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Dual-phase (DP) steels with different martensite contents were produced by subjecting a low carbon steel to
various heat treatment cycles. In order to investigate the effect of dynamic strain aging (DSA) on
mechanical properties, tensile specimens were deformed 3% at 300 �C. Room temperature tensile tests of
specimens which deformed at 300 �C showed that both yield and ultimate tensile strengths increased, while
total elongation decreased. The fatigue limit increased after pre-strain in the DSA temperature range. The
effects of martensite volume fraction on mechanical properties were discussed.
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1. Introduction

Dual-phase (DP) steels are a group of low carbon steels which
have excellent fatigue properties due to the high resistance to
crack propagation, especially at low strain rates. High threshold
values in DP steels are due to the crack tip shielding effects
caused by the crack deflection and constraining of plastic
deformation in ferrite. It has been reported that DP steels have
the highest threshold values among metallic materials (Ref 1-6).
Crack deflections in the ferrite, ferrite grain boundaries, and
ferrite/martensite interfaces result in crack closure effects
(Ref 7-10). Although fatigue properties of DP steels have been
investigated for many years (Ref 11-16), the effects of dynamic
strain aging (DSA) on fatigue properties of DP steels with
different martensite morphology have not been reported yet.

The high temperature mechanical properties and strain aging
of low carbon steels have been studied for many years. Strain
aging is caused by the interaction between mobile dislocation
and solute atoms. Because of their high diffusivity, these solute
atoms are mainly carbon and nitrogen in low carbon steels.
When these atoms form atmospheres around mobile dislocation
and lock them, strain aging occurs and results in increased
strength and decreased ductility (Ref 17-20). When the straining
and aging processes take place simultaneously, it is called DSA,
which affects work-hardening behavior of the material.

It has been reported (Ref 21) that DSA improves the fatigue
strength of A-242 and vanadium-containing HSLA steels. Li
and Leslie (Ref 22) reported that the fatigue strengths of 1008-
and 1020-renitrogenized steels increases as a result of DSA

effects. Previous studies on high temperature deformation of
DP steels showed that DSA occurs in the temperature range of
150-450 �C, and deformation at 300 �C has the highest effects
on room temperature tensile properties (Ref 20, 23).

This research was undertaken to investigate the effects of
deformation at DSA temperature range on fatigue properties of
DP steels with different martensite volume fractions and
martensite morphologies.

1.1 Experimental Procedure

A low carbon steel plate in the as-rolled condition, ST52,
with chemical composition of 0.1C, 1.40Mn, 0.33Si, 0.026P,
0.011S, was used in this research. Samples were cut from the
received plate in the longitudinal direction, with dimension of
109 109 22 mm. All the samples were homogenized at
1100 �C for 1 h and then normalized at 980 �C and then
cooled in air. The DP microstructures with different volume
fractions of network martensite are obtained by heating the
normalized bars at the intercritical temperatures of 778 and
805 �C for 30 min, and then quenching into cold water.

A few of these samples, with different martensite volume
fractions, were strained 3% at 300 �C using a 6027 Instron
tensile machine with a cross head speed of 2 mm/min. Tensile
and fatigue specimens were prepared according to ASTM
A370-B and ASTM E-466, respectively. Room temperature
fatigue tests were carried out on a Newman rotating-bending
fatigue test machine at a frequency of 2850 rpm. S-N curves for
base material and those deformed at high temperature were
determined according to ASTM E 739. Microstructures and
fatigue fracture surfaces were studied by optical and a Philips
XL30 scanning electron microscope (SEM), respectively. The
microstructure was analyzed by a Bohler image analyzer.

2. Results and Discussions

2.1 Microstructure

Figure 1 shows typical microstructure of steels with 0.20
volume fraction of network martensite. Martensite volume
fractions of steels were 0.20 and 0.28 (Table 1).
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2.2 Tensile Properties

Table 2 shows yield and ultimate tensile strengths of DP
steels with different volume fractions of martensite for
as-produced samples. As can be seen, both yield stress (YS)
and ultimate tensile strength (UTS) increase with increasing
volume fraction of martensite at a given martensite morphol-
ogy. DP steels might be considered as metallic composites (Ref
24) and the increasing strength with increasing martensite
content has been related to the increase of volume fraction of
the hard phase in the composites. In addition, increasing
dislocation densities due to the martensitic transformation cause
cold work (Ref 25) in the adjacent ferrite, which makes ferrite
stronger. As is obvious from the data in the Table 2, total
elongation decreases with increasing martensite volume frac-
tion at a given martensite morphology, which is in agreement
with the variations of YS and UTS.

