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Abstract

We present the effects of both deposition temperature and deposition time on the surface characteristics of TiN­
coated high-speed steel(AISI M2) by arc ion plating. The microparticles, surface roughness, microhardness, coated
layer thickness, adhesion strength, and atomic distribution of Ti, N, and Fe elements were measured for various
deposition temperatures and times. The results demonstrated that a deposition temperature in the range of 400 to 500
°c had a slight influence on the surface characteristics, while a deposition time in the range of 10 to 180 min had a
great influence on the microparticles, surface roughness, microhardness, coated thickness, atomic distribution of Ti, and
adhesion strength.
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1. Introduction

The quality of many products is largely dependent
on their surface characteristics, such as roughness,
wear, hardness, and corrosion. In particular, surface
coating technology plays a decisive role in the
competitiveness of a company in forming or ma­
chining industries worldwide since the machining
tools and forming dies affect not only the life span of
the product but also the relative manufacturing
productivity.

Chemical vapor deposition (CVD)(Jirnenez et aI.,
1995; Yun et aI., 1998; Hu et aI., 1998; Ma et aI.,
2001) and physical vapor deposition (PVD)(H3k:an­
sson et aI., 1991; Kadlec et aI., 1992; Jindal et aI.,
1999) technologies are widely used for coating metal
surfaces to enhance their wear resistance, roughness,
hardness, and corrosion characteristics (Caelle et aI.,
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1995). It is well-known that the adhesion strength
between a CVD coated layer and the substrate or
material to be coated is quite high because diffusion
takes place between the coated layer and substrate
since the CVD coating is conducted at temperatures
of more than 1000 °C. However, the substrate may
deteriorate since it is exposed to high temperatures
that may cause it to soften. Organometallic com­
pounds can help keep the deposition temperatures as
low as possible, but are rarely used because they are
very expensive, unstable, and poisonous.

Therefore, many researchers and application en­
gineers have focused on PVD technology since its
deposition temperature can be kept below 500°C.
There are several different ways(Ohta et aI., 2006;
Ben Rabeh et aI., 2005; Choi et aI., 2004; Yoon et aI.,
2000) of applying PVD coatings, such as vacuum
evaporation, sputtering coating, and arc ion plating
(AIP)(Hatto et aI., 1986; Freller et aI., 1988). An AIP
coated layer has the best surface qualities, including
high adhesion strength, uniform layer thickness, and
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Table 1. Chemical composition of AISI M2 steel.

vCr Mo Ws

Chemical composition (wt,%)

Si Mn PC

time: 30s). The surface roughness was measured
using a stylus roughness tester (Mitutoyo, SV-3000)
with a measurement distance and cutoff of 4 and 0.8
mm, respectively. The surface roughness was des­
cribed by the centerline average roughness (Ra, f.lIll).
The thickness of the coated layer was measured using
SEM micrographs of cross sections of TiN-coated
specimens.

Energy dispersive spectroscopy (EDS) was used to
examine the element distribution of Ti, N, and Fe on
the surface of the coated layer in a quantitative
mauner. For the EDS tests, the acceleration voltage
was 20 keV, the measurement distance was 20 mm,
and the measurement area was 600x600 f.lIll. The
adhesion strength of the AlP-TiN coatings was
evaluated by a Rockwell C indentation test (Kim,
2004) and a scratch test(Ichimura et aI., 2000). The
Rockwell C indentation test used a diamond indenter
at 150 kgf and was performed on the coating surface.
The degree of the indenter was 1200 and the dwell
time was 30 s. The scratch tester (J&L Tech, Scratch
test JLST022) used a Rockwell C diamond stylus
(cone apex angle of 120°, tip radius of 200 f.lIll).
During the scratch test, the stylus load was increased
continuously up to 100 N with a loading rate (dLldt)
of3 N/s and a translation speed of 0.2 mm/s.

Each test was conducted five times under the same

Fig. 1. Schematic illustration of the experimental apparatus
for arc ion plating.

