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Abstract The influence of finishing rolling temperature

(FRT) on dynamic strain aging (DSA) behavior and high-

temperature resistance of a fire resistant steel microalloyed

with Mo and Nb was investigated by means of tensile tests

performed at temperatures ranging from 25 to 600 �C and

strain rates of 10-4 to 10-1 s-1. In these steels, DSA

manifestations are less intense than those observed for

carbon steels and they take place at higher temperatures.

The precipitation behavior of the steels was also consid-

ered. Hardness of samples heat treated at 100–600 �C

displayed a maximum at 400 �C. Samples treated at this

temperature and tensile tested at 600 �C did not show a

higher yield stress than the untreated specimens. Results

obtained indicated that DSA in the fire resistant steel might

have a contribution for its fire resistance. The empirical

activation energies related to the appearance of serrations

on the stress–strain curves and to the maxima on the var-

iation of tensile strength with temperature suggested that

the high-temperature strengthening associated with DSA in

this steel is the dynamic interaction of interstitial-substi-

tutional solute dipoles and dislocations. The steel with

lower FRT is more susceptible to DSA because of its

higher amount of carbon in solid solution and showed

better results in terms of high-temperature resistance.

Introduction

Structures using conventional structural steel require fire

resistant coating or insulation to achieve the desired fire

resistance in fire sensitive areas, which can cost around

50% of the steel pride and its application can extend the

construction period of the building by several weeks, thus

creating another cost penalty [1]. The problem with

unprotected carbon-manganese steel is its poor strength at

temperatures above *350 �C, which can make a structure

unsafe after a major fire, difficult to assess the damage

caused by a short duration fire and may call for demolition

or renovation of the structures. A fire resistant steel, which

requires little or no fire protection, could lead to cheaper

and faster construction and advantages in other ways, such

realization of economical structure design, unnecessary

measures to prevent falling off from protected steel and

maximum use of space [2]. Fire resistant steels must have

their yield strength at 600 �C as 67% of the specified value

at room temperature [3]. Previous studies on microstructure

and mechanical proprieties of fire resistant steels carried

out by Kamada et al. [4] and Chijiiwa et al. [3] focused on

processing, structure and properties of fire resistant steel

with different combinations of alloying elements. They are

low carbon steels which generally have Mn, Mo, Cr, and

Nb, Ti or V in their composition. In steels alloyed with Mo,

Mn, and Cr or microalloyed with Nb, Ti, and V the high-

temperature strength related to dynamic strain aging (DSA)

has been attributed to the phenomenon known as interac-

tion solid-solution hardening, ISSH, due to the dynamic
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interaction of interstitial-substitutional pairs and disloca-

tions. The ISSH effect displaces DSA manifestations to

higher temperatures than those displayed by mild carbon

steels so is an important contribution to the creep resistance

of these steels [5–7]. Solid solution and precipitation

hardening have been considered, among other mechanisms,

as important effects responsible for higher temperature

resistance in fire resistant steel [8–10]. The influence of

DSA on creep resistance of steels suggests that this process

would enhance the high-temperature strength of fire resis-

tant steels. The present work was undertaken to characterize

the effect of the finishing rolling temperature (FRT) on the

DSA susceptibility and identify its influence on the fire

resistance of a Mo-Nb structural steel.

Experimental

The fire resistant steels studied, whose chemical compo-

sition (in weight percent) is showed in Table 1, were

received in hot rolled condition as 12.7 mm in thickness

plate. The steels were manufactured with controlled rolling

and finishing at temperatures of 800 and 850 �C.

The microstructure characterization of steel was per-

formed in the transverse section prepared by standard

metallographic techniques. Specimens observed by optical

and scanning electron microscopy (SEM) were chemically

etched with 4% nital. Images were examined for determi-

nation of the volume fraction of phases and measurement

of ferrite grain size. The 2.5 mm diameter and 27.0 mm

gauge length tensile test specimens were machined along

the rolling direction.

The tensile tests were performed in a servo hydraulic

MTS testing machine in a temperature range from 25 to

600 �C, at strain rates of 10-4, 3.5 9 10-3, 10-3, 10-2 and

10-1 s-1. Before testing, samples were held for 5 min at

the test temperature. The heating system used kept tem-

perature stable with maximum variations less than ±2 �C

and with a negligible temperature gradient along the length

of the sample. The values of yield strength, ry, ultimate

tensile strength, rt, and total elongation, et, were deter-

mined as the average of at least three tensile tests

performed at identical conditions. The relative error in the

values of stress and elongation was lower than 3%.

