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Abstract This work evaluates the effect of co-existence

of a large volume fraction of d-ferrite on the hot defor-

mation and dynamic recrystallization (DRX) of austenite

using comparative hot torsion tests on AISI 304 austenitic

and 2205 duplex stainless steels. The comparison was

performed under similar deformation conditions (i.e. tem-

perature and strain rate) and also under similar Zener-

Hollomon, Z, values. The torsion data were combined with

electron backscatter diffraction (EBSD) analysis to study

the microstructure development. The results imply a con-

siderable difference between DRX mechanisms, austenite

grain sizes and also DRX kinetics of two steels. Whereas

austenitic stainless steel shows the start of DRX at very low

strains and then development of that microstructure based

on the necklace structure, the DRX phenomena in the

austenite phase of duplex structure does not proceed to a

very high fraction. Also, the DRX kinetics in the austenitic

steel are much higher than the austenite phase of the duplex

steel. The results suggest that at a similar deformation

condition the DRX grain size of austenitic steel is almost

three times larger than the DRX grains of austenite phase in

duplex steel. Similarly, the ratio of DRX grain size in the

austenitic to the duplex structure at the same Z values is

about 1.5.

Introduction

Hot deformation and dynamic recrystallization (DRX) of

austenite has been studied in different steels and specifi-

cally in austenitic stainless steels as model alloys [1–4].

The effect of different parameters such as temperature,

strain rate, chemical composition and initial grain size

on DRX has also been examined in numerous studies

[3, 5–11]. The most common understanding of DRX in

austenite is that its progress is usually by serration and

bulging of pre-existing grain boundaries and through the

formation of a necklace structure [11]. Therefore, the initial

grain boundaries and their frequency as effective nucle-

ation sites have pronounced effects on the DRX of

austenite. By increasing the grain boundary frequency (by

decreasing the initial grain size), the nucleation sites of

DRX increases and recrystallization accelerates [12].

However, the investigation of a single phase material with

a very low number of initial grain boundaries has been

hindered by the inability to obtain large grain microstruc-

ture during conventional thermomechanical processes. An

alternative approach is to use a duplex (austenitic-ferritic)

stainless steel. As the austenite/austenite grain boundaries

in the duplex structure are very limited, this type of steel

can be use as a model alloy for the above reasons. This

selection also provides an extra opportunity to study the

effect of a second phase on the DRX of austenite. Earlier

studies [13, 14] have revealed the strong influence of

second phases on the DRX mechanism, kinetics and

microstructural development of austenite in plain carbon

steels. This effect is particularly obvious when austenite

co-exists with a large volume fraction of second phase (e.g.

d-ferrite) in a duplex structure. Several different studies

have shown the significant effect of this austenite-ferrite

co-existence on the hot deformation and microstructural
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development in duplex stainless steel [15–19]. However,

there is still a lack of knowledge concerning the DRX

mechanism, DRX kinetics, and, specifically, the alternative

source for nucleation sites of new DRX grains in the aus-

tenite phase (as the frequency of austenite internal

boundaries is very low).

The present study aims to clarify the role of initial grain

boundaries and the second phase on the hot deformation

and DRX of austenite. In this regard, a comparison has

been made between the DRX process in an austenitic

stainless steel and in the austenite phase of a duplex

stainless steel using hot torsion tests and electron back-

scatter diffraction (EBSD) analysis.

