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Ceramic materials can be used due to their high hardness and
chemical stability as both the wear and corrosion resistant
coatings. Their deposition on moulds for manufacturing of objects
from refractory and highly abrasive materials is challenging,
because they are traditionally made from hard-to-blast case-
hardened tool steels with hardness exceeding 60 HRC. The pressing
process imposes further stringent requirements on the coating
microstructure; especially in respect to its homogeneity, cohesion
and wear resistance. Considering results of laboratory analyses of
residual stresses and roughness of blasted surfaces, mould plates
from low-carbon C45 steel were sprayed with five different ceramic
materials by water stabilized plasma gun. The testing of the moulds
with plasma coatings was performed on-site in a factory under
standard pressing conditions.
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1. Introduction

Refractory materials are one of the indispensable essences of the
industrial era. No steel works, glass works or even a residential
building could exist without them. Their ability to isolate hot air,
melted glass or melted iron and at the same time contain them is
truly vital. However, their existence comes for a price, most refractory
materials are highly abrasive and their manufacturing is a challenge
as they cause extreme wear of the contact surfaces during their
pressing. The traditional and most common attitude to tackle this
issue was to use steels with highest possible hardness, which has
been successfully fulfilled by case-hardened tool steels with hardness
approaching 65 HRC.

Another option would be to employ a wear protective layer, most
conveniently in a form of a coating deposited on mould parts exposed
to the pressed mixture. There exists a variety of coatings intended for
improvement of wear resistance, so far very good records in this field
have HVOF (High Velocity Oxygen Fuel) cermet coatings of tungsten
carbide grains in either cobalt or chromium matrix [Wayne 1994] or
chromium carbide grains in nickel-chromium matrix [Matthews 2004].
The highest abrasion resistance has been reported for sintered
WC-Co with hardness about 2400 HV [Stern 1990] or cold spray
WC-Co coating with low porosity with 2050 HV hardness [Kim
2005]. Nevertheless, the cost of sintered mould plates or cold spray
coatings renders their usage in the fiercely competitive environment

of refractory materials producers practically impossible. The solution
which was proposed rises from a similar pattern, but instead of
sintered mould plate, cold spray or HVOF coating, much cheaper
plasma sprayed ceramic coatings are to be used.

Plasma spraying is capable of complete feedstock powder
particles melting and, thus, facilitates creation of ceramic coating via
their solidification on the substrate which is a distinctively different
mechanism than sintering, cold spray or HVOF. The incurred
microstructure of plasma sprayed coating can be characterized
by the so called “splats” or solidified particles [Sampath 2004],
number of inter- and intra-lamellar cracks, pores and regions of
incomplete bonding are usually present as illustrated in Fig. 1. In this
research, water stabilized plasma spraying (WSP) [Chraska 1992] was
involved. Such plasma jet is distinguished by high jet velocities
and by high enthalpy. The temperature of the jet can exceed
25 000 K. The parameters of WSP system result in special performance
characteristic in plasma spraying, namely high coating material feed
rates, typically tens of kg per hour, or spraying of materials with high
melting points.

_— Impacting particles
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L~ Oxides & impurities
Unmelted particles
Splats

Figure 1. Typical features of the thermal spray coating microstructure [Herman 1988]

Residual stresses in the coatings and in the coating/substrate
interface significantly affect their performance. Quenching residual
stresses are present within the coating as a consequence of rapid
solidification of the impacting molten particles on the substrate or
previously deposited splats and generally lead to tensile stresses.
A mismatch in thermal expansion of the coating and substrate
material can give rise to thermal stresses with maxima usually at
the coating substrate interface. Transformation residual stresses
in the thermal spray coatings originate from an array of possible
phase transformations linked with volume changes. In some
cases, relaxation of the residual stresses may take place, which is
accompanied with evolution of micro and macro cracks, mutual
splat sliding or plastic deformation [Bose 2007].