The Vickers hardness measurements, using a load of

30 kgf, were made on transverse section of the plates heat

treated from 100 to 400 �C for 30 min.

The amount of nitrogen and carbon in solid solution was

calculated using the software Thermo-Calc for Windows,

database TCFES: TCS Steels/Fe-alloys, v5.

Results and discussion

The microstructure of the steel consisted of ferrite, pearlite,

and martensite. The volume fractions and ferrite grain sizes

are presented in Table 2. The FRT800 and FRT850 steels

have practically the same amount of phases, however the

ferrite grain size showed a small difference between the

steels. The grain size of first steel is smaller, with a

difference less than 2 lm, than of the second.

Stress–strain curves for the FRT800 and FRT850 steel

tested at various temperatures and at a strain rate of

10-4 s-1 are shown in Fig. 1a and Fig. 1b, respectively.

The Portevin-LeChatelier Effect (PLC) was present at a

certain temperature interval and the same was observed for

tests performed at the four other strain rates. The temper-

ature at the onset of the serrations was observed to increase

for increasing strain rates. Figure 1 shows also that the

work hardening rate increases with temperature between

150 and 300 �C for the FRT800 and FRT850 steels.

For the five rates employed and the two steels studied,

the value of the yield stress, ry, at 600 �C was higher than

67% of its minimum specified value at room temperature

for this class of structural steel, 325 MPa. The changes in

yield stress, ry, and tensile strength, rt, with temperature

are shown in Fig. 2a and Fig. 2b for FRT800 and FRT850

steels, respectively, for the five strain rates considered. It

can be observed that, the fire resistants steels show maxima

in rt occurring at increasing temperatures for increasing

strain rates (Table 3). The amplitude of these maxima

decreases as the strain rate is increased. The ry curves

display plateaux in the temperature interval at which the

maxima in rt were observed for the five strain rates con-

sidered and for the two steels studies.

Figure 3a and b shows the changes in the total elongation,

et, with test temperatures for the five strain rates investigated

for the FRT800 and FRT850 steels, respectively.

These figures show that et decreased with increases in

temperature, presenting a minimum at a certain tempera-

ture and then it increased with raising temperatures. For

a strain rate of 10-3 s-1 this minimum appear at a

Table 1 Chemical composition of steels (% weight)

C Mn Mo Cr Si P S Nb Al N

0.092 0.80 0.19 0.10 1.21 0.038 0.0045 0.020 0.018 0.0052

Table 2 Volume fractions of ferrite, pearlite, martensite, and ferrite

grain size (GS)

Steel Pearlite (%) Martensite (%) Ferrite (%) GS (mm)

FRT800 9.7 ± 0.9 2.7 ± 0.4 Balance 6.7 ± 0.3

FRT850 9.7 ± 0.8 2.8 ± 0.7 Balance 9.1 ± 0.3
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temperature of 215 and 245 �C for FRT800 and FRT850

steel, respectively; increasing strain this temperature

increasing, for example, in a strain rate of 10-1 s-1 it

change for 275 and 320 �C, respectively. The existing of a

high-temperature minimum in ductility in addition to the

one associated with the normal ‘blue brittleness’ effect

follows a similar pattern to the variation of elongation to

fracture observed by Baird and Jamison in steel containing

Mo and Cr. This has been ascribed to localized work

softening due to exhaustion of the solute atoms required to

pin dislocations by DSA and the same explanation could

hold at low temperatures [6].

Figure 4a compare the yield stress and tensile strength

for both steels for a strain rate of 10-2 s-1. The FRT800

steel presents mechanical properties and fire resistance

better than FRT850 steel, probably due the higher amount

of carbon retained in solid solution, according to the results

obtained by using the Thermocalc software, 113 and

86 ppm, respectively. The total elongation behaviors of the

two steels are similar and their minima for the FRT800

steel appear at a temperature lower than that in FRT850

(Fig. 4b).
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Fig. 1 Stress–strain curves for specimens tested at a strain rate of

10-4 s-1 at various temperatures. (a) FRT800 steel, (b) FRT850 steel
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Fig. 2 Changes in yield stress and tensile strength with temperature

for the fire resistant steel investigated at the five strain rates

employed. (a) FRT800 steel, (b) FRT850 steel

Table 3 Temperature at the conditions concerning the onset of the

PLC effect and the maximum in tensile strength

Steel Onset of the PLC Maximum in tensile strength

_e (s-1) Temperature (8C) _e (s-1) Temperature (8C)