Experiments

An AISI Type 304 austenitic and a 2205 duplex stainless

steel with chemical compositions given in Table 1 were

used in this investigation. Torsion samples with a gauge

length of 20 mm and a diameter of 6.7 mm were machined

from the as-hot rolled bars. The details of the hot torsion

equipment and experimental methods are described else-

where [20]. An homogenizing treatment at 1,200 �C was

performed either by a roughing process (for 304 steel) or

just by soaking for 300 s (for 2205 steel). The samples

were then cooled to the deformation temperatures and held

for 120 s before deformation. Hot deformation was per-

formed at different strain rates and then followed by a rapid

quench to room temperature (Fig. 1). The duplex steel was

tested at 1,000 �C and a strain rate of 0.3 s-1. The Type

304 steel was tested both at the same strain rate and tem-

perature conditions as duplex steel or at a similar Zener-

Hollomon, Z, parameter (i.e. 860 �C and 0.3 s-1). In this

regard, the values of 400 and 450 kJ/mol were considered

for the activation energy of the AISI 304 and 2205 steels,

respectively, based on the data reported in [21].

Conventional metallographic procedures were used to

prepare tangential sections from the torsion sample gauge

length at a depth of *100 lm below the gauge surface of

the quenched samples (Fig. 2). These polished sections

were subsequently analysed by EBSD to characterize the

microstructure. The EBSD analyses were performed at an

accelerating voltage of 20 kV, a working distance of

25 mm, and an aperture size of 60 lm. EBSD maps were

obtained using a step size of 0.5 lm, and HKL technology

channel 5 software. The volume fraction of recrystallized

grains and their mean size were measured from the EBSD

maps using the point counting technique and linear inter-

cept method, respectively [22].

Results and discussion

An illustrative example of flow curves of both steels under

different deformation conditions are presented in Fig. 3,

which compares the flow curves under the similar defor-

mation condition and similar Z values. The most evident

difference between these flow curves is their characteristic

shape. The austenitic steel showed a typical shape of DRX,

i.e. increasing the flow stress to a peak followed by

decreasing to a steady-state value, whereas the duplex steel

showed a different behaviour. In this steel, the peak is

broadened and a steady-state flow stress was also never

observed after the softening stage. In fact, the stress

decreased continuously to the rupture of the sample.

However, the similarity between the stress at the rupture

and the initial yield stress indicates the occurrence of sig-

nificant softening in this material. The flow curves of

duplex steel also showed different shapes compared with

Table 1 Chemical composition of steels used in the current study

(wt.%)

Alloy C Mn Si S P Ni Cr Mo Cu N

304 0.02 1.6 0.7 0.01 0.03 8.2 18.5 0.1 0.8 –

2205 0.03 2.0 1.0 0.02 0.03 5.5 22 3.0 0.6 0.1
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Fig. 1 Schematic diagram representing the hot torsion tests

Fig. 2 A schematic diagram from the torsion samples (the arrow

shows the direction of polishing the surface (tangential section) and

viewing the microstructure)
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the flow curve of ferritic stainless steels cited in the liter-

ature [23–26]. The flow curve shape of duplex steel

indicates that DRX of the austenite is not the only reason

(or is a very minor reason) for such softening in the duplex

steel.

In comparison with the AISI 304 steel, the peak stress,

rp, showed a lower value for the duplex stainless steel

(Fig. 4) in all deformation conditions. However, the dif-

ference decreased slightly at lower temperatures, which can

be ascribed to the increase in the austenite volume fraction

within the duplex structure. Also, the fracture strain of

duplex samples were much lower than that for the

austenitic steel (Fig. 5), indicating lower ductility in duplex

structure. Such reduced ductility in the duplex structure can

be a direct result of inhomogeneity in the stress and strain

distribution within the duplex steel during hot working.

This inhomogeneity in the strain distribution can originate

from the difference in the ferrite and austenite strength,

different restoration processes in these phases, and also the

inhomogeneity in the distribution of austenite stringers (or

layers) in the ferrite matrix. The lower strength of ferrite

compared to that of the austenite can cause more accom-

modation of deformation in this phase, and, therefore,

faster restoration processes (recovery and recrystalliza-

tion). This can lead to an inhomogeneity in the duplex

structure and a decrease in the ductility of the steel. The

microscopic observations of different duplex steels have

shown that the cracking always initiates at d/c interfaces as

a result of high stress concentrations [27].