The crucial phenomena closely intertwined with plasma coating
quality are adhesion to the substrate and cohesion between splats
which take place because of four mechanisms, namely mechanical,
chemical, dispersive and diffusive. The most common adhesion
mechanism of thermal spray coating adhesion is mechanical
anchorage of the splats fo the irregularities of the substrate [Balic 2009].
This mechanism is supported by the substrate surface features,
especially by the surface roughness by which any type of bond either
chemical, dispersive, diffusive or mechanical will be more effective.
The substrate surface area may contain features which allow
molten material to flow into, fill and solidify. Therefore, the essential
parameter for coating adhesion to the substrate is the substrate’s
roughness.

2. Experimental

Since the lower limit of substrate surface roughness prior to plasma
spraying process is Ra = 7 um and the blasting of the traditionally
used tool steels in case-hardened state on-site of the spraying
facility resulted only in the roughness lower than Ra = 4 um, the
technologists of the of Czech grade 12 or 14 which have a lower
hardness.
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2.1 Laboratory analyses

Therefore, the surface residual stresses and roughness of seven
squared samples 50 X 50 x 3 mmé®, three from grade 12 and
two from grade 14 subjected to various shot-blasting conditions
attainable under laboratory conditions were investigated; parameters of
laboratory shot-blasting are summarized in Tab.1.

total mass of
blasting particles,
k

cutting

ressure,
mpl p b
sample MPa

operation

as received

shot-blasted 4 0.8
shot-blasted 8 0.8
shot-blasted 8 1.2
as received e -
shot-blasted 8 0.8
shot-blasted 8 1.2

Table 1. Shot-blasting parameters of the laboratory specimens

The surface roughness was measured by laboratory tester
MITUTOYO SURFTEST 2000. The arithmetical mean deviation of the
roughness profile Ra was evaluated.

The residual stress measurements were performed with a 6-6
X'Pert PRO diffractometer in ®-arrangement with CrKow radiation.
The line {211} of o-Fe phase was measured. Nine different filts
angles (y) from 0° to 63° were used. The siny method was applied
for determination of macroscopic residual stress [Kraus 2000]. The
X-ray elastic constants 25, = 5.95 - 10-¢ MPa™!, —s, = 1.325 - 10-¢
MPa~" were used in stress calculations [Hauk 1997]. The single line
Voigt function method [Delhez 1982] was applied for corrections
of instrumental broadening and determination of crystallite size D.
In order to analyse the stress gradients beneath the surface of the
grade 12 specimens, the layers of material were gradually removed
by electrolytic polishing.

2.2 Plasma spraying

Based on the laboratory analyses results, the real moulds were
manufactured from the steel grade 12, namely 12 050, otherwise
known as C45 under its international specification. The dimension of
the surfaces intended for the ceramic coatings deposition were 200
x 318 mm? and 200 X 118 mm? for lengthwise and crosswise mould
plate, respectively. The surfaces’ roughness after grease removal and
corundum sand blasting exceeded Ra = 8 um which was considered
satisfactory for the plasma spraying. Five types of ceramic coatings
were deposited using water stabilized plasma system WSP® 500
at Institute of Plasma Physics of ASCR. The feedstocks were five
commercially available powders as seen in Tab. 2. The process of
spraying was preliminary, without the necessary optimization of the
process parameters, and was solely aimed at detection of the main
modes of wear and load stresses and their effect on the coating and
coating/substrate areas.

coating feedstock

alumina powder consisting of 96 wt. % corundum
+ 3 wt.% TiO, + iron oxides

commercially available powder known as EUCOR
(ZrO, + quartz + corundum)

zircon sand, i.e. ZrSiO,

corundum + quartz + TiO,

Cr,0, + SiO, + TiO,

Table 2. Type of feedstock used for individual coatings

In order to determine phase composition, all five coatings were
subjects of phase analyses by X-ray diffraction. X-ray tube with
copper anode was installed in the PANalytical X’Pert PRO multi-
purpose diffractometer. Parameters of the diffraction measurements
with CuKa radiation were as follows, 26 range from 10° to 85°, step
size 0.05 °26, counting time 80 s, beta filter made from nickel thin
sheet placed in front of fast RTMS (real time multiple strip) detector.
The samples were measured in standard Bragg-Brentano geometry
and their surfaces were positioned by laser triangulation distance
determination with 5um precision.

