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Abstract The degradation behaviors of TiN coating layers under thermo-mechanical stress were investigated in terms of
comparison of finite element analysis (FEA) and experimental data. The coating specimen was designed to quarter cylinder
model, and the pulsed laser ablation was assumed as heat flux condition. The FEA results showed that heat accumulation
at the center of the laser-ablated spot occurred and principle stress was concentrated at the lower region of the coating
layer. The microstructural observation revealed that surface melting and decrease of the coating thickness occurred in the
TiN/Inconel 617 and the interfacial cracks formed in the TiN/Si. The delamination was caused by the mechanical stress
from the center to the outside of the ablated spot as the FEA results expected. It was considered that the improvement of
the thermal shock resistance was attributed to higher thermal conductivity of Si wafer than that of Inconel 617.
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1. Introduction

Ti-based hard coatings are widely used for various
industries due to its excellent properties such as hard-
ness, thermal and corrosion stability, and wear resis-
tance [1-3]. Titanium nitride (TiN) is a representative
protective layer for cutting tools, die, and molds so the
degradation behaviors of the coating have been investi-
gated under repeated thermal and/or mechanical stresses
[4-6]. Other studies have used various techniques to
characterize TiN coatings on different substrate materi-
als by applying mechanical or thermal stresses, and the
physical properties of the substrate materials influenced
to the degradation behaviors of the coating/substrate
system [7-10].

Under the practical conditions of the coating, the
repeated thermo-mechanical loads can lead to coating
failures such as cracking, spalling and delamination.
Therefore, it is important to understanding the degrada-
tion behavior of the coating under stresses that are close
to the practical conditions to assess durability and reli-
ability of the coating materials prior to its application.
Pulsed laser ablation method can induce repeated

*Corresponding author
E-mail: heesoo@pusan.ac.kr

thermo-mechanical stress on the local region of coat-
ing surface in a short period of time so that it effi-
ciently simulates the practical conditions of the coating
layer [11-13]. Finite element analysis (FEA) method
has been considered as a useful tool for expecting the
change of temperature and stress by thermal and/or
mechanical loads since the accurate measurement of
the temperature and load in the cutting zone is diffi-
cult [14-16]. FEA can also be used to determine the
stress and temperature distributions in laser-ablated
spots [17-19].

The purpose of this study is to investigate the effects
of substrate materials on the degradation behavior of
TiN coatings under repeated thermo-mechanical stress.
Inconel 617 was chosen as a metallic substrate material
with a high thermal fatigue resistance. Silicon wafer,
which has been used as a representative substrate for
many studies about coating materials, was also used for
comparable study. FEA modeling was conducted by
using ABAQUS/CAE™ with consideration of various
properties of each material. Surfaces and cross-sections
of ablated spots of the TiN coatings on each substrate
were observed by scanning electron microscopy (SEM)
and focused ion beam (FIB) milling technique to com-
pare the results of the FEA modeling and the experi-
mental data.
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2. Experimental Procedures

TiN coatings with ~2 pm in thickness were deposited
onto Inconel 617 (austenitic nickel-chromium based
superalloy) and a polished single crystalline silicon (a
tetravalent metalloid) wafer at substrate temperature of
450°C by arc discharge technique. The overall substrate
dimensions were 20 x 30 x 1 mm, and arc current of
50 A and sputter current of 1.0 A were applied for the
deposition process. To enhance adhesion between the
coating layer and the substrate, the substrate surfaces
were sputter-cleaned by exposure to argon ions at 800 V
for 10 min to remove any contaminants.