It is well known that the deformation temperature and

strain rate (both of which can be combined through the Z

parameter), are the most important variables affecting the

hot deformation processes and the final microstructure of a

deformed and recrystallized sample [6]. Figures 6 and 7

show the initial and deformed microstructures of both the

austenitic and duplex steels under similar Z conditions. The

initial microstructure (i.e. after homogenization and cool-

ing to the deformation temperature) of the AISI 304

austenitic steel (Fig. 6a) consisted of equiaxed grains with

an average size of *35 lm. All boundaries are high angle,

and more than 45% have a twin relationship. In contrast,

the initial microstructure of the duplex structure (Fig. 7a)

consisted of similar volume fractions of austenite and fer-

rite distributed in successive layers or stringers. This shows

that the austenite phase is fully recrystallized and most of

the high-angle grain boundaries within this phase ([80%)

have a twin relationship. In addition, no low-angle grain

boundaries (LAGB’s) were observed.

Deformation of these initial microstructures under sim-

ilar Z conditions resulted in very different microstructures.

The microstructural change in the austenitic steel com-

menced with the elongation of original grains at low
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Fig. 3 Flow curves of samples deformed under different deformation

conditions
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Fig. 4 Peak stress of austenitic (304) and duplex stainless steels as

functions of deformation temperature at a constant strain rate of

0.3 s-1
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Fig. 5 Fracture strain of austenitic (304) and duplex stainless steels

as functions of deformation temperature at a constant strain rate of

0.3 s-1
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strains, serration of their boundaries and then nucleation of

new DRX grains, much smaller than the initial grains.

After a strain of 1.0 (Fig. 6b) all the initial grain boundaries

were serrated and some were covered by new DRX grains.

The elongation of the grains and serration of their bound-

aries increased with increasing strain (Fig. 6c). Most of

these serrated boundaries were covered by DRX grains at a

strain of 1.5. The volume fraction of small DRX grains

increased with increasing strain; at a strain of 2.0 most of

the initial grains (more than 75%) were replaced by new

DRX grains. It appears that in the austenitic stainless steel,

under the present deformation condition, most of the DRX

grains were formed by serration and bulging of the initial

grain boundaries. This mechanism (i.e. bulging) has been

known as the most important DRX mechanism in materials

with low-stacking fault energy and is usually termed dis-

continuous or conventional DRX [28, 29].

A different microstructure was developed in the aus-

tenite phase of duplex steel. At a low strain of 0.5 (Fig. 7b)

all of the austenite and ferrite layers were elongated and

Fig. 6 EBSD map of austenitic

steel deformed at 860 �C and a

strain rate of 0.3 s-1 to different

strains of (a) Zero, (b) 1.0, (c)

1.5 and (d) 2.0 High angle and

twin boundaries have been

shown by black and white (red)

lines, respectively

Fig. 7 EBSD map of duplex

steel deformed at 1,000 �C and

a strain rate of 0.3 s-1 to

different strains of (a) Zero, (b)

0.5, (c) 1.0 and (d) 1.5 High

angle and twin boundaries have

been shown by black and white

(green) lines, respectively
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rotated towards the deformation (torsion) axis, but no

obvious change was observed in the overall microstructure

and substructure of the austenite. Strain partitioning and

accommodation of the strain in the softer phase of ferrite is

likely to be the main reason for this limited effect of

deformation on the austenite in the duplex structure. By

increasing the strain to 1.0 (Fig. 7c), very limited serrations

were observed in the austenite/austenite boundaries and

also no new austenite grains were observed. However, a

very dense substructure was formed, indicating load

transfer from the ferrite to the austenite. At a higher strain

of 1.5, which is close to the fracture strain of this material,

a limited number of new DRX grains were formed on the

austenite/austenite boundaries with more new grains

forming on the austenite/ferrite phase boundaries (Fig. 7d).