2.3 Factory testing

Mould plates with ceramic coatings were assembled into five moulds
in a Moravian producer of refractory products and used in real
production of cuboid shaped silica bricks from ganister mixture.
Each mould was disassembled after thirty bricks were pressed and
the coating surfaces were visually examined. Consequently, the
mould plates were cut into five pieces by water jet in order to obtain
experimental samples which would fit into chamber of scanning
electron microscopy (SEM) and sample holder in X-ray powder
diffractometer.

3. Results and their Discussion

3.1 Analyses of laboratory samples

Tab. 3 contains results of surface residual stress measurements
(6, s;) performed in two mutually perpendicular directions, the
parameter FWHM of {211} a-Fe diffraction line, and the arithmetical
mean deviation of the roughness profile Ra. The inaccuracy or
experimental error is approx. 0.05 °28 for FWHM and less than 15
MPa in case of stress values in Tab. 2

sample ¢, MPa s, MPa <FWHM>, deg D,nm  Ra,um

=31 -37 1.41 248

-338 -347 2.51 48 2.65

-270 -286 2.64 43 3.84

-175 -186 2.78 36 4.33
33 -52 1.79 109

-441 -420 2.94 27 2.42

-404 -391 3.09 24 2.60

Table 3. Values of surface macroscopic residual stresses o, s, and FWHM of
{211} o-Fe diffraction line, crystallite sizes D and roughness parameter Ra
determined on laboratory surfaces

The back-reflection X-ray diffraction patterns corresponding to
diffraction of the spectral doublet CrKa,a, on crystallographic planes
{211} a-Fe (see Fig. 2) of surface crystallites show isotropic fine-
grained polycrystalline structure with plastic deformation, i.e. the
diffraction line is broad, continuous, and has homogeneous intensity
around its perimeter. The shot-blasting lead to higher roughness of
the C45 surfaces and, hence, these specimens were the subjects of
further examination.

after blasting

prior to blasting

Figure 2. Comparison of back-reflection X-ray diffraction patterns from
athe surfaces of the 12_4-8 (upper) and 12_AR (lower) samples
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Figure 3. The depth profiles of macroscopic stresses in surface layers
of investigated samples.
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Figure 5. The depth profiles” courses of crystallite size D determined from
the a-Fe {211} line profiles

On the surface of all the investigated samples was identified the so
called centrally symmetric biaxial state of favourable compressive
residual stresses, i. e. o, = s, (Table 2). In this case, depth investigation
was realised only in the longitudinal direction. Depth profiles of
monitored values 6 and FWHM were determined (Figs. 3 and 4).
The crystallite size D depth profiles (Fig. 5) calculated from the {211}
o-Fe diffraction lines according to [Kraus 2000] give additional
information about the influence of blasting on the real structure of
the samples under investigation.

3.2 Phase analyses of WSP coatings

Phase compositions of all five coatings were established prior to their
testing in factory and is summarized in Tab. 3. As expected, only the
coating EU was fully amorphous as seen in its comparison with CST
coating in Fig. 6.

coating phase composition

corundum and y-Al,O,

amorphous

tetragonal and monoclinic ZrO,

corundum, TiO, (rutile & anatase), SiO,, AL, TiO,

Cr,0,, SiO,, rutile

273/

Table 4. Phase composition of sprayed coatings

3.3 Investigation of mould plates after factory testing

During the pressing process of cuboid shaped silica bricks from
ganister mixture, the particles of the mixture find their way into the
space between the mould plates and pressing plunger which causes
severe wear of the plates. The pressing stress was set to 50 MPa.

