extrusion. Considering the fact that hardness of the matrix of both forged and extruded
materials is comparable, it may be assumed that in case of forged material the silicon car-
bide particles are more loosely located in the matrix and thus are more susceptible to be torn
off during wear resistance testing. Additionally, loose particles influence the test result,
since their presence between friction surfaces causes the intensification of abrasion of the
matrix. The extrusion of compacts with extrusion ratio A = 4.11 leads to obtaining higher
properties than in case of forming by means of closed-die forging. The type of applied
reinforcing ceramic phase depends on the required material properties and the expected
working conditions of a final product. In case when high mechanical properties are
required, e.g. high tensile strength or strength at elevated working temperatures, Belcotex
fibres as a reinforcement is a proper choice. Higher wear resistance can be achieved by the
introduction of silicon carbide particles into the matrix.

In the light of results of realized investigations concerning the properties of alumi-
nium-based materials reinforced with ceramic phase, it was confirmed that the proposed
manufacturing technology leads to obtaining highly compacted products showing the
mechanical and functional properties which allow to use them in structural components.
Depending on requirements resulting from the expected application of materials, these
properties can be controlled by means of proper selection of the type of reinforcing phase
and manufacturing method.

REFERENCES

[1] Strainer L.G.: Optimisation of the wet lay up / vacuum bag process for CRFP composites. Composites,
1989, 20, 5, 441-449

[2] Wojtaszek M.: Wplyw ksztaltowania na goraco na wlasnosci kompozytéw aluminiowych umocnionych
wioknami ceramicznymi. Praca doktorska, AGH Krakow, 2000

[3] Wojtaszek M., Szczepanik S.: Wybrane wlasnosci wstgpnie zaggszczanych i wyciskanych na goraco
tworzyw z proszku stopu Al-Si-Fe-Cu i kompozytu umocnionego czastkami SiC. Mat. konf. ,,Polska Meta-
lurgia w latach 2002-2006”, Komitet Metalurgii PAN, red. K. Swiatkowski, 501-506

[4] Wojtaszek M., Szczepanik S.: Wybrane whasnosci kompozytow aluminium — czastki weglika krzemu otrzy-
manych z proszkoéw w procesie kucia na goraco i po odksztalcaniu na zimno. Kompozyty, 5 (2005) 3, 70-76

[5]1 Kok M., Ozdin K.: Wear resistance of aluminium alloy and its composites reinforced by Al,Oj particles.
Journal of Materials Processing Technology, 183 (2007), 301-307

[6] Narayan M., Surappa M.K., Bai B.N.P.: Dry sliding wear of Al alloy Al,O5 particles metal matrix compos-
ites, Wear 182—183, 1995, 563-570

[7] Tjong S.C., Ma Z.Y: High-temperature creep behaviour of powder-metallurgy aluminium composites rein-
forced with SiC particles of various sizes. Composites Science and Technology, 59 (1999), 1117-1125

[8] Sobczak J.: Metalowe materiaty kompozytowe. Stan aktualny i perspektywy rozwoju w $wietle polityki

naukowej, technologii i praktyki przemystowej Stanéw Zjednoczonych. Instytut Odlewnictwa, Krakow
1996

Received
June 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