There was a very low level of serration of boundaries in

this steel, indicating the formation of new DRX grains by a

different mechanism from bulging of initial grain bound-

aries. The formation and coalescence of subgrains (i.e.

continuous DRX) could be an alternative mechanism for

formation of DRX grains in this phase.

The EBSD maps of this steel show that the misorien-

tation of some segments of the substructure network

increased during deformation and changed to HAGB’s

(arrows in Fig. 7d). These segments may reflect an inter-

mediate stage for formation of a complete grain by

coalescence of subgrains. This increase in the misorienta-

tion of low-angle grain boundaries (LAGB’s) inside the

deformed grains is consistent with the continuous DRX

model proposed by Gourdet and Montheillet [30]. There-

fore, it can be concluded that in the absence (or for a

limited proportion) of initial grain boundaries, a change

from conventional to continuous DRX occurs.

The microstructural measurements also showed a con-

siderable difference between the DRX kinetics for both

steels under similar Z conditions (Fig. 8). The progress of

DRX in the austenitic stainless steel was always much

faster than for the duplex steel under similar deformation

condition and similar Z values. As the strain rate, tem-

perature and the initial grain size are the variables that

affect the DRX kinetics (i.e. the Avrami exponent), the

decrease in the frequency of internal boundaries of aus-

tenite phase in the duplex structure could be the most

important reason for such differences.

As the activation energy of duplex steel (which is a mix

of two phases with different activation energies) is differ-

ent from the activation energy of austenite, the comparison

of DRX of a given phase (i.e. austenite) under two different

conditions may not be appropriate. In this case, comparison

under the same deformation conditions (i.e. temperature

and strain rate) may be more relevant. In this regards, the

microstructure of AISI 304 austenitic stainless steel was

compared with duplex steel at the same deformation con-

dition (i.e. 1,000 �C and 0.3 s-1). The result showed that

the DRX grain size (Table 2) and also the DRX volume

fraction (Fig. 8) in the austenitic stainless steel are much

higher than that of the austenite phase of the duplex steel.

Table 2 shows that for a similar deformation condition, the

DRX grain size in the austenitic steel is much larger

(almost three times) than that of the austenite phase in the

duplex steel. Also, for a similar Z value, the DRX grain

size of the austenitic steel is larger than the duplex steel.

This indicates the effect of other parameters (besides the

temperature and strain rate) on DRX kinetics and the

microstructure evolution of austenite in these two steels.

One possible difference is in the amount of strain in both

austenite phases due to strain partitioning with accommo-

dation of less strain in the austenite of the duplex steel.

However, while strain can affect the DRX kinetics, many

studies, e.g. [12, 31], have shown no effect of strain on

DRX grain size. The difference in the DRX mechanisms

(e.g. continuous or discontinuous) may create the different

DRX microstructures in these two steels. A difference

between the grain size of a discontinuously recrystallized

microstructure in the austenitic steel (evolved based on the

serration and local migration of high-angle grain bound-

aries) and a continuously recrystallized structure in the

duplex steel (evolved based on the coalescence of sub-

grains) is reasonable. However, it has been shown that

when continuous DRX is involved, the migration rate of
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Fig. 8 DRX volume fraction as a function of strain for both steels

under different deformation conditions

Table 2 DRX grain size of duplex and 304 austenitic stainless steels

under different deformation conditions

Duplexa

1,000 �C &

0.3 s-1

304

1,000 �C &

0.3 s-1

304a

860 �C &

0.3 s-1

DRX grain size (lm) 3.2 11 4.5

a Similar Z values

6276 J Mater Sci (2008) 43:6272–6277

123



high-angle grain boundaries (i.e. growth of DRX nuclei) is

much lower than that of discontinuous DRX condition [30,

32]. This means that the growth of DRX grains is limited

when continuous DRX is dominant, and the grain size

becomes finer. Therefore, it can be concluded that a change

in the DRX mechanism of austenite from discontinuous to

continuous in the presence of a large fraction of ferrite, is

an important reason for the different DRX microstructures

and grain sizes. However, the role of second phase (i.e.

ferrite) on the DRX phenomenon of austenite and strain

partitioning between two phases can also be considered as

an important reason for such difference in DRX grain size

and DRX kinetics in two steels.