Figure 1 shows a schematic illustration of the
experimental apparatus for arc ion plating. The com­
position of the AISI M2 test material to be coated is
given in Table 1. The diameter and thickness of the
specimens were 20 and 10 mm, respectively. The
mean hardness of material was 62 on the Rockwell C
scale (HRC). Ultrasonic cleaning followed by post­
processing was performed for 15 min to detach any
contaminating material from the specimens.

The apparatus was evacuated up to a base pressure
of7.5 x 10-3 Torr and then heated to the test internal
temperature. The specimens were bombarded with arc
ions for 10 min in Ar gas at a pressure of 5.0 x 10-4
Torr and then in N2 gas at a lower pressure of 9.3 x
10-3 Torr before they were coated. Details of arc ion
bombardment and TiN deposition conditions are
summarized in Table 2.

Two types of tests were performed. The first test
revealed the effects of deposition temperature on
surface characteristics. Test internal temperatures of
400, 450, and 500°C were used with a fixed
deposition time of 120 min. The second test was
performed for deposition times of 10, 30, 60, 120, and
180 min with a fixed deposition temperature of 450
°C to determine the effects of the deposition time on
the surface characteristics of the coated layer.

The microhardness was measured using a Vickers
hardness tester (AKASHI, MVK-Hl, load: 25 g, dwell

2. Experimental conditions and measurement
methods

good mechanical properties due to its high ionization
ratio, deposition rate, and ion energy (Maek et aI.,
1999; Kadlec et aI., 1999). The advancement of the
AIP coating technique has been led mainly by in­
dustrial applications and considerable research (Mat­
sue et aI., 1999; Lang et aI., 2001; Yoon et aI., 2002 ;
Oh et aI., 2003 ; Matsue et aI., 2004 ; Ouyang et aI.,
2004; Yoon et aI., 2004) on this technique has been
performed. However, it is not easy for process
engineers to determine the optimal working con­
ditions; thus, more systematic research is required to
supply the valuable information for working con­
ditions.

In this study, the effects of deposition time as well
as deposition temperature on the surface charac­
teristics of TiN-coated layer of AISI M2 high-speed
steel were experimentally investigated using an AlP
coating equipment.
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Table 2. Typical deposition conditions for the TiN coatings
applied using the AlP coating system.

conditions to enhance the reliability and reprodu­
cibility of the experimental results.
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3.1.2. Microhardness
Figure 4 shows the variation of the microhardness

with deposition temperature. The microhardness
decreased slightly as the deposition temperature
increased, but the variation was small enough to be
negligible.

Deposition temperature(llm)

Fig. 3 Variation of the surface roughness with deposition tem­
perature.

3.1 Effects ofthe deposition temperature

3.1.1. Microparticles and surface roughness
Figure 2 shows SEM micrographs of the micro­

particles created at different deposition temperatures.
As shown in the figure, a similar number micro­
particles was created as the deposition temperature
increased. Figure 3 indicates that the surface rough­
ness also did not vary with deposition temperature.
Com-parison of the two figures indicates that the
surface roughness is much affected by the micro­
particles (Tai et aI., 1990; Boxman et aI., 1995).

(a) 400°C

Process Variable TiN

Temperature 450°C

Arc ion Bias voltage -1000 V

bombardment Ar gas pressure 5.0 x 10-4 Torr

Time 10 min

Target Ti (purity 99.9 %)

Reactive gas Nz (purity 99.9 %)

Specimen AISI M2 steel

Nz gas pressure 9.3 x 10-3 Torr
Coating

Bias voltage -125V

Arc current 65A

Deposition temperature 450°C

Deposition time 10,30,60, 120, 180 min

(b) 450 °c
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Fig. 2. SEM micrographs of the created microparticles at
different deposition temperatures.

Deposition temperatureCc)

Fig. 4. Variation of the microhardness with deposition tem­
perature.
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3.1.3. Coated layer thickness
The coated layer thickness was measured using a

SEM technique, as shown in Fig. 5. The variation of
the coated layer thickness was almost independent of
the deposition temperature, as illustrated in Fig. 6.