An Nd-YAG laser ablation system (LSX-213, CETAC
Technologies) with a flat-top profile was used to apply
the repeated thermo-mechanical shock to the prepared
coating specimens, which can control energy output,
beam spot size, and the number of pulses based on a
computer-based operating program. The ablation diam-
eter was 200 um, and the number of pulses was in-
creased from 1 to 20 times with an energy output of
about 13 J/em® at a 100 % output level with a wave-
length of 213 nm. Laser irradiance was ~2 GW/cm’
with a pulse width of ~5ns, and the number of laser
ablation pulses was increased with a frequency of 1 Hz
[12, 13, 19]. As a result of our previous finite element
method, maximum temperature on the TiN coating sur-
face was about 14,000 K with Gaussian distribution. It
was calculated by laser irradiance (~2.6 GW/em®) which
is obtained from laser fluency (J/cm®) by dividing by
the pulse width (5 ns) with major physical properties of
TiN [20].

FEA using ABAQUS/CAE™ simulated the pulsed
laser ablation process as a uniform heat flux to the coat-
ing surface based on laser energy flux (W/cm®). The
specimens were modeled to quarter cylinders and

Computer controlled Roof prism
zoom camera for viewing

Ihnh speed -
shutter
Operating computer e

Nd:YAG Laser>4mJ @ ’I3nm
S nanosecond pulse width

()

High
intensity
LED
illuminator

rd

A pcnurc wheel

Rotating polarizer

oy

Polarized lower

illuminator -" -

(b)

Energy Level (%)

Ki-Seuk Lee, Seol Jeon, Hyun Cho and Heesoo Lee

Table 1
Material properties used in the FEA simulation of coating
specimen

. Titanium Inconel
Material nitride 617
Density (g/cm’) 522 8.36
Elastic modulus (GPa) 251 211
Specific heat (J/Kg - °C) 602 419
Linear thermal expansion 5 -6
coefficient (1°C) 9.35x10 11.6 x 10
Thermal conductivity (W/m-°C) ~ 19.2 13.4
Poisson’s ratio 0.25 0.30

matched the size of the experimental specimens [21, 22]
and the maximum temperature and principal stress were
calculated during the short ablation times (5 ns). Table 1
shows the major physical properties of the coating and
the substrates in the FEA model [19, 23]. The 1% order
8-noded thermally coupled brick element (tri-linear dis-
placement and temperature system, C3D8T) was used in
the modeling, and total nodes were 26,578 (total ele-
ments: 23,564, thermal gap conductance: 50,000 W/
um - °C for 0.1 mm). Contact property of the coating
and the substrate was chosen by cohesive behavior, and
geometric boundaries were riveted as the X and Y axes
with zero in displacement for each other. Each part and
the assembled model of the coating/substrate specimen
were shown in Fig. 2.

The degradation behaviors of the coating/substrate
systems according to laser pulses were observed using
scanning electron microscopy (S-4800, Hitachi) and
focused ion beam (Nova 200 NanoLab, FEI) milling
technique. The width length and the depth of the FIB
milling were ~10 and 5 um, respectively, and Fig. 3
shows an example of the milling procedure at the laser-
ablated spots for observing the interfacial regions of the
coating specimens.
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Fig. 1. LSX-213 pulsed laser ablation system: (a) schematic of operation and (b) linear output of laser energy.



Thermal shock behaviors of TiN coatings on Inconel 617 and Silicon wafer substrates with finite element analysis method 69

Fig. 2. FEA modeling of the coating specimen with laser ablation: (a) coating part, (b) substrate part, (c) assembled specimen, and
(d) stress induce as heat flux.
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Fig. 3. Example of FIB milling to the ablated spot in TiN coating on Si wafer after 20 pulses: (a) laser-ablated spot, (b) delaminated
region in the spot, and (c) a tilted image of the specimen.

3. Results and Discussion

Fig. 4 shows the results of the FEA simulation - the
distribution of temperature and principle stress after the
laser ablation of one pulse as a uniform heat flux to the
coating surface. The heat accumulation was identified at
the center of the laser-ablated spot (seen in Fig. 4(a)),
and the principle stress was propagated to a direction of
depth and concentrated at the lower regions of the coat-
ing layer as shown in Fig. 4(b). This FEA results indi-
cated that the repeated thermo-mechanical shock can
occur a melting of the coating surface from the center of
the ablated spot and a delamination of the coating layer
from the coating/substrate interfacial region.