Conclusions

The results of hot deformation tests under various condi-

tions showed a considerable difference in restoration

process of the austenite phase in a duplex stainless steel

compared to that for an austenitic stainless steel. The dif-

ference in the frequency of initial austenite grain

boundaries as well as presence of the second phase (in the

duplex steel) were the most important reasons for observed

differences in the restoration processes. Under both similar

deformation conditions and similar Z values, the DRX

fraction in the austenitic steel was much higher than for the

duplex steel. Also, under a similar deformation condition

the DRX grain size in austenitic steel was almost three

times larger than the DRX grain size in austenite phase of a

duplex structure. It is suggested that the conventional DRX

(i.e. bulging of initial grain boundaries) and continuous

DRX (i.e. coalescence of subboundaries) are the major

restoration mechanisms in austenitic and duplex steels,

respectively. This difference in the DRX mechanism

indicates that the growth of DRX nuclei in the austenitic

steel is more likely in contrast to the duplex steel.

References

1. Belyakov A, Miura H, Sakai T (1998) Mater Sci Eng A 255:139.

doi:10.1016/S0921-5093(98)00784-9

2. Dehghan-Manshadi A, Beladi H, Barnett MR, Hodgson PD

(2004) Mater Forum 467–470:1163

3. Ryan ND, McQueen HJ (1990) Can Metall Quart 29:147

4. Salvatori I, Inoue T, Nagai K (2002) ISIJ Int 42:744. doi:

10.2355/isijinternational.42.744

5. Sakai T (1995) J Mater Process Technol 53:349. doi:10.1016/

0924-0136(95)01992-N

6. Sellars CM (1979) In: Sellars CM, Davies CHJ (eds) Hot working

and forming process. The Metal Society, London

7. Sakai T, Miura H (1996) In: McQueen HJ, Konopleva EV, Ryan

ND (eds) Hot workability of steels and light alloys-composites.