FRT800 10-1 175 10-1 375

10-2 145 10-2 350

10-3 109 10-3 300

10-4 80 10-4 275

FRT850 10-1 185 10-1 375

10-2 140 10-2 325

10-3 107 10-3 300

10-4 85 10-4 275

J Mater Sci (2008) 43:6005–6011 6007

123



The characteristics of Portevin-LeChatelier (PLC) effect

in terms of strength maximum, elongation minimum,

athermal yield stress (plateaux in the yield stress versus

temperature) along with increasing word hardening rates

with increasing temperature are similar to those found in

low carbon steels, however, these manifestations take place

at higher temperatures. For a given strain rate the strength

of the maximum in rt can be defined as the difference

between this maximum (rtmax) and the minimum value of

rt (rtmin) between room temperature and the temperature

of rtmax. For a strain rate of 10-2 s-1, the temperature at

which the maximum in rt occurs in the FRT800 steel is

about 350 �C, and the value of rtmax–rtmin is approxi-

mately 80 MPa. For the FRT850 the temperature of the

maximum is about 325 �C, and the value of rtmax–rtmin is

approximately 64 MPa. According to the analyses with

Thermocalc the amount of soluble nitrogen in the FRT800

and FRT850 in their FRT are 0.1 and 0.3 ppm, respec-

tively; these are considered very small values. So the

effects of DSA might be attributed to the carbon retained in

solid solution on FRT, namely 113 and 86 ppm for the

FRT800 and FRT850 steel respectively. This displacement

to higher temperatures of DSA manifestations in steels

microalloyed with niobium and or vanadium was already

reported [7, 11].

According to the literature [12, 13], the minimum

absolute temperature, T, associated with the occurrence of

the PLC effect in low carbon steels is related to the strain

rate, _e, by the equation:

_e ¼ Bqmbl

T
exp � Q

RT

� �
ð1Þ

where B is a constant, qm is the density of mobile dislo-

cations, l is the average distance traveled by dislocations
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Fig. 4 Temperature variations of (a) Yield stress and tensile strength

at strain rate of 10-2 s-1 and (b) Total elongation at strain rate of
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Fig. 3 Changes in elongation with temperature for the fire resistant

steel investigated at the five strain rates employed. (a) FRT800 steel,

(b) FRT850 steel
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between penetable obstacles, b is the Burgers vector, R is

the universal gas constant, and Q is the activation energy of

the process. Assuming that the term Bqmbl remains con-

stant when T and _e vary, the value of the apparent

activation energy, Q, can be determined from a ln(_e � T)

versus T-1 plot. The values usually found for this apparent

activation energy are of the order of the activation energies

for diffusion of N and C atoms responsible for dislocation

locking [12–14]. The absolute temperature at which the

PLC effect ends, which coincides with the temperature

corresponding to the maximum in rt [12], is also related to

the strain rate by an expression similar to Eq. 1. The values

of Q found in this case have been associated with the sum

of the activation energy for diffusion of the solute

responsible for dislocation locking and the solute-disloca-

tion binding energy. This association is based on the

hypothesis that, at this stage, solute atoms are dragged by

dislocations during their movement [12].

The values reported for the activation energy for the

start of serrated flow in low carbon steels range from

79.5 kJ/mol to 84.1 kJ/mol [12, 13] and are close to the

activation energies for diffusion of N and C in ferrite,

respectively, 76.1 kJ/mol and 84.1 kJ/mol [15]. Typical

values of the activation energy associated with the dis-

appearance of serrated flow, Q0, are 127.6 kJ/mol [12]

and 134 kJ/mol [13], while those related to the maximum

in tensile strength are 127.6 kJ/mol to 156.1 kJ/mol [12,

14]. The lower values for the activation energies related

to the end of the PLC effect and to the presence of the

maximum in rt have been attributed to dislocation

locking by nitrogen atoms, while the higher values have

been associated to dislocation locking due to carbon

atoms. Intermediate values found for these energies

reflect the combined effect of C and N. Thus, considering

the minimum values of these activation energies, the

binding energy of N atoms to dislocations in ferrite can

be estimated, while the carbon-dislocation binding energy

is estimated using the maximum value of these activation

energies. In the case of N, the binding energy should

be 127.6 kJ/mol–79.5 kJ/mol, equal to 48.1 kJ/mol

(0.50 eV). For C atoms, the value is 156.1 kJ/mol–

84.1 kJ/mol, or 72.0 kJ/mol (0.75 eV). These values are

in good agreement with the classical solute-dislocation

binding energies in ferrite for N atoms, 0.47 eV [16], and

for C atoms, 0.75 eV [17].

In this study, the serrated flow, the maximum in rt and

the minimum in et indicate that DSA was taking place.

