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Abstract:    The influence of direct quenching (DQ) on microstructure and mechanical properties of 0.19C-1.7Si-1.0 Mn-0.05Nb 
steel was studied. The microstructure and mechanical properties of reheat quenched and tempered (RQ&T) steel plate were 
compared with those of direct quenched and tempered (DQ&T) steel plates which were hot rolled at different finish rolling tem-
peratures (1173 K and 1123 K), i.e., recrystallization-controlled-rolled direct-quenched (RCR&DQ) and controlled-rolled di-
rect-quenched (CR&DQ), respectively. The strengths generally increased in the following order: RQ&T<RCR&DQ&T< 
CR&DQ&T. Strength differences between the CR&DQ&T and RQ&T conditions as high as 14% were observed at the tempered 
temperature of 573 K. The optical microscopy of the CR&DQ&T steel showed deformed grains elongated along the rolling di-
rection, while complete equiaxed grains were visible in RQ&T and RCR&DQ&T steels. Transmission electron microscopy (TEM) 
and electron backscattering diffraction (EBSD) of the DQ steels showed smaller block width and higher density of dislocations. 
Inheritance of austenite deformation substructure by the martensite and differences in martensite block width were ruled out as 
major causes for the strength differences between DQ and RQ steels. 
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1  Introduction 

 
Recently, some steel producers have been seek-

ing to eliminate a heat treatment step as a means of 
reducing costs and increasing efficiency by installing 
in-line water cooling units (Taylor and Hansen, 1991). 
The objective is to produce a martensite or bainitic on 
immediate quenching after hot deformation (referred 
to as “direct quenching (DQ)”). In conventionally 
off-line quenched-and-tempered steels (referred to as 
“reheat-quenched (RQ)”), the austenite composition 
and grain size, which play important roles in deter-
mining the ultimate structure and properties, are 
controlled largely by the austenitizing temperature. In 
contrast, quenching immediately after hot deforma-
tion allows for some control of the “condition” of the 

austenite prior to transformation. For example, gen-
erating martensite from deformed austenite by rolling 
below the austenite recrystallization temperature may 
provide some of the property improvements tradi-
tionally associated with ausforming (Taylor and 
Hansen, 1990; Weiss and Thompson, 1992; Chang, 
2002). 

To date, in the investigations of DQ steels, most 
studies have concentrated on steel tempered at rela-
tively high temperatures (Morikawa and Hasegawa, 
1986; Taylor and Hansen, 1988; Mekkawy et al., 
1990). Hence, little information is available on these 
steels after low temperature tempering treatments, 
and the strengthening mechanism is not yet clear. This 
study emphasizes the strengthening mechanism of 
DQ tempered at low temperature. The correlations 
between microstructure and mechanical properties of 
direct quenched and tempered (DQ&T) and reheat 
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quenched and tempered (RQ&T) conditions were 
investigated. 

 
 

2  Experimental 
 
The chemical composition of the steel plate is 

shown in Table 1. The steel was melted in a vacuum 
induction furnace and forged to a 50-mm thick plate. 
Fig.1 is a schematic illustration of different heat- 
treatment processes. For the RQ&T process, the ingot 
was rolled to a 12-mm thick plate, the rolling ratio 
was 20% in each rolling pass, the plate was air cooled 
from the finish rolling temperature to room tempera-
ture after rolling, and was reaustenitized at 1193 K for 
1 h and quenched to room temperature. This plate was 
tempered at 573 K for 3 h. For the DQ&T, the ingot 
was rolled to a 12-mm thick plate, the rolling ratio 
was 20% in each rolling pass, and the finish rolling 
temperature was 1123 K (CR&DQ&T) and 1173 K 
(RCR&DQ&T). The plate was directly quenched in 
water with an approximate cooling rate of 303 K/s 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

after finish rolling. This plate was tempered at 573 K 
for 3 h. 