Substrale

Coaling layer

(a) 400 °C

-:13,1, :'3.tlclB 5~.fl

(b) 450 °C

3.1.4. Adhesion
The adhesion was evaluated using Rockwell C

indentation tests. The level of adhesion strength can
be determined by comparing the micro-crack patterns
generated by diamond cone indentations with
standard patterns. The rank of adhesion is classified
into six levels, i.e., HF1-HF6. A lower level of
adhesion denotes a higher rank. Levels HF1-HF4
have adhesion strengths sufficient for commercial
metal forming and machining purposes (Kim, 2001).

Figure 7 shows SEM micrographs of the micro­
cracks in the TiN-coated layer after the Rockwell C
indentation tests. All the micro-crack patterns
obtained for the three deposition temperatures can be
distinctly observed; these specimens were therefore
gradedHF2.

It is seen that the adhesion strength is nearly inde-

(a) 400 °C

-
:B,~ x3.8BB 5~M

(c) 500 0

Fig. 5. SEM cross-sectional view of the TiN-coated layer at
different deposition temperatures.

(b) 450 °C

550500450400
o+---~--~---~--~

350

Deposition temperature('C ) (c) 500 °C

Fig. 6. Variation of the coated layer thickness with deposition
temperature.

Fig. 7. SEM micrographs of micro-cracks in the TiN-coated
layer after the Rockwell C indentation tests.
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,

pendent of the deposition temperature in the range of
400 to 500"C.

3.2. Effects ofthe deposition time

The previous section demonstrated that deposition
temperatures between 400 and 500°C only had a
slight influence on the surface characteristics of the
coated layer, including the microhardness, coated
layer thickness, and adhesion strength. Therefore, the
deposition temperature was fixed at 450°C to
examine the effects of the deposition time.

3.2.1. Microparticles and suiface roughness
Figure 8 shows SEM micrographs of the created

microparticles for different deposition times, and Fig.
9 illustrates the effect of the deposition time on the
surface roughness. The creation of microparticles
increased with the deposition time, and the surface

0•••

(a) 10 min

(c) 60 min

roughness also increased concomitantly with the
number ofmicroparticles on the TiN-coated surface.

It is interesting to node that these tendencies
discussed herein and in the previous section indicate
that the surface roughness is much affected by the
microparticles.
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Fig. 9. Variation of the surface roughness with deposition
time.

(b)30 min

(d) 120 min

(e) 180 min

Fig. 8. SEM micrographs of the created microparticles with deposition time.
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3.2.2. Microhardness
As seen in Fig. 10, the microharclness increases

steadily as the deposition time increases, revealing
that the increase in the coated layer thickness has
strong influence on that in the microharclness(see Fig.
15).

3.2.3. Atomic distribution ofTi, N, andFe elements
Figure 11 shows the variation in the atomic dis­

tribution of Ti elements on the coated layer surface
with deposition time. The distribution of Ti elements
increased sharply with the deposition time for the first
60 min and then remained unchanged. Figure 12
indicates that the atomic distribution ofN elements on
the coated layer surface varied only slightly with the
deposition time. The variation in the atomic distri­
bution of Fe elements on the coated layer surface with
deposition time is shown in Fig. 13. The distribution
of Fe elements decreased sharply with the deposition
time for the first 60 min and then remained un­
changed, implying that the surface was covered with
the coated layer after 60 min and that the coated layer
shielded the Fe-based specimen afterward.