To identify the accordance between the FEA results

and the experimental data, the degradation behavior of
each coating specimen was investigated by observing the
changes in morphology. Fig. 5 shows the degraded sur-
face of the coating specimens after the repeated pulsed
laser ablation. In the TiN/Inconel 617 specimen, the sur-
face cracks was formed by the laser thermal shock and
the size of the surface crack was increased as the laser
pulses increase (in Fig. 5(a) and (b)), while the delami-
nation with melting of the coating surface occurred as
seen in Fig. 5(c) after 15 pulses. In the case of the TiN/
Si wafer specimen, less surface cracks was observed
after same laser pulses as shown in Fig. 5(d) and (e),
and the delamination of the coating layer without the
surface melting occurred at further laser pulses (in Fig.

5().
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Fig. 4. Visualization of the laser-ablated coating specimen: (a) Temperature and (b) principle stress distribution after laser pulse.
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Fig. 5. Surfaces of laser-ablated spots on the coating specimens: after (a) 5, (b) 9, (¢) 15 pulses to TiN on Inconel 617, (d) 9, (e) 15,
(f) 20 pulses to TiN on Si wafer.

Fig. 6 shows the surface and the cross-sectional images
of the degraded spot after 15 pulses of the laser abla-
tion according to distance from the center of the spot.
As seen in Fig. 6(b), the coating layer was completely
removed after 15 laser pulses. The intercolumnar cracks
from the coating surface were observed in the outside of
the laser-ablated spot as the white arrows indicated (in
Fig. 6(c)). The delamination of the coating layer occurred
with the cracks which penetrated the whole coating
layer as shown in Fig. 6(d), and it indicates that the
mechanical stress was generated by the laser ablation
from the center to the outside of the spot [11, 24]. In
accordance with the FEA simulation (Fig. 4), the melt-
ing of the coating surface at the center of the ablated
spot and the delamination of the coating layer occurred
after the repeated laser ablation.

Cross-sections of the ablated spots were observed in
order to compare the degradation of the coating/sub-
strate system according to the thermal properties of the
substrates. The thickness of coating layer was decreased
and the roughness of coating surface was increased as
the laser pulses increased in the TiN/Inconel 617 speci-
men as seen in Fig. 7(a) and (b). The removal of the
coating layer can be explained as follows; after the laser
ablation, a thermal penetration layer with high tempera-
ture and superheated liquid is formed at the surface and
thermal diffusion of the layer in a direction to the sub-
strate from the surface occurred [25]. The melting of
coating surface only in the TiN/Inconel 617 specimen
can be explained by the difference of thermal conductiv-
ity (Inconel 617: 13.4, Si wafer: 148 W/m - °C) which
allowed more heat accumulate on the coating surface.
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Fig. 6. The ablated spot of TiN coating on Inconel 617 after 15 pulses: (a) surface of the ablated spot, (b) cross-section of center,
(c) outside, and (d) middle in the spot.
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Fig. 7. Cross-sections of laser-ablated spots on the coating specimens: after (a) 5, (c) 9, (e) 15 pulses to TiN on Inconel 617, (d) 9,
(e) 15, (f) 20 pulses to TiN on Si wafer.
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As seen in Fig. 7(c) and (d), it was revealed that the
delamination of the coating layers occurred from the
center to the outside of the ablated spots in the TiN/Si
specimen, similar to Fig. 6(d) - the TiN/Inconel 617
specimen, by the shear stress from the center of spots.
In the TiN/Si specimen, the coating layer showed higher
thermal shock resistance due to its low thermal conduc-
tivity and the interfacial cracks was formed as our previ-
ous study revealed [20]; when compressive stress was
applied to the coating layer due to the lower CTE value
of the Si wafer than the TiN coating, the dominant crack
propagation behavior was interfacial cracking [26-29].