All the surfaces exhibited macroscopic traces of wear after pressing
of 30 bricks, however, there are marked differences between AH,
EU, ZR on one side and AST, CST coatings on the other. This was
also confirmed by SEM fractografic analyses of the samples cut by
water jet. Adhesion of the first group of coatings was good and no

—a— 12,48
—a— 128412

Figure 4. The distributions of width of {211} a-Fe diffraction line beneath
the blasted surfaces

== CST
00k - EUCOR

Figure 6. Results of X-ray diffraction phase analysis of crystalline CST
and amorphous EU coatings

delamination of the coating was observed, but cohesion damage
and splat crushing was found by the SEM in the area of severe wear
as seen in Fig. 8. In comparison, the area where the wear was not
so severe, the splat crushing did not took place as seen in Fig. 7.
The much harder AST and CST coatings showed improved cohesion
resulting in a rather large extent of coatings’ delamination so that
visible areas of the substrate were exposed.

Figure 7. SEM image of the surface of the EU coating where the severe wear did
not take place. The characteristic splat microstructure of the WSP coating is seen

ENT =2000KV

Mag= 500X

Figure 8. SEM image of EU coating surface which was exposed to severe wear.
Splat crushing, clearly visible as dark grey regions in the image, is a distinctive
feature of the area which was in contact with the pressed mixture
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4. Conclusions
From the performed experiments and their ensuing discussion the
following conclusions could be derived:
* Blasting with corundum sand of case-hardened tool steels does
not bring sufficient roughness of the surface and, hence, does not
facilitate their spraying with wear resistant ceramic layer.
Laboratory tests proved that low-carbon C45 steel can be used as
a substrate for plasma coating.
* Hook-like residual stress depth distributions of both shot-
blasted laboratory samples correspond to the stress field which
is considered as favourable for service life prolongation and is
even recommended in the European standard for pre-treatment
of surfaces for thermal spraying [EN 13507 2010].
The shot-blasting results in decrease of the crystallite size D on the
surface when compared to the bulk, which is seen in Fig. 5 and to
the as received surface state as well, which is visible in Fig. 2.
Four crystalline and one amorphous thermal spray coating
were deposited on the mould plates made from C45 steel as
seen in Tab. 3 and Fig. 5. Nano-crystalline EU coating which
is distinguished by higher hardness of approximately 1600 HV,
roughly double the hardness of amorphous EU, and which is
possible to deposit using WSP technology [Chraska 2008], was
not obtained in this preliminary study. For nano-crystalline EU
coating, deposition condition will have to be optimized, namely
in terms of thermal treatment of the deposited surface during or
after deposition.

* Replacement of case-hardened tool steels in moulds for refractory
materials pressing by ceramic plasma coating is a challenging
task, and for the time being, has not bring the coveted prolongation
of service life. The heterogeneous coatings’ microstructure at the
present state is not suitable for improvement of wear resistance.
Hence, the more expensive HYOF coating and modification/post-
treatment of deposition conditions for WSP coatings will be tested
in the next phase of the project.

* The low-carbon C45 steel is a suitable substrate for spraying of
alumina, eucor and zirconia sand powders. The deposited coatings
have good adhesion to the substrate. On the other hand, hard
ceramic coatings AST and CST exhibit not sufficient adhesion to the
substrate of C45 steel and substrate/coating optimization has to be
performed.

Testing of the coatings’ wear resistance in real production environment

leads to cohesion damage of the coatings which can be eliminated by

plasma spraying process optimization which will be carried out in the
follow-up of this study.

* Testing of selected preliminary WSP deposits in the conditions
of the real production enabled identification of the most severe
loading conditions and will facilitate further development of the
wear protective coatings tailored/designed for this application.