The room temperature tensile properties of steels deformed
3% at 300 �C are given in Table 3. The variations of YS and
UTS with martensite volume fraction are similar to the
variations of these parameters in the as-produced DP steels.
These data also show that both YS and UTS of steels deformed

at high temperature are greater than the YS and UTS of
as-produced steels. The increase in yield and ultimate tensile
strengths may be due to the DSA effects. The effects of high
temperature deformation on tensile properties of DP steels are
discussed in our previous articles (Ref 20, 23). The previous
results showed that at 300 �C the DSA effects are dominant and
result in the increase of strength. In iron-based alloys this
phenomenon has been related to the interaction of dislocations
with the solute atoms of C and N (e.g., Ref 17, 26). Moreover,
because of transformation-induced dislocations in DP steels,
during high temperature deformation, more dislocation locks
are formed, which in turn results in more work hardening in
ferrite.

The difference between the YS, as well as the UTS, of steels
deformed 3% at 300 �C and the YS of as-produced steels, Dr,
are plotted in Fig. 2. As can be seen from this figure,
deformation at 300 �C has greater effect on YS than that on
UTS. This may be due to the occurrence of DSA during high
temperature deformation. DSA increases the flow stress at high
temperature, which in turn increases the YS at room temper-
ature. However, some of this increment may be due to the static
strain aging which occurs during the cooling of tensile
specimens to room temperature.

As can be seen from Fig. 2, as the martensite content
increases, YS and UTS after DSA also increase, which is due to
the increased work-hardening effects of martensite- and
transformation-induced dislocations.

2.3 Fatigue Properties

The Stress-Fatigue life curves of as-produced and high
temperature deformed DP steels are shown in Fig. 3. The stress
at 107 cycles to fracture was taken as fatigue limit. Figure 3
shows that steels deformed 3% at 300 �C have greater fatigue
strength than as-produced steels. These results are in agreement
with the results of tensile tests.

Fig. 1 Microstructure of produced DP steels, 0.20 network
martensite

Table 1 Microstructure and martensite content of DP
steels

Group
Heat

treatment
Intercritical

temperature, �C
Martensite
morphology

Martensite
volume

fraction, %

A Intercritical
annealing

778 Network 20

B Intercritical
annealing

805 Network 28

Table 2 Mechanical properties of DP steels

Group UTS, MPa YS, MPa El, %

A 621 330 22.5
B 695 387 27.5

Table 3 Mechanical properties of DP steels after 3%
deformation at 300 �C

Group UTS, MPa YS, MPa El, %

A 680 569 11.8
B 769 648 17.3

0

50

100

150

200

250

300

ΔUTS ΔYS

Δ6
 (

M
P

a)

20%martensite

28% martensite

Fig. 2 Increase in YS and UTS after deformation at 300 �C
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Figure 4 shows Stress-Fatigue life curves of DP steels after
high temperature deformation, for the same martensite mor-
phology with different martensite volume fractions. This figure
shows that the fatigue limit increases with increasing volume
fraction of martensite. This may be due to the greater strength
of steels with higher martensite volume fraction as a result of
greater volume fraction of hard phase and also greater

dislocation density before and after high temperature deforma-
tion. It has been reported (Ref 27) that the surface fatigue limit
of low and medium strength steels (with UTS up to about
1050 MPa) increases with increasing the tensile strength
following a linear relation.

Fracture studies of fatigue fracture surfaces by SEM showed
that in steels with network martensite crack propagates in
nearly a straight line (Fig. 5). On the other hand, in steels with
network martensite crack has not a preferred path due to the
microstructure and passes through both hard phase and soft
phase.