4. Conclusions

The finite element analysis and the experimental data
of the degradation behaviors of the TiN coating on the
different substrate materials were investigated after the
pulsed laser thermal shock with the microstructural
observation. The FEA results showed that the heat accu-
mulation at the center of the spot and the mechanical
stress to the outside of the spot was occurred by the
thermo-mechanical stresses. In the experimental data,
the surface melting in the TiN/Inconel 617 specimen
was identified, and the interfacial cracking was observed
in the TiN/Si specimen where the compressive stress
was induced. The mechanical stress from the center to
the outside of the ablated spots caused the delamination
of coating layer in both coating specimens. It was iden-
tified that the higher thermal conductivity of the sub-
strate can improve the thermal shock resistance of the
coating/substrate system. Further studies about effects of
physical properties of substrate materials and a condi-
tion of pulsed laser ablation on the degradation behav-
iors of coating layers will be necessary to predict the
coating failure of various coating specimens.

Acknowledgement

This work was supported by a 2-Year Research Grant
of Pusan National University.

References

[1] H. Cho and B.W. Lee, “High temperature properties of
surface-modified hastelloy X alloy”, J. Korean Cryst.
Growth Cryst. Technol. 22 (2012) 183.

[2] W.D. Miinz, “Titanium aluminum nitride films: a new

alternative to TiN coatings”, J. Vac. Sci. Technol. A 4
(1986) 2717.

[3] O. Knotek, W.D. Miinz and T. Leyendecker, “Industrial
deposition of binary, ternary, and quaternary nitrides of
titanium, zirconium, and aluminum”, J. Vac. Sci. Tech-
nol. A 5 (1987) 2173.

[4] A. Krella and A. Czyzniewski, “Influence of the sub-
strate hardness on the cavitation erosion resistance of
TiN coating”, Wear 263 (2007) 395.

[5] T. Cselle and A. Barimani, “Today’s applications and
future developments of coatings for drills and rotating
cutting tools”, Surf. Coat. Technol. 76-77 (1995) 712.

[6] B. Navinsek, “Improvement of cutting tools by TiN
PVD hard coating”, Mater. Manuf. Process. 7 (1992)
363.

[ 7] M.T. Tilbrook, D.J. Paton, Z. Xie and M. Hoffman,
“Microstructural effects on indentation failure mecha-
nisms in TiN coatings: Finite element simulations”,
Acta Mater. 55 (2007) 2489.

[8] Y. Massiani, A. Medjahed, J.P. Crousier, P. Gravier and
I. Rebatel, “Corrosion of sputtered titanium nitride films
deposited on iron and stainless steel”, Surf. Coat. Tech-
nol. 45 (1991) 115.

[9] S.V. Hainsworth and W.C. Soh, “The effect of the sub-
strate on the mechanical properties of TiN coatings”,
Surf. Coat. Technol. 163 (2003) 515.

[10] J.H. Huang, C.Y. Hsu, S.S. Chen and G.P. Yu, “Effect of
substrate bias on the structure and properties of ion-
plated ZrN on Si and stainless steel substrates”, Mater.
Chem. Phys. 77 (2002) 14.

[11] Y. Choi, S. Jeon, M.S. Jeon, H.G. Shon, H.H. Chun,
Y.S. Lee and H. Lee, “Crack propagation behavior of
TiN coatings by laser thermal shock experiments”,
Appl. Surf. Sci. 258 (2012) 8752.

[12] S. Jeon, J. Ha, Y. Choi, I. Jo and H. Lee, “Interfacial
stability and diffusion barrier ability of Ti,_.Zr N coat-
ings by pulsed laser thermal shock”, Appl. Surf. Sci.
320 (2014) 602.

[13] S. Jeon, B. Kim, Y. Choi, I. Jo and H. Lee, “Thermal
shock behaviors of Ti,_,ZrN coatings by accelerated
test based on pulsed laser ablation”, Ceram. Int. 42
(2016) 2241.