Acknowledgements
This research was carried out in the frame of research project
(TA02011367/Research of pressing tools service life extension for
refractory highly abrasive materials) financed by Technology Agency
of the Czech Republic.

References

[Balic 2009] Bali¢, E., E. et al. Fundamentals of adhesion of thermal
spray coatings: adhesion of single splats, Acta Materialia 2009,
November 2009, Vol. 57, No. 19., pp 5921- 5926. ISSN 13596454
[Bose 2007] Bose, S. High Temperature Coatings. Oxford: Elsevier
Science & Technology, 2007. ISBN 9780750682527

[Delhez 1982] Delhez R. et al. Determination of crystallite size
and lattice distortions through X-ray diffraction line profile analysis,
Fresenius’ Zeitschrift fir analytische Chemie, 1982, Vol. 312, No. 1.,
pp 1-16. ISSN 0016-1152

[EN 13507 2010] Thermal spraying — Pre-treatment of surfaces
of metallic parts and components for thermal spraying. British
Standards Institution, 2010, ISBN 978 0 580 63434 5

[Hauk 1997] Hauk, V. Structural and Residual Stress Analysis by
Nondestructive Methods. Amsterdam: Elsevier Science & Technology,
1997. ISBN 0444824766

[Herman 1988] Herman, H. Plasma sprayed coatings, Scientific
American, September 1988, Vol. 259, No. 3., pp 112-117. ISSN
0036-8733

[Chraska 1992] Chraska, P. and Hrabovsky, An Overview of Water
Stabilized Plasma Guns and their Applications. In: Thermal Spray:
International Advances in Coatings Technology, Orlando, May 28
—Jun 05, 1992. ASM International, pp 81-85. ISBN 0-87170-443-9
[Chraska 2008] Chraska, T. et al. Fabrication of bulk nanocrystalline
alumina-zirconia materials, Ceramics international, July 2008, Vol. 34,
No. 5., pp 1229-1236. ISSN 02728842

[Kim 2005] Kim, H.J. et al. Superhard nano WC-12%Co coating by
cold spray deposition, Materials Science and Engineering: A, January
2005, Vol. 391, No. 1-2., pp 243-248. ISSN 0921-5093

[Kraus 2000] Kraus, I. and Ganev, Residual Stress and Stress
Gradients, In: Industrial Applications of X-Ray Diffraction. New York:
Marcel Dekker, 2000, pp. 793-811., ISBN 978-0-8247-1992-0
[Matthews 2004] Matthews, S.J. Erosion-Corrosion of Cr3C2-NiCr
High Velocity Thermal Spray Coatings, PhD thesis, contact@massey.
ac.nz, University of Auckland, 2004

[Sampath 2004] Sampath, S. et al. Role of thermal spray processing
method on the microstructure, residual stress and properties of
coatings: an integrated study for Ni-5 wt.%Al bond coats, Materials
Science and Engineering: A, January 2004, Vol. 364, No. 1-2.,
pp 216-231. ISSN 0921-5093

[Stern 1990] Stern, K.H. Metallurgical and Ceramic Protective
Coatings, London: Chapman and Hall, 1996. ISBN 0412544407
[Wayne 1994] Wayne, S.F., et al. Wear mechanisms in thermally
sprayed Mo-based coatings, 1994, Tribol. Trans. Vol. 37, No. 3,
pp 636-640. DOI:10.1080/10402009408983340

Contacts

Ing. Kamil Kolarik, Ph.D.

Czech Technical University in Prague,

Faculty of Nuclear Sciences and Physical Engineering,
Department of Solid State Engineering

Trojanova 13, Prague, 120 00, Czech Republic

tel.: +420 737 686 789, e-mail: kamil.kolarik@email.cz
http://electron fifi.cvut.cz/drupal/

Y ¥V
] /1/ /L%ﬁ'.?.?éf




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 100
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
>
    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /CZE <>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