The tensile tests of all the specimens were un-
dertaken at room temperature. Charpy V-notch impact 
testing of the specimens was conducted at 293 K. The 
average of three consistent test results was recorded 
as the value for the corresponding specimens. To 
show the microstructure, the tempered specimens 
were etched in 4% (w/w) Nital. Subsequently, the 
microstructure was observed by a Leica MEF-4M 
microscope (Leica Corp., Germany). The tempered 
martensite structure including precipitates and car-
bides was examined in an H-800 transmission elec-
tron microscope (TEM) (Hitachi Ltd., Japan). Elec-
tron backscattering diffraction (EBSD) (EDAX Corp., 
USA) installed in a high resolution field emission 
scanning electron microscopy (SEM) (JEOL Ltd., 
Japan) was used to analyze crystallographically the 
lath martensite structure.  

 
 

3  Results and discussion 

3.1  Optical microscopy 

Fig. 2 shows optical photomicrographs of the 
RQ and the DQ steels. There is tempered martensite 
in both DQ&T and RQ&T. The RCR&DQ&T proc-
essing produced a predominantly equiaxed prior 
austenite grain structure, as shown in Fig. 3a, due to 
the recrystallization during hot deformation. Fig. 3b 
shows an elongated or “pancaked” austenite grain 
structure which resulted from controlled rolling, 
where the finish rolling temperature is below the 
austenite recrystallization temperature. The conven-
tional process (RQ&T) resulted in a comparatively 
fine equiaxed austenite grain structure, as shown in 
Fig. 3c. 

3.2  Transmission electron microscopy 

Fig. 4 illustrates TEM images of DQ&T and 
RQ&T specimens. In all samples, the matrix was 
composed of parallel martensite laths and the interior 
of laths was heavily dislocated. However, it is diffi-
cult to confirm which specimen has a higher density 
of dislocation. Fig. 5 shows precipitates distributed 
throughout the matrix. The precipitation behavior of 
NbC particles varies with the fabrication process of 
DQ&T and RQ&T steels. Fig. 5 shows that precipi-
tates of DQ&T steel are a little smaller than those of 

Table 1  Chemical composition of the steel (%,w/w) 

C Si Mn Nb S P N 
0.19 1.70 1.00 0.05 0.005 0.006 0.0037

(b) 

Fig. 1  Schematic diagrams of different heat-treatment
processes. (a) DQ&T; (b) RQ&T 
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Fig. 2  Typical tempered martensite structure in the tested steel. (a) RCR&DQ&T; (b) CR&DQ&T; (c) RQ&T 
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Fig. 3  Typical prior austenite grain structures in the tested steel. (a) RCR&DQ&T; (b) CR&DQ&T; (c) RQ&T
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Fig. 4  TEM images of tempered martensite structure. (a) RCR&DQ&T; (b) CR&DQ&T; (c) RQ&T

Transverse direction

Fig. 5  TEM micrographs of extraction replicas prepared from as-quenched and tempered at 573 K. (a) RCR&DQ&T;
(b) CR&DQ&T; (c) RQ&T 
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RQ&T steel. The mean precipitates sizes were found 
to be above 60 nm both in DQ&T and RQ&T steels, 
also the volume fraction of NbC is smaller, the 
maxima is 0.047%. Thus, precipitation strengthening 
in austenite is comparatively small, and there is little 
difference between DQ&T and RQ&T steels. 

3.3  Electron backscattering diffraction 

EBSD orientation maps of the lath martensite 
structure in different manufacturing processes are 
shown in Fig. 6. The misorientation of the packet 
boundaries and block boundaries should be larger 
than 15°. The block is an aggregation of the laths with 
the same crystallographic orientation (Krauss, 1999; 
Kitahara et al., 2006). Black lines in Fig. 6 show the 
boundaries with misorientation angles larger than 15°. 
The block width was measured and evaluated using 
the average linear intercept method. The block width 
for all processing conditions is given in Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 shows the distribution of boundary 
misorientation angles in different manufacturing 
processes. It is obvious that the DQ&T’s number 
fraction of low angle boundary (5.5%) is more than 
RQ&T process (3.5%), which means that the density 
of dislocation associated with DQ&T is higher than 
that of RQ&T process, because the low angle 
boundary consists of a series of dislocations. 