3.2.4. Coated layer thickness and adhesion
The coated layer thickness was measured using a

SEM technique, as shown in Fig. 14. The coated layer
thickness increased by about 1 f.lIll for every hour
after the first 60 min of deposition time, as illustrated
in Fig. 15. At least 60 min was required to obtain a 2
I1Jl1 thick layer, which has been suggested as the lower
boundary of the thickness requirement when coating
forming dies. The coated layer thick-ness also had a
large influence on the microhardness, which increased
steadily with deposition time (see Fig. 10)

Figure 16 shows SEM micrographs of the micro­
cracks in the TiN-coated layer after the Rockwell C
indentation tests. Figure l6(a) and l6(b) give the
micro-crack patterns on specimens after 10 and 30
min of deposition time, respectively. Because of the
diffi-culty in identifying the micro-cracks from the
figures, the micro-crack patterns after 10 and 30 min
of de-position time were evaluated as grade HF6. How­
ever, distinct micro-cracks are evident in Fig. l6(c)~
l6(e) after 60, 120, and 180 min of deposition time,
res-pectively. These crack patterns were graded HF2.
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Fig. 12. Variation in the atomic distribution of N elements
with deposition time.
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Fig. 10. Variation of the microhardness with deposition time.
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Fig. 11. Variation in the atomic distribution of Ti elements
with deposition time.
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Fig. 13. Variation in the atomic distribution of Fe elements
with deposition time.
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Fig. 15. Variation in the coated thickness with deposition time.

Substrate

Coating layer

(a) 10 min

(b) 30 min

(d) 120 min(c) 60 min

(a) 10 min

(b) 30 min

(c) 60 min

(d) 120 min

-:C k .1 ~ , ·j,:t : -,''',

-

-
2a\~ ~3·0ee 5MIT

-L@tV x3,000 5Mm

-:2. 1 ~.~I~'-? : .. [,'

(e) 180 min

Fig. 14. SEM cross-sectional view of the TiN-coated layer.

Thus, grade HF2 adhesion was created when the
deposition time exceeded 60 min.

(e) 180 min

Fig. 16. SEM micrographs of micro-cracks in the TiN-coated
layer after the Rockwell C indentation tests, indicating
adhesion properties.

Figure 17 shows the optical micrographs of the
scratch cha=el after the scratch test. As illustrated in
Fig. 18, a failure of the TiN-coated layer after 10 and
30 min of deposition time was observed at appro­
ximately 32 and 41 N, respectively. A failure of the
TiN-coated layer was observed for critical loads
greater than 60 N when the deposition time was more
than 60 min.
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In this study, we experimentally determined the
effects of the deposition temperature and the
deposition time on the surface characteristics of the
coated layer, including the microparticles, surface
rouglmess, microhardness, coated layer thickness,
chemical composition of the coated surface, and
adhesion strength of AISI M2 high-speed steel. The
test deposition temperature ranged from 400 to 500
°C and the test deposition time ranged from 10 to 180
min. The results indicated that the deposition
temperature only had a slight influence on the surface
characteristics of the coated layer while the deposition
time had a much larger influence.

As the deposition time increased, the number of
microparticles increased and the surface rouglmess
became greater. The microhardness also increased
steadily with the deposition time as the coated layer
thickness increased. The atomic distribution of Ti
elements increased sharply while that of Fe elements
decreased by a similar amount for the first 60 min of
deposition time, indicating that the material was
covered by the coated layer after 60 min.

Thus, 60 min of deposition was optimal in terms of
the adhesion strength of the coated layer. The coated
layer was 2 f.lIll thick after the first 60 min of
deposition, but the accumulation rate was only 1 f.lIll
per hour afterward.
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o

4. Conclusions

Deposition time(minutes)
Fig. 18. Variation in the critical scratch load with deposition
time.

(c) 60 min

(a) 10 min

(b) 30 min

(d) l20 min

(e) 180 min

Fig. 17. Optical micrographs of the scratch channel after the
scratch test.



Hae Ji Kim and Man Soo Joun / Journal ofMechanical Science and Technology 21 (2007) 575-584 583

References

Ben Rabeh, M., Zribi, M., Kanzari, M., Rezig, B.,
2005, "Structural and Optical Characterization of Sn
Incorporation in CulnS2 Thin Films Grown by Vacuum
Evaporation Method," Int. J. ofMaterials Letters, Vol.
59,pp. 3164~3168.