[14] S.L. Soo, D.K. Aspinwall and R.C. Dewes, “3D FE
modelling of the cutting of Inconel 718”, J. Mater. Pro-
cess. Technol. 150 (2004) 116.

[15] E. Ceretti, M. Lucchi and T. Altan, “FEM simulation of
orthogonal cutting: serrated chip formation”, J. Mater.
Process. Technol. 95 (1999) 17.

[16] K.D. Bouzakis, F. Klocke, G. Skordaris, E. Bouzakis, S.
Gerardis, G. Katirtzoglou and S. Makrimallakis, “Influ-
ence of dry micro-blasting grain quality on wear behav-
ior of TiAIN coated tools”, Wear 271 (2011) 783.

[17] P. Peyre, I. Chaieb and C. Braham, “FEM calculation of
residual stresses induced by laser shock processing in
stainless steels”, Model. Simul. Mater. Sci. Eng. 15
(2007) 205.

[18] JH. Lee, C.D. Yoo and Y.S. Kim, “A laser-induced
thermal spray printing process for phosphor layer depo-
sition of PDP”, J. Micromech. Microeng. 17 (2007) 258.

[19] S. Jeon, C.J. Van Tyne and H. Lee, “Degradation of
TiAIN coatings by the accelerated life test using pulsed



[20]

[21]

[22]

[23]

[24]

Thermal shock behaviors of TiN coatings on Inconel 617 and Silicon wafer substrates with finite element analysis method 73

laser ablation”, Ceram. Int. 40 (2014) 8677.

S. Jeon, H. Lee, I. Jo, D. Shin and K.S. Lee, “Degrada-
tion of TiN coatings on Inconel 617 and silicon wafer
substrates under pulsed laser ablation”, J. Mater. Eng.
Perform. 23 (2014) 1651.

K. Ding and L. Ye, “FEM simulation of two sided laser
shock peening of thin sections of Ti-6Al-4V alloy”,
Surf. Eng. 19 (2003) 127.

N.A. Sakharova, J.V. Fernandes, M.C. Oliveira and J.M.
Antunes, “Influence of ductile interlayers on mechani-
cal behavior of hard coatings under depth-sensing
indentation: a numerical study on TiAIN”, J. Mater. Sci.
45 (2010) 3812.

D. Stone, K. Yoder and W. Sproul, “Hardness and elas-
tic modulus of TiN based on continuous indentation
technique and new correlation”, J. Vac. Sci. Technol. A
9 (1991) 2543.

N.K. Seo, S. Jeon, Y. Choi, M.S. Jeon, H.G. Shin and
H. Lee, “Interfacial characteristics of TiN coatings on

SUS304 and silicon wafer substrates with pulsed laser
thermal shock”, Korean J. Met. Mater. 52 (2014) 81.

[25] Q. Lu, S.S. Mao, X. Mao and R.E. Russo, “Delayed
phase explosion during high-power nanosecond laser
ablation of silicon”, Appl. Phys. Lett. 80 (2002) 3072.

[26] J. Haider, M. Rahman, B. Corcoran and M.S.J. Hashmi,
“Simulation of thermal stress in magnetron sputtered
thin coating by finite element analysis”, J. Mater. Pro-
cess. Technol. 168 (2005) 36.

[27] H. Oettel and R. Wiedemann, “Residual stresses in PVD
hard coatings”, Surf. Coat. Technol. 76-77 (1995) 265.

[28] M. Bielawski, “Residual stress control in TiN/Si coat-
ings deposited by unbalanced magnetron sputtering”,
Surf. Coat. Technol. 200 (2006) 3987.

[29] C. Kirchlechner, K.J. Martinschitz, R. Daniel, M. Klaus,
C. Genzel, C. Mitterer and J. Keckes, “Residual stresses
and thermal fatigue in CrN hard coatings characterized
by high-temperature synchrotron X-ray diffraction”,
Thin Solid Films 518 (2010) 2090.




<<
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