3. Conclusions

Steels with different volume fractions of martensite were
produced by different heat-treatment cycles. The steel bars were
then deformed 3% at 300 �C before mechanical tests. The
results of fatigue and tensile tests at room temperature showed
that

1. Increasing martensite volume fraction increases both YS
and UTS of DP steels.
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Fig. 3 Effect of 3% deformation at 300 �C on S-N Curves of DP
steels with (a) 20% network martensite, (b) 28% network martensite
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Fig. 4 Stress-Fatigue life curves of DP steels after high temperature
deformation

Fig. 5 SEM micrograph of fatigue fracture surfaces of DP steels
with network martensite; (a) Cracks in DP steels with network mar-
tensite travel in a nearly straight line, (b) Large smooth areas indi-
cate a nearly straight line for crack path in these steels
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2. Increasing the martensite volume fraction for a given
martensite morphology increases fatigue limit of DP
steels both in as-produced samples and samples deformed
at DSA temperature.

3. The YS and UTS of DP steels increases with deformation
of DP steels at 300 �C, which is related to the DSA
effects.

4. Deformation of steels at 300 �C increased the fatigue
limit of DP steels due to DSA effects. These increments
were greater for DP steels with greater amount of
martensite.

Acknowledgment

The authors would like to acknowledge with thanks Sharif
University of Technology for financial support of this research.

References

1. H. Suzuki and A.J. McEvily, Microstructural Effects on Fatigue Crack
Growth in a Low Carbon Steel, Metall. Trans. A, 1979, 10A, p 474–
481

2. K. Minakawa, Y. Matsuo, and A.J. McEvily, Influence of a Duplex
Microstructure in Steels on Fatigue Crack Growth in the Near-
Threshold Region, Metall. Trans. A, 1982, 13A, p 439–445

3. V.B. Dutta, S. Suresh, and R.O. Ritchie, Fatigue Crack Propagation
in Dual Phase Steels: Effects of Ferritic-Martensitic Microstructures
on Crack Path Morphology, Metall. Trans. A, 1984, 15A, p 1193–
1207

4. J.K. Shang, J.-L. Tzou, and R.O. Ritchie, Role of Crack Tip Shielding
in the Initiation and Growth of Long and Small Fatigue Cracks in
Composite Microstructures, Metall. Trans. A, 1987, 18, p 1613–1627

5. R.M. Ramage, K.V. Jata, G.J. Shiflet, and E.A. Starker, Effect of Phase
Continuity on the Fatigue and Crack Closure Behavior of a Dual-Phase
Steel, Metall. Trans. A, 1987, 18, p 1291–1298

6. D.L. Chen, Z.G. Wang, X.X. Jiang, S.H. Ai, and H. Shih, Near-
Threshold Corrosion Fatigue Crack Growth in Dual-Phase Steels,
Scripta Metall., 1987, 21, p 1663–1667

7. J.L. Horng and M.E. Fine, Near Threshold Fatigue Crack Propagation
Rates of Dual-Phase Steels, Mater. Sci. Eng., 1984, 67, p 185–195

8. J.A. Wasynczuk, R.O. Ritchie, and G. Thomas, Effects of Microstruc-
ture on Fatigue Crack Growth in Duplex Ferrite-Martensite Steels,
Mater. Sci. Eng., 1984, 62, p 79–92

9. J.K. Shang, J.L. Tzou, and R.O. Ritchie, Role of Crack Tip Shielding
in the Initiation and Growth of Long and Small Fatigue Cracks in
Composite Microstructures, Metall. Trans. A, 1987, 18A, p 1613–
1627

10. J.L. Tzou and R.O. Ritchie, Fatigue Crack Propagation in a Dual-Phase
Plain-Carbon Steel, Scripta Metall., 1985, 19, p 751–755

11. D.L. Chen, Z.G. Wang, X.X. Jiong, and C.H. Shih, Int. Conf. ‘‘Fatigue
90’’, Vol. 3, Honolulu, Hawaii, USA, 1990, p 1393

12. T.M. Hashimoto and M.S. Periera, Fatigue Life Studies in Carbon
Dual-Phase Steels, Int. J. Fatigue, 1996, 18(8), p 529–533