3.4  Mechanical properties 

Table 3 lists the tensile test results and impact 
test results. The strengths associated with RQ&T are 
lower than those of the same steels after DQ, the 
strength generally increases in the following order: 
RQ&T<RCR&DQ&T<CR&DQ&T. The variation in 
impact toughness was not significant. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Block width for different processes 

 RQ&T RCR&DQ&T CR&DQ&T
Block width (μm) 2.9 2.5 1.7 

Transverse direction 

10 μm 15 μm 10 μm

(a) (b) (c)

Fig. 6  EBSD orientation maps in different manufacture processes. (a) RCR&DQ&T; (b) CR&DQ&T; (c) RQ&T
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Fig. 7  Distribution of boundary misorientation angles in different manufacture processes. (a) RCR&DQ&T; (b) 
CR&DQ&T; (c) RQ&T 
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Table 3  Mechanical properties of the tested steel in 
different processes 

Process Rm (MPa) Rp0.2 (MPa) Akv (J)
RCR&DQ&T 1570 1315 30 
CR&DQ&T 1645 1345 23 
RQ&T 1435 1175 30 
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The relationship between mechanical properties 
and microstructure is complicated for the tested steel. 
The main strengthening mechanisms of relevance in 
this case are grain size strengthening, dislocation 
hardening, to a lesser extent, solid solution harden-
ing and precipitation strengthening. The yield 
strength of martensite can be calculated using a 
number of intrinsic components (Sugden and 
Bhadeshia, 1988): 

 
1/2

y i ss p d y ,k dσ σ σ σ σ −= + + + +          (1)
 

 
where σi is the strength of pure annealed iron, σss is 
the solid solution strength, σp is the precipitation 
strength, σd is the dislocation strength, kyd−1/2 is the 
grain size strength, and d is the effective grain size, 
which could be prior austenite grain size, packet size 
or block width.  

Both DQ&T and RQ&T have almost identical 
solid solution strength and precipitation strength. 
Thus, dislocation strengthening and grain size 
strengthening are the major strengthening mecha-
nisms. More recently, Wang et al. (2007) reconfirmed 
that the block width can be regarded as a micro-
structural factor controlling the strength of the steel. 
In an attempt to determine the reasons for the 
strengthening increment associated with DQ&T 
compared with the conventional RQ&T, yield 
strength is plotted as a function of the inverse of the 
square root of the block width in Fig. 8, i.e., a 
Hall-Petch plot. This plot includes data from previous 
work (Morito et al., 2006) on RCR&DQ&T, 
CR&DQ&T, RQ&T in this study. Morito et al. (2006) 
conducted on steels which were reaustenitized at 
various temperatures and quenched. Two important 
conclusions are obtained from Fig. 8. First, as well as 
the block width becoming smaller, dislocation 
strengthening is the major mechanism to account for 
the strength increment of DQ steels compared with 
RQ steels, because the dislocation density in DQ 
martensite was higher due to the inheritance of de-
formed substructures of austenite through transfor-
mation (Weiss and Thompson, 1992). Second, for DQ 
steels, the relationship of yield strength and block 
width basically follows a linear relationship, yield 
strength increasing with decreasing the finish rolling 
temperature, because of a finer block width. 

 
 
 
 
 
 

 
 
 
 
 
 
 
4  Conclusions 
 

1. DQ martensitic steels, produced with a variety 
of finish rolling temperatures, exhibit higher strengths 
than RQ steels. For DQ steels, strength increases with 
the decrease of the finish rolling temperature. 

2. TEM microstructure shows that precipitates of 
DQ&T steels are a little smaller than those of RQ&T 
steels, and precipitates size was found to be above 60 
nm both in DQ&T and RQ&T steels. Distribution 
maps of boundary misorientation angles show that 
DQ&T’s number fraction of low angle boundary 
(misorientation angles less than 15°) is more than that 
for RQ&T process. 