Thus, apparent activation energies can be estimated for

these processes, as described before. Figure 5 shows

ln(_e � T) versus T-1 for the onset of the PLC effect, the end

of serrated flow and the values obtained from the slopes of

these plots, which are, respectively, 97±4 kJ/mol (Q), and

203±11 kJ/mol (Q0) for the FRT800 steel, and 96±5 kJ/

mol (Q), and 208±20 kJ/mol (Q0) for the FRT850 steel.

The first of these values in both steels is considerably

higher than the activation energies associated with dislo-

cation locking by N and C atoms in solid solution in ferrite,

namely 79.5 kJ/mol to 84.1 kJ/mol. The value for the end

of serrated flow is higher than the activation energies found

in low carbon steels for the end of the PLC effect and the

occurrence of the maximum in rt (127.6–151.6 kJ/mol) for

the two steels. These results suggest that the DSA effects

found in the fire resistant steel should be controlled by a

mechanism in some aspects different from that operating in

carbon steels.

As already mentioned, in steels containing Mn, Mo, Cr,

Ti, and Nb, interstitial N and C are in close association with

substitutional forming interstitial-substitutional dipoles that

interact strongly with dislocations over a large temperature

-4

-2

0

2

4

ln
( ε

Τ
)

-4

-2

0

2

4

(b)

(a)

ln
( ε

Τ
)

0.0014 0.0016 0.0018 0.0020 0.0022 0.0024 0.0026 0.0028

0.0014 0.0016 0.0018 0.0020 0.0022 0.0024 0.0026 0.0028

DPLC, Q'=208kJmol-1

∆Q'(90%)= 20kJmol-1

R = -0.98846

SPLC, Q=96kJmol-1

∆Q(90%)= 5kJmol-1

R = -0.99601

DPLC, Q'=203kJmol-1

∆Q'(90%)= 11kJmol-1

R = -0.99578

SPLC, Q=97kJmol-1

∆Q(90%)= 4kJmol-1

R = -0.99748

T-1(K-1)

T-1(K-1)

Fig. 5 Ln(_e � T) versus T-1 at the conditions concerning the onset of

the PLC effect and the maximum in tensile strength, rt. (a) FRT800

steel, (b) FRT850 steel

J Mater Sci (2008) 43:6005–6011 6009

123



range, the effect of interaction solid-solution hardening,

ISSH [5, 6] If the interaction energy between interstitials

and dislocations is higher than the interaction energy

between interstitials and substitutionals the extra high-

temperature strengthening will be due to a displacement

of the DSA effects associated with N and C to higher

temperatures due to a reduction in the mobility of dislo-

cation atmospheres [6]. As the fire resistant steels

displayed DSA manifestations, it seems that the ISSH

effect on DSA is a contribution to the fire resistance in

addition to precipitation hardening and solid-solution

hardening.

The difference in the values of activation energies

for the onset of the PLC effect and for the occurrence

of the maxima in rt, 106 kJ/mol (1.1 eV) for FRT800

steel and 112 kJ/mol (1,2 eV) for the FRT850 steel

are higher than the values of the N-dislocation and

C-dislocation interaction energies, 0.47 and 0.75 eV,

respectively [16, 17], indicating that DSA in this steel

is related to locking of dislocations by atmospheres of

N and C atoms whose mobility is reduced due to the

interstitial-substitutional interaction as discussed for the

effect of Mn on the strain aging due to N and C in a Nb

microalloyed steel [7].

Figure 6 shows the changes in hardness with temper-

ature for heat treated samples for the two steels studied.

The maximum in hardness observed at 400 �C is proba-

bly associated with secondary precipitation of Mo

carbides. According to Lenk et al. [18], the precipitation

of Mo2C is a significant contribution to high-temperature

resistance in steels. The FRT800 steel has higher hard-

ness due to its larger amount of carbon atoms in solid

solution.

The analysis of Table 4 indicates that secondary pre-

cipitation has a small effect on the yield stress at 25 �C in

the considered steels. On the other hand, this effect has

no influence on the yield stress at 600 �C. At such high

temperatures the carbides precipitated at 400 �C are not

effective in keeping resistance because of Ostwald

Ripening.

Conclusions

1. The fire resistant steel considered in this work presents

DSA phenomena similar to those displayed for low

carbon steels. However, DSA take place at higher

temperatures.

2. The values of the apparent activation energy related to

the onset of the PLC effect and to the maximum in

ultimate tensile strength versus temperature curves,

indicate that, in this fire resistants steels, the mobility

of dislocation atmospheres, which controls DSA, is

affected by substitutional solutes such as Mn, Cr, Mo,

and Nb.