Boxman, R. L., Martin, P. 1., Sanders, D. M., 1995,
"Handbook of Vacuum Arc Science and Technol. Noyes
Publications," Park Ridge, NJ, pp. 367.

Choi, S. R., Park, 1. W., Park, 1. H., Klln, K. H., 2004.
"Influence of Substrate Bias Voltage on Deposition
Behavior and Micro-Indentation Hardness of Ti-Si-N
Coatings by a Hybrid Coating System of Arc Ion
Plating and Sputtering Techniques," Int. J. of Surface
and Coa-tings Technology, Vol. 179, pp. 89~94.

Cselle, T., Barimani, A., 1995,"Today's Applications
and Future Developments of Coatings for Drills and
Rotating Cutting Tools," Int. J. ofSuiface and Coatings
Technology, Vol. 76~77, pp. 712~718.

Freller, H., Haessler, H., 1988, "Evaluation of Existing
Ion Plating Processes for the Deposition of Multicom­
ponent Hard Coatings," Int. J. ofSuiface and Coatings
Technology, Vol. 36, pp. 219~232.

Hakansson, G., Hultman, L., Sundgren 1. E., Greene,
1. E., Munz, W. D., 1991, "Microstructures of TiN Fihns
Grown by Various Physical Vapour Deposition Tech­
niques," Int. J. ofSurface and Coatings Technology, Vol.
48,pp. 51~67.

Hatto, P. W., Teer, D. G., 1986, "Ion Plating with an
Arc Source," Int. J. ofVacuum, Vol. 36, pp. 67~69.

Hu, 1. c., Chang, T. C., Chen, L. 1., Yang, Y. L.,

Chang, C. Y., 1998, "Characterization of Multilayered
Ti/TiN Fihns Grown by Chemical Vapor Deposition,"
Int. J. ofThin Solid Films, Vol. 332, pp. 423~427.

Ichimura, H., Rodrigo, A., 2000, "The Correlation of
Scratch Adhesion with Composite Hardness for TiN
Coatings," Int. J. of suiface and Coatings Technology,
Vol. 126, pp. 152~158. Tai, C.N., Koh, E.S and Akari,
K., 1990 "Macroparticles on TiN fihns prepared by the
arc ion plating process," Int. J. ofSurface and Coatings
Technology, Vol.43~44, pp. 324~333

Jimenez, C., Madar, R., Gilles, S., Bernard, c., 1995,
"Deposition of TiN Thin Fihns by Organometallic Che­
mical Vapor Deposition: Thermodynamical Predictions
and Experimental Results," Int. J. ofSurface and Coa­
tings Technology, Vol. 76~77, pp. 237~243.

Jindal, P. C., Santhanam, A. T., Schleinkofer, D.,
Shuster, A. F., 1999, "Performance ofPVD TiN, TiCN,
and TiAlN Coated Cemented Carbide Tools in Turning,"
Int. J. ofRefractory Metals and Hard Materials, Vol. 17,

pp. 163~170.

Kadlec, S., Maek, M., Wouters, S., Meert, B., Na­
vinek, B., Panjan, P., Quaeyhaegens, C., Stals, L. M.,
1999, "Plasma Diagnostics of Triode Ion-Plating Sys­
tems by Energy-Resolved Mass Spectroscopy and Com­
parison of TiN Fihn Properties," Int. J. ofSuiface and
Coatings Technology, Vol. 116~119,pp. 1211~1218.

Kadlec, S., Musil, 1., Vyskocil, Ji.,1992, "Growth and
Properties of Hard Coatings Prepared by Physical Vapor
Deposition Methods," Int. J. of Suiface and Coatings

Technology, Vol. 54~55, pp. 287~296.
Klln, S. W., 2004, "Consideration on the Evaulation

of Adhesion Force of Thin Film with Rockwell and
Scratch Tester," J. of the Korean Society for Heat

Treatment, Vol. 17,pp. 365~369.
Klln. J. S., 2001, "Tendency of PVD Coating Tech­

nology on Metal Cutting Tools," J. of the Korean So­

ciety ofPrecision Engineering, Vol. 18, pp. 11~17.
Lang, F., Yu, Z., 2001, "The Corrosion Resistance

and Wear Resistance of Thick TiN Coatings Deposited
by Arc Ion Plating," Int. J. of Suiface and Coatings
Technology, Vol. 145, pp. 80~87.