3. Dislocation strengthening is the major 
mechanism to account for the strength increment of 
DQ steels compared with RQ steels, because the 
dislocation density in DQ martensite was higher due 
to the inheritance of deformed substructures of aus-
tenite through transformation. The strength increases 
with decreasing finish rolling temperature can be 
explained by differences in block width. 
 
References  
Chang, W.S., 2002. Microstructure and mechanical properties 

of 780 MPa high strength steel produced by direct- 
quenching and tempering process. Journal of Materials 
Science, 37(10):1973-1979.  [doi:10.1023/A:1015290 
930107] 

Kitahara, H., Ueji, R., Tsuji, N., Minamino, Y., 2006. Crys-
tallographic features of lath martensite in low-carbon 
steel. Acta Materialia, 54(5):1279-1288.  [doi:10.1016/j. 
actamat.2005.11.001] 

Krauss, G., 1999. Martensite in steel: strength and structure. 
Metallurgical and Materials Transactions A, 273-275: 
40-57. 

0.00 0.25 0.50 0.75 1.00 1.25

600

800

1000

1200

1400

1600

 

 

Y
ie

ld
 s

tre
ng

th
 (M

P
a)

Block width (μm-1/2)

 Fe-0.2C-2Mn
 17CrNiMo6
 This study

RQ&T

RCR&DQ&T
CR&DQ&T

Fig. 8  Dependence of the yield strength on the block width



Zhao et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng)   2010 11(10):776-781  781

Mekkawy, M.F., Fawakhry, K.A., Mishreky, M.L., Eissa, 
M.M., 1990. Direct quenching of low manganese steels 
microalloyed with vanadium or titanium. Iron and 
Steelmaker, 10:75-88. 

Morikawa, H., Hasegawa, T., 1986. Microstructures and 
Strengthening Factors of Accelerated Cooled Steel. Pro-
ceedings of International Symposium on Accelerated 
Cooling of Steel, Warrendale, USA, p.83-96. 

Morito, S., Yoshida, H., Maki, T., Huang, X., 2006. Effect of 
block size on the strength of lath martensite in low carbon 
steels. Materials Science and Engineering: A, 
25(438-440):237-240. 

Sugden, A.A.B., Bhadeshia, H.K.D.H., 1988. A model for the 
strength of the as-deposited regions of steel weld metals, 
Metallurgical and Materials Transactions A, 19(6): 
1597-1602.  [doi:10.1007/BF02674034] 

Taylor, K.A., Hansen, S.S., 1988. Structure and Properties of 
Some Directly-quenched Martensitic Steels. Proceedings 
of the International Symposium on Accelerated Cooling  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

of Rolled Steel, Elmsford, USA, p.85-101. 
Taylor, K.A., Hansen, S.S., 1990. The Boron hardenability 

effect in thermomechanically processed, direct-quenched 
0.2 Pct C steels, Metallurgical and Materials Transac- 
tions A, 21(6):1697-1708.  [doi:10.1007/BF02672586] 

Taylor, K.A., Hansen, S.S., 1991. Effects of vanadium and 
processing parameters on the structures and properties of 
a direct-quenched low-carbon Mo-B steel. Metallurgical 
and Materials Transactions A, 22(10):2359-2374.  
[doi:10.1007/BF02665002] 

Wang, C.F., Wang, M.Q., Shi, J., Hui, W.J., Dong, H., 2007. 
Microstructural characterization and its effect on strength 
of low carbon martensitic steel. Iron and Steel, 42(11): 
57-60 (in Chinese). 

Weiss, R.K., Thompson, S.W., 1992. Strength Differences 
between Direct Quenched and Reheated and Quenched 
Plate Steels. Proceedings of the Symposium on Physical 
Metallurgy of Direct-quenched Steels, Warrendale, USA, 
p.107-138. 

      

New Website, More Information in 2010 
http://www.zju.edu.cn/jzus; http://www.springerlink.com 

 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