The Metallurgical Society of CIM, Montreal

8. Hodgson PD, Gloss RE, Dunlop GL (1990) In: Kassner ME (ed)

32nd mechanical working and steel processing. Iss-AIME,

Warrendale

9. Karjalainen LP, Maccagno TM, Jonas JJ (1995) ISIJ Int 35:1523.

doi:10.2355/isijinternational.35.1523

10. Dehghan-Manshadi A, Barnett MR, Hodgson PD (2008) Mater

Sci Eng A 458:664. doi:10.1016/j.msea.2007.08.026

11. Ponge D, Gottstein G (1998) Acta Mater 46:69. doi:10.1016/

S1359-6454(97)00233-4

12. Sah JP, Richardson CJ, Sellars CM (1974) Metal Sci 8:325

13. Hornbogen E, Koster U (1980) In: Hansen N, Jones AR, Leffers

T (eds) Recrystallization and grain growth of multi-phase and

particle containing materials. Riso National Laboratory, Roskilde

14. Maki T, Furuhara T, Tsuzaki K (2001) ISIJ Int 41:571. doi:

10.2355/isijinternational.41.571

15. Belyakov A, Kimura Y, Tsuzaki K (2006) Acta Mater 54:2521.

doi:10.1016/j.actamat.2006.01.035

16. Tsuzaki K, Xiaoxu H, Maki T (1996) Acta Mater 44:4491. doi:

10.1016/1359-6454(96)00080-8

17. Dehghan-Manshadi A, Barnett MR, Hodgson PD (2007) Mater

Sci Technol 23:1478. doi:10.1179/174328407X239019

18. Iza-Mendia A, Pinol-Juez A, Urcola JJ, Gutierrez I (1998) Metall

Mater Trans A 29:2975. doi:10.1007/s11661-998-0205-z

19. Barteri M, Mecozzi MG (1994) In: Gooch TG (ed) Duplex

stainless steel. Abington Publishing, Glasgow

20. Weiss H, Skinner DH, Everett JR (1973) J Phys E 6:709. doi:

10.1088/0022-3735/6/8/012

21. Dehghan-Manshadi A (2007) The evolution of recrystallization

during and following hot deformation. PhD Thesis, Deakin

University, Geelong, Victoria, Australia

22. Higginson RL, Sellars CM (2003) Worked examples in quantitive

metallography. Maney Publishing, London

23. Belyakov A, Kimura Y, Tsuzaki K (2005) Mater Sci Eng A

403:249. doi:10.1016/j.msea.2005.05.057

24. Cizek P, Safek V, Cerny V (1989) Hutnicke Listy 43:99

25. Gao F, Xu Y, Xia K (2000) Metall Mater Trans A 31:21. doi:

10.1007/s11661-000-0048-8

26. Konopleva EV, Sauerborn M, McQueen HJ, Ryan ND, Zaripova

RG (1997) Mater Sci Eng A 234–236:826. doi:10.1016/S0921-

5093(97)00337-7

27. Evangelista E, McQueen HJ, Niewczas M, Cabibbo M (2004)

Can Metall Quart 43:339

28. Dehghan-Manshadi A, Barnett MR, Hodgson PD (2008) Metall

Mater Trans A 31:1359. doi:10.1007/s11661-008-9512-7

29. Humphreys FJ, Hatherly M (1996) Recrystallization and related

annealing phenomena. Pergamon, Oxford

30. Gourdet S, Montheillet F (2003) Acta Mater 51:2658. doi:

10.1016/S1359-6454(03)00078-8

31. Sakai T, Jonas JJ (1984) Acta Metall 32:189. doi:10.1016/0001-

6160(84)90049-X

32. Belyakov A, Tsuzaki K, Miura H, Sakai T (2003) Acta Mater

51:847. doi:10.1016/S1359-6454(02)00476-7

J Mater Sci (2008) 43:6272–6277 6277

123

http://dx.doi.org/10.1016/S0921-5093(98)00784-9
http://dx.doi.org/10.2355/isijinternational.42.744
http://dx.doi.org/10.1016/0924-0136(95)01992-N
http://dx.doi.org/10.1016/0924-0136(95)01992-N
http://dx.doi.org/10.2355/isijinternational.35.1523
http://dx.doi.org/10.1016/j.msea.2007.08.026
http://dx.doi.org/10.1016/S1359-6454(97)00233-4
http://dx.doi.org/10.1016/S1359-6454(97)00233-4
http://dx.doi.org/10.2355/isijinternational.41.571
http://dx.doi.org/10.1016/j.actamat.2006.01.035
http://dx.doi.org/10.1016/1359-6454(96)00080-8
http://dx.doi.org/10.1179/174328407X239019
http://dx.doi.org/10.1007/s11661-998-0205-z
http://dx.doi.org/10.1088/0022-3735/6/8/012
http://dx.doi.org/10.1016/j.msea.2005.05.057
http://dx.doi.org/10.1007/s11661-000-0048-8
http://dx.doi.org/10.1016/S0921-5093(97)00337-7
http://dx.doi.org/10.1016/S0921-5093(97)00337-7
http://dx.doi.org/10.1007/s11661-008-9512-7
http://dx.doi.org/10.1016/S1359-6454(03)00078-8
http://dx.doi.org/10.1016/0001-6160(84)90049-X
http://dx.doi.org/10.1016/0001-6160(84)90049-X
http://dx.doi.org/10.1016/S1359-6454(02)00476-7

	Effect of &dgr;-ferrite co-existence on hot deformation �and recrystallization of austenite
	Abstract
	Introduction
	Experiments
	Results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