Ma, S., Xu, K., He, 1., 2001,"Parametric Effects of
Residual Stress in Pulsed d.c. Plasma Enhanced CVD
TiN Coatings," Int. 1. of Suiface and Coatings Tech­

nology, Vol. 142~144, 2001,pp. 1023~1027.

Maek, M., Navinek, B., Panjan, P., Kadlec, S., Wou­
ters, S., Quaeyhaegens, C., Stals, L. M., 1999, "Energy
and Mass Spectroscopy Studies During Triode Ion
Plating of TiN Fihns in Two Different Layouts," Int. J.

of Suiface and Coatings Technology, Vol. 113, pp.
149~156.

Matsue, T., Hanabusa, T., Ikeuchi, Y., 2004, "Depen­
dence to Processing Conditions of Structure in TiN
Fihns Deposited by Arc Ion Plating," Int. J. of Vacuum,
Vol. 74, pp. 647~651.

Matsue, T., Hanabusa, T., Moo, Y., Kusaka, K.,
Maitani, E., 1999, "Residual Stress in TiN Fihn Depo­
sited by Arc Ion Plating," Int. J. ofThin Solid Films, Vol.
343~344,pp.257~260.

Oh, S. M., Rhee, B. G., Jeong, B. S., 2003, "Wear
Behaviors of Ceramics TIN, TIC and TICN with Arc
Ion Plating," KSME International Journal, Vol. 17, No.
12,pp. 1904~1911.

Ohta, H., Takamoto, T., Yasuda, T., Furukawa, S.,
2006, "Optical and Electrical Properties of Poly(Di­
methyl Silane) Thin Fihns Prepared by Vacuum Evapo­
ration Technique," Int. J. ofThin Solid Films, Vol. 499,
pp. 129~134.

Ouyang, 1. H., Sasaki, S., 2004, "The Friction and



584 Hae Ji Kim and Man Soo Joun / Journal ofMechanical Science and Technology 21 (2007) 575-584

Wear Characteristics of Cathodic Arc Ion-Plated (V, Ti)
N Coatings in Sliding Against Alumina Ball," Int. J. of
Wear, Vol. 257, pp. 708~720.

Tai, C. N., Koh, E. S., Akari, K., 1990 "Macro­
particles on TiN Fihns Prepared by the Arc Ion Plating
Process," Int. J. of Suiface and Coatings Technology,

Vol. 43~44, pp. 324~335.
Yoon, 1. S., Myung, H. S., Han, 1. G., Musil, 1.,2000,

"A Study on the Synthesis and Microstructure of WC­
TiN Superlattice Coating," Int. J. of Suiface and Coa­

tings Technology, Vol. 131, pp. 372~377.
Yoon, S. Y., Yoon, S. Y., Chung, W. S., Kim, K. H.,

2004, "Impact-Wear Behaviors of TiN and Ti-Al-N

Coatings on AISI D2 Steel and WC-Co Substrates," Int.

J. of Suiface and Coatings Technology, Vol. l77~178,

pp. 645~650.
Yoon, S. Y., Lee, K. 0., Kang, S. S., Kim, K. H.,

2002, "Comparison for Mechanical Properties Between
TiN and TiAlN Coating Layers by AlP Technique," Int.
J. of Materials Processing Technology, Vol. 130~13l,

pp. 260~265.
Yun, 1. Y., Rhee, S. w., 1998, "Effect of H2 and N2 in

the Remote Plasma Enhanced Metal Organic Chemical
Vapor Deposition of TiN from Tetrakis-Diethyl-Amido­
titanium," Thin Solid Films, Vol. 312, pp. 24~26.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