13. D.L. Chen, Z.G. Wang, X.X. Jiang, S.H. Ai, and H. Shih, Dependence
of Near-Threshold Fatigue Crack Growth on Microstructure and
Environment in Dual-Phase Steels, Mater. Sci. Eng. A, 1989, 108,
p 141–151

14. W. Zhongguang, W. Guonan, K. Wei, and H. Haicai, Influence of the
Martensite Content on the Fatigue Behaviour of a Dual-Phase Steel,
Mater. Sci. Eng., 1987, 91, p 39–44

15. J. Wasen, K. Hamberg, and B. Karlsson, Influence of Pre-Strain and
Aging on Fatigue Crack Growth in a Dual-Phase Steel, Scripta Metall.,
1984, 18, p 621–624

16. S.R. Mediratta, V. Ramasvamy, V. Singh, and P. Rama Rao, Low Cycle
Fatigue of Dual Phase Steels Produced by Different Cooling Rates and
a Ferrite-Pearlite Steel, Scripta Metall. Mater., 1990, 24, p 793–797

17. Y. Bergstrom and W. Roberts, A Dislocation Model for Dynamical
Strain Ageing of a-Iron in the Jerky-Flow Region, Acta Mater., 1971,
19, p 1243–1251

18. A. Karimi Taheri, T.M. Maccagno, and J.J. Jonas, Effect of Quench
Aging on Drawability in Low Carbon Steels, Mater. Sci. Technol.,
1995, 11, p 1139

19. C. Gupta, J.K. Chakravartty, S.L. Wadekar, and J.S. Duby, Effect of
Serrated Flow on Deformation Behaviour of AISI 403 Stainless Steel,
Mater. Sci. Eng. A, 2000, 292, p 49–55

20. A. Ekrami, High Temperature Mechanical Properties of Dual Phase
Steels, Mater. Lett., 2005, 59(16), p 2070–2074

21. J.A. Yaker, C.C. Li, and W.C. Leslie, Effects of Dynamic Strain Aging
on the Mechanical Properties of Several HSLA Steels, SAE Trans.,
1979, 88, p 44

22. C.C. Li and W.C. Leslie, Effects of Dynamic Strain Aging on the
Subsequent Mechanical Properties of Carbon Steels, Metall. Trans. A,
1978, 9A, p 1765–1775

23. A. Bahrami, S.H. Mousavi, and A. Ekrami, Prediction of Mechanical
Properties of DP Steels Using Neural Network Model, J. Alloy.
Compd., 2005, 392(1–2), p 177–182

24. J.Y. Koo and G. Thomas, Formable HSLA and Dual Phase Steels,
Proceedings of a Symposium Sponsored by the TMS-AIME, A.T.
Davenport, Ed., Chicago, Illinois, 1977, p 40–58

25. A.M. Sherman, R.G. Davis, and W.T. Donlon, Fundamental of Dual
Phase Steels, Proceeding of a Symposium Sponsored by the TMS-
AIME, R.A. Kot and J.W. Morris, Eds., PA, 1981, p 85–94

26. R.A. Mulford and U.F. Kocks, New Observations on the Mechanisms
of Dynamic Strain Aging and of Jerky Flow, Acta Metall., 1979, 27,
p 1125–1134

27. M.D. Chapetti, T. Tagawa, and T. Miyata, Ultra-Long Cycle Fatigue of
High-Strength Carbon Steels Part II: Estimation of Fatigue Limit for
Failure from Internal Inclusions, Mater. Sci. Eng. A, 2003, 356(1–2),
p 236–244

610—Volume 19(4) June 2010 Journal of Materials Engineering and Performance


	The Effect of Dynamic Strain Aging on Subsequent Mechanical Properties of Dual-Phase Steels
	1. Introduction
	1.1 Experimental Procedure

	2. Results and Discussions
	2.1 Microstructure
	2.2 Tensile Properties
	2.3 Fatigue Properties

	3. Conclusions
	Acknowledgment
	References



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

  /CreateJDFFile false
  /Description <<

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

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