3. The ISSH effect present in the steel studied here adds

up to a contribution to fire resistance properties of the

steel through the DSA phenomenon much in the same

way that it contributes to creep resistance of heat

resistant steels.

4. The FRT influences the fire resistance. In the lower

temperature (800 �C) the quantity of carbon retained in

solid solution is higher than that in the high temper-

ature (850 �C). The FRT800 steel is more susceptive

to DSA phenomenon and more fire resistant.

5. Secondary precipitation in the fire resistant steels

studied does not contribute to their fire resistance.
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Fig. 6 Variation in hardness with temperature of samples submitted
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Table 4 Yield stress and

tensile strengths for FRT800

and FRT850 steels untreated

and 400 �C treated for 30 min

Steel Test temperature (oC) ry (MPa) rt (MPa) ry (treated) (MPa) rt (treated) (MPa)

FRT800 25 475 ± 2 603 ± 4 492 ± 10 609 ± 9

600 288 ± 2 294 ± 4 289 ± 4 288 ± 10

FRT850 25 441 ± 6 563 ± 1 458 ± 5 576 ± 6

600 236 ± 4 243 ± 9 239 ± 11 257 ± 1

6010 J Mater Sci (2008) 43:6005–6011

123



References

1. Kelly FS, Sha W (1999) J Construct Steel Res 50:223. doi:

10.1016/S0143-974X(98)00252-1

2. Keira K (1998) Nippon Steel Tech Rep 77:88

3. Chijiiwa R, Yoshida Y, Uemori R, Tamehiro H, Funato K, Horii

Y (1993) Nippon Steel Tech Rep 58:47

4. Kamada Y, Fukuda Y, Nakazato T, Hirayama H, Kawano K,

Ogata R (1991) Sumitomo Met Tech Rep 47:23

5. Leslie WC (1982) The physical metallurgy of steels. McGraw-

Hill Book Company, New York

6. Baird JD, Jamielson A (1972) JISI 210:841

7. Gunduz S (2002) Ironmak Steelmak 29:341. doi:10.1179/

030192302225004575

8. Sha W, Kelly FS, Browne P, Blackmore SPO (2002) J Mater Eng

Perform 8:606. doi:10.1007/s11665-999-0017-3

9. Sha W (2004) Mater Sci Technol 20:449. doi:10.1179/

026708304225012305

10. Panigrahi BK (2006) Bull Mater Sci 29:59

11. Karabuk H, Gunduz S (2004) Mater Sci Des 25:521. doi:

10.1016/j.matdes.2004.01.005

12. Keh AS, Nakada YW, Leslie WC (1968) In: Rosenfield AR,

Hahn GT, Bement AL Jr, Jaffee RI (eds) Dislocation dynamics,

McGraw Hill, New York, p 81

13. Taheri AK, Maccagno TM, Jonas JJ (1995) ISIJ Inter 35:1532.

doi:10.2355/isijinternational.35.1532

14. Espı́ndola M, Weidig C, Rodrigues PCM, Andrade MS, Gonzalez

BM (1995) Wire J Int 28:85

15. Porter DA, Easterling KE (1996) Phase transformation in metals

and alloys. Chapman & Hall, London

16. Petarra DP, Beshers DN (1965) Acta Metall 15:791. doi:

10.1016/0001-6160(67)90360-4

17. Cochardt AW, Schoek G, Wiedersich H (1955) Acta Metall

3:533. doi:10.1016/0001-6160(55)90111-5

18. Lenk P, Melser B (1994) Int J Pres Ves Pip 58:361. doi:

10.1016/0308-0161(94)90073-6

J Mater Sci (2008) 43:6005–6011 6011

123

http://dx.doi.org/10.1016/S0143-974X(98)00252-1
http://dx.doi.org/10.1179/030192302225004575
http://dx.doi.org/10.1179/030192302225004575
http://dx.doi.org/10.1007/s11665-999-0017-3
http://dx.doi.org/10.1179/026708304225012305
http://dx.doi.org/10.1179/026708304225012305
http://dx.doi.org/10.1016/j.matdes.2004.01.005
http://dx.doi.org/10.2355/isijinternational.35.1532
http://dx.doi.org/10.1016/0001-6160(67)90360-4
http://dx.doi.org/10.1016/0001-6160(55)90111-5
http://dx.doi.org/10.1016/0308-0161(94)90073-6

	Effect of finishing rolling temperature on fire resistance �and dynamic strain aging behavior of a structural steel
	Abstract
	Introduction
	Experimental
	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


